WO 2010/003135PCT/US2009/049639 APPARATUS AND METHODS FOR TREATING
OBSTRUCTIONS WITHIN BODY LUMENS 5FIELD OF THE INVENTION The present invention
relates generallw 2%9090%5?}95 for treating obstructive material and/or otq%ﬁ%gd%g%% within a body
lumen of a patient, e.g., within a tubular graft, aorto-venous fistula, blood vessel, and the like. More
particularly, the present invention relates to apparaTdsI, e.g., balloon catheters, for infusing fluids into a

body 10 lumen, f I r j : i b i g]%gr,ial within a
body lumen, an%&ﬁmﬁﬁgﬁiﬁg@%@eﬁ?ﬁgﬁ é’n%%éfsﬁ #(?:Rr?r%%%g&gr% ﬁis%l{;% such apparatus.
BACKGROUND 15Flow within a blood vessel oBMENBody lumen within a patient's vasculature may

become constricted or ultimately interrupted for a variety of reasons. For example, a vessel may
gradually narrow due to inflammation and/or cell proliferation. In addition, thrombus may form due to

implanted infan arm of a patient 20expet:

Sg_ch grafts may bg a ﬁiﬁstﬂ@%ﬁ%@&g&%@w@%@g@rmlh%mﬁsﬁa@fatz%?tgaat%gbeggﬁa{%ue betvve?n an

adjacent artery and vein or other vessels, may, be a xenograft implanted between two vessels, or may
be a synthetic g%%?%b%fr%F&f%?fo‘iWh%\?&Sa“%‘Hﬁﬁ ?i%%&cﬁ%oéﬁgf%emf%%%% 16 ,tVY)}%‘Pﬁbus formation,
and the like. Ongefucha \graft lewbniém ¢ vEfisik ntly Bedlkd edor pitverivite BSpateriorates, a new graft

must be implantgd.atia, Rew.l0GaligR At SUbSRAMENEMRAIeNnfs+AGRRIFINGIY vapparatus and
methods for removing material from aorto-venous grafts, blood vessels, ar other b?gyﬂllummens and/or

otherwise tHatin B8y IGHENEEPEGIECDE G SERH 30 SRR pHher obsiructive materia

z body lamen, and/or for dilating a body lumen, and to methods for making and using such

apparatus.

BACKGROUND

15 Flow within a blood vesse! or other body lumen within & patient’s vasculature may

become constricted or.ultimately interrupted for a varety of reasons. For exampie, a
vessel 'may gradually narrow due to inflamnmation and/or celi proliferation. in addition,
thrombus may form due to such narrowing or other flow problems within a vessel.
‘For example, an aorto-venous graft may be implanted m an arm of a patient

20 experiencing kidney failure, e.g., to facilitate dialysis treatment. Such grafis may bea
fistula formed directly in the patient’s body, e.g., through tissue between an édjacent artery
and vein or other vessels, may be a xenograft implanted between two vessels, or may be a
synthetic graft. Such grafts only have a limited life cycle due to inflammation, thrombus
formation, and the like, Once such a graft becomes sufficientiy occluded or otherwise

25 deteriorates, a new graft mugst be implanted at a new location for subsequent treaiment.

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 mto a body



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 - 2 - lumen, for removing or otherwise capturing
thrombus or other obstructive material within a body lumen, and/or for dilating a body lumen, and to
methods for making and using such apparatus. In accordance with a first embodiment, an apparatus is

provided for treating a body 5Slumen that is operable in different modes 10 berform yargus functions,
e.g., possibly r %%n%rtﬁteﬁ\érm%B%?%é?rgés\?ig%ﬁgxcganges during a procedure. For example, the

apparatus may 4hetdemsms hedtoirferitisachiuiifmaentide Eh SR EPTEFRRLION into a body

lumen, a lumen,gxtanding therebetween, and a balloon on the distal end having an interior

communicating with the Iume_né T“I;ll% g%[?s%ratg% m%%t?g% ig%%clise‘.sa;ﬂ &ﬁ%&@r@%f%%ﬁi%}e”d of the

shaft that selectively SPEREEPESEES AR ottlet communicating with the lumen. With the valve open,
fluid introduted limtentthet fsinperabinay ditir thenedeerintsierP SEyPIrABRITBY Gt BI&didtal end. With the
valve closed, flyiginirogluaedinte: theilumen.nayRxpaagthedial oan fenp i contrpetedscondition to an
expanded condition, €.g., a cylindrical shape. fo dilating an obstruction within.a bady lumen or a
bulbous shape 15 %?ﬂ?’@%éﬁé%?%lﬁﬁ?ﬁl%@‘g& i 6%%?’1%1 Cg%ﬁ%ﬁ/&%ﬁé%\l/alvedmay include a
stop that may becéxienced konpusticadhstiicesbdrotthebliboivon o the Seteter  Sr ol vise reduce a

profile of the balloon and/ar.athenvise facilitale inkodyatian inig apatientshady.on e addition or -

alternatively, the apparatus may include an actuator for axiallg com ress{{pcgtgloeﬁg%llggn, and the
balloon may be EERfEA A B TAHARSH T PO L BmiIsctdl St ion 16 an e%pan&eﬁ helical shape
when axially compeasseth forexamplefteasidetel maydicideras thid&remelieewithin the shaft

that is coupled gﬁoéﬁis%a& § n‘&ftﬁ*e‘%hiﬁ%éﬂ loan vaRdR-helicalamembes mavextens aowrdihe inner
e

member within alloon.'When the inner member is directed 1E)grogimallé or otherwise actuated, the

‘helical member FEyPBEESH GRS HOMh Y CORBE ST B S PRSI “SORVATARE thereby 75
expanding the b@ﬂ@aﬁcﬁ@gﬂape@mradegah@mustmpeﬁmheﬁndnekumnbebuibaysméaem"ehded distally to

e o O on Al AW als fiscourasias candiiens xalles wmihe bajoon n the

expanded helicarfnéﬂﬁ‘é%%lflg remove material within lumen. Inaccordance with a first aspect,

an apparatus is provitederdedie i AL RHBA TRIIRCER S HIGRGRE BT Fhémber including
a proximal end, g-¢fiziat epdasizedion36:isttadistiomintaradnoty amemadend ebfitst lumen extending

between the proximal and distal e ds;aﬁpe xpandable balloon ingluding apraximalignd secured to the

. on Or ] £ h " . -
tubular member distal end; and a distal end including an outlet, the balloon including an interior

communicating withetkssifizsbd baternaiid the BRI tsC iRy Shi fBRGSE9MdMber slidably disposed

within the fisgt  .ontracted condition to an expanded helical shape when axially compressed. For gxarmple,
the actustor may include an inner member within the shaft that is coupled to & distal end of
the balloon, and 2 helical member may extend around the inner member within the
balicor. When the inner member is directed proximally or otherwise actuated, the helical
nember may be compressed and consequently expand Tadially outwardly, thereby
25 expanding the balloon to the expanded helical shape. The inner member may be extended
distaily to extend and Teturn the balioon back towards the contracted condition, e.g., after
using the balloon in the expanded helical shape to remove material withm a body lumen.
In accordance with a first aspect, an apparatus is provided for treating a body lumen
that includes an elongate tubular member including a proximal end, a distat end sized for
30 introduction into a body lumen, 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 balloorn including an interior
communicating with the first lunien and the balloon outlet; and an elongate member

slidably disposed within the first



WO 010/003135PCT/US2009/049639 lumen. The elongate member may include a proximal end
adjacent the tubular member proximal end, and a distal end extending from the balloon outlet. The

balloon and elon atg moemlger may include cooperating features providirllj%_f':\ \ézza(l)vgef f‘ogsgelectively
opening and closi 6 &8 aloon outlet. For example, a sealing member on the distal@nd sof the

elongate member sized to be engaged with the batldon distal end to substantially seal the outlet from
fluid flow.  The elongate member may be movable between a first position wherein the sealing

member is spaceBPart FSIAPHIE BERUSH BU R Lt A Rt P RS R BB e First lumen passes
through the ballperimiendraid dukthedsattednoithethahdlasecoid fbsitidnoi@uherein the scaling

member substagiipliyseals e haleah-ulipksshdhakld ikaduced ibrouaf fe first lumen enters

the balloon interior To expand the balloon. ionally, the apparatus may include a helical member

including a first erfdienERsicRTBa M hiboraoRism bR THEaIceA dealRE PSBbERE R dEBLPEd to the
elongate membef wisishendnihshhelical tensherextendieg helicaliytdrodnd dhistgicriyate member
15within the ba'L%thLr‘éﬁﬁié{’r an(ﬁu%%g@te member may be movable to a third position in which the
elongate member dista engrl irected towards the tubular member distal end to cause the helical

member to compress FBaAIRPEARIeSTREA S AN UGS th EFE 0y TR e B&lifon to an
expanded helicat&hiape. shaesardanaehwithiyet anieiRerhemboaivisn derdppaghtis fssprovided for

treating a 20 bogly lmen. btk N A AR HSILBY Bt Member Inchiding.a RIgkimaland. a distal end,

and a first lumen eﬁtepn Ing between t roximal and distal ends; an inner member slidably disposed
within the fi¥t IuTheRsndhosE R PARBELTO BTG SFifbilg e Prertitiarehtid &iifred to the outer
member distal enge@RdMBHOEICOBRRYNiGatRG:Withdbe fsstiurnenantdabakaancoutlet. The inner

member includes a di%}atl.oegg extendin 1&@%@ the balloon. 25 outlet, %@%cﬁﬁ‘gz}’ﬁ}& one or more sealing

members. A helical member ificludes a irst end coupled to the outer member distal end and a second
end coupled to thaisA&r hircribler armicefidatnel et carrnahibe coxtish dribesengalty around the inner
member within therhallapnisieries. iEhe inrebmembennayhamavabledelatpse: te-thesouter member

for deploying the 5:PALoa i MRe RS LA RRMPLS NSRS, ERREL RN bE movable from
which the elongate member distal end is directed towards the tubular member distal end to
cause the helical member to compress axially and expand radially outwardly, thereby
expanding the balloon to ah expanded helical shape.
In accordance with vet another embodiment, an apparatus is provided for treating a
20 body lumen that includes an outer tubular member including a proximal end, & distal end,
and a first lumen extending between the proximal and distal ends; an imner member
shidably disposed within the first lumen; and an expandable balloon including a proximal
end secured to the outer member distal end, an mterior communicating with the first lumen
and a balloon outlet. The inner member includes a distai end extending from the balloon
25. outlet, and carrying one or more sealing members. A helical member includes a first end
coupled to the outer member distal end and a second end coupled to the mner member
distal end, tie helical member extending helically around the inner member within the
balloon interior.
The mner member may be movable relative to the outer member for deploying the
30  balloon in mulitiple modes. For exampie, the inner member may be movabie from a first
position wherein the sealing member is spaced from the balloon outlet such that fluid
infroduced through the first jumen passes through the balloon interior and out the balloon

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



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 WO
2010/003135PCYI8YY8D49639 outlet such that fluid introduced througl])ﬁ%lgzﬁ?gs/? flen enters the
balloon interior to expand the balloon. In addition or ‘afternatively, the inner member may be movable
from the first position to a third pasition in which the inner member distal end is directed proximally

towards the out@FFrieiich i BRaGS EHTh R BT AmREATBEF IR P SrEM Ay outwardly,
thereby expandingdhetediiiomtaaniékpandatheliva) shapectmacberdande nithistiframother

embodiment, ananparaius s Brovided fardreatingrdogyumen dhat incidesanquter tubular

member including a first lumen extending between proximal and distal ends thereof, an inner member

slidably disposeBr SRRt ATt hiquir BREsh B sRa At salisdl e ERd W HEimal end secured
to the outer 10 memibeschatale ritky dnd-a distal ©ntatioupledritoxaadibthhdindl sfidive inner member. The

balloon includes an interior. communicating.with shedirslimen-sush.thatiofiation megigmay be

delivered through the first lumen into the balloon interior for expanding the balloon radially outwardly
from a contractetPeShHmEhtIS: i MR ORISR g MBS G BrEyHAGRERBF Bulbous shape.
The inner membetmayrhsimavablésaially tbrelativénietheobiesiihdinldepdordcatisingdthe balloon to

compress axiallandgxpane.ediglis i, coRtacied candiian.a ansxpanded eical shape.

For example, the apparatus may e a helical member extending helically around the inner

member witlin tREPRNESHIRISrHIC At ERTdRTE adrirst ERal ot Bldbr oM SBRS néfber distal end
and a second endizoupledds theniner membentMéheih the 26t inren semthemgmoveaciaxially, the

helical mermber maybe sompressed axally and xpadediadialk U hergby diecting the

balloon to the exp I'shape.  Optionally, the inner member may include a second lumen
extending betwe@HaperifiEy ﬁﬁ’éﬁ%g]‘ ProxrreItERGCrepdiiEnde 28 FPatereCahiivg: & Guidewire or other
rail. Thus, the appanatys (iayhe adwanoadamer diguidenirenbaded traugivkhedsaecond lumen. Once
25 the ballon is, disposed Within, 2. target body lumen, i ianeLmEmBelmay e.directed to one or
more of thefirst, secona, and/or third positions, as desired, to erform various fupnctlons using the
apparatus, e.g., WiRbuEpRISFIRSHIO R e R parakrs ddricm Eiitce another device into the body

lumen, For example, the apparatus may include a helical member extending helically
around the inner member within the balloon interior, and including a first end coupled to
the outer member distal end and a second end coupled to the inner member. When the
20  inner member is moved axially, the helical member may be compressed axially and
expanded radially outwardly, thereby directing the balloon to the expanded helical shape.
Optionally, the inner member may include a second lumen extending between the
inner member proximal and distal ends, e.g., for receiving a guidewire or other rail. Thus,
the apparatus may be advanced over a guidewire loaded through the second lumen. Omnce
25 the balicon is disposed within a target body lumen, the inner member may be directed to
one or more of the first, second, and/or third positions, as desired, to perform various
functions using the apparatus, e.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 2 body
30 lumen of a patient using a balloon apparatus that mcludes an clongate shaft including a
first lumen extending between proximal and distal ends thereof, and 2 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



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 lumen 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 - 5=ith the balloon in a contracted condition, and
positioned relative to obstructive material within the hody Jumen that is to be removed. Once

positioned adjaciih & BBSH Tt e SRt AP HE b ANO B HR DS B FAR QBT HENT EEBntracted
condition to an expiantieddde licatstaps tabdrthe distdhendoithedppaatusemzmrbedirected along the

body lumen 5 with the hallpan ip 1he expanded Belical Shapr4ia LeMe%rhe.materialkfrom the body

lumen. For example, the helical shaﬁz of the balloon may enhance diSIOd§£§ material adhered to a
wall of the body IERFRAIDBR AN BRI MBSTHIEITGR B 6 5hBre9e4arE, W™ edges,
grooves, and the/dike,deafaeilitatecseparsting adhérentimatenialifromt the Wwalt oftheipody lumen. If

desired, the ballgon r @éﬁ.@%&?gﬂrﬂl%%ﬁcﬁ?%9@5@3&%%&&9gﬁéﬂgghcmaylsggmgm%location within

the body lumen, and again expanded to the expanded helical shape to remove additional material

within the body RiffEH. oREa! Rt Bptniaiaia RUIFIRTE B8 P BANBOHIHEY e Fefiiied to the
contracted condiignres, e Before arafiter, mmoving, absitictiveqaienakdreranthedetielythimen, inflation

media may be INiodueeainguafine isluneninio s haysen It ip.expana the 15balloon from

the contracted coﬁ&ft[on to an expanded condition, e g, defining a substantially cylindrical shape. The
balloon maythe exsEivdcRIrE e an oHEaTEIGH tesRofrdrBtetifsetrsapidivPtne body lumen.

After dilating the-bqelyurarn] the infaties nadisomanheMitherawe famithebatioan interior through
the first lumen tq callapse the ballon back towards the contrated condiion, 20l i, apparatus
includes a valve's J%(%en' Sebalioon for opening or closing an outfet commﬁnicat!ng with the first
lumen and the balloonBrfetier afiseroarengeiFHetivirsadriefsra ikfbahgumecbafssm Optionally, at any

time during the preGediskestheryalve maydeFrnace gudeifuspduidrintecthebadylumen, e.g., for
diagn_ostip nd/ar therapeutic pur, 0 eds(.mAf'gi r Qg(@panigiing h nglggy one ormore times, e.g., to the
250yI|ndr|c2F’shab SUOSRATSE REICAF aRape Thadistar it od{" Eﬁe apparatts m%nfﬁe removed
substantially cylindrical shape. The balloon may be expanded to dilate an obstruction,
lesion or otherwise treat & wall of the body luﬁien. Adfter dilating the body lumen, the
inflation media may be withdrawn from the balloon interior through the first lumen to
collapse the balioon back towards the contracted condition.
20 If the apparatus inciudes 2 valve adjacent the balloon for opening or closing an
outlet communicating with the first umen and the balloon interior, the valve may be
closed before inflating the balicon. Optionally, at any time during the procedure, the valve
may be opened, e.g., to infuse fluid into the body lumen, ¢.g., for diagnostic and/or
therapeutic purposes. After expanding the balloon one or more timies, e.g., to the
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,



from the body lumen and/or entirely from the patient's body with the balloon in the contracted
condition. 5a According to the second aspect of the present invention, there is provided an
apparatus for treating a body lumen, comprisi[r:%nan outer tubular member including a proximal end, a
distal end sized for introduction into a body lu , and a first lumen extending between the proximal
and distal ends; an expandable balloon comprising a 5 proximal end secured to the outer member
distal end, and a disiaireing eotmpriaing asettiat fibedeadoenvenmpridisrg &rpintédidr eommunicating
with the first qurlp(%glsa%nd the balloon %Utlet; an inner memb [S Lg)zf}gllyn(ljé%osed w(ghin the first lumen

. [ . 1 . .
and having ?%rgss-s%rctﬁ%anm a I%dry yan the first lurien such that an annular lumen is defined between

the outer amacirinet pénabbirsradvizend doe proxirbomicdidtatie Haeenf e diitst Hgshber, 10 the inner

member compriging eArexnalehdadiaseat dhe QuteMambRkREoXINRh aehAsEadistal end
extending from the balloon outlet; a sealing memper_.on the inner. memher distal end, the inner
membet m%ﬁ’ﬂf&ab5?\%/5%%%&%#5’0%%%5‘%%%fgsfﬁleﬁélé&aﬁrﬁg it (1:-':'“Ir]l%s°§)rpﬂ E&%%8M the balloon
outlet such thdttltid intloduced thraugh irerfirstdumenpasgesithtbudisthesalloentimterior and out the
balloon outietr and asecand 1o Resiienyhereintiesealing membansubsianialysgals the balloon

outlet such that fluid introduced thro%qh the first lumen enters the balloon interior to expand the

balloon; and 8sFreftEATFE e fip ey RehracE b LA R o RS b s HHhBeTaRstal end and a
second endugosipteddo itherinpsebmarabesdistaherihdheddkcdlemimibee extendinddagelically around the
inner member within the balloon.interiar, the inne 0.2 third pesition in which the
inner m)emg%r; Hf%frapeer%% c |?}éjc§tséggtg\f/§rx St gngu%%%%?ﬁn%%g%@g%}%%é It)go Cla.USQ the helical member
to expand raefat\distnwadd sriendireblaxpbhdmipeReoBatlosnsteiag agrsten HetiddShape.

According tgthedhiadaseastal e rasentinventing whetens piavigedian apparatus for treating a
body lumen, comprising: an outer tubular. member includi 5 proximal end istal end sized for
introductions?ﬁ%lgd%e Tﬁ%sgﬁfegnﬁd) ISP %%Oélnoggi teﬁ%%}r?gg%% Wgé%rfhégcﬁ(riot% r%lu%ﬂ gdr]]% distal ends; an
inner membu@stshidailpadisptsedivitiihallvefifstehion endamit tha bty @ orolss-sedtioiesmiller than the first
lumen,guch fhat anappardumen. isdefinedReiveendtis prtsiRBd dnnsermAarsidetween the

proximal and distal ends of the outer member, the inner member comprising a proximal end 30

adjacent th&"BatEFsHh SRR ProSkh I s e hels PR AiEER IR GIRG P Ra R GTer member distal
end; an expaheahlerealteonoegmigrisingra praximaleing secured tertieralited mmemigks distal end, and a

distal end coupie e ot mArRELAIsalend e allagh samprislhdhandiegr.communicating

with the firs?elu‘men and balloon outlet; a source of inflation media communicating with the first
lumen for defegraBd iRt meabstMiBiy Heha et IURTER htdE BENSERERST for expanding
the bafigon adiallyaassanandiy frarhameont@cieehbandiiania & aitatdaatarpandedieondition; and a
helical member comprising, a first end coupled to the outer member distal end and a second end
coupled to tﬁ%’?r?ﬁ%?%ie?rﬁ%e?odﬁgﬂ?%%% Eflﬁgea Igﬁgla efntgrﬁ er ff?é)h%%a“éw Té}%g%rg%r%und the inner
member wittrinathiéndhlobriotetdon thpsiskehphierhB@pemovable from a first distal position in which the
helical member is di%)cr)ﬁ,ed adj cc?gltéhe innerfn%ember atnd th%_ballglon IS in thedcgntracted condition to
a second proximal pESSH dial e REh&lidAT RERiBel 5 EMprass Bl Gid 8xpand radially
outwardly, tagrebycémpeessingtatialyrendcexpasdinguadiatiyutivebaltodrt;elndexpanded helical
shape, J0Agcaraing e the:fouth ASPECEAT R RIGRAN:ID eRtigmiGT S Brayifgehan apparatus for

treating a body lumen, comprising: an outer tubular member including a proximal end, a distal end
sized for intFSEUERSOMEE BRI 28H s # SPAThEh BIGE MAMGeh stividn tHe9sidximal and distal
ends; an inrafyRerbReshdably:dispased witkindhefirshdlkndmand demiprgingsahpiaximal end

adjacent the, oyier member 1o praxoal.end, and.a. skl end SERINGhoON i puter member

. 118 .
distal end; an expan abie balloon comprising a proximal end secured to the outer member distal end,

and a distalasdddesipreds tof ths ipfHer mPhBerbisteleE HacRer FansBes i prdtighsifterior

commygicatisgowithibedisstismenandihehallganoutel aatadealicabsene: eamprising a first end
coupled to tgeexgl%'e Ellrsqglrggc?;ra%i%cagagga%lae%daﬁogg %%Ql%gsqr% Cao]loJ leeuqlal end secured to the

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

ballpon comprising an interior communicating with the first lumen and the balloon

outlet; a source of inflation media communicating with the first lumen for delivering



20 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 member,and the balloon is in the contracted condition to a

second proximal position that causes the helic bmember to compress axially and expand radially

outwardly, thereby compressing axially and 25 expanding radially the balloon to an expanded helical
shape, the heliaciah medirbzrooghnpei Siaghfirsh dwd e tolicbregions betwwpenithelfirstlémad second ends, the

first region SRANIANGIR AHRMRIRLARAEL AN, e BRRACLIFalamaUF LAt e halloon defines first

and seconofahe regions in the expanded helical shape, the first helical region having a diameter
greater thad hsbcabesatrHelsapiagion 5o ot sPulpb s temralen it sré<Btanvention will
become appatsat framcensiderationued thefolewingl descriptiorliakendnieorivactiop with the
accomganylilggcgﬁawin%%. BRIEF DE CR!&Q%@'\BE TH DRQhVé/lNGS It will bt()':‘leappreciate_d that

around the inner member W on IIEETIOr 1fm%r member movF ) .
the exemplary api:')ara us 'shown Inthe drawings are not necessarily drawn to scale, with emphasis

instead beitigtpladest ofsilusteiivgtehizirbe ddispeermia fedtprsedoiineel iierired embodiments.

SFIG. 1is aysideyigw ot afitstexemplannemadimentofan [rparaissdacjsding ahalloon for treating
a body lumen, the apparaﬁus operable in a first ,n}gge for min'mi%&%%$rofil of the apparatus for
1a’into

introductiorP TG tHE BERRHHIERT 'S SLBREThatR o PIrEAY it RE B 66y 1EihEn, and a third
mode for resnmpingimetekby withirpthe ibpdyiikin ére. HalGortdsaa sipmédéhebfdthehapgparatus of FIG. 1 in
the first mode for minimizing a 10 profile of the ag%[:)aratus for introduction into a body lumen.  FIG. 3

is a sid@ view of thecspdiraiassr foreh riReth& SECORESHTb & FBF iR HUEP e aBody lumen.

FIG. 4 is a sigerviesnaf thaiappaiatysuafel] Conpiisiite dhirdtaradesa whichethedhalinpn is expanded for
removing material within a.body lumen. 15FIG. .5 is. a side vi r IGS.1and 4 in
the third méjé%}flgﬁ(l)\?ﬁ?fgag lssltgg%)nfytﬁée%afﬁ{)cl)rﬁr%%‘iﬁ%oﬁw}é?re;s\%%x%o%%g |’t§§§ r%erﬁn}%\slli%%aterial within a
body lumere RGBS LRGeS M thesiiesiiahaeaitebeise apparstiusafETCRably dfsifhg alternative

configuratiopgifar the HallaeRef Iad Teisdaire Wenoohasecond;sxemplanuembedisaent of an

apparatus includin 2r§ab llogn for treating a bady lumen, the apparatus, operahle in a first mode for
infusing quiHrﬂ’ﬁ@?ﬁg o@ﬁlu?n%ﬁt%e%lé?c%)ﬁ?ﬁcrﬁ%og%born ilglﬁn%uéerrl 0 esn%]rjﬁ}f:tlésnt%vﬁ/ﬁﬁm file body lumen,
and a third evpatelfoie reathovingmpatariad withimthen sdszieshterihe outer member 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; and a helical member
comprising.a first end coupled to the outer member distal end and a second end coupled

26 to the inner member distal end, the helical member extending helically around the inner
| member within the balloon interior, the inner member movabie from a first distal position
in which the helical member is disposed adjacent the inner 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

25  expanding radially the balloon to an expanded helical shape, the helical member
comprising first and second regions between the first and second ends, the first region
expandable to a diameter greater than the second region such that the balloon defines first and
second helical regions in the expanded helical shape, the first helical region having a diameter

greater than the second helical region.

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

drawings.



FIGS. 7A-7H are cross-sections of the balloon of the apparatus of FIG. 7, showing alternate
constructions for integrally forming a helical member into the balloon. 25FIG. 8 is a side view of a third

exemplary embqggg&rd}ﬂ?;lg,’n apparatus including a balloon for treating a@g%gz{wfbg&sghe apparatus
operable in a first mode for dilating an 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 r [ p}tﬂﬁ[ lve material from the body
lumen and/or for dilating an obstructigﬁ}%\é é e 8@’ ﬁtals'epa\ratus of FIG. 7 or 8. WO

2010/003135PCT/US300%/b4 9639 iatpd that the| Ggnlen-A0mDdre strogsisdetionansiawsiof alternative

embodiments of halloanstrusturasdhal manpe i addedon the apramiys fhE e B:tewenhance
removal of adherent matﬁial witfgw a I?od%/ J!ugne%. . FIG. 11 is a side view of an alternative
BglsEpEemieg]

. spects ang featureg enis, . .
embodiment of th appara%us of or ]ﬁ‘mg an obstruction removal balloon having

different sizé coils in différént retfionsvob fadisbtisomiFiGshaanto] Shamerbssuskidiaral views of a
patient's body, showingGmeieds fueatng, an aserivaveposs dialysis gl 4singitheapparatus of FIG.
11 FIG. 14 s a side view,of anoinet alterative embedimeny of the apparalus of £1G, 1011, including a
dilation balloon gd]acenﬂfﬁep &t CRioR removArBalBon BT B ERa 188 K A ative
embodiments offboil stedbtihaly thaemay bé:pdovide dowithievihe oo v dfiate bédhéoapparatus of
FIGS. 8-14. FIG. 1fids .@i§@§d¥ieﬁﬂfﬁh§0§ﬁmﬁmm@m %mmm&tﬁﬁi%ﬁﬁ@kﬂs including a
bqllqon for Ergeatintg fﬂetzy(%t / Igma?aght e ?E)I%grattlug %)earggég 1i{l]ma JI rst m.ode fpr _removing 15material
within the body Rimeh! and iPa second mode $6r ﬂatlng}an obstruction within
FIG. 3 is a side view of the apparatus of FIG. 1 in the second mode for infusing
fluid into a body lumen.
FIG. 4 is 2 side view of the apparatus of FIG. 1 m the third mode in which the
balloon is expanded for removing material within a body lumen.
15 FIG. 5 is a side view of the apparatus of F1GS. | and 4 in the third mode, showing
a size of the balloon being increased to facilitate removing material within a body lumen.
FIGS. 6A-6D are side view details of the apparatus of FIGS. 1-5, showing
alternative configurations for the balloon. _
FIG. 718 a side view of a second exemplary embodiment of an apparatus including
20 aballoon for treating a body lumen, the apparatus operable in a first mode for infusing
fluid into the body lumen, a second mode for dilating an obstruction within the body
lumen, and a third mode for removing material within the body lumen.
FIGS. 7A-7H are cross-sections of the balloon of the apparatus of FIG. 7, showing
alternate constructions for mtegrally formung a belical member mto the balloon.
25 FIG. 8 15 a side view of a third exemplary embodiment of an apparatus including a
balloon for treating a body lumen, the apparatus operable in a first mode for dilating an
obstruction within the body lumen, and a second mode for removing maierial within the
body lumen.
FIGS. 9A-9G are cross-sections of a body lumen showing exempiary 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.



the body lumen. FIGS. 17A-17D are side views of the apparatus of FIG. 10, showing operation of the
apparatus between an initial delivery configuration (FIG. 11A), the first mode for removing material
within a body Iu f)6353;11B and 11C), and the second.mode for 20 €glg:%;ructlon within a
body lumen (FIG, 11D(5 FIG. 18 is a side view of a distal end of anot er em |ment of a balloon
catheter including a plurality of difference size ballgofis and a valve member for selectlvely delivering

inflation media to one lgég F Qs ! 9 IS a f view of an §xerpp|}a}§ embodlment of an
are 85-5¢ VIGWS o) crnatwe O 1io
apparatus for emovin obs uctive materiar within a body ' 2055 2 détail of a handle of

the apparatus oﬁ@!@l?ri‘gt.hat mﬁ@S’?@i@%ﬂd@l@?&?@d@faﬂé}oﬁﬁ @d@?ailﬂ‘»eml@ﬁ]l’féa%hmtus of FIG.
19, showing lumen&igaring.elesenisheing actuated between a low profile and a Iarge profile,
respectively. 30FIGS. ¢ 2F ar Cross-sec nal V|ew%oc{ od%lumen#s ethod for

removing obstructive m erla]fwﬁhln‘?ﬁw% 5%%%%%% eap ahrfa%t'i%ar fiB WO

2010/003135Pcﬁrﬁwe@@tggma%ggtmlsremovﬁlel@amwpieﬁfsﬁetwem@m@@xe@oﬁms, similar to
that shown in Flgi.tg@g@lqggging a first exemplary embodiment of a handle for actuating the apparatus.
FIG. 23B is a cross- seq éa[d5 of com onents1 of a 1o ap% m%b ggg é% on the margjdle of FIG. 23A

ate crags-sectio
with a housing of the h e removed t6 Show Internal components VAREG perspectlve view of

another apparati@g,t@#hﬂeﬁft@ftﬁat shiowhdinl FIar 7 insladingrassteondFExerhplary embodiment of a

handle for actuating the@pPRatatu8e view HBanddBrigiariiosS:saetionat detail.efcampenants of a slider

control on te hggdle oL FIG. 244 wilh 3 hosing of the handle remaue (o show internal components.

FIGS. 15A and 15B arc alternative embodiments of coil structures that may be
provided within the balioon of any of the apparatus of FIGS. 8-14,

FIG. 16 is a side view of a fourth exemplary embodiment of an apparatus including
& balloon for treating a body humen, the apparatus operable in a first mode for removing

15 matenal within the body lumen, and m a second mode for dilating an obstruction within
the body humen.

FIGS. 17A-17D are side views of the apoara%us of FIG. 10, showing operation of
the apparatus between an initial delivery configuration (FIG. 11A), the first mode for
removing material within a body fumen (FIGS. 11B and 11C), and the second mode for

20 dilating an obstruction within a body lumen (FIG. 11D,

FIG. 18 18 a side view of a distal end of another embodiment of a balloon catheter
including a plurality of difference size balioons and a valve member for selectively
delivermg 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 2 handle of the apparatus 0of FIG. 19,

FIGS. 21A and 21B are details of a distal end of the apparatus of FIG. 19, showing
lumen clearing elemenis being actuated between a low profile and a large profile,
respectively.

30 FIGS. 22A-22F are cross-sectional views of a body iumen, showing a method for
removing obstructive matertal within the body lumen using the apparatus of FIGS. 18-
21B.



FIG. 24C.is a detall of an alternate slider control, similar to that shown in FIGS. 1024A and 24B,
including visual indicators identifying actuatable positions of the apparatus.  FIG. 25A is a

perspective viewof yet anather apparatus, similar to that shown in FIG. g ipglugdingadhird exemplary
embodiment of a handle for actuating the apparatus FIG. 25B is a cross-sectional detail of

components of a rotary wheel control on the handle %f FIG. 25A with a housing of the handle removed
to show internal comp 15FIG. 26A is.a perspective view of still angther.apparatus, similar to
that shown in FIG. 7, inc Uq |#gisaa%aﬁﬁ%§%\r%ep gﬁ;dlgﬁgg‘g %llﬁsfebﬁr{”g TE"h%%d“?é’?Slr”é%?faz hg the

apparatus.  FIGIIER ifissicrusapker dohed Bstan o eafkpbn eritsisrdhsguaEz@control on the handle of
FIG. 26A with a housimgmbipshanele semeveitto shawpatenad compenentsoa@Ribl ALED
DESCRIPTION OF THEEXEMELARY.EMBODIMENTS, ... THning 0,11, £iings, FIGS. 15 show
a first exemplary emBo_dlmen of an appara?us 6 for treating a body lumen, e.g.,?or infusing fluid into
a body lumeh and/or f6KiethdvirgPeRsibas bjéersthsnaer ebstieiRréa gt rBrhiliithin a body
lumen, such as a lerdiMessebrack RN UsHisiuan: telaatdgy at, andithedikefaatishown).
2cGeneraly, the appagia A e &, aNRIEh USRI, AL OME DAL UR! Mgper 20, a core
wire, shaft, or other elongate inner member 30, and an e@(pariéa elaaeﬁoon carried y the inner
and/or outer memibdrs 2@, Bth Thagpparswkadarap shEabiaimmoaplieimbides, for example, to
perform various treatmgatsar s funetio aRWiRind&basdlmaae@ihdosiedueeroGeliminate the
need to exgliangg muliple, deyices, during .20 propedurc wittin,,body umen, Fop example. the
apparatus 10 may be operabe in & first mode for mmimiz gapro ile of the appat%ﬁus 0,e.qg.,to
facilitate introduction ifi& & patiehra e {Ficy oyd etsharniodestsriFu St RIRMhD a body lumen
(FIG. 3), and a WE 2010403 13eRCIHISA9QBAAR639 orQ ndhird maedadaorangyirgmaterial within a
body lumen (FIGS. 4 described further.below. s best seen in FIG, 1, the outer member
20 includes a proximaﬁ%‘? é@}%ad etarent nfildg%zue?? %ﬁ’}%%?é%ﬁé’{%ﬁ‘%{% ‘ghﬁb%%ﬁ%%?hgnd a first
lumen 26 extendititg!s thBebEtvedh aPhesBa T dpberoeitdjorrave misupstamnaam tniform

constructionsalong its leagtk 0% alterprtivelvidhe cemsisistionmaybevated. (frekeanple, a proximal
portion of the oufe e.mpu%g 20 ggg be substanti (!Ic}é rigid ?r e i-r,ri(gfidéo ];acilﬁate advancement of the
' IS [

apparatus 10 fromthe IB?Oxﬁ% en 53{%{?? for 2 distal p%? ion of the outer m tmeb%’f’ %nrlﬁ'ay be flexible,

e.g., to facilitate bendifitiaftios acvantishivant dbipdedRomponents of a squeeze control on the

handle of FIG. 26A with a housing of the handle removed to show infernal components.

20 DETAILED DESCRIPTION OF THE EXEMPLARY EMBODIMENTS
Turning to the drawings, FIGS. 1-5 show a first exemplary embodiment of an
apparatus 10 for treating a body iumen, e.g., for mfusing fluid into a body lumen and/or
for removing thrombus, objects, and/or obstructive material from within a body lumen,
such as a blood vessel, aorto-venous fistula, tubular graft, and the like (not shown).

25  Gengerally, the apparatus 10 includes a catheter, sheath, or other tubular outer member 20,
a core wire, shafi, 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 operabie in
mulitiple modes, for example, to perform various treatments or other functions within a
body lumen, ¢.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, e.g., to facilitate introduction inte a

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



10 tortuous anatomy without substantial risk of kinking or buckling. In exemplary embodiments, the
outer member 20 may be fooned from materials such as metal, plastic, e.g., PEEK. Grilamed L25, and

the like, or compgsite materials. The outer member 20 may have a length between abgut thirty and
one hundred thirty centimeters (30-130 cm) and an quter diameter between about 1.2 to 2.0

millimeters, and the first lumen 26 may 15have a diaeter between about 1.0 and 1.8 millimeters.

The inner member 30 also includes a proximal end 32, a dist@J] d,34,.and, optiapally, may include a
second lumen 3 ’é‘)}fj e(FaIE{ i%é %&Wgérﬂ%glﬁrgilrﬁnai a{ﬁ% glrélteéll ' n%% éfnggpﬁ%glgﬁrﬁr{?% be sized to
slidably receive &wgtdtieeiffre, or other rail (not shown) therethrough, e.g., having a diameter between

about 0.3 and 1.0 millimeies.sIhadmner 2ehmemsbeesitisczedda bershisiabndeceivastavithin the first

lumen 26 of the guley member, 80 sch (hal an annularenace s feflned petween the oter and
inner members 20" Or passing one or more uids fheretzhrouglh, as described further below. The

inner membér 3therdythesie Alepigen rsiative dotichvite bty 20i§uehceRsiTthidotemember
proximal end 32iis kaeaivediitbingy, exdepss-pid maylyoeypndrhe.autel-nemlea25 proximal end 22
and the inner member distal end 34 extends distally beyond the outer member distal end 24, e.g.,
through the ball g B R T bR S IR i ot 2
coupled to the oedstnssavibef Histaraeig Y frareiSearenad andeiringoan deaerBaomeidhen interior 56

communicating iil: thefiksblumen26.amn-the outiet:B8:. thsiproximal andhsawekihedhgiioon 50 may be
attached or,t%O o.thgrwise ecured to th% isgas eq(dj4. qg‘ the quter.member ZO]to provide a fluid-tight

. ] tgriuous anatomy wi {su antial .1isk of Kinkil OI’QPUC 1M1g. 1N gxemplar . .
connection, e.g.,(f)y one or more ot bon INg wi i adhesivé ihter ere%wce fit, SonIc welding, fusing,
engagement withrabedireitindin gutsavaor gthepbhivestdriporatiwi)suahastmettikelaso
2010/003135PCd i) 82000049039 251 Qi the Tikedistabend s4afthetnnetmeamber 39 may extend
through the distal end 54 of the balloon 50, e.9., such that the gutlet 58 defines.an annular passage
between the distlgii%ﬁ’%ﬁ?%. geﬁ‘g fGon t%a]r?[a’ fhe ((}ﬁ%tha éﬁ% %‘HMI of ﬁgﬁlﬁﬁ’lesr?%)gﬁn &'30. The size of
the outlet 58 magrBensRItdATalRY bhisvsameons!thé siPandfitrricfirsind e fr2duaralfemsstively, Sthe

outlet 58 may be,jatgerofsmalietthamthe iirsilumen:26.:as desired, depending on the desired
degree of friction or re§|hsetance to f%,lld ow thr u?%h the o.utl?t SCE%{or eés\mgl_% V"gﬂ‘ the outlet 58 open

to allow fluid flow, the reSiStancs to ?fugld?‘v(’)ov&?r?gu Sr(a)ﬂfé e Bu §§ li";naﬁ%e §u5bstantially less than

the resistance obtitetsBiicety Boltdexprapidrnsudh thandie Frildepréie repian) fMewstthrough the outlet
58, rather than exaanding thec-RallRanR sized to slidably receive a guide wire, or other rail (not shown)

therethrough, e.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
29, e.g., such that an anmular space 1s 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 ouier member 20 such that the inner member
proximal end 32 is received within or extends proximally bevond the outer member

25  proximal end 22 and the mner member distal end 34 extends distally beyond the outer
member distal end 24, e.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
conngction, e.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.



1050, as described further below. As shown in FIG. 1, the distal end 54 of the balloon 50 may be
integrally foilled with the main wall of the balloon 50 (defining the interior 56), and, optionally the
proximal end 52,0 {)% }3@] on 50. For example, the balloon 50 and its PR m?a) g tal ends 52, 54
may be molded, blown, or otherW|se fonned from a single tubular 15section materlal Optionally, the
main wall of the balloon 50 may be relatively th|n compared to the distal end 54, e.g., such that the

distal end 54 of the b g %?1 ?aér%taénhﬁlitnsn er e and/qen t}g{pﬂ%%%f{ h%? E}I{I;?1 (ri) OfIS expanded.
0

For example, the dista alloon may C|en I rgi o provide a
seating ring on the ‘?ﬁ%@&ﬁéﬁ@&ﬁ@bﬂ@hﬁmlﬂlﬁé ﬁisﬁmm@mﬁm%b&@&m@ﬁﬁylmclude one or

more additional Eﬁatzuzrsssh@wzo%wmuﬁtﬂimgd@mté}@rwiaetﬁﬂﬂﬂml&h@@gden‘é&s%d!ﬂhéeinforcing the

distal end 54. For le, the &stal 54 ma mclude }l“ sle e n, see, e.g.,
sleeve 155 shownﬁlil%aé%1 e MtRIn OF al oun?ﬂﬁeséh ta en % agé/ : %’rr[b V\i\}f\nse secured to
the distal end 54heogtleb§8mdm@wwmmlswéaﬂﬁt@rﬁeﬁféw@@ﬂ@m@@w@dmvg?cfulg«ﬂg thend the like.

25The balloon 5@-mayRederned: e %E&m@@ﬂaﬁ@«gm@gﬁrﬁm@l@ sonpligntgigemi-compliant
balloon that may bR%xp%pd% to a va %gt ﬁ% nd/or sha %m bas?hr on t e amount of fluid
nte ooﬁ

and/or pressure wi ABY84 5 "ahdlor the re atve osnoo% the inner member
30, as descrlbe@M%@ﬂMbWHNWMWEMW@mme@Qﬁ@y éiderity fravmesebstghtially inelastic

material, e.g., tm&@m%@%mmm%&m&ﬁ%mw@m iafRpeseienminethsize when
inflated mdclegenggnt q ;§> syre gorgcie a minimum volume and/or pressure is introduced to achieve
the predeterminé S|ze'3)§p §

ch a non- compllant balloon 50 may expand to the predetermined size even
if inflated to relatively Higkhprasaiies | elty. diddictide ballbe haBoonad 21 B/ 008 3BPIOTIRIS2009/049639

bursts or otherwmrﬁpwﬁ&zgigﬁt@é RISV eRohahien Q{{&Qﬁ%ﬂﬁ& bygsnatmospheres, thirty

atmospheres, and the |j alin ber #)e carried on he inner member
distal end 34, e. m}%ﬂﬁlc ztﬁé)%eg’a%ﬁaﬁnggrﬁl C(( %’g%eg%%n%ﬁclf\’/% & TetativeTs e élloon 50 as the

5inner member 36t pdnidd S erepy toradisctiviely o peeiirgrassdaiosinythe soudietisgiaf the balloon 50 to
provide a valve, asigseribesfu r@l@i@&ﬁ ouhchhasealingnemBst ) 38 mavike. formed from flexible

materials, e.g., which ﬁrggi& %fh %I%{ﬁ %%ng;é\%xtht (tha?llocf)§14 fstﬁale gogdgesi%guqtg%elastomenc

materials, e.g., Siico
its original size and/or shape as the balloon 50 is expanded

For example, the distal end 54 ofthe balloon 50 may be sufficiently thick and/or
rigid to provide a sealing ring on the distal end 34, Optionally, the distal end 54 of the

20 balloon 50 may mmclude one or more additional features, e.g., surrounding or otherwise
defining the outlet 58 and/or reinforcing the distal end 54. For example, the distal end 54
may include a collar or sleeve (not shown, see, ¢.g., sleeve 155 shown in FI1G. 7), within or
around the distal end 54 e.g., attached or otherwise secured to the distal end 54, e.g., by
bonding with adhesive, inferference 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, e.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 30 may be formed from substantially inelastic material, ¢.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 gh pressures, e.g., until the balloon 50



As best seen in FIG. 1, a first sealing member 38a may be provided on the inner 10 member 30
proximal to or otherwise adjacent a second sealing member 38b. The scaling member(s) 38 may be
disposed adjace{‘t,to @ g 35 of the inner member 30 or may extend tf,%;f%gﬁy; glg;al tip 35. The
distal tip 35 (or the sea %Eng member extending beyond the distal tip 35) may be sugétantlal ly
atraumatic, e.g., rounded, softened, provided with a by tlp, and the like (not shown), to facilitate

advancement of the e app; ratus 10 1SW|th|n atlents W|thou sub tantlal risk of the distal tip 35
I okherwise rupture § 6 SSUTCS O OS GI‘ S, wena/ atniu{ g%
puncturing or otherW|se amaging walls of Umens’ hrou sta |B passes.

The sealing meritiér @ngdhpay kaidedikize, e. g outer dlameter that is larger than the distal end 54 of

the balloon 50, e.g., |a(ﬁ1@o¥hﬂcﬁeﬂ§&f[ﬂ@ﬁfeﬁﬂ%%%ﬁ€ﬁ1@} Haeae%tﬁt@@e&e@mmaetmﬁtﬁead the sealing
members 38 are, paced rt %ufflc ent m anothe t‘ ch that the Iollst%l end 54 of the
ag) ﬁ atl oo

balloon 50 is fred AS&AY weenetahm%ea nar ers°§§b V8 hnar membar 30 is directed

axially, one 6&f th@@ﬂm@m@h@@@gmaﬁvem@eﬁmﬁ Cé@ﬂmaétqheﬂdts't&péthd 54 of the

balloon 50. The %@mgsmsmmtésa) @&@Wd&%ﬁﬁe@@@ﬂ%ﬂtﬁweﬁh%é@ﬂ@%ﬁ@%m Hpther
engagement by]tJ seali m rgla)[ 38 Wlth th istal er;g 54. 25For exam \t\r/ﬁlf' additional
|sta

reference to FIG. 2, the inner rﬁ)eim I é})f"’be we&@'dﬁ aistaf mtba%c?jrsr% posltlon wherein
the first sealing ménhbet%alpiumfemethemW%elwrﬁa@@m& dt@t@beﬁeﬁ@m aadthB4¥cond sealing

member 38b is spacedifrom the hatieon qutlet LRAShsWBstheRes P! 30imay be advanced
distally to cause the firs é ealln emb%r 38a tq.push the dlgtal end 54 Bej%% j%the outer diameter of
nas

the 30 fist seallnrélcrznn ePrgﬁa IS a(r’é%tr AAANET dlamatar Og:atlnrgan s'trﬂtee af“r& sealing

member 38a pu@ltre@ﬂl‘{e)d&m@@sﬂoeﬂdthbabatt@dhq@@tmﬁéwftmmﬁefmmkﬁlﬁéﬂ endaB2tie, thereby
stretching the ballaoi 8o AdisCRRligRratiompaMpinize atc@tlaetg\mt}e%saetﬁa@gproﬁle of the

balloon 50, e.g., to fa el ction into_a patient's bod In this W
2010/003135PCLF/)(3§%%'5£§}8§§5’§5 Ky Se St mt'h@ i usﬂéa ing tﬂe‘?‘n’tl)dedfggcrr%?gy LBt ntially seal
the outlet 58, althabgh' Jalt@tﬁawerlyktﬁeoﬂﬁé@%hm@mémw%mwm@@m & more axial

grooves or pgtherﬁeemx%&mﬁteuwtﬁ@%@%emg JQM&%MQ@QB&%QHQ@F 88:8¥eP when the

first sealing member 38a is shln istal end 54. 5Turning to FIG. 3, the inner
member 30 may BE RS bfﬁgt%ﬂ eg‘f’ %@%‘3 JfioH: éfi Ejta%lpo IMATY0 the first position, such that

the distal end 54 of theél ba%bng%%mbdt@)é%e@}béﬁwmegeaﬁﬁgimembéwwal’g%thwnd the outlet

58 is substantiallyopeR. eztt%oﬁgtiyﬂﬂt&@gy@edgtht@g&M%ﬁrﬁlwmeﬂet%@mt@e@w% member 20 may
pass through the balloon mtenq}r 56 and eX| thrgggh the outlet 58, e, %éyﬁtween the balloon 10distal

end 54 and inneP IMEMB & didta Ty 35 T aeyé‘ Sﬁ& STRIRS 3 ther

20 such that the distal end 54 of the balloon 50 is free ﬂoattng 1 between the sealing members
38, When the inner member 30 is directed axially, one of the sealing members 38 may
engage or otherwise contact the distal end 54 of the balloon 50, The sealing member(s) 38
may have tapered shapes to facilitate seating or other engagement by the sealing
member(s} 38 with the distal end 54.

25 For example, with additional reference to FI1G. 2, the inner member 30 may be
directed distaliy to a first or distal position wherein the first sealing member 384 pushes or
otherwise contacts the distal end 54, and the second sealing member 38b is spaced from
the balloon outlet 38, As shown, the inner member 30 may be advanced distally to cause
the first sealing member 38z to push the distal end 54. Because the outer diameter of the

30 first sealing member 38a is larger than inmer 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, e.g., to facilitate introduction into a patient’s body. In this



As shown in FIG. 4, the inner member 30 may also be directed proximally to a third position, e.qg.,
proximal to the second position, in which the second sealing member 38b engages the distal end-54 of
the balloon 50, t antlaIIy sealing the outlet 58 from fluid flow tt% hus, any fluid
introduced throu%%t{%tpl 1‘§D I§) umen 26 enters 15 the balloon interior 56 an%&erxf%ggn%s é;-balloon 50.
Optionally, as shown in FIG. 5, once the balloon 50 {¢ expanded the inner member 30 may be
directed further proximall to an. |ndef| umber of 05| ons erein the second sealing
member 38b cor% n@ggttgzsglé% Sesgﬂ%t%egl d&ﬂtmagl%@%% gidrs aigg ot eé%xggﬁ’aéa balloon 50
may be changed!iForéxantpleirassaiionminiRiGidmwithdhdeinperimernberl30opveher i position, the
20balloon 50 mayshgeinfiatenhio anLlliptical.of Wt@%@@hﬁ@@ﬁt@h@@eemmbuectettvering a
predetermined voIL{me of f Uld to thet étterlor 56 of the I%alloo %f the balloon 50 is compliant, one
of a range of de&FEH%BIMES M4y BLGSTEIRE4AE ﬁtelf‘loregg 0 expand the balloon 50 to a
desired dianeter. W|thTiumheF<¥é‘f@réntbe t@ﬁh@e@ethﬁteaﬁtép drsdted innby memberd30 is directed

25proximally furthgsi;dhe distal.engl %&eﬁtﬂeﬂ%ﬂem&@ {capty tﬁdabeﬂwmm@bgg@elmmembers 38) is
also directed pro |mallc}/ Le., to arde the &52 of the %O the eby compressing the
b and 1‘%{,

balloon 50 axially BRe eXHANchie 158 oon t}leo %ang%yt “Halloon 50 wall

may have a sub3taustifiiy mtdmwmmidhnés% bemé’émtltte: putmmt’attﬁanaod@batb@ﬂds 52, 54. Thus,

when the baIIoong@@ &@m&%ﬁ%rﬁ%éGQM@%MHE&Qghﬁh&%%tE&%ir@@' aadiQn distahigpgs 52, 54 of the
balloon 50 t Ieast %%rtlg%ﬁevert into the |nter or 56 tjhe b IIoon 50. Thus the wall of the

balloon 50 le S8 OTREIRE SFHETS roxﬁh%t Hﬁ‘tgl PEvRe B5d BPLHPs inner
member 30 is dlrectedﬁerdmmaﬂsff@)m themhwdr}gaémd@ HW@&OSEOXLI@@B@B@@@WM@@OOQ/M%BQ -13

- Alternatively,; assaMneip. %lﬁﬁ,téhﬁﬁ%m‘%ﬁﬁz%ﬁhﬁ Qﬁtt@%@&&@%%g%ﬂ%ﬂ along its
length, e.qg., th|nn ng from?)ﬁg @roxmal Og end 52,' 54 toward@?,a central region 55' of the

balloon 50; Thus3 Rl %5“8 éﬁ‘é‘ﬁ)’g&?ﬁ%&ﬁ SHYEYEMa AR distal ends 52,
54' may be reIatl@@t!yﬁtg@dlwmmte@tt@hthﬁlﬁtentrﬂh@qtmﬂ%d Wheth the féll loom30' ssteompressed

after expansion, fhesegipnsdrmadiatelyadiacentibe proxipaband disiahends o2 s dcmay resist the

lloon verting and the thinner central region 55' m xpan r r diameter compar
:)hae %(;” 0500n eSOeot %? (g)&t 5?) }s expa%dgde t}tteanmgtgrr?em%g" 30 %}215? bg g'xrgztg% %ghgrai;[t%xgngl y?z;eg ’CO pared to

to an mdefinite mumber of positions wherein the second sealing member 38b continues to
seal the outlet 58, and the size and/or shape of the expanded balioon 50 may be changed.
For example, as shown in FIG, 4, with the inner member 30 in the third position, the

20  balloon 50 may be inflated to an eliiptical or generally spherical shape, e.g., by delivering
a predetermined volume of fluid into the interior 56 of the balloon 50. [fthe balloon 50 is
compliant, one of a range of desired volumes may be delivered into the interior 56 to
expand the balloon 50 to a desired diameter.

With further reference to FIG. 35, thereafter, as the inner member 30 s directed

2
(]

proximally further, the distal end 54 of'the balloon 50 (captured between the sealing
members 38) is also directed proximally, Le., towards the proximal end 52 of the balloon
50}, thereby compressing the balioon 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 ofthe 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

tnner member 30 is directed proximally from the third position.



In further alternatives, shown in FIGS. 6C and 6D, the regions of the balloon 50," 10 50" immediately
adjacent the proximal and/or distal ends 52," 54" or 52, 54" may be reinforced further, e.g., including
additional materig|s, 1o reinforce the base of the balloon 50," 50" to reduge.gverting and/or otherwise
preferentially control expansion of the balloon 50," 50." For example, in FIG. 6C, composite materials
53" have been embedded or otherwise provided in"the" balloon material adjacent the proximal and

distal ends 52," 1554," while in FIG. 6D, an ifional layer of erial 53".has been added, which may
be the same material éﬁy&%}\éc}:’r%sas é’r‘f(gl lfhg%%ég’r}ggt@/gees Egﬁ‘é%%a " énfa@)é:'r may be attached
to the balloon 50¢&igedlalons thdenstietialdtamenmisrobs Miesenbed! diselphdyéhereitPforditaching the
balloon 50" to theeuterBamber 2o Retusning talkGind raibandie ordbnGa maydaaegupled to or
otherwise provided 20 on the proxim _.engz the.outer member 20, e.g., for manipulating the outer
member 26 andFHE SRS AR T e nat B A Py S REnt Enape, 2.0, (0
facilitate holdingcamthioezivarfipul sy theebkiined (2060 camarired diiey Shenspmbeasedmols or actuators

for actuating theigeapentsefthe-anpanaius d@sEonexsmple, as,shewihe 8dpudhandle 62 may be
provided adjacent the ma&%%glll%ﬁgnwﬂt is.co%ﬂoled to the jnner 25 mglr'rgnb r 30. Thudst, to move the

inner member 3610 e Various positions H&strived abo 'éifl 8 ap%rlfaﬁgn €62 Fﬁé“{} he p(t)Jshed or

pulled, e.g., pusHeddietally tf Hiteét'the inner member 30 to the first position shown in FIG. 2, and
pulled proximally to dingate-innermemnbekaGuteithe seeanerand thindariusthaipraxsimal) positions,

shown in FIGS. 3-5. Alterpatively, similar to the embodiments shown in FIGS, 11.and 14, a slider
actuator (n0030 ol TR B oo G T FAIEER T 12 oGpfbdto t RGP fnember 0 for
directing the innetinferpbbr8eraxdaliyedath/aldtiond makvdrscO srfcoerdrivrspritbdrc20oama further

alter_native, a wheet g5 othefRciuataina Bedravided-ar-diraating-ihe ipeseramiper 30 axially
relative to the out;[%[ m]_gépp% Z,O.F WO 20 COIIHO]Q% PCT/USZOO9/049§§,9 -1 _ T)e%&%ll handle 62
m may %",ne.g.

. 0 I CXa \ . composite materials ee
and/or inner me F'30'may be Bias&d't6 bhe of the pogl SR DEREW I EIESS y one or

more springs or ethdetiasipigided hathisbalde (norastravved avdtiirke e hiamdaGOstFondsEn p;le, the inner
member 30;mayshe Riassd fedhspsecang tnfusien) nasition sbutimayhe disgctadiothe,other positions
by overcoming tt e E)ias_. Sf\ltg natc'lv ly, theatgaal dg?ch ma IE%U%? one i(,,nﬁreege?tgge , €.9., p_ockets,
notches, and the TTKETRGT §%‘j\gv?{), 16%%/%%9 %rlf TS Bk ARl PP tele a2l 'SBRPhg the inner
member 30 in ontaghahir poditidens: 10" aslditiorioshaemaibely nebddaddiaiBal iy insiude one or more
visual markers (99t s 1eWhcBich 10 IRMIBEMSHE HaRs JRER 8y alous
Returning to FIG. 1, a handle or hub 60 may be coupled to or otherwise provided
20 onthe proximal end 22 of the outer member 20, e.g., for manipulating the outer member
20 and/or the entire apparatus 10. The handle 60 may have an ergonomic shape, e.g., to
facilitate bolding and/or manipulating the handle 60, and including one or more controls or
actuators for actuating the components of the apparatus 10. For example, as shown, a pull
handle 62 may be provided adjacent the main handie 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 o direct the inner
member 30 to the first position shown in FIG. 2, and pulied 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 handie 60 that is coupled to the mner member 30 for
directing the inner member 30 axially relative to the handle 60 and outer member 20. Ina
farther aiternative, a wheel or other actuator may be provided for directing the inner

member 30 axially relative to the outer member 20,



positions are achieved. In a further alternative, the first sealing member 38a may be 10eliminated and
the first position eliminated, e.g., if there is less concern with profile of the apparatus 10 during

introduction and 5E%I§jwﬁlaj§y operation of the apparatus 10. With CO”“”FEQ 6@&;@‘?&8&30 FIG. 1, the
handle 60 may also include one or more ports for coupling one or more fwc( sources to the apparatus

10, such as a source of inflation media, a source of bdabuum, and/or a source of diagnostic and/or

therapeutic 15 agents (not wn). Eor exam le, as shown, a.side port 64 may communicate with the
it lamen 26. The st BTGy A URCET R B e B (HEPSREATH B RBiitate coupling
one or more souteesof Al & theside pereedre rirgs uethodisonnecsioniand/or dwevor more seals,

e.g., a hemostatigiganhda.paevant fitickiram leaking: remsthe sids, Bewifdd 20A.Syeinge or other source
of fluid (not shown ma% be .cou%led to %réedsidgoptorthm 1t10 allow deLiveQé of the fluid through the first
Tl

lumen 26 into th& REEHBMSE 8FtRE BANoSH 5O ahd/or troudh e outfer B8 Yépehding upon the
position of tHe infAkyradralyethcRondxabnphe it tets imer memiser’e senntilsteootbfinfsion) position,

contrast materialx&ifle FRUIAPRANBRENNGRRIG REMRRLAYI thalfacliistes.ahsanvation using
fluoroscopy, 25u|tra%oug10d, or ot%er external i aaggnt?,nmgg/ﬁbe delivered throu the_firFt lumen 26 and
c

outlet 58 into a BBAY imen. *88eh R ATEHSPindly FECTARS WA, T Al paratty 16 ¥(ifing

advancement throaghrepysatieut sibbdy (mtoskevarg eb cdipfenmele ased/whao tidentifpthe status of

treatment of a bedy:len.asdescrbedfucthachelow MVithibainpar-memien3Q ia the third position,
the same f|ltlbd may be d Ilv(?rhedfthrouq%h th% first Igmf%g ’2@?26 to expand the. tﬁalrlof%n 50, or the source

of contrast matefial thay Ba raplaced Wit & SolFce & '}feeﬁthffﬁiao,né’%r},“é{ts r| geeogft%aline, to

facilitate expansionasatiel/db dutiepisérafutiersalicur50nriNC PE1B/008hSERETRUS2009/049639 - 15 -

Alternatively, multiple parts.may.be Brovided hat commimicaieithithe-firstdymen g8.€.9., such that
various fluids may be_delivered selectively, tg{gu h the first lumen 26 dependin u%(t)n the desired
n e

function. For exdMPI& & SBUPES Bt UIRTFALH ST Besbrds HPasine ot 588 to different ports
such that each fluitktinaybadeivered! vacuum, and/or a source of diagnostic and/or therapeutic

15  agenis (not shown). For example, as shown, & side port 64 may communicate with the
first lamen 26. The side port 64 may include one or more connectors (not shown) to
facilitate coupling one or more sources of fluid to the side port 64, e.g., a Luer lock
connector, and/or one or more seals, ¢.2., a hemostatic seal, to prevent fluid from leaking
from the side port 64.

20 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 interior 56 of the balloon
50 and/or through the outlet 58, depending upon the position of the inner member. For
example, if the mner 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 jumen 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 fo identify
the status of treatment of a body lumen, as described further below. With the tnner
member 30 in the third position, the same fluid may be dehivered through the first lomen

30 26 to expand the balloon 50, or the source of contrast material may be replaced with 2
source of a different finid, ¢.g., a syringe of saline, to facilitate expansion and/or coliapsce

of the balloon 50,



5 independently depending upon the position of the inner member 30 without having to change out the
sources. Alternatively, a source of one or more therapeutic agents may be coupled to the side port 64

(orto a separatgpo (#} When desired, to deliver the agent(s) into the,(t&rﬁ% % ymen.
Optionally, the han é(g may include one or more seals, bushings, and the like to 10facilitate relative

motion of the outer and inner members 20, 30 and/drfo seal the first lumen 26 For example, as
shown in FIG. 1, an o- r| 66 may flﬁrowded b tweendthe outer and.inner | ers 20, 30, which

m oris ma ormmunicate witf
may guide the inner mem er?&y’as It moves axially Pe(fa]tlve 8 R BUtE fiem 5 and handle 60.

The o-ring 66 mbcyﬂabs%ﬁb’glo%atelbapveﬂﬂﬁmﬂlwqm@sh@@Uﬁ%dh@%tm@th@%séubstantlally

fluid-tight seal befwgers t{&%égglt%@m H&Q@éd%ﬂ‘féﬁ@&%x@&ﬂ@ @rexewdemga gfdfluid introduced
into the side port 64 fr he ha le 60. hown the pull han I%ul 2 |n c? S a Qort 163 for
é

gy led to eren em s t eac glrvier
receiving a gwdé%r@% ’ﬁ%?%\ o?‘é‘%own) SRS UGR E o Sample 8 wire may be
introduced ifdto thdswesbndyldenenie3eyeghe ﬂmmefﬁmmﬁw@yfﬁﬁm@aﬁlhw@the inner member

distal 20 end 13%&@@@%%@%&@%@&&@%@@ QIR LREBISmEr S Ab@MOsiaticgal{not shown), to
accommodate passa Laqg%ldew ire thro igh without risk of ubggantclial ri of leakage of blood or

other body fluids ?Péjm ﬂ%’ cpmtf)%(frahaﬁy e otiter mem may include one or
more additional hgmém&%htgmﬂoexﬂemg between the proximal and dlstal ends 22, 24, e.g., a

guidewire lumen for 23eeeiMINGIR GhdRWIreLr iRLhar Hll &p%wewgl)b@%géf ihedrnge mwember 30
does not include th secand lumen 36, an |nflat| n lumen fo fPﬁré \é%rln |nflat|op medla to another
diti

balloon (not Shotlfj8IF HE"G T8RS The S?faf fhe kg ™™ sca

AOralfetha |veI1y, if desired, the
apparatus 10 maynisichgdEorrsampiacresimarkersifo faviltategfositoninprandiodbadvaribement of the

apparatus 10 dufing bsenF@ R eXa00 kR, %e%m%&a&@m weMmerkers haykeRlaged on the
outer member dlstal end 24, onthe i ner member 3(0 hin aor a t1):;\\cent th qﬂlloo(p 50 or distal tip 35,

on the balloon 55 &'§ % Ctﬁ'éteﬁl%‘ PR Fa&fgfafo S 52752 5?’1&&/01150 &§8aling member(s) 38.
Alternatively, onerorimore tgo mbanetrfté Ofthey am&amqnﬂmaylb@mmem syal@etween the

2010/003133PCIAISI0094042632:5 16 1fromdadiapague,prathafsateriale thalinaay.failitate imaging

the apparatus 10 durlng use For example, radiopaque markers and/or materials may facilitate
positioning or ot FERM f; g the apparatus 10 using fluoroscopy or other x-ray imaging, e.g., when
positioning the baIIoonPEGE(@wmeheherﬂd)herﬁteaiﬁémekﬁansm Hidtorswtiendnfasing fluid via

other rail (not shown) therethrough. For example, a guidewire may be introduced into the
second lumen 136, e.g., from the port 163 or by backloading into the inner member distal
20 end 134. The port 163 may include one or more seals, e.g., a hemostatic seal (not shown),
to accommodate passage of a guidewire through without risk of substantial risk of leakage
of blood or ather body fluids from the second Tumen 136.
Optionally, the outer member 20 may include one or wore additional lumens (not
shown) extending between the proximal and distal ends 22, 24, e.g., 2 guidewire lumen for
23 receiving a guidewire or other rail (not shown), e.g., if the inner member 30 does not
inchude the second lumen 36, an inflation lumen for delivering inflation media to another
balioon (not shown) on the distal end 24, and the like.
In addition or alternatively, if desired, the apparatus 10 may inchide 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 30, e.g., on the proximal and/or distal ends 52, 54, and/or on the sealing

member{s) 38, Alternatively, one or more componenis of the apparatus 10 may be formed



5the outlet 48. Alternatively, echogenic markers and/or materials may be provided to facilitate imaging
using ultrasound or similar imaging techniques.  With continued reference to FIGS. 2-5, an

exemplary meth vvd | now. be described for treating a body lumen (not W@%@.&g g;ing an
apparatus 10, Wﬁ\%ﬁ' rgr?z{la)&/)sﬁ)sepany of the embodiments described herein, and not nécesssarily limited to

the 10 embodiment shown and described below with%eference to FIG. 1. The target body lumen may

be a blood vessel, e.g.,.a vein or artery, a graft, e.g.,.an.aatto-venous fistula, tupylar xenograft, or
synthetic tubular(%r é’ Féf%dé{’ﬁ &ve ’iﬁge?rliﬂo%ri%riagsrﬁ P ter,nf%gaﬁtoﬁ {/elﬁl?ﬁ%lﬁ%ﬂgya arg%%sai@%‘brgi%om municating
between an adjasentertarypindadeinao rehiowsindoymaty s arm Beibtiempegiioinea dialysis patient.
Alternatively, the,peaMsMER0aY £8ARl008esSalIaMHNIN aRatien! mMaseUlalurta®.J., a
peripheral vessel in a tpatii n%slk?gi ﬂ%eg bg)al vesselﬁ and the. like. In a f%rth.e%ualterhwa ive, the material
may be a stone WIthih 4 Spatisnt'e Urnary tract or Other foraigh OSject 1o Be removed from the patient's
body. Optiorfallyihheutisdy. Iddrneivaly sehagods sedkersimy/oneerivio reeaddiriondbdristruments (not

shown), which mgyipe-Rai:eka systemeikitngdingbe apparatiks 10. 20 For example, an
introducer sheath, gui%ﬁgatheter, orfother tul%t&%r g]§mber érgc?t _sho%rg))dm 'mk))\% Lrgtroduced adjacent

the target site where the TatSHAT s 15 58 Femovad ot ey DR MirBatice g?'/sewhere in the patient's

body to provide dccebsitiytheapagiehtSamculanirdomothe: passagayweimm bridatingawith the body
lumen. If the body, lameniisdassiec it aRetRharalvasselohibadatienhiddgrgrtaneous puncture or

cut-down may be created using 25a needle or other instrument (nqt shown) at ripheral location,
such as a fé?%orgwg? é‘?ii“&%ﬁ%‘i%aaa??%?%‘g%ﬁ%’r‘” eﬁﬁ%l%% E5748 1(?1?69[ gh(?&]v%ﬁ ,Fgeﬁ%%d% %‘%Prfglducer sheath
may be placed throuigtr teopuerstliresatahanpariplastal dodatien 10 yrtvidecasdesd:, THalapparatus 10
may be advanceg {heugh BeRatien Sy assulature. fiom the.enhysie 186 13RO with the aid of a

guide catheter, guidewire, and the like (not shown). 30For example, to facilitate directigg the apparatus
10 from an entry &t8%0 HETAPGEEB S I%%Ih?cﬁéﬁ?ﬁtdl&%gt SFIHIRE e Hetr: BrEBMEY tubular body
may be placed fromtittiegivry Sitddyshpaody Mramaiusinghednde hticmahmdthoblsodryaerdition or
alternativelysa giiggwira{aetshownhmaybe plaseddramdhs spinvsitado thebadwlumen if desired, -

17 - e.g., if the inner member 30 includes the second I,um]en 136, The tubular body may also be used for
aspiration, e.g., B8Rl 5 84UHE B TARTGMfor ERURRG R ATEHS RN BEHY tHE ™S bharatus 10.
Initially, with refererioedhds K3e2n tgectpparatum 1@ may theratiwisdedsinto the body Slumen with the

inner member 30 in the, nd gk distalpesition. 18 thesuah thatdhe balleomadds.stretched to reduce

its profile. Optionally, if the first sealing member 38a does not ., . . .
P P instyuments {not shown), v%xich may be part of a system or kit including the apparatus 10.

20 For example, an mtroducer sheath, guide catheter, or other tubular member (not shown)
may be introduced adjacent the target site where the material is to be removed, or may be
miroduced elsewhere in the patient’s body to provide access to the patient’s vasculature or
other passages communicating with the body lumen. If the body lumen is located in a
peripheral vessel of the patient, a percutaneouns 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 eniry 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 1o 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,



seal the outlet 58, one or more fluids may be delivered into the body lumen, e.g., to facilitate imaging
and/or positioning the apparatus 10. Alternatively, the inner member 30 may be directed to the first -
position, shown wffﬁﬂ&” Qd fluid delivered to facilitate 10imaging. F ?&%@5@91&9{ diopaque
contrast or other f u# rﬁay%e delivered into the body lumen via the annufz{Tpassage d’gfined by the
first lumen 26 between the outer and inner membets 20, 30 to facilitate locating and/or measuring the

size of the material 92 using fluorpscopy. rkgﬁrs not shown) on,the apparatus 10 / facilitate
ositioning the 15 baTb S PERte 1o THAaT A BTG B8 AR Ue ETor & i Batban 5015
expanded, e.qg., tefaldititansatienifyingetvalcthe batksonosGaispoditicarirdistadttod rotheriise beyond the
material. If desired.thariangiomember 30 may be directed back and forth between the first and second

positions, e.g., to aIIovxf Zg}rtlifi ion of ¢ ntrc%st% %[Egst&r}%duce th% P({%‘gggofa%%n?gfarat s.1Q to facilitate
is166at8 2 0Beyoiid Gb&

ith refere Nt the bo
further advancement, €.g., thtll the bafloon YRt At Yargeted for

removal. Optionaifysithvetapparstusiedendy behintrorhdcaditiwbnrghicnguidesusatietdredelitbier tubular
member (not shewR)sdthatdneludesa:lnen Commnicating with.asouiee.ef ¥acWwim nWith the balloon

50 disposed beyond the guide catheter byt not yet expanded, the source of vacuum may be activated
eQI %?tﬁ'i‘n c&?? T MOTe Hla%?irﬁéyé}g%eﬁv (g in %ncg gi

to aspirate matefia e Body 1imen e GBS e B R HOANER ™2 S urning to FIG. 4,

the inner membérc80amaybagirdstenbtsitheghidaposition] thédtiyreddirtfethioco nttett83Gind the

balloon 50 may b jnllaied:withimdrebedyitmesyeid risushthat e balinanolaxtends substantially
entirely acrgr)ﬁs the body lumen. The entire apparatus 10 may then be retracted to pull the occlusive

material fro thén%al;gso lumen, e.g., to be aspirated into guide catheter, or otherwise removed from
the body lumen. As showrinnBlGra8icifadosredratheripther iwdmibe b8 ivapbatptiiebbty further expand

the balloon 50, &.ghe4q-g4hsiantial. ergagetbenyall atineRADS Lemees HR WY Gha inner

2010/003135PCT/U%%0?63/ 49639 - 18 - additional pressure from th J{Balloon. ma% facilitate
separating adheP&Rt ateri

P o HEE AT Bl A S 8y R AP aRoWSiEF &M oval ™ Once material
is removed, the ifersoopmBérBOsrray hevdirestdd drasktovibrds thalseicaudtpositicr; and fluid

introduced {g obggiyeh the-amount.aftaterialdemoved AaUos RRMRIBINGWIHIR thehrdy lumen. If
additional material is tgag?‘;f removed, the inner member back be gjrected to the first posijtion, e.g., if

ner
desired to adv arfc%’ttﬁ 1ba6tﬁ éffﬁ@’ir@ that the %alloon 58 15 positioned distal to or otherwise beyond
' the material. If desired, the inner member 30 may be directed back and forth between the

first and second positions, e.g., to allow infusion of contrast and to reduce the profile of
the apparatus 1040 facilitate further advancement, e.g., until the balloon 30 is located
20 beyond obstructive material targeted for removal

Optionally, the apparatus 10 may be mmiroduced through a guide catheter or other
tubular member (not shown), that includes a lumen cormmunicating with a source of
vacuum. With the balloon 50 disposed beyond the guide catheter but not yet expanded,
the source of vacuum may be activated to aspirate material within the body lumen during

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 balloor 50 may be inflated within the body lumen,
€.g., such that the balloon 50 extends substantially entirely across the body iumen. The
entire apparatus 10 may then be retracted to pull the occiusive material from the body

30 lumen, e.g., to be aspirated into guide catheter, or otherwise removed from the body
lumen. As shown i FIG. 5, if desired, the inner member 30 may be pulled to further
expand the balioon 50, e.g., to substantially engage the wall of the body lumen. The



through additional material to be removed. Once the balloon 50 is located beyond the material, the
process may be repeated as often as desired. If desired, the obstructive material may be treated, e.g.,
at least partlallyg)&%k( ,}Omacerated and the like before, during, or qj&qr]}zgémg(@/ggl For example,
a therapeutic agent may be elivered into the body lumen via the first lumen f/the outer member
20, e.g., to at least partially dissolve or separate thrdfhbus or other relatively soft material before being
removed by the Cfa(illoon 50 and/gr tthelmge tg tfreat hei wall of the bo Iurtnen lq%ecause a single
lumen, i.e., the fifst ﬁlr'ﬁeﬁmz“% IS L?SG& or Bo mﬁ‘af’oahc}ol?afﬁeeg 15%h rmdmd‘leellver|ng fluid into the
body Iumen, thetprofiledithhécdulermensdie 20tarwheherefore of the overall apparatus 10 may be

smaller than devices thatinghudasepaiaiainflation a@&ﬁafgsigwuma&eﬂm%u@mm&gh the second

lumen 36 of the inner merpber co Jdtrb u%etd f%r |nfu |on of fltwgs {[hlS would d(3rally require
removing the 2058 18§1f’earnw ’thg paratus |s OO EL e S LG B Wire may

substantiallyfill m@%emen‘dtmm@iv@@ l@e@augedﬁﬂédneémm@hly%’ hrayryey sty foreinfusion, the
guidewire may remain-Wiltindhe-seeanddumen At @gg@@%@ﬁ@a@%@w& dherehy potentially

reducing the numberﬁ %&ude |re or th r deV|ce e nges. Furt er the araéug 10 may remain
hrou 1ona I’l&ci removed ncet &% 001 ca,te%h CPJ? ?
over the gwdewwe iC may vancmgt e appara us arget body lumens

intended for treatrierl, the mqstamm&sr hitemvativias oftve valiveredeated by the sealing member(s) 38 and

the outlet 58 of the balipgninQ MayReRHIVided-at stheslsations or the:apRABNS:4 Qi desired. For
example, tt@ configuration gl?ﬁgé% éegzers d .such tptat th outleft §8 and s allné; members 38 may be

located pro mal'td %ﬁaﬁegﬁ % Urﬁ'fﬁeor '$8a Mbar Tr?o? S oc(‘/vrﬁ))c 'T*n%y be provided
on the distal en@@@ﬁ%é@ﬂe&w@ﬁb@wmﬁﬁh@mmprfb&ﬁwaﬂw 8¢ witthevsalloontB02fhay float

adjacent the Seaéiggtmm@ﬂﬁmwmsm@&t&b@% %ﬁfb&l@%b&ﬂ%&%ﬁy sepurad-40 the distal end 34

of the inner memb r also not shown). Thus, movement of the inner mem 0 relative to the outer
member 20 may” mfﬂfgb@ﬁ'}% S kL R R AL ? Sh°8Eximal end to

selectively enga@l@ﬂm-dlsengage the sealing member(s), allowing infusion from the first lumen 24 when

the balloonsaroximal epgkis. a0t engagsg-with therssalingmemhershansaliawingdalloon inflation

when the balloon proximal end en s the sealing member(s).
balioon 30 and dehverg f?uid into the bogy lumen, ﬁ}(‘g rofile of the outer member 20

and therefore of the overall apparatus 10 may be smaller than devices that include separate
mflation and infusion lumens. Further, although the second fwmen 36 of the inner member
30 could be used for infusion of fluids, this would generally require removing the

20 guidewire over which the apparatus 10 is introduced since the guidewire may substantially
fiil the second lumen 36. Because the first lumen 26 may be used for infusion, the
guidewire may remain within the second lumen 36 throughout the procedure, thereby
potentially reducing the number of guidewire or other device exchanges. Further, the
apparatus 10 may remain over the gnidewire, which may facilitate advancing the apparatus

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 outiet 58 and
sealing members 38 may be located proximal to the balicon 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 1is 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



5In another alternative, a balloon (not shown) may be provided on the distal end 24 of the outer
member 20 proximal to the balloon 50 and/or on the distal end 34 of the inner member 30 distal to the
balloon 50, if degj gmeug}q%r to other embodiments described herein. Sygh-a ballogp.rpay be a
non-compliant, hlgh pressure balloon, e.qg., for dllatlng the body lumen, or an elastic, compliant balloon
for substantially sealing the body Iumen 10 to isolate’one or more reglons of the body lumen before
infusion of fluid there bal Tllim;]o x#n S7e,ieacgvtpegrnegnbod iment of ; of arr%g%} Is shown for
treating a body Iumen ﬁ1 ally |nc des an outer tubular meﬁ16 inner mémber 130, and
an expandable B8floEiE M@arﬁf@ﬂfb?/ﬁﬁé%ﬁ@r%ﬁﬂ?@?%ﬁ@ﬂ?ﬁéﬁ%’é@h%,11%,%&%&% to the previous
embodiments. Thenappaakusbdmauir operaiie bvaifirsttroded blosanfusg:thiddnto a body
lumen, a second mode ar d| atl struction within a body lumen, and/or a third mode for
removing obstructve n ma erla I%ln a 'dy lumen, as described further below. As shown, the

outer membér 120 incladeaenixiiat ehiioer (aot berenerl ba et dor ke dhidcaehihto a body
lumen, and a fir%tfklﬂmﬁmerlla@n%mqmglﬁkaetebetw@eon E@aﬁ&liﬁ%mwampﬁﬂst&uﬁ&ﬂé ighwilar to the

previous embodlme cr3 ?1 tgﬁ]po 8131L)dalso |r;]crlnu%e§0 Ot%o%(l ] ) d’»sdr%cgstal end 134,
and, optionally, a'secon umen ing Betwe e proxma orlndpsta enas 132, 134, e.g.,

sized to sI|dablyhféeelvﬁuahqmal@vmFé%}dﬁ@th‘ewaﬂlllhweﬁmﬁtﬁ*féﬁ‘@ﬁﬁﬁéﬂghg Theddee member 130 is
sized to be slidablynreaies vaitmmugﬁcfiés&qkummaha@n%m@euﬁea memberii2ede.- Bmsuch that an 25
annular sp Ge is deflped rt])et}/vrgengheogsuéﬂhgrgd inper mem| bersﬁm 0%%Oﬁo£é)a55|ng one or more
fluids there hrougﬁsoa SO Smilarts t previous e bo dnm Yhe bafloon 150 includes a proximal
end 152 coupled to thé @Bmfm@ﬁb"érﬂ%ﬁéﬁl f@ﬁ@@@&?@ﬂ%ﬁt@?@%ﬂ%@d‘eﬁﬁ%f%@mﬂ% and an
interior 156 commepiﬁaaﬁﬂglwigenﬁaﬁlﬁEﬁ&]M@@@ﬁ 26 ajwlihe]@mt@tli@,&nnh@rdﬁm@ndol34 of the inner
member 130 maél a%o extenga]tjtlw %Odls%%l e}nc{ %54 gf th balull Con 1 %%) gg:h that the outlet
158 defines an annular passag e Ween Hhedistalend igﬁ of the Bmﬁoon ‘the distal end 134

of the inner merﬁt@@iﬂ%ﬁﬁ@@h@%@ﬁ@ﬂﬁé@%l éhel ﬂPB@%*F%@bﬁ%&ﬁPR@@Iﬁ@!@oﬁﬁt aedtlar or sleeve
155 attached or gihgrwise mecuied tRdheudistal Bshd abde Br.dnhgag mtw&kan@nn a

2010/003135PCT/ %20%9&0@%?3%“; %0 gqo esrlz\{oe‘} ullntef re:ggg fit sP dﬁng [usmg arid the like.
Optionally, the cb? rt méy exten proxma nto nterior I cynlf%l(not shown)

and the interior gedtisnilpithielolbaloss55 may include one or more S|de ports or other openings (also
not shown), e.g., to facilitaiefiuid-Rass menfrem the.balioarpiaterior-Ao62through the boutlet 158.

sized for introduction into a body lumen, and a first lumen 126 extending therebetween,

20 which may be constructed similar to the previous embodiments. The inner member 130
also mcludes a proximal end 132, a distal end 134, and, optionally, a second lumen 136
extending between the proximal and distal ends 132, 134, e.g., sized to slidably receive a
guide wire, or other rail (not shown) therethrough. The inner member 130 is sized to be
slidably received within the first lumen 126 of the outer member 120, e.g., such that an

25  annular space is defined between the outer and inner members 120, 130 for passing one or
more fluids therethrough, aiso 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 lymen 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, ¢.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 inciudes a collar

or sleeve 135 attached or otherwise secured to the distal end 154, c.g., by bonding with



The balloon 150 may be formed from substantially inelastic material, e.g., to provide a non-compliant
balloon that expands to a predetermined size when inflated independent of pressure (once a minimum

volume is introd g}ﬁ%gﬁggeve the predetermined size). Such a non-cogpliant hallegn 150 may
expand to the predetermined 10size even if inflated to relatively high pressures, e.g., until the balloon
150 bursts or otherwise ruptures, e.g., at pressure’szc?f‘at ten atmospheres, twenty atmospheres, thirty

atmospheres, anghtBhfe like. Altern '%\,/gl the alqugn 150 ([ﬂgg19(%.f95r1ﬁgrgaérﬁ9gﬂe%@@tqué§aterial, similar

. 2 Ve, mterference {i lo weldmg, Hisplg, an X
to other embodiMents described elsewnere lne in. Oné or more sea Ing members 138 may be carried

on the inner memisesgisiairoepdlysnigdherterigu b tiabehallsenling e MpERPd 88 are movable
relative to the balieas 1RARS e kymer IrembandaR ismeved. ei@. ptarovideqaalye for selectively

opening and closing the outlet 158 of. t a%Lo n 150. As sq]o a first sealing,member 138 is
provided on the ?ﬁ[%getrmrtn%f)n%nz‘rel%ﬁodlg%‘%%% uéa al glﬁﬁggltg e\égr%ofgﬁn an raééh%krl?%%qﬁ%e sealing
member 13§ mayrravéta size, e.g., outer diameter, that is larger than the collar 155 20and distal end

154 of the balloon 150rsushithatithesgaling-mambersiitmasubstantialbyangage the collar 155

and/or distal end 154 of the balloon to substantjally seal the outlet 158. In t xemplary
%ant é)Ig §§ amHs gte%

I :
. TOVIAE & NON-COTH 1 ex’ e CrNIned 812C Whcn m .
embodiment shéwn, the sea mdj mem mgy inciudB a fapere shape, e.g., on one or both of its

proximal and distekpamdsniRé pesarmplacatamyarae 28 uha o thechroxiiaicdhd of the sealing member

138 may automaticaivguideithe sealingomnembanst 38He 3eing seated inthgeulleilad of the balloon
150, e.g., tq enhance a fluid-tight seal therebetween. A tapered shape o distal end of the sealing
member 13 ma‘o’flzﬁf’c‘;% gjllgl%%% é‘ﬁ?’%%h%ﬁ%%*%ﬁﬁsfa%ﬁé{ﬁ‘yg ﬁ%ﬁr@%ﬂ%ﬁé %S?St% apparatus 110.
Alternatively, a Stlbsstasttiaeragnatiordisas tpaf Hot SHewhy My oy Bvieer sntie 30 inner member

130 beyond the fifst Seatingmembes. 1L38-simiar ietheideYius.embRdiments clasubVith continued

reference to FIGrh;:br?f p%nd e or tg b 1% be coupled to or otherwise provided on the proximal end
122 of the outer Thember 1 ,%f’g.l??grrn %Bi%?%@%%%ﬁ?g%ﬁ 96891049639 - 21 -
One or more scaling members 138 may be carried on the inner member distal end
15 134, c.g., such that the sealing member(s} 138 are movable relative to the balloon 150 as
the fmmer member 130 is moved, e.g., to provide a valve for selectively opening and
closing the outlet 1538 of the balloon 150. As shown, a first sealing member 138 is
provided on the inner member 130 distal to the balloon distal end 154 and collar 155, The
scaling member 138 may have a size, e.g., outer diameter, that is Jarger than the collar 155
20 and distal end 154 of the balloon 150 such that the sealing member 138 may substantially
engage the collar 155 and/or distal end 154 of the balloon 150 to substantially seal the
outlet 158.
In the exemplary embodiment shown, the sealing member 138 may include a
tapered shape, e.g., on one or both of its proximai 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, e.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 imner member 130 beyoﬁé 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, e.g., for



manipulating the outer member 120 and/or the entire apparatus 110, generally similar to the previous
embodiments. The handle 160 may include a pull handle 162 or other actuator coupled to the inner
member 130 for‘ﬁrgov%%otﬂ%lnner member 130 to the various positions dlg ;ﬂ?ﬁ%}@ﬂ%‘@’- The handle

160 may also inc g one or more ports, such as 5 side port 164 for coupling one or more fluid

sources to the apparatus 110, e.g., a syringe or othét source of fluid for delivering fluid through the first

lumen 126 into the lnt?ri.or 21156 of the baIIo]I(%n a%%g)a d/or. througglt t?ﬁ utlet 138, depending upon the

position of the iTREP &N erefﬁ&rf%rﬁ%ﬁa , HRGE 8B NAY indth 48" 3R 3}mnl11ca)rrte° seals,
bushings, and thbelikeidid subbdascuiingd 66dlsdflewsy theudatemdididhdbirmentbers 120, 130, which

may guide the inpgrdIeBIBRE I30a8HLRRMBS XAl Felativertonthe sutel-menkerladard handle 160.

In this embodiment, the jnner member 130 includes a section of hypotubc or other substantially rigid
tubing 131 attacHB B AFEIRTRS ISt ki K IS e 2 B ETRETHEHBE 130. The

olp
tubing 131 nay pfovide l&kit soppoe dor chednmBridremize tlB0 afBeatys td0pravertybuskiing or kinking
when the inner gplsk L3 s dirsciest-axiaht:d e tuhing d3lnay plstallgwithednngr member 130
to move axially mgo%e e silﬁ, e.d., fth tub'nr% 13 p?ésga substantiall ?moo.th orHE)rica_ted outer
surface that slid&%" %'%%?‘f oUGRYRE! fﬁjﬁé BB Hite TR §Pe HU R HY ¥ a & Ebetween. In
addition or altermativsty] 3¢ desired, the apparatus 110 may include one or more 20 markers to facilitate

positioning and/or advgpgementiRfiiheiapperatusddd Sinddae ERrRXRMRIenddshewn in FIG. 7,
radiopaque_marker bands 137 may be attached around the distal end 134 of the inner member 130,

e.g., within the bAiBBH ARSI 5& KRS SRS WA R M APRE ISP R attched RUFACEH: Bt e proximal end
152 and the distaihendeibd: 3B ¢he baltoonaiBOy whicts maye fatiitatechsohdoring:théiddéation of the

balloon 150 befafg ZndilatRg: aR-GRRIUCHARWHRIRA LRI XIMMBEDs 1N BHilign..alternatively, a core
wire of the helical member 170 may be formed from radiopaque material, and/or radiopaque filler

material, BASOA" &Y B’ GI&5dPERY intoBRRRHIt VPENAT LBt s 1RHT DR AT nefides 170, if
desired. Unlike thesprevibers! 8énHddindentd Stheappandtusidii@npoiutdeaiiveticaimhenbier 30170

coupled betweeg the, Qrier AR INRSHMSMACThAAH. 130 withinihedaliaendnigriay 196 The helical

member 170 may be maovable from a relatively low prafile, such as that shown in FIG,. 7, to an
expanded helical'8R&pa! B&(E Sy RS ST ’B@IFW;. RECHBWR AL HERERFHISTbE 176 is a wire, tube,
or other filamenthelydinga firsbandidZ2ooepled iy idfi@ Q0¢GLIBILBE R USR008/040639 - 22 - the

distal end 124 ofthe qutermambeniatard asesond.end-144:ceupled to the distal end 134 of the
inner member 130. For example, the helical member 170 may be from ac?rgewire having a tube or
U

sleeve formed or attachédSISU AT RO EEtAY BRAREEH &y melude one or more

20 markers fo facilitate positioning and/or advancement of the apparatus 110 during use. For
example, as shown in FIG. 7, radiopaque marker bands 137 may be attached around the
distal end 134 of the inner member 130, e.g., within the balloon interior 56. As shown, a
marker 137 1s attached adjacent both 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 aliernatively, 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.

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

30 170 coupled between the owler and inmer members 120, 130 withm 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



first and second ends 172, 174, the helical member 170 may wrap helically around the 5 inner member
130 one or more times. As shown, the helical member 170 extends around the inner member 130 '

about one and %g;b}ggﬁgglthough it will be appreciated that the helical,mermahgs &élJnay include
more or fewer turns. As shown, the first end 172 of the helical member 170 may be attached or

otherwise secured directly to the distal end 124 of ité ‘outer member 120, e.g., by one or 10more of
bonding with adhesjve, sonjc welding, soldering, ipterference. fit e ing.the first end 172
one or more timg(}é3 éﬁ%&ﬁ%ﬂ% 8%?’&%}% 19 ,e %ggr&t?égal %ﬁ?lﬁ?s?{i ée?n?%f? qyﬁgéggf;%eagn}%ﬁg?dgroove, hole,
or pocket (not sHéhaf)ha ter dnstelteandL Zier axaimr)e-dhbehedfiembeel dB anid e AAM 7296F the helical
member 170 mayihesimilanpattached pmatherwisenaeguied 4e aisieavateid fixedde-thaedistal end
134 of the inner member 130 or irectly, to the distal.end 134.  The.sleeve 178 may be a
relatively short uﬁ%’z% Schead %d#ﬁeqlh%%{?{r%eghrﬁ%%?]a%% renc(} T%%“ér Fa%%ﬁta the ba o%ﬁ distal end 154,
e.g., by bondingiwwithmsdeshié, ose micwe] dine: interferents fielitakignisndthexids TREndleeve 178 may
have an outer digmgter harges thaniba nwendiametenahihe.collat 168 apdiondistadend 154 of the
balloon 150, 20 ﬁhFrelQX ovif'@ a stog1 hat limits movement of the collar 155 and distal end 154
Ciica 4 C O%w [§] e g{

relative to the inner mambar hen én gfgé)\l}ee‘fg u(f‘q(l)sr'ltacts the collar 155 and/or distal end 154,

the sleeve 178 may ndtsstibstattdifptehstrito tiee Selival arplssddeeonmaiinrdatiay with the outlet 158,

e.g., such that flyigkmay still-fowrthugmthe.quiiet 158 whaendatregucedinte dhesaleen interior 156.
Alternatively, the sleeye 178 may be shaped to 25substantially seal the outlet 158 when the sleeve
bR piene b bl sl ol

178 engages thé"Coifar 155 End IStAlend 154 of the balloon 15 FSimi arfthe other sealing

members describedBisaigHsrecheidhoo ptiswatiyratingatan diaetonhty ok aseantoRe e collar 155
may be positiongglhetwasanthe.seaingmanber id&andibe sioeved {8avbenithe walar and sleeve

178 are attached to the.inner member distal end 134, i.e., before attaching.the collar 155 to the
30balloon distal aenh%{‘fgﬁ?‘Ti%} ba Soﬁngisﬁgloe?r% %gif%%% ?’%r? [@eﬁé a%ﬁé%ﬁgr\?&i ﬁ%(é %]%ﬂ%r 155 when
the balloon 154 ishatreehisentediies slster ATéribwsy Widedigad P4 padsirasr thenbanddhrdistal end 154

may be attaghedifeihasollasilosnguch that a proximal section of the collar 155 is disposed within the
interior 156 of the ballgon 139; 80 e.Rrosimal, W 208 02 R RE MIS200 030
end 134 adjacent the balloon distal end 154, e.g., by bonding with adhesive, sonic
welding, imterference fit, fusing, and the like. The sleeve 178 may have an outer diameter
larger than the inner diameter of the coliar 155 and/or distal end 1534 of the balloon 150,
20  thereby providing & stop that limits movement of the collar 155 and distal end 154 relative
to the inner member 130. When the sleeve 178 contacts the collar 155 and/or distal end
154, the sleeve 178 may not substantially obstruct the annular passage communicating
with the outlet 158, e.g., such that fluid may still flow through the outlet 158 when
introduced into the balloon interior 156. Alternatively, the sleeve 178 may be shaped to
25  substantially 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 coliar and sleeve 178 are
attached to the inner member distal end 134, i.e., before attaching the coliar 155 fo the
3G balloon distal end 154. The balloon distal end 154 may then be attached over the coliar
155 when the balloon 154 is attached 10 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



- 23 - section of the collar 155 may include one or more openings (not shown) to facilitate fluid passing
from the balloon interior 156 through the collar 155 and out the outlet 158, i.e., when the outlet 158 is

not sealed by the sealing member 138, as described further below. The 30 may be
movable axially %?ajt?\jig(%osiﬁ%e outer member 120, 5e.g., between a first g%%%%gﬁﬁi, a second or
intermediate position (shown in FIG. 7), and/or a third or proximal position (not shown), thereby

allowing the apparatus 110 to provide different functions for treating a body lumen. For.example, in the
first position, the' AT '%ﬁ%&?fféé?%%é{f]&ﬂl&%ﬁﬂ?&%’é%ﬁﬁ%’?ﬁ%% %‘g%@a ot i, i

f/ such that the sealing
member 138 is spstadiapsaitfheindhataiobid Sudethlib8corhuss Tuid inttbdewéd thorgh 10 the first

lumen 126 of the,quier-membet 120 may-pasalvaughtbshatloondnieriald 3g809.9u4 the outlet 158,
e.g., into the body lumen beyond the distal tip 35, similar tg the previous embodi If desired, the

ent
inner member 130 may B dFeRiEHBroXmai T8 a LuE SHA B SERIGS R TP USRS ERO\GH in FIG. 7, in
which the sealingmeéstiben 138engigs pahisooolarchbsd d Sandiotidistadibmd( 464 ofthEShalloon 150,

thereby substantiallysaaling-1e.auilel-128.fme fichflow theraitwandh. Fhdsaan fiwd introduced
through the first lumen 126 enters the balloon interior 156 and may expan t]be balloon 150. In this
Iélfij”c

mode, the ballodk°YE6 HE Be EkBARAEH T 4 &IBHEAE ShbStART riES 5458, e.g., having a
substantially unifosmrdiameter damayatition thetwadien tapbee d3Enidpytiorisibn bxpanided condition, the

20 main portion gthe ballqpn.A20 Mayhava.cdangthheiwvesnahout wenviand sighty milimeters

(20-80 mm) and a diameter between about three and twelve millimeters (3-12 mm). The balloon 150
may be uséd to BB dFBthe AN RIS SEI SBbEht Bresat B WEIPEIS bBEy Tim&i . g., for
dilating a stenosisi tesietsoridther. dlvsthediedn el aesiondhbertistiod $hewnlinté-iBS. 9E-9G and
described furthey helow.2pladdition 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 atbifiilicth& AENEAPIERTHE ! RtV TARE DANSEREE s not been
previously inflatedgitantast slotbemidCeSsaryicicoltapsethechhtobit taassifig sdizoum since the

balloon 150 may, aligady.he.gyfficienticaliaprsed QL aibenissramainin 30theicariractad condition.
The inner member 130 may then be dlrectedh&oxlmally to the third position, thereby directing the ends

of the helical mefNBEIP7HTSHEPEL ohB SriBtHEH S TistE Egogpgy the first lumen 126 enfers the

balloon interior 136 and may expand the balioon 150. Inthis mode, the balloon 150 may
be expanded to an elongate substantially cylindrical shape, ¢.g., having a substantiaily
uniform diameter main portion between tapered end portions. In expanded condition, the

20 main portion of the balloon 150 may have a length between about twenty and eighty
millimeters (20-80 mm) and a diameter between about three and twelve millimeters (3-12
mm). The balloon 130 may be used to dilate or otherwise apply substantial pressure to a
wall of a body lumen, e.g., for dilating a stenosis, lesion, or other obstruction, 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. Akernatively, if the balloon 150 has
not been previously inflated, it may not be necessary to coliapse the balloon 150 using
vacuum since the balloon 150 may already be sufficiently collapsed or otherwise remain in

30 the contracted condition.

The mner 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



helical member 170 to expand radially outwardly as it is compressed axially, thereby WO
2010/003135PCT/US2009/049639 - 24 - causing the balloon 150 also to compress axially and expand
radially into an exRan go%(a Igs%hcal shape around the helical member 170, g g..2s,8hQue,in FIG. 7A,
Optionally, the inner member 130 and/or handle 150 may include one or more stops (not shown) that
limit proximal movement of the inner member 130 wiien compressmg and expanding the 5balloon 150

and helical member. 17 gap S %he stolpgs) m low th%\ﬂlnne{1 member 130t be pulled until

the balloon leng u|Ssmr% uce etween about six and th |rt XIr]'nnl sif‘é"% ff‘npmrﬂ i ereby preventing

overcompressiohebﬁfth@@almdl@ﬁ)@h%ﬂ%@@aﬂ%@rﬁ b@siim’ﬂ IA Bife Bmbtdirnght, tise helical

member 170 mayhaur:suficiontaigiditiibasthe.l Ghelicaldnembes 400 (ﬁkﬁ)élﬁim{ﬂm&illﬁﬂﬁle elastically
from the low proflle towards the hellﬁal shalg r%s 'tlﬁg cQ rg?lpcroesse:g 1axgal Thu helical member
170 may expané)th]hrbufnsu% stantia piléseilc eformation such that the h 2f:pétllnme‘g’m er 170 may be

returned to ifs origileah|bW mmécshaeebeah%@anw%@%%&w@hea&@www desired).
Alternatively, th%@%hm%@%ﬂ%@m&m@&@&aﬁ%ﬂe w&ﬂe&e&m@&e&@mmiedrhelical 15shape but

may be constrained in the Iow I’OVId axial tenS|on o 3— 174 of the
; 1 hm ters ére even ov rc ADression o
helical member ner m m is'in secon pos |ons s the inner

member 130 is diﬂﬁé’@@é@h@%/@ﬁﬁﬁ)@h&ﬂmrd posmon, the tenS|on may be released, whereupon the helical

member 170 may reSi|i§6H¥&ﬁ4%ﬂ&ﬁ@%$&$;éElﬁM@ﬂdﬁdﬂ@ﬁﬁa& ahapemaﬁ)gmlmhh&rcaltemative, the
helical member e integr forme or o ise ou Ied d| ectl the ballgo . e.g.,
attached tcr).ril Bemtge?x m%hlnaflé)r/ 0 mm ebuscecuretsjI ]foﬁ\hf Sall %con V\}jaﬂ noﬁwﬁgwg%1 rhgl Wleen the
proximal and dm@}@n‘@e mszmmeﬁeméioarﬁmé; &s ks mpmPeGl 79 Biahvkrrnd UﬁéO@F more helically

shaped wires orﬁ@e&e@;iaﬁa@ef@nemm&ﬂ% %%Meebewmaia@@e réRnaay e molded,
embedded, or 25|nte &{/né %@D the wall of t e(?all 50.' As he allo 2 150" is compressed

axially when the 1A ]elr IS ﬁhl%s}é@?o%v e ethird %aécl eblﬁ) r(s) 157' may

automatically blaﬁtﬁﬁeab‘mlmdhebg@aﬂmm ife @&q)hhbreﬁ:ﬁ@lmaﬂ@ﬁaeemdlwaﬁ%ﬁv}ie@é shown in
FIG. 7C, afiber {fe Hﬁaﬁaﬁo@wﬁﬁﬁnm&@d@ﬂpﬁm@t%wyﬁm&@ i the-Mah ef the balloon 150"

that includes a cor W|re rm kﬁ?r %f ) ra opaque m terl .a.biased core wire, and the
like. In further alf&H %ég 4|__c1é@ léc ﬁem%eg I'R) when t e i rmem er l% st %r%t or
second positions. As the inner member 130 is directed towards the third position, the

tension may be released, whereupon the helical member 170 may resiliently expand
towards the expanded helical shape.

20 In another alternative, the helical member may be integrally formed or otherwise
coupled directly to the balloon 150, e.g., attached to, embedded within, or otherwise
secured to the balloon wall (not shown) between the proximal and distal ends 152, 154.
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." Asg the balloon 130 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 m the wall of the balloon 1507 that mcludes a core wire or member 159 e, a

30  radiopaque material, a biased core wire, and the like. In further alternatives, FIGS. 7E-7TH
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 walil of the

balloon 150, to 1505 and extend belically between proximal and distal ends of the balloon



show alternate shapes and/or configurations for a fiber 157, to 157h or other stiffening features that
may be molded, embedded,or otherwise integrally formed in the wall of the balloon 150, to 150h and

extend helically W roximal and distal ends of the balloon WO

5010/003135PC HULIBb 540630 - 25 - 150, to 1501i. The fiber(s) and/or Shtfening features may
include one or more turns between the proximal and-distal ends of the balloon 150, 150", or 150, to
1501,, e.g., one gand aL% If, two, three, four, or more. turns. In addition, any of the fibers and/or
Stffening featurdSunate LIF SSERGHH M40 SROE RS A HGLE oY SR ARy, that may be at
Sleast partially erritwsddtd mrtoimaivall dballsatholthednlivbrehSthel BEllooh585015860'%-0me 50, to 150b is

inflated to dilate g PRANULHRD BROFYIHGRRs. In REIHAING IS FSarerWith theaaliegn 150 in the
expanded helic paratus 110 ma%, bee%reecte along a body lumen, e.g., to

shape, the entire _ )
remove obstruc %“ﬁ?%@?i&?ﬁ%&%‘?ﬁ SR PBIRE At GB OthE MRS sepal iR abiErent material
from a wall éf thedsOrbudinlumiendéf desired] similadiothenmdthote dhbven INFIGST.9A190 and

described furthegbetpw. i fifiis: ANds embadiment, a shaglghalloon 150 may be used for both dilation,
e.g., using relatively high pressures, and, for scraping, scrupbing, or otherwise removing obstructive
ateril within & body RHRIE oA (5 o S0 DS ARG BB it i
generally 15simiaraattae @pparbtus €10 ob iy G bajeiioept thatitheappalatustivd Blarchides an

alternative embaglimgnt o ahandie,rhQ endhe-Ridmakend.dg2. afihe aui.memper 420." Generally,
the handle 760 includes an outer housing 761 (shown in FIG ZSAQ an inner car_rianl 765 (shown in

. IG, ¢
FIG. 23B) sttt S EIS witH e RBHE RGP S0P STRPRA G P 3 EaRid A5 FHR ARG 761 and
coupled to the carlagel 765 rahd arfodi788 26mpitdnding IrdmihéchoesingbaidilatioThe.housing 761

may include one,gf MOKERISEES ﬁeggm@gz%ﬂarfm@s@aﬁﬁdg Lhmatingnaluesirclamspells (not shown)
that may be connected together, e.g., along a longitudinal seam (also not shown) to provide the

housing 761, e.§ P E&ElYePIGAIAAT By B4t E8nnectors, bonding with adhesive, sonic welding,
fusing, and the like. THeuhogsmb G8L25mdy ihchideasios, ttAick doothértfeatmesiinot shown) that

allow the cagiagg faptosli %@||MW&WR}]§I’!@ g;cgé&iglgtZ&ld%gg%pﬁgbﬁ@ur};@l&@teral movement. The

housing 761 and/or carriage 765 may include one or more cooperatlrlg%features, e.g., stops (not

shown) within th&'FSHLTRGHS LR ARiCERE THbUR ERCEItRE Khidagy PESTEIAIES the housing
761, for example2t0’ licmbuehadatdé 168 ek membertt80hbétlebnvthenfiigt. 23A), an

inner carriage 765 {shown in F1G. 23B) slidable axially within the housing 761, a rotary
knob 762 carried by the housing 761 and coupied to the carriage 765, and a hub 763
20 extending from the housing 761.

The housing 761 may include one or more pieces, £.2., one or more sets of mating
halves or clamshells (not shown} that may be connected together. e.g., along a longitudmal
seam (also not shown) to provide the housing 761, e.g., secured together by mating
comnectors, bonding with adhesive, somic welding, fusing, and the like, The housmng 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, e.g., stops (not shown)
within the housing 761 that Iimit ax1al movement of the carriage 765 relative to the
housing 761, for example, to limit movement of the inner member 1307 between the first

30 position (for infusion from the outlet 1587) and the third position {(where the balloon 150
ig 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



30position (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‘j‘%ca’%ﬂgg}gr connector, for connecting a source of fluid jothe anparafus 110.' The
side port 764 may 101003135PCT/US2009/049639 - 26 - communicate with a lumen

extending through the outer member 120" for deIivér?i% fluid into the interior of the balloon 150, similar

to the previous embodiments, The knobh. 762 may include an out tion.762a surrounding or
g %er%E@%r%r%h ﬁuld

: tending 1 o
otherwise extenfﬁﬁénfléu %ﬁ)‘fv P}%f‘-‘n{%ﬁ%‘]ﬁéﬁg,ﬁn ?Lfl%.g.? nclu |?lnd ridges or o et Teatures to 5 facilitate

rotation or otherixtathipaletior bhtHallass B 56 2imilan tseramerasmbrengtsm 762b that extends axially

along a first passage 7Gaanwithin 1he GRS F65: Johe iRk stemudbeboanadhasearriage 765 may
include cooperating{geaturgi%g]g., Q%I:l al threads 762e, that tr%nslate {}%gaition of the knob 762 into

axial movementBHSE 844 OLTIREWNSE 789 Has B SUB SRty Fixed axially relative to

the housing 7 61famidtatOfetasiyn wtetiab leaaivolation| ohigritmalta der BE fe. Apbar &S 990, The proximal
end 132' of the innermemkelsk3Rinaypasedealydbresohithn inharsientds6 2ihanddbe fixed relative
to the carriage 765. l;&rbexgrt%gle, the inner member proximal end 132' may, be, gecured to the carriage
765 by fixing the 6%X|ma End A2 4 8ect rfa"ﬁla&é’a% 7655 & Jacén'lgt’o ané/or'cor‘nmunicating with
the first passage ¥85@eetgnskBhontmeitithaedhésivelo sanicweddien ofubirgrisgerfetence fit, mating

connectors (not-shwna.aRe Ahenlikes. Kiss.axig! Mevemantakihednmnensanbenr 120" may be coupled

to movemepﬁ of ﬁhelcar{rigg]fe 7b65*t i n'I'.pe .héltz)m?i?gft %g/ ma%%%el ﬁ]hypotube or other tubular member
763a and a Luer f6ck 87 Sthet conhed 1#% B528Uréd t8°one another and/or to the outer housing 761.

For 20 example, a proXhnatostorbinth&3&ilotithe mremberize 330 andyorth & coniewsr 16 3H9hay attached
to a proximal engf 1#e,hQusiNg ki £:e Py LARIRTWIthradhesive, semicwealdings fusing,

in.terference _fit, mgtin co tors (not shown), and the |Iﬁ§ & 11;1h(-;‘ct;%1l:)ruIX%rl ergl?gﬁ ,71.1613§a may be
slidably recelve&”i%xkﬁ%lgg%%%% glggggag%%%’ LT STREE e Ridtine eRier g/%é‘a and connector 763b
remain substantiadiydteticreanit dordictiveitaihier tousing7ecasithibocatiage 7o directed axially.
One or morg Se%d‘ﬁz@ with adhesive, sonic welding, fusing, interference fit, mating connectors (not
shown), and the like. Thus, axial movement of the inner member 130’ may be coupied to
movement of the carriage 765. N
The hub 763 may include a hypotube or other tubular member 763a and a Luer
lock or other connector 763b secured to one another and/or to the outer housing 761. For
20 example, & proximal end of the tubular member 763a and/or the connector 763b may
attached to a proximal end of the housing 761, e.g., by bondmg with adhesive, sonic
welding, fusing, interference fit, mating connectors {not shown), and the like.
The tubular member 763a may be slidably received m the second passage 765D
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 765D that allow the
tubular member 763z to slide therethrough while providing a fluid-tight seal that prevents
fluid from leaking through the passages 765a, 765b and out of the housmg 761.
During use, the knob 762 may be rotaied in a first direction, thereby translating the
36 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 138,” 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,



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, ? ut of the housing 761. During use, the knob \ ?e rotated in a first
direction, thereb‘yzgr%lgr)g{zgat6 ﬁ% the 30inner member 130’ distally to the first% ggggg&ég’ Gd%gin the outlet

158." Thus, fluid delivered through the outer membet 120" may pass through the balloon 150" and exit

the outlet 158," as descﬂggdeﬁbove. The lg%pb 76% ma b? rotated in afecond opposite direction,

thereby translatiﬁ&"tﬁréﬂmnesr e IB%%’%(]) rf’)eﬁil'taﬁﬁ%oefhggsé%g%(aypbésl o n, and/or

2010/003135PCiH182009/0498 68917 e .. tp. curitifitthe wdlaling Wembe c188dselaibcthehapgtlet 158' to
allow balloon expangioRs.aneiardusthepiontng, third.posHioR & theiliRaANdathahalaaR 450" to the
expanded helical S%? e, also as described abov%‘k(lb#tio, al_%, (me knob 76_2{ and/or hoysing 761 may
include visual, atifiBle, BB P aIRRBId TR ABMNTEH A Tty R EEHER T Potitd the knob 762
to 5achieve the dasiredhpdsitiohfepigmd/orthat ihdicdicawhdénrea particidarpositicredsiachieved, e.g., by

aligning an arrow {ng¢ §@W§)&9Qﬁb@ Kiohd6s vithsesneriive indispiars. @lse.nat @lewn) that identify
the first, second, and/oLthjr, Sitie?fs' Otherwise, the %pparatu_s é} 0’ may %peratetsimilar to the
previous embod &R T Uy §' BFIE S EHA: FHC ANEHREY BB odIATERE B S ASEIE 860 is shown that

10 includes an cutEmrousrTe88milsitte thsidevposte86ddisivoivn in FIG. 24A), an inner carriage 865
(shown in FIG. 24B) slidiablg axiatiy Withinihe hansing,86m-anska i 863 sdendingfrom the housing

861, generally similar to the handle 760, For example, the housing 861 may include one or more

pieces, e.g.‘ond SFATHAS LER MHRINtNY RALAS S Qﬂg%%ﬂéﬂg"(ﬁ&}} o) Ha gy BEEnnected
together and maipinshode @ Slbt, &0k ok therdbatuties thedotSsmamintraliug kwsteedgarriage 865 to

slide axially withip, the nouSing 86 1o St iinaut Suksiantiabiateral maysment ndlig:pokising 861 and/or

carriage 865 may include one or more features that limit axial movement of the carriage 865 relative to
the housing 861 &Y™ t8 i H%&%rﬁ%ﬁ‘if%f“tﬁe‘iﬂ%%rrfﬁ%“rﬁ%%Pﬁ%“‘i?e‘i%‘é%r?‘iﬁ%*ﬁ?%"ﬁl’g%g%‘i’ﬁon (for
infusion from theloute t:584y Secomepasivisrhtfond aligorrndkation), tael dhetltbifchposition (where 20
the balloon 550" ig.digegiadiianexpandesbelical shane. fatshewmsdheseroximalggd 132 of the

inner member 130' is substantially fixed relative to the carriage 865, e.g., by fixing the proximal end
132" in a passag® BEEH SR M6 B BlstHl B Grane! cafIge B, 30t BRamres 8Bnling with
adhesive, sonic weldirrguhsshagliimterfetencenfitpimbtin gaoorgeddtordnattsimin)siapdithe like. Thus,
axial movement é?é.m@iimit movement of the inner member 130° between the first position {for infusion
from the outlet 158, second position (for balloon inflation), and the third position (where
20 the balloon 1507 1s directed to an expanded helical shape, not shown),
The proximal end 132° of the inner member 130’ is substantiaily fixed relative to
the carriage 863, e.g., by fixing the proximal end 132’ in a passage 865z adjacent to a
distal end of the carriage 865, for example, bonding with adhesive, sonic welding, fusing,
interference fit, mating conngctors (not shown), and the ke, Thus, axial movement of the
25 inner member 130° may be coupled to movement of the carriage 865.
The hub §63 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 863z and/or the connector 863k may
aitached to a proximal end of the housing 861, e.g., by bonding with adhesive, sonic
30  welding, fusing, interference fit, mating comectors (not shown), and the lke,
The tubular member 863a may be slidably received in the passage 865a, e.g.,
adjacent a proximal end of the carriage 863, such that the tubular member 8632 and

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



75 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 t%g?he@édter housing 861. For example, a proximal end of tpéleg%%w%g gmber 863a

and/or the connector %Brsnay attached to a proximal end of the housinlé , €.9., by bonding with

adhesive, sonic 30welding, fusing, interference fit, ‘n%%fing connectors (not shown), and the like.  The
tubular member 8 may be slidably received n th sage 865a, e.g., adjacent a proximal end of
the carriage 86S?rgjgﬁr?ﬁgf%%amﬁ?lg?Dnﬂ%gﬁﬁ(é?‘%%‘?ﬁ‘grﬁ 't %%géquf"g}égﬁr?grr&n%fn%%%ﬁ%ary relative to
the housing 861i{agrdrigmisr meritre eptdiMabwWvel 2010 (BE3L8 SFE. T USRO09/049639 - 28 - end 132"

as the carriage §aanisdiraciaghadaloVWithhbatl the tubian member 863aaaddnngr member proximal
end 1323 received in the passzlge 86?a, ?‘?uidewire or other inst Lément, backloaded through the
I

a ack
inner member 138184 Bast RIS HIRPSUE T IhEHAELAG L BISIOT g’r’?ﬁ%ﬁﬁ?& 88EH Snd out the
connector 863b ¢omirrsariéditmto tighithe Beohrre ). 888y imwthedhnes membéstl 86Y.5One or more

sealsk,) e-géég-ringlqﬁ%ﬁmyépsrgfﬁ&%ﬁ& Mikﬂ%e%%%wgl@%mg@m;t@@; %@ﬁthe tlubtf(lar
membper to slide theret rougn wnile provjaing a tjul -tight seal t tpl’ vents fluid from lea Ing
hrouon the pas AR EREn BT e MG BT, SHIERA BT S KB a5 (K& KA 350
includes a push utten B62canida byuiBghélhousing 861 and coupled to the carriage 865. For

example, the housing BGLma¥,inclide.an-Rlongals ot @pla.and Mhepysihubon.884 ay be slidable
axially within the slot 861a. Optionally, as shown, the slot 861a may include one or more pockets or

detents 8618 thAPMAERSRIrE tHE HUEh HURSA EES "8 b FEIERSal "S8¥ e $h&Blsh button 862,
and consequentlycthér carliaget866: 8nthimrichameshberct30 2 imphesbdaviorsipasititns (iE50ptionally, the

housing 861 mayingiyge s Anmarenyisyahdnicator $ns SofQE IHRTIIMING I ROSIIARRS the inner

member 132" when the push button 862 js received in a particular pocket 86 Ib. For example, as
shown in FIG. 246 Pt sy ST E RN IHERRIEC AL St G B PRSI 888 P SR giRéd with

respective pockets (nateghowin)suehiage 865 and inner member 130,” in one or more positions.

i5 Optionally, the housing 801 may include one or more visual indicators, e.g., for
identifying the position of the inner member 132° when the push bution 862 is received in
a particular pocket 861b. For example, as shown in FIG. 24C, the housing 861 may
include numbers or other symbols 861¢ aligned with respective pockets (not shown) such
that when the push button, in this embodiment, lever 862 is aligned with a particular

20 symbol 861¢, the user can confirm that the inner member 130° is in a respective particular
oSN,

As best seen in FIG. 24B, the push button 862 may include a base 862a
substantially fixed retative to the carriage 865 and a cap 862b slidable laterally relative to
the base 862a. For example, the base 862a may be integrally molded or otherwise formed

25 with the carriage 865 and the cap 862;{3 may be attached to the base 862a such that the cap
862b may be shid laterally, e.g., substantially perpendicular to the longitudinal axis of the
handle 860. For example, the cap 862b may be hiased such that the cap 862b may
automatically slide into a pocket 8610 with which the cap 862D is aligned, yet the bias
may be overcome to move the cap 862b out of the respective pocket 861b into the siot

30 86la so that the cap 862b may be siid axially into another pocket 8615, 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 8620 laterally from the base 862a.



that when the push button, in this embodiment, lever 862 is aligned with a particular 20symbol 861c,
the user can confirm that the inner member 130' is in a respective particular position.  As best seen

in FIG. 24B, the h 862 may include a base 862a substantially Pé‘?f&g [g}&{g 1p the carriage
865 and a cap 8§ k?%%ﬁ%g laterally relative to the base 862a. For example, t@e bas?e 862a may be

integrally molded or otherwise formed 25 with the Cg(?rl‘age 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 ‘“ﬁrﬁ]ai‘é“%%ég 3?%%%?16@?%2@5%3 é&ﬁgxr%%?%{évﬁilgasﬁé%%ﬁ: e?ﬁéa%’the cap 862b
may automaticathye slidesinlip moptrdiketigipdvdgstivhien the ruap BE2b 36 et iageitaBlas may be
overcome to moyenthe canfAeak puLalihe RaReeive Boskek8nLb iotatir st 3p.864ass0 that the cap
862b may be slid aglag Foglg%\%h%i@]ﬁ)c%gég 82 Ibioth’ lgﬁa%mpelg%% Cf@@gﬁg@thﬂ%ﬁ@ mechanism

(not shown) mayB&H g\ll d of héusing may push the cap 862b laterally

from the base 862ehs\WW@R010/00B1BSERICTHIS2 060104 963ber PBsing mathapirati(rsiishenentire push

button 862 may hgfieduelativetp iR caliiage 869 Ldikiegraly saolded arfasmedcktagether, and
the push button 86{5‘%{1

rria 65 may be pivated aboyt the longitudinal axis to allow the cap 862b
to be directed odt’ pa}?lcﬁ?ﬁa?aﬁgo%fgf%ﬂ?lfé/?%wgc g‘é’ (é%a@{)allso%' ?ﬁg ‘slot 861a, and released or

otherwise placed in 5 &notherpdoiken®edindr. thishaiderfafivenasprilighorcatréetbising mechanism

(not shown) may,hiag theRush Rutton 862 a4 caiase 8aamtacdirRct hecapsBidintorany pocket
861b with which the cap 862b is aligned Whecg1 the %ilp 862b is. relel%%gdtb | In ﬁln.exemplary
r. - B

embodimerit the FEHEBEE Ay TRERITEE I ket 8B Y" acs the inner

ets , €.9., one corresponding to the first
position of the inmenirreliBer 480 Sndivorrespdrdingdoaisondseeomd pdsitiorlinagons

cr?r(rjespon_ding t%ﬁ%émsggfﬁﬁtmgﬁ m%%ﬁce;@@%erémvian%@]gmﬁ@ﬁ@ Ragny @fdtlf;saﬂgst, _se%ong, or
third positions, the cap may directed, out of a pocket within which the ¢ is received, the
push button 8623 B idUuARY 5]18?’%%%0%%8?@%1&0?38 l%?égés g6 &%CZJE\}V?S%) directed into the

desired pocket 8&itdnnatitelpntitiviydlte handiecBEO ok incluide ot e Br tvio PHockersi 861b, e.g., if

the push 13ButtqRRG2ds Rigsed axiadQQe of theiRasitions. During use, the push button 862 may
be directed axially in a first directjon, e.%r., dis{t?ally to i?r:e indicator "R" in EIG. 24C, and released or

captured in a corresponiig BocRed tHaFa fanbimTg HTE T AER N R E 1S5 BS S to the first
position to open dsalbutdehd B8t IR fluid delitered thiotagirtitenbuté imaenitrepol@2®emay pass through

the pocket, thereby translating the inner member 130° distally fo the first position to open the

outlet 158,” Thus, fluid delivered through the outer member 120° may pass through the

20  balloon 150" and exit the outlet 158,” as described above. The push button 862 may be
directed out of the pocket and directed axially, ¢.g., proximally, to the indicator “N”,
thereby translating the mner member 130" proximally to the second position, €.g., until the
sealing member 138’ seals the outlet 158 to allow balioon expansion. In addition, if
desired, the push member 872 may be directed out of the “N” pocket, axially within the

25 slot 8614, 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,



20balloon 150' and exit the outlet 158," as described above. The push button 862 may be directed out.
of the pocket and directed axially,e.g., proximally, to the indicator "N", thereby translating the inner

member 130’ pr%rg@lld)ﬁotﬁsghe second position, e.g., until the sealing megpher ]38 seals the outlet
158" to allow balloon expansion. In addition, if* desired, the push member 872 may be directed out of

the "N" pocket, axially within the 25slot 861a, and Feléased in the third pocket, corresponding to

indicator "D," thereby translating the inner member 130' to the third,position,.e.g...tg expand the
balloon 150' to the expt)faﬁ‘ﬁ%o& lﬁ]gh?:%ﬁ {sxf?af)é),wé\gcgz%l ég%?}ﬁrg eéhl%)%%é%l Lﬁ’r%?ﬁ‘és{t%mﬁ%f’% A and 25B,
still another emboliineiattsf erhagrdleo D80V shehhat e fenyges a af shrarpouswiy o6t ikcluding a side

port 964 (showndifitetednfinRnd @ aAEAGRLNAlIShawWRWIthin theleusing Bt «and a hub 963
extending from the housingogifil, tggenerally similar to the previous embodiments. The carriage may

include a rack 985 (SKoWh  FIG. 25B) including a plurality of teeth 965a spaced apart axially along
the rack 9653 WO 2010r0081%5 PEMISRBeI 029639 oo tubulay srpheix fAdlseeen{i#et shown) of the

inner member 13Q.max b gldpsiantialivlixec selativete e eatiagednat shoviaksuchthat axial
movement of the inner mhember 130 Ls oupled.to mpvement of the gar[i ge and.consequently to the
ot OO ay. bc S 1(? EP’

_ ilar to the previous er ments. = tubula &1 1t received i a
rack 965, similar' {3t e previous Smbodiments. 5The b 863 may include hypotube or other tubular

member (not showsizaiitls bardrde ckeosuththechaneteigSShbyerarsdubsgne Bnswierand/or to the

outer housing 96L.SIWARIIRE-PIRYIoMS BR¥adimenis)The fubuasmemaeidmayhe slidably received
in a passagg in the carriage, €.9., such that the connector 963h remains substantially stationary
?ﬁ% l‘[ gﬁs cc::?f%.érf_ r@ ?c% %0#;/

. . tenbadiment. the actuaf Totary whee rotataliy mon e .
relative to housmg 5 and inner memcberof% as the carriage 1s IFeC?ea axially. 10In this

embodiment, théxasiomft issahorany Wheef 862 rotatbiyhed Aftaerheieh anotsingeo6b2as shown in

FIG. 25A. The rotanyawbeel Q62 dncludas-anoutervbask 9a2a-dncluding fidges:ay ather features to
facilitate engaging,.and/or rotating.the rotary wheel 962, and a pinion 962b.that extends into the
housing 961. As b&st eaegﬁnfﬂnlzgl%%].J ?ﬁ%g%lgﬁ)%é%hﬁiﬁ}n %%2%“?1(1858); fhterioc %W%;% t_rgeeet#eeth 965a on
the rack 965 sucinthapiratatiofbokaSmidoskiteitwhe ke Zaicmibe pth@ tacicdEB! miebmisequently, the

inner memher 13Q; {reve@uallyarelathe 10 e hausinga6kandoutar membersh2Qe Optionally, the

housing move axially relative to the housing 961 and outer member 120.” Optionaliy, the housing
961 may include one or more visual indicators, e.g., for identifying the position ofthe
inmer member 132 when the wheel 962a is rotated to one or more orientations, similar to
the previous embodiments.

20 During use, the rotary wheel 962 may be rotated in a first direction, e.g., to
translate the inner member 1307 distally to the first position to open the outlet 158" When
desired, the rotary wheel 962 may be rotated in a second opposite direction to fransiate the
inner member 130° proximally to the second pesition and/or third position, ¢.g., to allow
inflation of the balloon 150’ and/or expanding the balioon 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 1390,

Another embodiment of a handle 1060 is shown in FIGS. 26A and 26B that may

30 be included 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



961 may include one or more visual indicators, e.g., for identifying the position of the inner member
132" when the wheel 962a is rotated to one or more orientations, similar to the previous embodiments.

20During use, t \g\{heel 962 may be rotated in a first direction, e.goiRl %Igtﬁg the inner
member 130’ di};t%a I?/B?g/xt%es?irst position to open the outlet 158." When desired{ the rotagry wheel 962

may be rotated in a second opposite direction to trafbfate the inner member 130° proximally to the
second position and/or third, posjtign, e.q., tq allow inflation of, the balloon 150' anQ r. expanding the
balloon 150' to tﬁréQbé)xp%eﬁ%sed e |%a?l§%‘sghe§§écfﬁélﬁhi Arto é“f)]%%nv%eussqueer% oagr%ré%l égéne advantage of
the rotary wheelrd&2eisitivatdibielirdti 606EahE06Rivae Wirsetho Brionpifie aro St s d e 88985 on the rack

965 may be desigreshianrevideadesited:-mechanical adyantage andiok pregisiamof movement of the
inner member 1?3.‘ Another embogi{)raent of a handle 1060 is shown in FIGS. 26A and 26B that may

30 be included iFF&HY 37 tRe"SHB%ALIS shown herein. Similar to the previous embodiments, the handle
1060 includés a housifigr t@6trinc ddingra ity 1663 1ad W 3ideap b1 osdylpetimsdEmibodiment, the

actuator is a squgezaburer-i 6 thathavwba deRigssed iadiredt dhadnranmemkand 30 axially. e.g.,
from a first position to g Seco pOSitioﬂ’th %%5 to th%eVYig)a%kr?lojg)]O?éiL%Sch/USZ ?/049639 -31 -

embodiments desEHBAH BRI RIS BRrsr iy, O s s & S BSHSH i$ pressed
inwardly, links 1682a;ith62tictiefiriry taeshemton HiB2harecflateree duptherebyndiléeding the proximal

linfk 10623 r}mﬁi@g%{!)é(l!lf%smediﬁ@:ﬁakb%pﬁﬁp @gigﬁgm@&wlyr@iaﬂm@m@sbgw@m squ@cheSFordexaénple,
a first end of the, distal fink.1062b ma pivotally cquple t ousing 1061 a second en

pivotally colipled’ 8% ﬁ?é]{r EM-SF lg\éﬂg%rﬁ%l ]ﬁlﬁ%ﬁfﬁ%{lﬁq.{(ﬁ%gegc%urﬁa BHd'S %%r%?(?%hﬁﬁik 1062a may
be slidable axialfjcaierigstivesfivoding: 881018l .1 Withirnateloseserfarkitaot dlhoms) thalithlape second end

of the proximal linj¢ 10628, soupled:ie L danek me wmbsiildA:ic.dumdya cable or other linkage 1062c,
as the squeeze 10 button. 1062 is Vrqf?]?ensed inwzi_:%% the r%ximal link 1062b ulls t@& itgner member

130, e.g., from a first pOSHBAYH SISV 158 HRe Ry B S 5SS foR GlIdiRg the balloon
158' to be inflatemtcarndtbs expamdad tbithangitpambitdde licalisitdpeds. 10@ptibrasiitarcaver (not shown)

may be plag¢ed oyerihesqusesputian:dDeisiaRialestdheyesritesm saichingapytingbetween the
links 1062a, 1062b. In addition or 15a|ternativel¥, the sguggée lfg# on.§062 m%be royided on the top
i o it LRI B

of the housing 1J8T (A< $hSWHY e g T4 A HaN St &V 54 84688 R 106F with their
thumb, or on thebbittonf te thedirmuking(1e6iomot shevwrlos g.ute Wkwacuberasactotenthe squeeze

button 1062 withy theiy indexfingsrptionaliynine handied 0Re mavinchideonegfmore features (not

shown) to allow %he squeeze button 062hto be relgasablxéec%red at Qqne or
eatures {not shown) to allow the squeeze bution 1 to be releasably secured at ong or

20 more positions before the links 10622, 1062b are completely flattened, e.g., to allow the
mner member 130° to be transiated and fixed in different positions, e.g., successively in
the second and third positions, similar to the previous embodiments.

Turning to FIG. &, still another embodiment of an apparatus 210 is shown for
treating a body lumen that generally inciudes an outer tubular member 220, an inner

25  member 230, and an expandable balloon 250, and helical member 270 carried by the mner
and/or outer members 220, 230, similar to the previous embodiments, but does not inciude
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 lurnen, and/or & 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 lumen 226 extending therebetween, and the inner member 230 also includes proximal

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



20 more positions before the links 1062a, 1062b are completely flattened, e.g., to allow the inner
member 130’ to be translated and fixed in different positions, e.g., successively in the second and third

positions, similaw g&g,&g%éjous embodiments. Turning to FIG. 8, still anipél%rsﬁ]ggm%iment of an

apparatus 210 is shown for treating a body lumen that generally includes an outer tubular member
220, an inner 25 member 230, and an expandable“t;’gtll‘oon 250, and helical member 270 carried by the
inner and/or out%ren%embl% rs 220 2%0 SJ[%:Bilar to.th(?‘&[[ﬁw us eqbodn‘gggt %but oes not include a

, 2’10, be | ~ first limen I
valve for opening or ¢ osmésgiﬁcgﬁ?le ?}11 e Hai (1)‘66n, Unlike the embodiment of FIG. 7. The apparatus

110 may be operabtbcir? 2 fisst revsh b prhimtitg waco bstpfeto il beeyalshTasT and/or a second
mode for removing,pRairdgtive Majrtialibin ahedyiddimnen.as descibed furtherbelow.  As

shown, the outer meggrlger 220 includes proximal and distal ends 222, 224, and a first lumen 226

extending therelSBRVSEK End the inner member 230 also includes proximal and distal ends 232, 234,

and a secontl lumen 23&atdiending perebdwespicd weoimiiar WO Teic03138PETHIB2009/049639 -

32 - member 2305 siare iehacalidably regeivadinithinding.finst dmen 226:f the puter member 220,
e.g., such that an annular space i degiﬂ)ed betweeln the outer angz'nner megg%ﬁogm, 230 for passing

one or more fluidtS T St IS ACERD SIRTAARS e Do USSR Ea iRt A handle or hub 260 may
be coupled to orcotitéreive providduidnothespiotiviabent2P2 abdre outey meththeraP X e.g., including

a pull handle or gthes.Aetuates 202i{aEmeving the InnerRembss A30calative tothereutas member 220,
a side port 264 for cou]glin(? one or more fluid sources to the apparatus 210, and an 0-ring or other seal

166 betwee]rq thee%h{fglr 5ht inner members 220, 230, which may also be similar to the previous 10

embodiments.  Thelbaledw25H meleites erorioxnied ahdcpssieddu pledud therbateistAlember distal

egﬁ 224, a diSt?EﬁﬂﬂzZ,f%‘h%%E!ﬁ@%g J&ﬁﬂ]gang&ﬁ@ﬁﬁ?ﬁ&&iﬁ&@h@f@lﬁségﬁ-gg.,@%M%bﬁ bgnding WitE
adhesive, interference fit, sonic welding, fusing, and the like, similar t _previous embodiments. The
Dalloon 250 e B TORITAR THEH G RERSTTAN oot AT A B UM s

egﬁléir,aél.g., to &bw € a non-compliant
balloon that exparsite anpeduetesmiibe adixe Wilenainfiatediridepe sdeianaflpreskabe, or alternatively,

tf;e bagloon %%50_99%%39 J%r{}z@%écg@aa{agﬁ%ﬁﬁﬁéﬁﬂﬁg@g@{ ér%aﬂﬂ@ﬁ@&fﬁl%@da%@}%l?ﬁgﬁ@ desclritzjed
elsewhere herein. Also similar to the embodiment O . [, the ICa mper IS couple
betweon the ouSEH TR HHETGIS 30500 GBS Ke A BRSO A

from elastic material, similar to the other embodiments described elsewhere herein.
Also similar to the embodiment of FIG. 7, the helical member 2706 is coupled
between the outer and inner members 220, 230, Thus, the helical member 270 may be
20  movable from a relatively low profile, such as that shown inn FIG, &, to an expanded helicaj
shape, as described further below with reference to FIGS. 9A-9D. As shown in FIG. §, a
first end 272 of the helical member 270 may be attached or otherwise secured directly to
the distal end 224 of the outer member 220 and a second end 274 of the helical member
270 may be attached or otherwise secured to the distal end 234 of the inner member 230
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 humen 90, ¢.g., for removing obstructive material 92 and/or
dilating an obstruction 94 within a body lumen 90, e.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, e.g., an aorto-venous fistula, tubular xerograft, or synthetic tubular graft,
and the iike.

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

instruments (not shown), which may be part of a system o7 kit including the apparatus 210,



20 movable from a relatively low profile, such as that shown in FIG. 8, to an expanded helical shape,
as described further below with reference to FIGS. 9A-9D. As shown in FIG. 8, a First end 272-of the
helical member %700 mq%sbesattached or otherwise secured directly to th%gt%%lg%g}&g ;1 of the outer

member 220 and a second end 274 of the helical member 270 may be atta or otherwise secured

to the distal end 234 of the inner member 230 25adﬁ§c‘ent 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 remd¥ing Rk 2 ﬁﬁoa?éﬁtgf@feéﬁﬁfé?sdﬂ%#ﬁ5%3%‘8&%? iR Mo

i body lumen 90,
e.g., as shown istFH@). FAr Sisnitde. to fdiptediousrartibedimeints’ thedargetibydidtmten 90 may be a

blood vessel, e.gy.2; ¥l An3Qarian. tatiad, fito-aNRRHGMERRUS distia. hLlanygpog, raft, or
synthetic tubular graft, and the like, %(\)}ﬁtion Ily, wge bod%{‘leumen y be accessed using one or more

additional instrufYEH e EROWRH) ?Eﬁér%%’f/‘ A% P REIACIHIRG the apparatus 210,
WO 2010/003135PETIIBR0EI04 983983 eraiitprmmivitdingorevor (norehimtrddagdr sheaths, guide

catheters, and/ofiguideyires (At shown. KR examBple;rtpdacilitate directing the apparatus 210 from
an entry site to the targ > , a guide cgthﬁxtf?r, micro-g}atheteg, infroducer sfheath, or other

et hody Jumen ,
tubular body (not showHHH&y'Be E?%Eegﬂef%ﬁqh e FIRERE TS thd BEGYTIANEISG0RIAY 5conventional
methods. In addition lomeit@drath/il/inacy micelwires (notishow vy msy besplaced. fronh the Batry site to the
body lumen 90 if,gggiredy is sdpitialivnitniafarensotai GomBsiheARPAIRIHGE 2Iimay.ke advanced

into the body lumen 90 with the inner member 230.in the first or distal position ., such that the

e.
balloon 250 s sﬁfﬁ‘éf‘gﬁh%‘iil’{/13‘6‘ﬁ58§e%?‘d&?335?@“§6%%3§r%ﬁ%ﬁnl’l‘ﬁﬁ“ﬁﬂﬂ?rb%od Vered 10 into the
body lumen 90, shg¥viacthtisérondalumpia36marti@inmermetiben2B0(mbt SBOwWH2Ees FIG. 8) or via

a separate lumennghshPULILIHe LSS METRREAZGMBHIRIB (NaISHOMD)ARDE, apparatus 10 may

facilitate positioning the balloon 250 relative to the material 92 [ntended to be removed, e.g., to
position the ballBEFBECHENE P BIABANES &8jaRP NS HiataHai o2 15PASh&MG e apparatus
210 may be intrediaced dlroaghaiQuide catheter or other tubular member (not shown), that includes a
lumen compaunicating it 21RO HCEHf¥RCH M AMthithe DaleeRea0. disROsRELReYPRg.:the guide

catheter, the source of vacuum may be activated to aspirate material within the bo%y lumen 90, e.g.,

as the material S8ReEREROHRIE N BRERWIEE Palisy A By 1R HANGEH 35T A4 HeEEHed below.
20Turning to FIGa@@mth&ihnier mi@mbEn280awdpdeditectadip roxicral i etatiee foacuum

may be activated to aspirate matcrial within the body lumen 90, e.g., as the material 92 18
dislodged or otherwise removed by the balloon 250, as described below.

26 Turning to FIG. 9C, the inner member 230 may be directed proximally relative to
the outer member 220, thereby causing the helical member 270 and consequently the
balloon 250 to expand towards the expanded helical shape, as described above. As shown
in FIG. 9D, the entire apparatus 210 may then be retracted to remove the material 92, e.g.,
scraping, scrubbing, or otherwise separating material that may be adhered to a wall of the

25 body lumen 90. For example, the apparatus 210 may be pulled to remove the material 92
from the body lumen and into the iumen of the guide catheter, where the material 92 may
be agpirated from the patient’s body. Alternatively, the material 92 may be released in a
manser that the material 92 may be metabolized naturally by the patient’s body.

I desired, the inner member 230 may be returned o the first position to collapse

306 the balloon 250, and the apparatus 210 moved to another location within the body nmen
90. The inner member 230 may be directed between the first and second positions as often
as desired to expand the balioon 250 and separate or otherwise remove suflicient material
92



the outer member 220, thereby causing the helical member 270 and consequently the balloon 250 to
expand towards the expanded helical shape, as described above. As shown in FIG. 9D, the entire
apparatus 210 Wzm&%ggsretracted to remove the material 92, e.g., scraping,,s&hidling, or
otherwise separating material that may be adhered to a wall of the 25 body lumen 90. For example,
the apparatus 210 may be pulled to remove the matdrial 92 from the body lumen and into the lumen of
the guide catheter, where the r%%ggﬁxl % me%{ be asEBira from t apsc'%ltient's body. Alternatively, the

. uIrning, W 11 ent materia CTNOVE EN0S1S, 18101 OfF
material 92 may be released in'a mariner that the materia may be metabolized naturally by the

patient's body. |PliespstiueHeniPhiriderifiey P30 thedy beuatirie d iy enediFes géSmant® collapse 30 the

balloon 250, and:thecanRactsRR1n0omas: i anpiher Jocationwithiortheokedyptumen 9 The inner

member 230 me%ig%ndér clgeo(l) bt?gl\!i\é %Q.gp(% tfitE%to%gd gtgocno&p (positi‘on agrgsfggn g§0%§ired to expand the
balloon 250 and separate SPothentise' femove sutﬁlll0|ent matérial 0SeoPY

2010/003135P GH{ 820 070 1a6 Sy cepoperiimFigors ¢ i soEngithl Sufficiénbiriene AaP 9%Femoved, a
stenosis, lesion wenathes ARG s e ntifiedvvthindhe: badyimend@e Tagapparatus 210 may
be reintroduced or repositioned in the bo%é'%%?%g% with the ballgon 250 ceocllqg}r\)%r%c? until the balloon
250 is positioneaqu?acéﬂ??ﬁé% StrUEtion o2, e.g., u§’|ng fil roscopy or dther b additional imaging.
Once properly pasitisrrad/oagistiborbineien 9Rusing thalidion b0 ndyibesifikitad kytditate and/or

otherwise treat g Qistislion At aRntianaths dha-ball0oR2R0-May-cal Y eual-narediagnostic and/or
therapeuticlgger;ﬁ%, Whi(}ﬂ{én% be delivered against and/or into the obstruction 94 using the balloon
b ,

2500. After suffidient treatment, the balloon may be deflated, and the apparatus 10 removed from the

body lumen 90, as 10 Shidwwrlin Fi 29@  the cypudimednys doitibelhefciher erabtitaents described herein,
various balloon ggpfiguratians.nanke Brevidedzfgnexamplas ttningaokiGidi@dawith additional

reference to the apparatus,.250 of FIG, 8, xemplary cross-section of apparatus 210, taken
through the balun 350 T BB N FOR G AT SR ERTEE) S0 SR Gound the
inner member 28%<ritrswlrotridddoby IhdsakpandBb o sk 25 0reThlie! Bistabené Wetiedidnember 270
g_nd éhe inney m%mla%&ﬁé@b zﬁnf%giﬁ&%g@d Fayata&]a&b@ﬁet@r@ebgﬁﬁ;?fem%wmh_ kn. _ZﬁQw_,Q_G% _o]f_ thcle ’
isadvantages of suck alloon is that the wall must be relatively thick since i icult to predict
which areas of tf}ée E%}%a}o’ﬁ‘wgﬁ%;ega%(fﬁ%ﬁt%n con %n%fegaﬁ%ﬁsaé?adﬁs Oé‘f%}n%xign\}vaﬁ %Fg“(?a%é%ef’ body lumen.
20FIGS. 10B-10M:shtwakdnttivelehndoaivanesoilbatlon habpenBols Behdyuelionssthat may be

provided for any.gf#h&-embodiments descrkep-hrreinichhese sansturiansmay beprevided for a
balloon capable of inflati%n or for a tubul ropembe[mcgﬂable of expansion to an expanded helical

shape without b&TRG ThifktET R AMp KT CPASHERERE OFElich devices are disclosed in U.S. Patent
No. 4,762,130. FIGS. 10B-10D show alternative embodiments of balloon or tubular constructions
that may be provided for any of the embodiments described herein, These constructions
may be provided for a balioon capable of inflation or for a tubular member capable of
expansion to an expanded helical shape without being inflated. Exemplary embodiments
of such devices are disclosed in U.S. Patent No. 4,762,130,
25 For example, as shown in FIG. 108, a balloon or tubular member 250’ is shown
that includes a first lamen 251" that receives the inner member 230 and a second fumen
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 surfaée 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 2807 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



25For 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 th r%\‘g the tubular member 250" and helical membef,g%)s%{%,ggggpressed axially,
the helical member '} may expand radially outwardly away from the inner member 230, thereby
directing surface region 280' radially 30 outwardly a%ay from the inner member 230 since the surface
region 280' is furthest fr om the firs 51.' Thus, because the urf ce redi 0 s likely to
contact the wall o)tatﬁ%[eb "a*y“ e v?/hr}eﬁgfﬁiytubldfa&rom{ggn er s !enxﬂt anc g 1pEe%gt())nstructlon of the
tubular wall mayﬂk?élbariié@t’te%ﬁhﬁ%@@h&hﬂ%faw@rtmh@?emmeb?%%nmw&mater|aI. For WO
2010/003135PCEAJS2009/049639 - 35 - example, features may be integrally molded or otherwise
formed in the wall of the t bular mlb}% 50, 9., that tend heI ic II roy fe tubular member
250' adjacent the secdtid ﬁ%nelﬁg]é & SROWA T EEE fe' sur ac r‘tlaimr1 5 may include a

plurality of gfoovbs Brakidt plesrd&letgesgneiibate ma@ylmﬁtmensmmwgfa@h@remlmét@ial from the
wall of the targetbeayJumens ey, By @b&ﬁatragimﬁm@sf%ﬁeamtmhwstbgﬁﬁh@rbody lumen..

addition, the tubtrlar all o opposite ! the urface [ 280 may lae re trvely thrft &nce this area of the
t101 fuby, oattc sur ace regron 28 c TeEive €¥ 1§10
wall is unlikely to TS e WA lumen, whi W an overall cross-section or

profile of the tubtifarmertber 256 molﬁelyedwé@.t ﬁﬁerﬁb@ﬁfé%@nklmeadﬁm@mﬁfmém@d, different
property materialsRayHe-4edh er@mhergaﬁetaammm@omats@ri@%wmseaatwmmnﬁr wall

thickness far the surf e req; &) d01_rfelsewhere onag;e tuﬂk{gl r member Clas'tlg)umlng to FIG.
10C, anothe? entbddifiénto gcf BUIAF FHEMBEP 2507157 ?)Whyt Cluaés ] es or proctru3|ons 282"

along surface regiseri28@ittrgluntiiztntact wd ishrotsiBrithe bb@yelmmelh?\%eﬁ the"thﬂ?@rtar member
250" is expandeg,.lnafvibenaltegnative, shown in FIG. 10D, a tubular member 250" may be provided

that includes a first lumen 251" llgh‘vi convolutlob? s.molded or o{herm%e3 fﬁ)é fed Ltntot e tubular wall.

The convolutions may?ﬁ%%&e WgFeﬁltn engrt Pott Hbu UBUTAR Wall, ahd thetefare allow the

wall to stretch toizeigleategractiafdinvensisiy, pemstillrdire ctioe StTdes relhiont20tRge2iowards the walll

of a body lumen eig,reatednen FAHNING: R&IC: 1d-anothenembodinent atemtaeparatus 310is
shown that includes an %Lll er member 320, an mn(e,r mem ber S?ag&%) nd.an Ie member 350

carried on distal SRS B350 390 ot VAT RS RS: goklin gmﬂar?o“fﬁ%nprevrous
embodiments. Uiﬂﬁkélthel@revn@mglmb@@iﬂd@mmhtheﬂeimrdamtmélrhﬁet\%b 28emay not include an

interior coupled {QAJWmeR fxiending: tﬁlé%%ﬁkﬂﬁ%ﬁthﬁ%ﬁﬁtﬁ@ﬁ% B30t %aiﬁ@%&&%ﬂﬂ@me member 350
may not be mflatg le. How‘fver al ernatrve elsdred the apparafus 3 ura% include a lumen (not

shown) extendind TRrSGJH e Tste %ﬁﬁ% rtﬁlenrﬁlr%%ﬁrtr‘sctatrn’ﬁe%w AN interor of the
expandable2tnerd¥Er %@%ﬂ@@@tnﬁd#@dﬂaﬂn@ brivplkapsing the expandable member 350. In

addition, if desired, thq%%r@tp@@ﬁ&ﬁ@gﬂﬁg%&p@@@g@gﬁ%gﬁ}lgg,k{@@mggrs or other valve
(not shown) that m y be opened o gggd for selectlvely |61fus ng fluid gabrnflatl I“tjtgeexpandable

member 350, sirfii {?8 H Ubﬂifelg}le a%amnstem er expandable mem

camed on distal ends 324 334 of the outer and inner members 320, 330, sinilar to the
previous embodiments. Unlike the previous embodiments, the expandable member 350
25  may not include an interior coupled to a lumen extending through the outer member 320,
i.e., the expandable member 350 may not be inflatable. However, alternatively, if desired,
the apparatus 310 may inciude 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,

simnilar to the previous embodiments.



WO 2010/003135PCT1US20091049639 - 36 -  The expandable member 350 generally includes a
proximal end 352 coupled to the outer member distal end 324 and a distal end 354 coupled to the
inner member d%gﬁ@ ;31§4 e.g., by bonding with adhesive, sonic Weld{,%qj,g i@%hér&tgrference fit,

/ .
one or more bands or o%ﬁeraconnectors (not shown), and the like. In addition, the apparatus 310

5includes a helical member (not shown) that may al%?)‘be coupled between the outer member and
inner member distal e %s 324, 334 andbexgggd hellﬁalllf\i%glrﬁund the inner %%mbe ié?ggtig\élthln the

interior of the expanda H éﬁrlr%be? J°Fore 5?%%5/, elicAMem %c% maﬁoﬁéﬁoose within the
interior of the expasdutsbeniérabad 350 andte drativall/ Hheolplidad the mise meralchéstritsddded in or

10otherwise attaphedtosthewalk afith eaexpandahle. e beLR3e One rchean, IRa): siiace of the

expandable member 350. Unlike_jthe previous r&lb ] imfnt,éq.e hcallical metm%eiroincludes a first coll
within a first regiSH 3808 ST fIBPEEABRLTY Fienibe M3 BE anu* A S8R #RFRithin 2 second region
350b of the éxpandiaioie: irabue 350 MavihgrdifféremeprbpdrtienpFhédivsenrd seteond 15 coils may be

coupled to one apatheraf Bndnieaialbuiaimedstogethar.as asiaglaiviie fiamentArd the like, or may
be formed as separate wires or filaments all;t ched to one angth§ Each coil includes a plurality of
PREREA bt

turns that exten PR RS r@@ﬁ%fg}gﬁ%ﬁ? 89" between the proximal and distal ends
352, 354 of the expandiablenmdmbbe h358! 20The velldriapbeihrovidedeimeactahatively low profile

around the innerMamber 330, B WIRRIE RANGE RERLSERRY isextandeddistally relative to the

outer meml?er 320 to a first %osition. W{Peop the inn rbmembgr 30 is retracted ro>§fimallfy from the first
position towards’S €SI BRI HHE BilS R BE Lo MiPedstd S8alt IBrEbY E4ising the coils to
expand radially dutwardiytéardexpantithe expandable member 350 radially outwardly 25to an

expanded helical shape,pimilapia e RreViMs MR ALimeRISHber RNEICONSINRY NRYS Hifferent
mechanical properties from one another therebg causir;sg the first angj second rg%'ons, 350a, 350b of
es

the expandable ﬁﬁ%ﬁ?ﬁ@?éé@ﬁf%&%ﬁﬁ%@%&b&ﬁé@ﬁ PSPl A AGTETSHA L TH A SCEXN 4RE8] helical shape.
For example, as3shovwfitincki@ddils tharfirsBiddionn8 St nmapbeesikpaitietirtbaadsiraliér diameter than

the second ;30 r%gig%‘59@@0{9@%%ﬁ@gu&ﬁ@é?é{ggmg@nmmm%%&qﬂ fromgithinaer, narrower, or
otherwise more flexible material than the second coil. In addition qr alternativ??rlg{f the coils may be

biased to differeft*iEF &8 fE°Stth FHEFWIERTRE' HRErTREMEE: 530 RTH YRS AIERP 8Ptirst position, the
coils may be constitaimetaik thé lovwngrofitéyahicc witensttret imierd helically around the inner

member 330, e.g., between the proximal and distal ends 352, 354 of the expandable
member 350. ‘

20 The coils may be provided in a relatively low profile around the inner member 330,
e.g., when the inner member 330 is extended distally relative to the ouwter member 32010 2
first position. Wher the inner member 3306 1s 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, simitar 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
1o 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 smalier diameter than the second

30 region 356b. This may be achieved by forming the {irst coit 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 profiie, and when the inner



WO 2010/003135PCT/US2009/049639 - 37 - member 330 is directed proximally towards the second
position, the coils may resiliently expand radially outwardly to the diameters set into the coil material.

In addition or altgraatiyely, the coils may be expandable sequentially, e.g,-shich,ihalils first region
350a of the expandable member 350 may expand tQ the expanded 5helical shape before the second

region 350b. For example, the first coil in the first re i6n 350a may have less resistance to expansion

than the second coil.in second.region 350b, e.g., by forming the first coil from thinner, narrower,
and/or otherwiseé | Fnrlgl)b}eé“ ?I%gxll %er Tat ﬁaﬁ%ﬁ{ ?ﬂg%%gc%%%C%O&?qggl}lg&a%ﬁp():loel,gtﬁgyffregtlnce& ‘may include a
bare wire wound¥shéatsiaiotiuataly ia e daesitre s3300 haiteltheisedond coil may include the same

or 10different wire wrappegiibndsactianafiiiting:a sieaexandiibe drewhichdgaydacrease
resistance to expansion. Thus e inner member, 330 is directed from the fig%doosition towards

o n - |
at ﬁ}ﬁhgrst Te 011‘9’&% oﬁﬁw expandg?gc member 32 {[ngﬁ §yi%a1€ﬁ 0, ereby expanding

the second position, the corfipressive force may be appliedini e_ffrsteégl ‘
the first coil andHesirdrre ginTaBosoiheEsparithadier srembeB50 51 A Peddstesihed threshold

is achieved, wheygipas Hhe:secondieait ayphasexpaadRndexpaniiie: sesnadregioni3s50b of the
expandable member 350. Inﬁ%oth?grglllt%ﬁnative, a sleeve (not hown}_n%'%aﬁ@elg to the inner
t

£.g. Ting the col INNEL, DATOWET, and¥or otherwis . o
member 330 maygihl al SUrround the second coll in the first position such that or’flly the first coil is free

to expand whentigHyiesip resucoily/ Han enpdphiaTrisarBa0reldlractad tolwarag the second
position, the secuid:a9ik-MaY Becamensxpasen fiankte sleave. ardthamexparehadially outwardly

to the expapded helical shape.  Turning to FIGS. 12 and 13, an exemplary method is shown for
reating & oy 1Ee e B Banelih LaNEe S Ao e tobr a8 B SRR RIE o FiG. 11, As
shown, the graftrt90aivelioagaasfirst Shusrenbemstbmases modhs 39 wdaeriedtenatiefi®193 within a

patient's body, e.gsiwithin e Ratiephs AmoAnEaSeseRd OfAK a3l RNasiempaisiRa.L84 attached to
an artery 195 adjacent the vein 193, As shown, the graft.190 includes tructive material 92, e.g.,
thrombus, plaquié?séﬁo ’thé:rﬁ%%?ar%ﬁ%pﬁ% I%ég %E%n%€ glérlécﬁl(irb ?r?c%l% %"'g%? ?r{;)? Ceach anastomosis
192, 194.  Initeipeamsihtradgcerdstegniors sShesdIsechinipbameeenwitHrRrene @iR190, e.g.,
percutaneously taugnthspatient sskin-rinters sentahsegianiefithe-giaft 190, using

In another alternative, a sleeve (not shown) attached to the immer member 330 may
initial surround the second coil in the first position such that only the first coil is free to
expand when initially compressed. When the inner member 330 is directed towards the
second position, the second coil may become exposed from the sleeve, and then expand

20  radially outwardly to the expanded helical shape.

Turning to FIGS. 12 and 13, an exemplary method is shown for treating a body
lumen, e.g., a arterio-venous dialysis graft 190, using the apparatus 310 of FIG. 11. As
shown, the graft 190 includes a first or venous anastomosis 192 attached to a vein 193
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 Jocations in the
graft 190 including within cach anastomosis 192, 194,
Initially, an introducer or guide sheath 380 may be placed within the graft 190,
¢.g., pereutancously through the patient’s skin into & centrat region of the graft 190, using
30 similar methods o those described elsewhere herein, The sheath 380 may include a distal
end 382 having 2 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 fhud



30similar 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 &;&gﬁg}}agﬁswall of the graft 190, e.g., to stabilize the.sh%&g&m‘{%g\ée to the graft
190 and/or to substantially seal the graft 190 from fluid WO 2010/003135PCT/US2009/049639 - 38 -
flow between the ends 192, 194 of the graft 190. Thé'sheath 380 may also include a reservoir 386

communicating ith & lymen,etendling g anopening dnat showp) g the distal gnd 362, and a source
of vacuum 388, e.g., a syringe, for applying a VAcuum to aspirate mafrelr?zaal rom W|fh|n the graft 190
during treatment<STir Apherams 31 araiisdimgodeeatinthiotiytrtheseatho3s0 intes the graft 190
with the expandable: sember3a0dniially a.consacted spmnditian: HpIFROWRt@ 12, the apparatus
310 may be advanced unyl tq%gxgve‘aggt%atgle m&rgygedru%o is disposed distally beyond obstructive

e 1

material 92 withfrmﬁ&étev%%gﬁ% side O Srg , wﬂ%%gﬁ%gn the inner member 330 (not shown) may

directed proximally to ékpapndraie élpaaribbieirpdusse beirBEE theate 38R rn deazrélitd) shape. As

shown, both coilgihae hesmaxpasssd. Berety expanding-Rathibadirshanehsecprdegions 3503,
350b of the expapdable memper 350, e.g., such that the second regign 35Qb may substantially
engage of other IS LS hE B A B o B0 PR AR b e e Mtcrawn to
scrape or otherwise weparaw edharant YE5mibte Hal \GRoitofiltnd tatrof tHe grefed9o dad pull the

material 92 towargls-thessheath 380508 seyrge-atyasumiB88 maydaasivatad.if not already, to

aspiate the materiel 92, (rough (e sheath. 3900 fhereserualr 300, f desired, the jnner member
330 may be advanced to co‘ilapsep e expanda i 'me’mBeVrWB ﬁ%ac Swards the Contracted condition

and advanced fubgielrvintoateng hath 1g0ire gnd tsqapaagithe e ésehoff &epandifp ihe2®expandable

member 350 to 3gtape ol ethervise-Lemevadnateral32ubstaRitionalii- theshaath Stenay be
repositioned within thriz1 glgqlft 19 E%vards the arterial anastomosis 194, and the apparatus 310
e BRI

reintroduced with the expan € member 350 in the contracted condition, e.g., to remove material 92
within the arterial side bfethepgyrdft 3 SOmTsIn ety IRIGWIG 0 afthouefeirarariaicharstbedivnasmoved from

the graft 190, 25agdditionakehstivclive material 93 remainswithinitherastesial apastemesis 194.
Becau_se_the anaﬁltoggo%gs Q% ii%%&n})r{%Jnice%tees mg@ e gor}g[ya 95t, c&argagl%gldagxgig%fn to ensure that
material is not reléaSed into the artery 195, Where e materia ¥h§y How §rit6 1iéstié beds, cause
ischemia, or othérezhtgshottissledohrrsteren fthy detee. 185aner member 330 may be
advanced to collapse the expandable member 350 back towards the contracted condition
and advanced further into the graft 190, e.g., to repeat the process of expanding the
20 expandable member 350 to scrape or otherwise remove material 92.
Optionally, the sheath 380 may be repositioned within the graft 190 towards the
arterial anastomosts 194, and the apparatus 310 reintroduced with the expandable member
350 in the contracted condition, e.g., to remove material 92 within the arterial side of the
graft 19G. 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 193, care should be taken to ensure that
material is not released into the artery 1935, 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 mper member
30 330 passes through material 92 within the arterial anastomosis 194 with the expandable
member 350 in the contracted condition. Az 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



The apparatus 310 may be advanced until the distal end 334 of the inner member 30330 passes
through material 92 within the arterial anastomosis 194 with the expandablé member 350 in the
contracted condiignaAbikigspoint, the inner member 330 may be directegpipedpalissyfficient
distance to expand the first region 350a of the expapgable member 350 without substantially
expanding the second region 350b. The apparatus 310 WO 2010/003135PCT/US2009/049639 - 39 -

may then be witig(aus 1@ plldae FuRAdAlc memheh Al bask lonalds e ealiagio, where any

material 92 removéd from the anastornosis 194 may be aspirated out of the Eraft 190. Thus, the

smaller first regi A RS Al A et Pl g s Es &R by ! e Bions, while the
second region 35@h maytiecxkpandbd Aithicrieldtiveydy ldikge oy barmensornetherwige when it is

desired to aply greale Qe AN T AL ATIAY S, SL TRl v MRG0 FIC. 14, an

H
alternative embodiment of the apparatus 310 shown in FIG. 11 is shown. The apparatus 310' is
generally thé salféReRpyEErUY servdse Whre i HiAeT 5 SLABR HrrsrAtse OB UT ASHEY nember 330; an
expandable membaelbijmndfirstand 10second coils defining a helical member within the

expandable member SafnllIRId0 e RIS emRadmERiss e NS RreiQns apodiment, the

apparatus 310" includes a dilation balfloon 359,' e.g., a substantially non-compliant, high pressure
balloon, on the ddtérkREmbEIGRIEPER A $24 SHSIBITSTIRE HFPBTEIUS 3 20F McRFYELS Handle 360"
that includes a sidefesnB64 10 whieh-arsowrec of, inflatipmdasidiaanial@s0Acud mB68! may be

15connecteq. . The ARPaLalys 310:mAYRe Ysed AimIRL 10,16 2RPAIRIUS BLA.Shewn FIG. 11,
e.g., using the methods of FIGS."12 and 13. In addition, the dilation balloon 359" may be positioned

within a stenosi$ RESBTRBRGRERSL IR IBH PEGouT IR Grarete 06 BPERES 3 4Y BARFES2 or within other
body Ium_er_ls. Thmdmllcnan&ﬁ9_SMWgtMmmmﬂaya@mcmbgmjs&ﬁ@rmmanﬂmbmaﬁhatae the_body
lumen, similar to,of @gjc%g%?g%%%%ﬂQ&%ﬁa%eap%%@@h% ARt ar.Qherrosthesis (not

shown) may be carri oon 359, e.g., such that the prosthesis may imglanted within a body

lumen after usintHEDAIMSPEBE {0t Pertitsle SIEHRAITEHIREBRAP FOHP TR BERY 6N PAlternatively, a

stent or other presthesid. may be carried and delivered using any of the other embodiments described

2sherein, e.g., on the hallgan A0 o1 260, LSARRARIYSA 10, 1AL, SRR NGB, 7 or 8

Turning to FIGS. 15A and 15B, exe%n%% embodiments of colls are shown that may be included in
any of the apparatustisstisadaBove TRaudintdd helicaddiiam Bedib ek peikamiy a B3Yd%n or other
expandable merphgideanaxpandesihalicah shape: botexumple, FGe 254 showWsus8012370 that

includes SUbStare]xgg lbé ,Soq]&‘i?flri}i &H&E’%&Hytyurxﬂgng’j%he balloon 359" may then be inflated or otherwise
20 expanded to dilate the body lumen, simijar to other embodiments described above.
. Optionally, a stent or other prosthesis (not shown) may be carried by the balloon 359,
e.g., such that the prosthesis may implanted within a body lumen after using the balloon
350’ to remove obstructive material from the body lumen. Alternatively, a stent or other
prosthesis may be carried and delivered using any of the other embodiments described
25 herein, e.g., on the balloon 150 or 250 of the apparatus 110 or 210, shown in FIGS. 7 or 8.
Turning to FIGS. 15A and 158, exemplary embodiments of coils are shown that
may be included i 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 hetical member in any of the apparatus described above.
Aliernatively, as shown in FIG. 13B, a coil 370" may be provided that includes a plurality
of turns 3727 having alternating high points 374" and low points 376" that may increase

contact force with a wall of a body lumen when the coil 3707 is included within a balloon



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 ygh neisds 374" and low points 376' that may increasg£pptaslipizgowith a wall of a
body lumen when the coil 370" is included within a_%llﬁoon WO 2610/003135PCT/US2009/049639 -
40 - or expandable member (not shown), such as those described above. The high and low points

37 376 may be SIAG90IRA.DERUEER AURERILH IR ChedBBOPHIS (NAtBLIARRISRME high points
374' contact and/or gcrape ar{[‘ong substant] I%t e entire circumference of a wall of a target body

lumen. 5TurningP@ I8 41 87&tmaarlstH REBFEN BFaf&u'S A0 8WsEthat includes
multiple expandsbie Bigvigas: 0¥ a single stiadt serghs Suehsihatthalappasatiiscdiihiiasndze operable in
multiple modes,o%-gwﬁ gfstt@%ggﬁprﬁ%@loving material within a body lumen, and a second mode for
dilating an obstruction within & bo f/}umeh. Generally, the aPparatus 410 generally includes an outer
member 426G, an inner borirgeinBEF 4808 Hatiseabei ke aiffstRAIST bt BiiereFandable member

450 carried by the RuteranginpgLMamiers420 2430 simiiae o, thehprevieuseimbedinents. The outer

member 420 includes proximal and distal ends 42 24 irst. : endi
e roneteon, s Bheril fﬂtéprie REs 434 aAnd-afiishlumen 426 axtend

ner member 430 also Thcludes proximal anddistal ends 432, 434, and a
second lumen 48&&tErdinefeRe Ftsistle e IS ThebifSEEaIBBRUSPICVBES a proximal end 452
coupled to the outer megmbendistalpadd2d apshadisialiend sovplechtmbaesries member distal end
434, and inludes ap injeior,commupicaring wifhthe frstlumen 426, The first hallonn 450 may be
formed from elastic materla?, e.g., such that the first balloon ZSPO may be expanded to a fange of
diameters and/ofh8RaiseEIEn T ARHERHI A B IRE TSRS B ITRATBP Hietha: dEIRSFSH into 20 the
interior of the firsthalleardROandianthel pasition efdhennes mermber 43Q1elativestaithe outer

member 420.  _ In addition econd balloon 459 may, be provided o gth@]o%_eﬁggemper 420, e.qg.,
proximal to the ARt BaNoeH i@oﬁlﬁ' ngcé&cghg 'ba c%ﬁ ﬁlgg may be footled from 'sfjbst’aritiélly inelastic

material, e.g., todpfovieron farre bRttt gisPesstre dilation 25 balloon, similar to other

embodiments describechelsevhRienaeoainuline: guickmeniben 436hiacludesadhirenbéation lumen 465
communicating with the. interior of.th ?Slﬁconqeg?" on 459, shown,the handle 460 includes a
; 134,

& l
. : 5t e mngt member distal nclides ;
first side port 46 1gt?:l(?rrﬁdmunfl(?atlnggvail/| he first lumen 426 for de Ivering inflation media into the first

balloon 450, andaisetendeiEensatise vilp Fehhman bt ntpoitst tréapf o fhmanon imgh 465 for
delivering inflatigrmediadriadhe, secansh ballaemdb alsadsitiony tiehanidieid6mayinclude a pull

handle or other actuaior 467, nJre % NG NI MR A% 10805 R LRl G iaLpgritons
20 the interior of the first balloon 450 and/or the position of the inner member 430 relative to
the outer member 420.

In addition, a second balloon 459 may be provided on the outer member 420, e.g.,
proximal to the first balloon 450. The second balloon 459 may be formed from
substantially inelastic material, e.g., to provide a non-compliant, high pressure ditation

25  balloon, similer to other embodimenis described elsewhere herein. The outer member 420
mchudes 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 jumen 426 for delivering inflation media imto 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 handie 460 may include a pull handle or

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



WO 2010/003135PCT/US2009/049639 -41 - relative to the outer member 420, and one.or more seats,
e.g., 0- ring 466 for sealing the first lumen 426, similar to the previous embodiments.  Turning to

FIGS. 17A-17D, the ratus 410 is shown in different modes with the j 430 in
respective positi‘é%szﬂ%fgg,l %ags shown in FIG. 17A, the inner member 543(%@ ?‘igr?gaagé@s%%é? distal position

with the first and second balloons 450, 459 in contrdéted conditions. In this configuration, the
apparatus 410 may be introduced into a patient's body, into. a target body lumen being treated, similar
o e provious SHRBBIR AL TR o G £ O e R bt B DB A0 B B8 P ated 10 an
expanded condifioh lwittn tHé.ipipeirnieirbeeremainingurette first position. Thus, the first balloon 10 450

may be expanded to ONg-MIRPFRCIAMEIESS, 8y R AN0AGS QLSRRG AR VALRE &gy lumen being
treated. The apparatus 410 é@ y then be retracted gr otherwise directed a%l_l to scrape the first
; r

balloon 450 alonf thEWHI &9, Y5 RIHOVE ISR IS orotier Bdhelent MatsrIAt A SIHHE wall
Optionally, as sH&(s imaRiG:, ot 7Gtaif rgraatew prabsiire isdwsirathdpeniatifer aliowntisctdsired due to

the size of the bedyikmenn g pihhandls, in 402 maw heqditacted areodmaliy: tognultthe inner member
430 proximally rg@éjv.e to the outer member 420, thereb axi?éll

compressing and radially expanding
the first balloon 4%8° ™ EREH) "% HOFHPIPE ST B ™I e (zgang%ﬁlg?Eoég&gﬁ%sis, lesion, or other

obstruction, the first bdloone4601maly/ Baleditapsddooititeheohteactéd conditionadd the 20 second

balloon 459 may.hgiposiipngd adacemihe-phiCHoRand Rilzed B.exprmkenddiate the
obstruction, similar to the previgus embodimenésri\.y‘Thus, the a\%aratus 410 may be used to different

treatments,’lg.g.,%?‘ﬂﬁaéflgﬁfmdfﬁcﬁ?o(ingﬂ@%%fé Joith St FAIREEI T SRR R UbPdratus 410, similar
to the previous éntydulirre EigFhetahpratpis 210 Mbynhetirackediover argtlidewirdirigther rail

received through,the. secongnen:436,0f 16 Aaipnermemberdlddowhich-maydfagiitate directing the
apparatus 410 to various positions within a body lumen during treatment. Turning to FIG. 18, another

embodiment of ABSIFBORAP ARG BIts SRR AL HeNRES A tdiftett PBEY O SHifeF tubular
member 520 incligsling er prievdenbdiénd (ndsistiodun o thelistabétic BRY Sized for tntrodwuidtion into a body

lumen, andg p'w@@&%@@ﬁ%&%&%@%@l% helwermibepirimaland.and Redistal end 524.
u

For example, the catheter body 520 may include a guidewire lumen 526a, e.q., sized for slidably
receiving a guid8WFdTEPBthér TGOt SHEWH TRETSIRRGHG R SHChRARTRE ‘&B%‘hﬁfah%}?%‘lo may be

advanced over aguidewire into a patient's body.

Finally, as shown in FIG. 17D, if it desired to dilate a stenosis, lesion, or other

obstruction, the first balloon 450 may be collapsed to the contracted condition, and the

20 second balioon 459 may be positioned adjacent the obsiruction and nflated to expand and
dilate the obstruction, similar to the previous embodiments. Thus, the apparatus 410 may
be used to different treatments, e.g., embolectomy and/or angioplasty, without having to
remove the apparatus 410, similar to the previous embodiments. The apparatus 410 may
be tracked over a guidewire or other rail received through the second lumen 436 of the

25 immer member 430, which may facilitate directing the apparatus 410 to various posttions
within a bedy 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 introdunction 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 320 may include a guidewire lumen 5264, e.g., sized for slidably receiving a
guidewire or other raii (not shown) therethrough, such that the apparatus 510 may be

advanced over a guidewire into a patient’s body.



WO 2010/003135PCT/U52009/049639 - 42 - In addition, the catheter body 520 may include an
inflation lumen 526b that may communicate with a source of inflation media and/or source of vacuum

(not shown) congecied o, fhie proximal end of the catheter body 520. A pliirality0f ballgons or other .
expandable members 550 are spaced apart on the distal end 524 that may be independently

5expandable. For example, the balloons 550 may bé“formed from substantially inelastic material, such
that the balloons 550 may be expan tq a,predetermined diameter. Thus, lloons 550 may be
non-compliant, high p%g}éfﬁé) ﬁgﬁgﬁ%%i%gdségrﬁﬁéﬂg% eeagtlﬁr%l?&leor%guglcﬁrrlnsen s}tﬁd?égncd?ibed elsewhere
herein. For exarffientnesal8oason8e mayioesiigersd sttt eradnfacsshargtheter 10and/or
length of the balloens:55@ van:atang the distatene-bRA0fibe £athater bosy&2d oAsshown, in an
exemplary embodim the first t%% oon 550a may be expanda ) a diameter. of seven millimeters
(7 ). the seoSHEHBANSCHERER ot e e ot IR Etre i L Thee ISP EATACI 550 to a

diameter of five piilirAehiErsF(S v iariee tidider il ballobhissmd (e eibsratetpifdutmillimeters (4
ram). Thus, duripg:tise, dha dd dauthoballecnS50d mayba iviighunesiticaethwithinaRgobstruction

and inflated to d%‘a%g ﬁogngg%%]un%ti%n. If furthelr dj{lqti nis nee ﬁd& otrlgga{ urth balloon 550d may be

) -  DTEs to £ :
deflated, the third balloon c a)e/ e 5%%] ioned With the obstruction: and inflated to further dilate the

obstruction. Thugtherrerbetisatsivectiafodis el baisiised, if desired, to provide increasing dilation of an
obstruction. 20The intetipEek8aCHhobINQ RadiaoRs, e QomrayCamPLItigate Withthaanfiation lumen

526b, i.e., such that the catheter,body 520 includes anly.a single jnflation lumen 526,.which may
reduce thesl(l)évergﬂgg%]ﬁfggfo %ﬁécggﬁ?é}%qesrgé%éailf% 8?%%%%&%%801%32%0 ?v%fycfln é*éSn%so? the balloons
550, a valve mefib@e STOAayvemroviadadyitin thediriatiopnl aMe mE2BL- RIS e positioned such

that the inflationdiameas: @f@d@&m&ni%@fé\/ﬁl{ﬁn@bﬁﬂ Saaemember &7 H sammuligates with an interior
of only one of the .ﬂalloon?eSSO own th%%zalve. nembe 57(;)ma include an
int} 1 i (]%]/

.‘ For example, as s __
outlet port 574 on & distal 6%@’?&0&}1 ]tlﬁegi\}g Slg”r%}oé:r%%def%%%t r‘ﬁ%lﬁnccl)nrlﬁﬁgrﬁ i|Sca the valve

member lumen Sre0THEbyEIvE HhdhibedBToten al/felioabinbgrsdainglyénydgenthiscdtheter body 520,

SUf;:h that tng OUH%E@M@C?’Amh Vrfa %i&ﬂlﬁéﬁw&@iﬁﬁé&lrﬁ!ﬂ% eh aﬂé‘ﬁ%léﬁﬁ{h fllm Qﬁl@@;&@ﬁ%- Thui when
inflation media is_delivered thr. the valve member lumen 576, thg inflation media, may exit the
Lt mort 574 Sl A e e e B e Y o e
appreciated thattithériesiyéS4eranp brmentionsay be thy obitioerifor eulipéiied inflathsndiiedieeinto the

balloons individyaly, &Rk eXBMRIEhRuccessive balloon may be used, if desired, to provide increasing
dilation of an obstruction. '

20 The interior of each of the balloons 550 may communicate with the inflation lumen
526b, i.e., such that the catheter body 520 mcludes only a single mflation jumen 526,
which may reduce the overall profile of the catheter body 520. In order to selectively
mflate one of the balloons 550, a valve member 570 may be provided within the inflation
lumen 526b that may be positioned such that the inflation fumen 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 sealingiy engage the catheter body
520, such that the outlet port 374 may be aligned with an mterior of a respective balloon

30 526. Thus, when mflation media is delivered through the valve member himen 576, the
nflation media may exit the outlet port 574 and inflate only the balloon 526 with which
the outlet port 574 18 aligned. Tt will be appreciated that other valve arrangements may be

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



WO 2010/003135PCT/US2009/049639 -43 - valve member (not shown) may be rotatable within the
inflation lumen 526b and may include one or more outlet ports that are aligned with passages (also not -
shown) into the @t(%h%ﬁmg{{sespective balloons 550 when the valve mempg{,{jss%@&g‘%getermined
angular orientation. 5Turning to 19-21B, an exemplary embodiment of an apparatus 610 is shown for
removing, retrieving, and/or otherwise capturing thidh bus, objects, and/or obstructive material within a

body lumen 90, such as a blood vessel, aorto-yel us.é'st a,.tubular, graft, and the like. Generally, the
apparatus 610 ir}ié}ﬁedrélgné ecra@fﬁ}éf’(}él?@éﬂf %%?Ooat%ﬁgé’re tu flu g#lerﬁlé?rlﬁ I%nrl ng% gﬁgéﬁdﬁruction clearing
or fragmentor devésl6as naadingtisheonohemusreifg mehrisiewsp sabp aldsiers BB80earried by a

guidewire, shaft;p&etier RRIASEIBHAPEEBRRen the ASvBasESRER in FieddSmibecatheter 620 includes

a proximal end (?)%%h%giftal end 624 sized for introduction into a body lumen, and a lumen 626
extending therebetween. The proximal end 622 is coupled to a handle 660 that includes an actuator

for activating 15the frafretér Hevide 840wdior Gthedicom pbreareeiihe! ppdesns610. As shown,

the handle 660 ipghddims, fisst-and secens handle-partion s.ReAu00hthal agdevahlycoupled to one
another, e.g., by pin, .hinge, or.other fulcrum 663, such that the second handle partion 662 may pivot or
athenuice move TR e e Sk AL PR BEER et ote T ARl BTHY50The firat nandie
portion 662 includel anfdigdikg 6B8cfshvwWIs sprrerivatidAlycindF G SheGnNekEal) eathying various

components of th@.appakatdsod Lanshis-whighihe prodmal endd2d-ehihacathalas 620 is attached or
otherwise coupled. For example, the hOLLSin 6%?0@9% icpigzlude% istoghgﬁs(%rggzl&l %]?thr source of

vacuum 66 incl(ffdﬂ'?éea'aﬁs %ﬁoﬁlé)ﬁpéglf) SHIRWIHN & Chambars 70 akd Commanica m‘f‘%th the lumen

626 of the cathetem®20(28 via passage 671. The piston 669 may be coupled to the second handle

portion 664 such that thewpistem 66PIMay e digeted0tacand;aui-ofihe chimberd@d ring actuation
of the second handle portion 664, e.g., to ly a vacuum to the catheter 620 lumen for aspirating
material acjacen e B HERT G BT SR Kb A e Te R FRBHET 55 abeo
communicating Withntiesiiephfed 622654auplddagaaie. (Phépistdndassembii6ds aryedaalso provide
positive pregsurestorexpelfuid.Qrethembatenal withinthe pagsagahrlinto. the Jesearvair 672. For

example, as best seen jn FIG. 20, a pair of one-way valves, g.9,, duckbill or other check valves 673,
74,y he proVORA A LD P OGB!t e ROEIT oSSt

one another, e.g., by pin, hinge, or other fulcrum 663, such that the second handle portion
662 may pivot or otherwise move relative to the first handle portion 662 to actuate the
apparatus 610,

20 The first handle portion 662 includes a housing 666 (shown schematically in FIGS.
19 and 20} carrying various components of the apparatus 610 and to which the proximal
end 622 of the catheter 620 is attached or otherwise coupled. For example, the housing
666 may include a piston assembly or other source of vacuum 668 mcluding a piston 669
slidabie within a chamber 670 and communicating with the lumen 626 of the catheter 620

25 viapassage 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 handie portion 664, e.g., 1o 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 Jumen 626 via passage 671. The piston assembiy 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., duckbili or

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



WO 2010/003135PCT/US2009/049639 - 44 - fluid or other material through the valves 673, 674 in only
one direction. For example, inlet valve 673 may allow material to enter the passage 671 from the
catheter lumen G286 Wwitheutallowing substantial flow of material back intega;445pe8H26 from the
passage 671. Outlet valve 674 may allow material tg flow from the passage 671 into reservoir 672
Swithout allowing substantial flow of material back into the passage 671. Thus, when the piston

669 is drawn pagahly, Lo ReLOARBRNGHOvids oY, %‘?g%‘ﬁ%f% 854'8%e§ﬁ&x?”ﬁo9é’>&%ﬁ£°m°” 664, a

vacuum may be created, gpening the inlet valve 673 and creating a vacuum within the catheter lumen

_ n
626, thereby aspPiatAg AEMAT HE% BaTEAdRB e easiegrstal gﬁﬂ“ B AU ffmen 626 into
the passage 10 ¢ho\\dtienitihhepistotia688«isadvariddadiask ihtduthenchambertiGi@seeg., when the

second handle H@ff?%u@@t%&%&%ﬁ?ﬁﬁ?a%&?ﬁ%@m%ﬂﬁ@%%@ﬁ?é@f{a%g crealff ndhepagsage 671, the

inlet valve 673 is closed and the outlét valve 674 is oeened, thereby forcing material within the
passage 677 intd He LKA S e rEERl R AhRe RS Dacs MR testeR 67830 generally includes a
proximal end 632 15exteidirig:into ihehafied60) gagislsoupleddohthesetidndddndle portion 664,

and a distal end gxigndiog framaislmensza akihe caile sr 630 Asially Reyansk g.distal end 624 of

the catheter 620. A seal 623 may be provided in the handle g., to accommodate movement of

the guidewire 6307t8’aB TR HAHD & 65D Tﬁﬁﬁ%ﬁfﬁé@?%ﬁéﬁmﬁﬁ@%’r@ﬁ?gﬁﬂﬁ% fluid from leaking
from within the luraeria626n 20/Asdbststearifisd Gnd 67 4hieqrgxim alrenc B3R fitheagugewire 630 may

be coupledip an.adiystment 6&8@“%@%@{1@&9&&%&@%& Adisiance e guidawirg 830 iz:pulled when

the second handle portion 664 is actuated. For example, as shown, the proximal end 632 of the
guidewire 630 NSRRI, BCeRASEA &b ra S T AR P ES U StrIEr R A ks 2AsH28 881 The jack screw
638 may be coupleiio aicontolskinabl639 suohithat ratativis opbdthecldhovscaigsesdie jack screw 638

to move the proximal %%Qg%eo&tpgﬁg%gqggi&%qg&gp 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 fitrther

( >d up in . !
from the fulcrum 663, HEYERSRIREairdhth e et trsrpraRitardna 85X BrtraYtitlewire 630
moves whert thezseeading ihantie:3QAip6ftionHadusiaciuatedcand rel@asedioAsdheqraxisnal end 632 is

directed downwagdly,in the Siof G/ 1&?&%{?&%?%% U%%QE%E@ @%s%'ﬂ% 1%?&9%% SR drGIeasEs when the

second handle portion 664 Is actuated and released. Movement of the proximal end 632 causes the
distal the catheter 620. A seal 623 may be provided in the handle 660, e g, to accommodate

movement of the guidewire 630 into and out of the handle 660 and catheter 620 while
preventing fluid from ieaking from within the lumen 626.

20 As best seen in FIG. 20, the proximal end 632 of the gutdewire 630 may be
coupled to an adjustment control 636, e.g., 1o adjust a distance the guidewiré 6390 1s pulled
when the second handle portion 664 is actuated. For example, as shown, the proximal end
632 of the guidewire 630 may be slidably received in a slot 637 and coupled to a jack
screw 638. The jack screw 638 may be coupled to a controi knob 639 such that rotation of

25 the know causes the jack serew 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 handie

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



WO 2010/003135PCT/US2009/049639 -45 - end 634 of the gu dewire 630 to move proximally and
distally relative to the catheter distal end 624 for actuating the fragmentor device 640, as described
further below. WJ%{M}'&% FIGS. 20A and 20B, the fragmentor device §40pglides.a pair of loops
650, although alternatively, the fragmentor device 640 may include additional loops, e.g., 5 even
numbers such that the loops may be coupled to the‘Ewdewwe 630. As shown a proximal edge of the

firstoop 650a is soupled o ha cathelyr dstal snd 624, and an spmosiiedisal fige Icgypled to 2
proximal edge of thé Second100p 65 0Se opposite distal’edge 1§ coupled to the gw ewire 630,

e.g., at hub 633 ¢EheH cﬁft‘tﬁe@elwm@éﬂ@P@%éﬁV@e%geé?sé@?dt@ﬁh@'\keﬂﬁe’ loops 650 to move
proximally and diSta'|Y'ﬂiﬂﬁiﬁ9t&@muﬁ§@Qn@pﬂoﬂ@ﬁ’agﬂﬂ@nﬂfméﬂb@é@d%l@&éh@ﬁéﬁﬁbf@&ﬁ:65oa may be

hingedly couple%% heter dIS ?‘n 624 tIeasI E’?ﬂia”;}’ within th 11? e%GZG »6.9., 10 partially
f

draw the first loop 65 Ol and o atw Irrn%ln é%%vﬁunn actua ugﬁa dtion fthe fragmentor

device 640 iAclugies aufr’égmnhéh&tdwmﬁimﬁmhﬁ#@@ﬁﬁ@é‘mﬂ@@%@&é%df%ﬁm@%ﬂheter distal end

624, e.g., adjacensammithin &h&ém&n@?&o&@ ahd RS8N RAd-G4hcaupietia the guidewire 630,
e.g., at hub 633. The 1t‘r g%itor .coil 64 X)%fe@d e“%%ﬁé/ ro%d tthgU|ﬁieW|re 630 between the
first and second%PrI?aSI éé'sc%gs% see ra OMEntor device @38 nas two
positions that it r&ﬂ@@é@ibfemee@iﬂdmnbg @é@@l‘ﬁﬂ@r@@@f&%ﬁh@bléﬂ:I@@Qﬁi@h@mwffﬁégmentor device

640 in a first or Q}ani)@g@gﬂt@@ i wﬂaiglg&hsogymwgrﬁ(ﬁ@@@%gpmgm@IWQ@tive to the catheter
distal end 624. Conste entl QY t ef entolrl % ! §4§Iaare eggecni 3909'?%‘%’]
longitudinally soTHaY 1[?1 a (mat mr’c() %ce%mw f'the 0P|€ 2 CompresSed arounad e guide wire

630 and the Iooph@@@dﬁr@‘@hbtsiéﬁfrlaﬂyﬂawﬁ?éleeﬁthﬁehg@iﬁewﬁ%ﬁ%@z Wﬁéﬁﬁ%é@@cond handle

portion 664 is aciuaiediftesssidewire 630 ispuliach praximalacantiereby pulling the hub 633 on the
distal end 634 and cog[m%g entl;&m nrlcgst%lrn the g ragm ggtor loops 6%9 Og{l 0|I groxmally so that

they adopt a larger pr Wit oop S6 adjacen one nother and ec:0| £o expanded
away from the gﬁﬁ%ﬁé@%ﬂﬂh&k@b&l@é}eﬁr@ﬁéﬂ the Gitentatishnohiiee WbPsBSOPRRY &pproximate

the diametgrs30 ROIRRLAIQES SR @ BONdUMaN 5§ M@tmﬂh\a@@b_thﬁea@@a{aﬁus Hi10is
introduced, as bggé seen mnFIG Zﬁa u}gc%gst the ma e[[r‘)lvgla I.0r Cross- eccilo of the loops
650 in the larger’profiie, THe %Hfﬂ%? ht hale 660 may be adjusted. e.g., to
044, as best seen in FIG. 20B.
The fragmentor device 640 has two positions that it moves between during
actuation. For example, FIG. 20A shows the fragmentor device 640 in a first or distal
20 position in which the guidewire 630 is extended distally relative to the catheter distal end
624, Congequently, the fragmentor loops 650 and coil 644 are extended distaily or
longitudinally so that they adopt a low profile, ¢.g., with the coil 644 compressed around
the guide wire 630 and the loops 650 lying substantially flat adjacent the guidewire 630,
When the second handle portion 664 i actuated, the guidewire 630 is pulled proximaliy,
25 thereby pulling the hub 633 onthe 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 ioops 650 may approximate the diameter
30  orother 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 ¢ross-section of the loops 650

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



WO 2010/003135PCT/US2009/049639 - 46 - shorten the guidewire 630 travel distance and reduce the
maximum diameter, or to extend the guidewire 630 travel distance and increase the maximum
diameter, as desjred. The distal end 634 of the core wire 630 may be supéﬁgg b{ tggumatic, e.g.,
rounded or othe?\‘;\{/)lszglg Oéiibse:’d to minimize risk of perforation and/or catching ug}lng% advancement
relative to the catheter distal end 624 within a patiér‘f?s? body. Optionally, the distal end 634 may be
covered by a coiled wire and/or.a polymeric. covering, and/qr may.include a "J" or other curved tip (not
shown).  OptidIAfY, Bhed %ﬂ?%%%%ﬁ"@&%%%ﬁﬁﬁ%@%ﬁ%‘*OF Ir%‘b}(ﬁréﬂ%ﬁnarﬁglresfetroofrat&ﬁf‘é?%d(é)ositioning
and/or advancerhegtidé e ifieraiussB1G dufimgerse R orescamplennoiie. of d@vbre radiopaque
markers may be placeghog;ihesathaterdisiabend 624menibs.aiideniredistatiend,630, and/or on the

fragmentor device 640. For example, one or more of the lgops 650 and/or, coil 642 may be formed
from radiopaquér%’ﬂl%"tﬁg?%}i‘ﬁfgﬁf&%h?ﬁ%q%W@ﬁﬁfﬁfé#ﬁgrgf?r% -ea%(g%"afr% 8536 ¥iring use, similar to

the previoussemibdinrerts. rJeming the FIBST 2BAL 2446 Hrvatherplaigriiétivod $otiveripving thrombus or

other 15 materigh9¢; framyithin,a Body Limen SQ. i shawmdaitiaiyasshowrin, Bi21A, the
apparatus 610 may be introduced into a cﬁ3ti,ent's bo% nd directed into a target body lumen 90.

TLps . a
Similar to previol&dRTBSainEnts HE BEHY HInTSh T8 Hhy be a blood vessel, e.g., a vein or artery, a
graft, e.g., an aorto-veApuimifistulze, duiuitr kéhogyaftlotesynthietiertubularsgraficiatatt the like. The

apparatus 610 rB@éftiE‘MP%Mﬁﬁ@r M R RSEGHAREAUS.AR PNRIHEE Qk Othet.eRtFy Sitg and advanced
through an intervenin(? ody passages into the

od IunLen 9¥. C?pti n le, the a (]_i)aratus 610 may be
introduced roU g SOl <Heath IS CoRPERER 74 SHEIRE rbr SHBRA A Kelltion or
alternatively, thelapperatii§.at0'maytheiagwanced-ove 40 glildewine lor othermait dkshown), e.g., if

the catheter 620,05, 0HidQWIrS: GO B Ghidewielmen et aewnlrideAashawn in FIG. 21A,
the distal end 634 of the guidewire 630 has been directed through a mass OI]t rombus 92 such that

the catheter dist3rBHH e 5L S IRREHL Hr SHHBR LS BN e T A5HERtSFARVIRE B 40 at least partially
contacts the thrombus@2iflhie ffagnierter devies:B40maytha! ddvancedaismytreotiotbinbus 92 in the

low profile, 15 material 92 from within & body lumen 90 is shown. Initially, as shown in FIG.21A, the

apparatus 610 may be introduced into a patient’s body and directed into a target body
lumen 90. Similar to previous embodiments, the body lamen 90 may be a blood vessel,
¢.g., a vein ot artery, a graft, e.g., an aorto-venous fistula, tubular xenograft, or synthetic
tubular graft, and the like. The apparatus 610 may introduced from a percutaneous

20  puncture or other entry site and advanced through any intervening body passages into the
body lumen 90. Optionally, the apparatus 610 may be introduced through an introduced
sheath, guide catheter, and the like (not shown). In addition or alternatively, the apparatus
610 may be advanced over a guidewire or other rail (not shown), e.g., if the catheter 620
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. 218 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., nto the



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.  Tuning to FIGS. 21B and 21C, the fragmentor
device 640 is s Wno%gm actuated, e.g., such that the loops 650 expanlgl flr/%ggﬂélg% 4I9<%\§é profile at least

partially across t I8 %Jod?/o?%ﬁlen 90, and the coil 642 expands away from the guidewire 630, e.g., into

the WO 2010/003135PCT/US2009/049639 -47 - thfdmbus 92. As described above with reference to
FIG. 20, to actuate the fragmentor device 640, the first and second handle partions 662, 664 may be
squeezed togetl?lgf’,ng’.‘@q.?%iv%stiﬁeﬁ‘?ﬁgé%%%@é’ﬁﬁj ﬁ%ﬁ%ﬁgjlﬁglyﬁgﬁ%éﬁ’rtglgﬂ{l/aéi%h%% {FSPREndle portion 662
and pulling the pioxintelletd 320t thegUidelire 680 pféximbihey Phigpelislteectistal end of the 5

guidewirc 630, %ﬂ%ﬁ&g‘ﬁ%%&ﬁ&lﬁaﬁhé PR32 lRepsGeth-A0¢ 6RIRAR IR dRalM RiGngUNtil the larger
profile shown in FIG. 21C is achieve?. This motign of theloop 650 and coil 64 engage and cut

br otherwise sepEREORE DA BIECRE BTIRA IPOTBLIL 52 S RPN AN AL 36 shown in FIG.
21C. In addifiongeidethiees860omd bamellecpiytion 66433, doipabed, divbcpigiéh669mmidy be.10 drawn out of

the chamber 670, thereby, GreRiNcs R VAGH ¥R, o aspiate.pieass afine trambys 82 ipe the catheter
lumen 626 and into the reservoir 672 (see FIG. _20%. Alternative%,, a syrin e%t!e)orn%l C #tinuous
PRRrR

source of vacuuffl’ Sio TS TeRSHBE SO M FE P HERGHA SRtSE T ThRHEHY ate material
into the catheterflumidn 626 ntdesirddyrathEitiaf.using a self-contained apparatus 610, as shown.

The separated pieces (.3 Qfihrohus Qemavdesuificiently smallioenigtiteslrinia.the catheter
lumen 626 and/or sufficient suction ma_{y be created to pull pieces of the thrombus 92 into the catheter

lumen 626. Furdifg S e 1B R T8 th & ShBR At BT O Be VETEREEE° e.g., by releasing
the second handbecpbridd B64hT hethentileB60may incihdesneotmdse$itings. 20 or other biasing

mechanisms (noghowm){or aytamatically rsturming hesesond:-handleRorion.8644gqss original

position, and consequently returning the fiagmentar device 640 to the distal, low grofile. Because all of

the desired throMBUE §9 AT S ARt &3 8 HBTEE RS S B MitS CAYSTH HOITRYEGHE fragmentor
device 640, e.g.jasshowmrrirhi G8g2E famndididd, dppaagen e Kgaeerng thechgrdiedBecand causing the

loops 650 ard cgilAdR iR 2BCRMBIeISKiRIY:AR S RandJadiallyde separair.additonalpieces of the

thrombus 92 for a%)i,ratlon into the catheter lumen 626. The process may be monitored using external
imaging, e.g., fluBFOYEEpYCith s ea Al iR g AREBI e AR ST BiN &Y Wiek Whhient, e.g.,

substantially all 6f¢he, thrombus 92 has been broken up and aspirated. Optionally, a source of
contrast (not shown) may,pe LONRESies 1R ARRALAHE-AL06 BiGhay be released, e.g. by
releasing the second handle portion 664. The handle 660 may include one or more springs
20 or other biasing mechanisms (not shown) for automatically returning the second handie
portion 664 to its original position, and consequently returning the fragmentor device 640
io the distal, low profile. Because all of the desired thrombus 92 may not have been
removed, the user may again actuate the fragmentor device 640, e.g., as shown in FIGS.
21E and 21F, by again squeezing the handle 660 and causing the loops 650 and coil 643 to
25  compress axially and expand radially to separate additional pieces of the thrombus 92 for
aspiration into the catheter fumen 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 bas 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 lamen 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.



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 Iwgﬂg&gﬁs\sumuently cleared, the apparatus 610 be dirgcted to angther body lumen
or removed entir e patient's body. WO 2010/003135PCT/US2009/049639 - 48 - It will be
appreciated that elements or components shown Wiith any embodiment herein are exemplary for the
specific embodiment a}pd nay, bemulsat?ocl1 qn ol e|Iglec mbln%tlgrgen o&rhe\{ %mbodlrge ts qlsclosed herein.
While the invention is susceptaBPe 0 various modifications, and afternative rms, specmc examples
thereof have beéfrshewaimHadiniiagecafie AEOHBRETHAEe ST P et e B understood,
however, that theiipyentientsdinetie ag;jdmiaelqygg}the particular forms or methods disclosed, but to the
contrary, the mventlon\ﬂ over %i modlflcat uwalenés‘é.a (]glalt%[i ges faII}n within the scope
of the appended claims,"’ 2010 ?fb’éf‘é‘%@ 185%12 0%9 e (1:-?a|m PR apparatus for
treating a bady lengés, %@tﬁ?ﬁsﬁh@@‘é@%\?@m@qmm&hﬂ%w Re 6Py pyresaiigl iend, a distal end
sijed Tor . introgh4gtion « ngi@g:atag&cwﬂmhm@ mgtmrﬁﬁenaelsﬁﬂ@(?m@ot&eu\ém@a rzfmdorol><imal ant;i
5distal ends; an expandable 0 in roximal end secured to the tubular member
distal end, and & st N?e%l é)r%m?ltsw% %F\C?ouﬁﬁ1 F Uﬁ?é%? %rbrna mc ]rl?gieﬁmoé]ﬁslﬁotenor ggmmumcatmg
with the first lunrepdiisetiie, lgalrrd@inn@ﬂﬁmétﬂltemat@w &Bﬁgﬁtéhméhﬁb@pslféﬁwm%ﬁe%ed within the first
lumen, the elongatg.snember 10comprising a proximal end adjacent the tubular member proximal end,

and a distal end extending from the balloon outlet; and



a sealing member on the elongate member distal end, the elongate member being movable between 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 15and out the balloon outlet, and a second
position wheleth2ti¥éB¥ing member substantially seals the balloon outletStid & introduced
through the first lumen enters the balloon interior taigxpand the balloon. 2. The apparatus of claim
1, wherein the sealing member has a cross-section 20larger than the balloon outlet. 3. The
apparatus oflagmiz; wherein the elongate member distal end has a cross-section smaller than the
balloon outlet such that an annular Iur%nen is defined b?tween the elongate member and the balloon
outlet for delivering fluid f RS BEN oS tenrl%arlnﬁgqp{réllﬂnfﬁ’tﬁ% al c])no% outlet when the elongate
member is in the first gosiiontubulad mErdappakatng ofclaimal enherdistthmmé kingafe member has a

cross-section smaller tha thg f&rsﬁ I&men SdJC%l,thfilt an an ulg.r Iugwgn 5 q%fined .betlwe n the elongate
member anﬂ%é’%ﬁm%?n membet for ré,“%nahg ﬁw‘élt?%rﬁx%g %ﬁ%u%ﬁf‘}%m ee?%%??mﬁ Oend into the
balloon mteridstab:Tdse apparatus of claim 1, wherein the balloon comprises elastic material. WO

2010/003135PCT/\52009/04R839650 comprBink I RPRARUSIOLSIRIT gD e oo

comprises substantially inelastic material. " . The apparatus of claim 1, further comprising a
handle on theisthands AveMbelBRRGMBTIERG 2 RHts RIGABOBRRETHEPER fBFFiPEcting the elongate

- member betweamihe first and secondipesiiensme bafecht@@paratus of claim 1, wherein the elongate
member is biased tz?n%?o%é)gtéhlgemgérasq%;beig%?s%c?s%tslig\g’cnhsni g'h% first lumen, the elongate member
10 comprising a proximal end adjacent the tubular member proximal end, and a distal end
extending from the balloon outlet; and
| a scaling member on the elongate member distal end, the clongate member being
movable between a first position wherein the sealing member is spaced from the balioon
outlet such that fluid introduced through the first lumen passes through the balloon interior
15 and out the balloon outlet, and a second position wherein the sealing member substantially

scals the balloon outlet such that fluid introduced through the first lumen enters the

balloon interior to expand the balloon.

2. The apparatus of claim 1, wherein the sealing member has a cross-section

20 larger than the balloon outlet.

3. The apparatus of claim 2, wherein the elongate member distal end has a
cross-section smaller than the balloon outlet such that an annular lumen 1s defined between
the elongate member and the balloon outlet for delivering fluid from the balloon mterior

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 Jumen is defined between the clongate
member and the tubular member for delivering fluid from the tubular member proximal

20  end mto the balloon interior.

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



9. The apparatus of claim 1, further comprising a helical member including a first end coupled to the
tubular memt&er gﬁlf,tf(s}(li elgsd and a second end coupled to the elongate @Wﬁ)@iﬂ@%ﬁnd, the helical
member exten&\lng [heﬁcally around the elongate member within the balloon interior, the elongate
member movable to a third position in 15 which e elongate member distal end is directed towards
the tubular member distal end to cause the helical member to expand radi II}/ ou%/,ardly to an
expanded helical sHape, THEEBFERD ARG ﬁh@’%%ﬁ’él&hetga”ﬁ’é“é%ﬁ?{ﬂfgasﬁ fiéi%hape.  10. The
apparatus of glaitOmurkeiiein the helical member second end is 20coupled 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 mefnber Ehgpprretpetflesn Hatse SHarasisi s RoHE BB4H The apparatus of

claim 9, furthg.cemprisiRGR-SQUHRROhMACUHP CRMMURIRatTIgaih ke bisiklumenter collapsing the
balloon before the el% ate membey is directed to the third position such that the balloon conforms
a

s
substantially P HHEERSARHEY RE Pélég%%éﬁ%s of the helical member. 3012.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 positgpn aépﬁrﬁ@/ogﬁﬁw ComBasaingidhe.RalionBer Whilsed to one of
2010/003135PCT/US2009/049639 -51 - 13. The apparatus of claim 12, further comprising a stop

on the elongdt’ MEMBEFRLASHESroximal to the balloon distal end, the elongate member movable
from theithird position back towards the second position, thereby ex/ending and collapsing the helical

member, the stop eggagingthe hallpon distah endand Aireeting heibalioon,distel snd distally as the

elongate member is moved from the third position back towards the second position, thereby axially
extending andisbiatherreiahie Bxigbrar member AisSpd At AP P88 Rimen, comprising: an
outer tubular prginhennduding cepiokinaliend entistaliandhgizetb 40y around the clongate

member within the balloon interior, the elongate member movable to a third position
15 which the elongate member distal end is directed towards the tubular member distal end to
cause the helical member to expand radially outwardly to an expanded helical shape,

thereby expanding the balloon to the expanded helical shape.

10.  The apparatus of claim 9, wherein the helical member second end is
20 coupled to 2 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 slongate 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.



10 introduction into a body lumen, and a first lumen extending between the proximal and distal ends;

an expandable; ballogn cgmprising a proximal end secured to the outerPrglefr[pre§9gLs§tﬁal end, and a distal
end comprisiﬁ‘goéﬁlgu%é%: the balloon comprising an interior communicating With the Tirst lumen and the

balloon outlet; 15an inner member slidably dispased within the first lumen and having a cross- section
smaller than the first lumen such that an annular lumen is defined between the outer and inner
members between {Re préBraHEsHSEBrIds Hrthie CmuiRe mber ahdsieAember comprising a

proximal endadiaeenistheuyesmentber pisinalendnantkadigtat anshetendingfiom the balloon
outlet; 20a S%ﬁé‘ﬁﬁ]mem (%rt%rgktpe mneti]memb r distal %Ed the i n%melépbei] movable between a first

. d position owards the sécongd position, thereby éxien and coliaps
position wherein repseailng mem‘[ger IS spaced from ?Izll a o%n out lgsucht ap[ﬁllﬁ Introduced

through the firstidaimempastestthrowgbinaéhbaHbom ifiesticndatd difceagiif bebreutiétzbind a second

position whergjn fhesealing MmamRansHhstantiaiv sealstbenbaleansnutlet suehdbalfuid introduced
through the first lumen enters the ball&?n interior 2515 t(i ex%%n(g tr$e balloon; and a helical member
RS BE S

comprising a FifePeRATSARIBHLY e fé?eﬁﬁ%?ﬁﬁg 48 %scond end coupled to the inner

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

interior, the inner mﬁ!_“be@,ﬂ‘&‘fﬁﬂ%}%%@i@f@§HH&Q&&¥MP&%&%§&F‘er member distal end is directed
he helical

towards the outer 30 member distal end to cause the helical member to expand radially outwardly,

thereby expanding tHE B BER 0T B DAHIEaS R CRLE: A4BbebiBes RI5PCT/US2009/049639
-52 - 1015 ntheérppatatisolichimd 4nivhéreinihe batodncomprisels pubdtaritially inelastic
material. 1%& 'I{;ng.apparatus of claim 14, wherein the helical member second end is 5coupled to a
stop secured to ztal'l1e iInher member distal end, the stop having a cross-section larger than the balloon
outlet such that the 2tepPiiriRElT SISO sRBDERTE# FPRIHBD AN GPFuaidta) ‘BpEWelaIRBOE the inner

member distalignd-as 1he Lipnaata pembeidsdiericthbaineandbpsesondixagdhird positions.
' communicating with the first lumen and the balloon outlet;

15 an inner member slidably disposed within the first lumen and having a cross-

section smaller than the first himen such that an annular lumen is defined between the

" outer and inner members between the proximal and distal ends of the outer member, the
inner member comprising a proximal end adjacent the outer member proximai end, and a
distal end extending from the balloon outlet;

20 a sealing member on the inner member distal end, the inner member movable
between 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 outlet such that fluid introduced through the first lumen enters the balloon interior

25 1o 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 mner member movable
to a third position i 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.



1017.The apparatus of claim 14, further comprising a source of vacuum communicating with the first
lumen for collalﬁsm%the balloon before the inner member is directed to @ﬁg 2'599}&%%&“ such that the

balloon confoPid® B%?ﬁfﬁtially to the shape of the helical member as the oon IS expanded to the

expanded helical shape. 1518.An apparatus for tf&ating a body lumen, comprising: an outer tubular
member including a proximal end, a distal end sized for introduction into a body lumen, and a first
lumen extending beveert BRI af daiedibtaeras hebiiner renst SikiBhrtisposed within the
first lumen angk-having.a:6pss- 20 section smaller than the first lumen such that an annular lumen is
defined between the outer and inner members between the proximal and distal ends of the outer
member, the inner member comprising a proximal end adjacent the outer member proximal end, and a
distal end extending®eycht #reaouteofivkanbet. diseation: ek prrdabechadiethitomprising a

proximal end secured tadhesauien membgsadisal and anda-disiiang couplegiadhe inner member
distal end, the balloon comprising an intﬁrior commu#ic_ating with the first | [E?Legt ?Ind the balloon outlet;
; e

a source of inAZGb R SRR RCSA Rt HERH ST I FRER o PHSTORH 4tiSH media through the
first lumen intisthetbtdoivirtetioiner exphaditgathadallboniragitlpouitwasdiyeftodn a contracted

condition to q)g%%%@gﬂ&gggg%ﬂ&p%ﬁﬁg& and 30a helical member comprising a first end coupled
e

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 gistalipesfiaim whininthe, helinal aeprbeiis dispesédadjacent the inner WO

2010/003135PCT/11S20001049639 - 53 - ey, 2 the RARERJE0 s, FPiiasies gondition to a

. conimumziatlng[
second proximal positionthat .
directed to the third position such that the balloon conforms substantially to the shape of

the helical member as the balloon is expanded to the expanded helical shape.

15 18.  An apparatus for treating a body lumen, comprising:

an outer tubular member including a proximal end, a distal end sized for
introduction into a body lumen, and a first lumen extending between the proximal and
distal ends;

an inner member slidably disposed within the first lumen and having a cross-

20  section smalier than the first lumen such that an annular lumen is defined between the
outer and inner members between the proximal and distal ends of the outer member, the
imer member comprising a proximal end adjacent the outer member proximal end, and 2
distal end extending 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 lamen 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 nner member distal end, the helical member extending
helically around the inner member within the balloon interior, the mmer member movable

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



causes the helical member to compress axially and expand radially outwardly, thereby compressing
axially and expanding radially the balloon to an expanded helical shape. Jfﬁ” atus of claim 18,
wherein the h ﬁcﬂllﬁgﬂ’f‘ﬂer comprises first and second regions betweg)r(]: e;l—‘??rgsgﬁg#?second ends, the
first region expandable to a diameter greater tharrthe second region such that the balloon defines first
and second helical regions in the expanded helical shape, the first helical region having a diameter

greater than thessearttardRoRsigiBriha epniractod coeiian Bup sftedmenainel 8ostih it omprising a
source of vaciaygs eanengaligalingatbothedikshiumendek poltppsiagy thedbatoomheawards the contracted

condition before the inger. ember is directed. to the elfonqdoosition uﬁcp flg%tt}t;ua Epalloon conforms
substantially fSlﬂlfée%%f&paé(}gﬁbfhaé“ﬁee}ngém M I£éfiyin t_%e?ﬁanéggwgﬂﬁ% s?m]apes. 1%' 21. An
apparatus for treating a body lumen, comprising: an outer tubular member including a proximal end, a

distal end; sized for jgtrodygLigpinte.a fedwiumean-sad adirstdumemssendingcbeeen the proximal
and distal ends; an inner membey slidably di poaed n}thin the first Iuggsp and comprising a
X

] W
proximal end SSEALETEIARLEUTET S S Pt SSERRG FB R 5y ) TRER BREE Neyor

eer%aizﬁgmbe%/ond the outer
member distgirenet; than the sexpaindgblesbal behticormibrisidgiaprixined exdinddelired to the outer

member distal gn, A3 diiaLendkapupled . e nes membs distal anddg-balioon comprising

25an interior cdmmunicating with the first lumen and the balfloon outlet; and a helical member
comprising a st Bheredd e e BuUter member distal end and a second end coupled to the inner
memberidistal end, the helical member extending helically around the inner member within the balloon

interior, the inner mgmbermovable fro ﬁ.fir§ di ng "gﬁ.' which the heligal member is disposed
adjacent the inner 'me;%ée%pgﬁrett S@%%ﬁ%%n%is@rﬁ%e %ghtrég:%e cond?’tion to a second proximal

position that camsemitititaslihithadiberrsr fsmplesathsRi b pandthaseafpdtiwardly, thereby
compressing axighy 2pdexpandingradialysthe-bal aomieamesandedubeticalshapothe helical

member compricing fist andSR°0N6L1Sgions hetwren NS st And S520nd 8ds: e 54-

15

21.  An apparatus for treating a body lumen, comprising:

an outer tubular member including a proximal end, a distal end sized for
introduction into & bod.jz lamen, and a first lumen extending between the proximal and
distal ends;

20 an muer member skidably disposed within the first luraen and comprising a
proximal end adjacent the outer member proximal end, and a distal end extending beyond
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 dista! 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



first region expandable to a diameter greater than the second region such that the balloon defines first
and second helical regions in the expanded helical shape, the first helical region having a diameter

greater than the second helical region. sq

first region expandabie to a diameter greater than the second region such that the balioon
defines first and second helical regions in the expanded helical shape, the first helical

region having a diameter greater than the second helical region.



