WO 2010/017537PCDUS2009/053237 - 1 - APPARATUS AND METHODS FOR ACCESSING AND
REMOVING MA IkRIAL FROM BODY LUMENS FIELD OF THE INVENTION The present
invention relate¥ ¢&Hi&Palipto apparatus for treating obstructive material, @EL/IMopi5ERS stenosis,
and/or other obstructions within a body lumen of a patient, e.g.,a tubular graft, aorto-venous fistula,
blood vessel, and the like. More particularly, the present invention relates to apparatus for removing or
otherwise capturirpirembss, SDOMETIOOSEUTN e, atsKalwithima badysurem andios for dilating a
body lumen, and to methods for making a ' tus. BACKGROUND Flow within a
blood vessel or other body lumen within a%%ﬁ@%%%ﬁ%ﬁ%%ﬁg 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 mayderm gduatesych narrowing or other flow problems
within a vessel.  For example, an aorto-venous graft may be implanted in an arm of a patient
experiencing kidney fg?ﬁﬁ’é(fsg?b].?‘f?)nfé?&IT?&@%%%W@&H%?\F@ CRegERE MhaSP6Ea fistula foimed
directly in the patierit’s bodyirerdy threugh tissie detneamariadjacant Ssteky ianeh\«@in or other vessels,
may be a xeno implanted between tw, els, or may be a synthetic graft,.Su rafts only have
a limited life cyglgg% ég hio] mﬁja%%%% thdr%r\é%%ivfgrommég%%aéﬁg?Exé’(ﬁ eéei.’ %ﬁéﬁevégghﬁgog?aﬁ becomes
sufficiently occRiEdH et othe rise tiatensratel s Rewngrafisrusebe impantbe abamewnfoeation for
subsequent trealighls or otAGCOKINGlY: ApRARRIMS: ANchmstheds far femayvingmatesial from
aorto-vemous grafts, blood v%lss&—:'I?, or other body Iyme':]? and/or otherwise treating body lumens
would be useful: SUMMARY " TR Brade i dist e P aiPhEted 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 disclosure is directedgq apparatagfor 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 fﬁﬁﬁu‘ﬁ}W@%ﬂ%‘ﬁgﬁﬁfﬁhﬁf ody 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 such narrowing or other flow problems within a vessel,

For example, an aorto-venous grafi may be implanted m an arm of a patient
experiencing kidney failure, e.g., to facilitate dialysis treatment. Such grafts may be a
fistula formed directly n tbe patient’s body, e.g., through tissue between an adjacent artery
and vem 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 mflammation, thrombus
formation, and the like. Once such a graft becornes sufficiently occluded or otherwise

eteriorates, a new graft must be implanted at a new location for subsequent treatment.
_ Accordingly, apparatus and methods for removing material from aorfo-venous
grafts, blood vessels, or other body lumens and/or otherwise treating body lamens would

be useful.

The present disclosure 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 disclosure is
directed to apparatus for removing or otherwise
capturing thrombus or other obstructive material within a body umen, and/or for dilating a

body lumen, and to methods for making and using such apparatus.



WO 2010/017537PCT/US2009/053237 - 2 - In accordance with one embodiment, a system is
provided for rew{?\ﬁm%(ﬁp%t)'uctive material from a body lumen that includic)eg g%%l%p(g%t%tubular
member including a proximal end, a distal end sized for introduction into a b0 y lumen, a lumen
extending between the proximal and distal ends, and -an elongate treatment member insertable
through the lumen and including an expandable treatment element selectively expandable for treating
one or more regions WithiAT42Berd Il ATEFTR6 B3N p Y StHB ¥eErsATRIEmenthay be used to direct

obstructive magegtaldtite te-Habfas membrrmen fyoughiheiiat nthe-expandable member.  In

an exemplary embodiment, the,tubular.member include an annular andabJe member on the
distal end that %%égﬁlfn*a%?BTé??éFﬁl%a %:é %gg%déggﬁ%ﬁ% |oogﬁj%goélnnﬁeex%g%degg%%ﬁgfﬁrrnaeﬁon wherein the
expandable mérbemadsprsa thppredrshapbdiat fldesolawdndigpawayrhorrtheldistal end to define

an inlet that is largenthan.ans sommunicatesith the-lumeny the-axrandahle membensized to engage
a wall of a body lumen within which the expandable member is expanded. For example, the

expandable mEFRBEPRIGPIHEHTE 47 SUIRYEATRINEF ML AR SURBUNdhE &RTknE annular
membrane, therestenasidanenmémbranedibeingattachen fegethes andute tiedebbdar member distal

end such that gﬁg&%@t@qﬂ@ﬂg&qﬁeﬂy@%@g&a{gg%@ﬁggeﬁne a substantially enclosed interior. The
- tocy A = | *

tubular member may include an inflation lumen communicating with the interior such that, when
inflation media is deliereeremaPiig faioRsintehtibesecmbstisrtielesqamenaiermember is

expanded to theexpandes:apafiguratinn.] «nd a0 exemplarrembedimant dheseriglomgmbrane may
have a greater'axiala!g%%th than the inner member suc thatégoxir?al ends of the outer and inner

membranes ars SPASET APAHHE Bre BRBthe SEhG e HEtAT SHePET H® TR PR ber. For
example, the plexinsalendiptte butehméstiadaondaimaeraitét ed itdatiger distadrend of the tubular
member at a figst|pcatian.anguthe preximal end.obihenne.memhrane.mayhe aitaghed to the distal

end of the tubular member at a second location distal to the first location. In addition or

alternatively, tHEIRRH SRR BFAAR FREE R SR &4t 4B98tnding or compression than the outer

membrane. For exaniptesxtheriankt membiane mayinclide adeinforee mentlayenteinacrease the
resistance of t@ﬁ&@%ed" membrane to bendlr%g, Qr compression. Oiggr%Q%ILXé.the%&%Igr member may

. e gn Inner anmzlar me ane.. uter and mney, me g a .
include an access port 6h the proximal end providing access to the lumen for r%movmg material

therefrom. WCr2gherenys3rpeiyysrousobgesrd gicithanbererioptomomesystentmay include one

or more additiopakpampenanisekaramniR.adikiar mayhe disposed withindhe.lumen of the tubular
member such tlgggta rtlaIBered distal tip exten_gs belXtond the expan%?bl_gﬁ{gﬁamber in the collapsed

configuration & provide 3 SuBLtARRSI MBSO TARSHOH Uiy TRFOBIEHEh B #ietubular member into

a delivered via the inflation lumen into the interior, the expandable member is expanded to
the expanded configuration.

In an exemplary embodiment, the outer membrane may have a greater axial length
than the mner member such that proximal ends of the outer and inner membranes are
spaced apart from one another along the distal end of the tubular member. For example,
the proximal end of the outer membrane may be attached to the distal end of the tubular
member at a first location and the proximal end of the inner membrane may be attached to
the distal end of the tubular member at 2 second location distal to the first Jocation.

In addition or altematively, the inner membrane may be more resistant to bending
or compression than the outer membrane. For example, the inner membrane may include
a reinforcement layer to increase the resistance of the inner membrane to bending or
COMPression.

Optionally, the tubular member may include an access port on the proximal end

providing access to the lumen for removing material therefrom.



5 body lumen. In an exemplary embodiment, the dilator may include a recess adjacent the distal tip for

receiving a distaA end of the expandable member in the collapsed config}yration. The dilator may be
WO 20101037857 WISy, ,
removable proximally from the tubular member lumen after the tubular member is'intfoduced into a

body lumen such that the treatment device may beinserted into the tubular member lumen.
100ptionally, the tubular member may include an expandable section including at least the distal end
that is expandable fi8riPatheTaREersibe T Brmidels o & secoiidTateToeaniy Material larger
than the relaxechsigite dirReiehinte: tiepbisdenihis the li@atremnt debdre rieaibexamplieathe tubular
member may be expandable along.the entire length, between the proximal and distal ends. 15In an
exemplary em%gﬁfrﬁgﬁ%,a%ﬁ% “é%%@%ﬁ%%%%%ﬁ nd%%atﬁ)ee Ul Bll%‘grmn?}elgn Oﬁa r%ega;/c ?ﬁc’l%uc@ ah té’lastic layer
coupled to an M@lEsticsiRyentaEiuoneg b ifensitmorer sl mmpddipnol decbiikodarabitidninalastic layer

expanding, theaiasticdayerhissing the expandaklemseativn i yeiurmiowards thadelaxed size. For
example, the el,asﬂé?ljger may include an ?tlfﬁ%ic sleeve surroundjn\%}%he inelastic layer. In addition or

alternatively, the' IS0 R Y SRLRI & LRI O3 Ey Bh & W SRR one or more slots
comprise one @mfimuretiondgiiuditiabsioty extemdinglalongithdiengthitefttiveldubutabdddycAlternatively,

the inelastic layey. mayineludea, b UlarRad: a0 s Ne-RLMRRSIPlE. RavRGuLEA plurality of

longitudinal slots spaced %E.art axially and circumferentially from one another along the length of the
tubular body. B¥IhaiRsEThEER BrivdhERHIE fHEBatment element of the treatment device may
include alfirst non-carmpfbialiiy ba egu et o aititiad enckphthe ik eattdant deiiigeatin addition or

alternatively, 3 agqeng campliant balloon.MRYRE motniad;on reatment deyice, e.g., over the first
balloon. In addition or alternatively, fe treatment device comprises a fraction member at 30least

partially coverfeCtRBreRrrrshtaandisre Eoeexarn Ple rthe ot ationiniéash Bde hajiperhbvable between
a first positionwhergin-thedraction-mempel is dishesadadiasentdhadieatnentalement and a second

PosItion where A O, e e e St PR W s

15 In an exemplary embodiment, the expandable section of the tubular member may
include an elastic layer coupled to an inelastic layer including one or more slots therein to
accommodate the inelastic layer expanding, the elastic layer biasing the expandable
section to retwrn fowards the relaxed size. For example, the elastic layer may include an
elastic sleeve surrounding the inelastic layer. In addition or alternatively, the inelastic

20 layer may mclude a tubular body and wherein the one or more slots comprise one or more
longitudinal slots exiending along the length of the tubular body. Alternatively, the
inelastic layer may include a tubular body and the one or more siots may mclude a
plurality of longitudinal slots spaced apart axially and circumicrentially from one another
along the fength of the tubular body.

25 In any of these embodiments, the treatment element of the treatment device may
mclude a first non-comphant balloon mounted on a distal end of the treatment device. In
addition or alternatively, a second compliant balloon may be mounted on treatment device,
e.g., over the first balloon.

In addition or alternatively, the treatment device comprises a traction member at

30 least partially covering the treatment element. For example, the traction member may be
movable between a first position wherein the traction member is disposed adjacent the

treatment element and a second position wherein the traction member at least partially



- 4 - covers the treatment element. In an exemplagy embodiment, the traction member may include an
expandable mesh. In accordance with another embodiment, an apparatus is provided for providing

access to a body lumen that jncludes n”a%'%'}gﬂatﬁ Hhularsmember comprising a-proximal end, a distal
SxeRipy _

end sized forhirodUEHeR hfo %%lé"a“y' umen, lumen extending between the proximal and distal
ends; and aniariglar expatdabtecthember on the distal end that is expandable from a collapsed

configuration to an gxpanded. configurationwherein the expandahle membes-agepts:a tapered shape

that flares outwardly away from the distal end to define an inlet that is larger than anda%ommunicates
with the lumetctHie ek BaRTABIE eSS B B G AYE AT oA SR TR &R Withia which the
expandable nagimbekis expanded: Fhedutiutanmeiniigricomprisés armexparddblebsection including at

least the dista) end that is ndable from a relaxe: ; i ize .t modate
receiving matt fi 8?15?6% ra{hga )é]ﬁ);%i il ? ando an ann_g}a?)é%g %&90@1%&%%%9%%%%1 0,3¢6M

e relaxed state directed into the lumen by the treatment device.  In
accordance veithayétenttiner entitrsdimenitaan 9p st eRPR AR RISHIGIRINTEFHE Si5structive material

from a body lymen and-fordilating the-hody lumet roueyampladiherappasatus: disyl include an outer

tubular member having _a‘groxima} egd an expandable (gistal.&r%& f;\nde_g Q[stfj}liumgg{)%xtending between
the proximal AnEFERStER St HRc HISET dHd B TURBIE B etvasn S Coispse contiguration and an
expanded configirationwhereipthedisiak dndyddoptsvattaperec shaperthdeflaresdgtwardly away from

the proximal end tg define an inlef thatis larger than and communicatesmithothe:fustiuniend Thethat is

apparatus mafi;{%ﬁ%o Include an inner member comprising a proximal end and a distal end having a e
tapered profilexmhisedm e inAdrirbAscPiSCSHRTIHEH 1D MDA e ERALER BrPEmo Tkl Gishosed.
-within the first lumen.af.the-outehmeanher-sushithatihe-mnnermember proximal end extends proximally
from the outer member proximal end and a tapered distal tip of the inner men&bﬁr extends disﬁ?'t% i
beyond the outer marrisepidiERes S, XIS RRdRIEE i ABETHRY REVA%SH (TR dBPa & AR EY"
for engaging tha-guleromersbey tistal encfwligninetbiteryriemise Fdistedrerld, ibdrrmaratepranaeyde an

configuration. \p.adgiliap er.AlEmAlEN: heaRAAASMARIREIUCARER0AIR MemberaNiauias
for being slidab y disposed within the first lumen of the quter me{;gbgr. The elop%?te mer{‘gber ma
0

include two cOREEAITELRISERY SreAHIataN St A SR WHRRBH B REBY ER bl F\gsdics:orrﬁog;ueraé%)rrin%?fiaan%
than the otherhalidenhcdizexsimpiectha lbssisohvpliadoisalicercrehshbes s filgtred fordia gy then Sty

'Lﬁme”- Theg‘&%?&ﬁﬁ%i%g@% g{&ﬁw&qlﬁe@%ﬁm %fa@&rﬂt&rgﬂé@gﬁﬁﬁlﬂ%@dﬂdﬁﬁdﬁm@ﬂ@h Ithesfir Shiuipeaaas
the outer tubular member after removing, the inner member, the treatment. mem risi file
expandable trEAYASANRA BRY BER bR ReTEs b roa m%l%ﬁﬂ occ ﬁs'rs{]mli(/?é3 ?’%e[g{laogrl?] I\%]v%f%%%b@c%o ®

| . withi y
lumen within whickirthiesGuter tuiviiar inemirred Seplopediididronmotrbhtdiarseieritin & ffg limen
treatment meghes GamptisesAdistballoonandhasesonskbadann dispasetbaantsmtrically arcundtier
first balloon, wherein the firt balloon %&‘%re%f’%a”é %l&%%&h%d[}e%%{éﬁ&oﬁi%@ 109004 thel BuBShember distal

embodiment, Th&dEta end ot E?\pe outer member may include an inner membrane, an outer membrane,
and a cavity betivetichlin therinper BardicRTE BRRER TESISHON M) CaREsthiNe FrRRr Mg AR S oA PRI T F
reinforcementJdayenihat edawsnadial axparsion and resigisnidending sundior. domididesiorainmasiissialthe
direction. The Jnner MEMPrANGITAY G2 S0US J5ni a0 h- iRk memhyace priliesmay hae
of the outer member. The elongate member may include two concentric balloons on a distal end thereof,
wherein one of the balloons is more compliant than the other balloon. For example, the less compliant
balloon may be configured for dilating the body lumen. The apparatus may include a treatment member
sized 1o introduced through the first Tumen of the outer tubular member after removing the inner member,
the treatment member comprising an expandable treatment element on a distal end thereof for treating an
occlusive region within a body lumen within which the outer tubular member is deployed; wherein the
treatment element on the treatment member comprises a first balloon and a second balloon disposed
concentrically around the first balloon, wherein the first balloon is more compliant than the second
balloon.
In one embodiment, the distal end of the outer member may include an inner membrane, an outer
membrane, and a cavity between the inner and outer membranes. Optionally, the inner membrane may -

include a reinforcement layer that allows radial expansion and resists bending and/or compression in an

axial direction. The inner membrane may have a shorter length than the outer membrane or they may have

similar



- 5 - lengths. The outer member may further include a second lumen extending between the outer
member proximal and distal ends and communicatf’ng with the cavity.  The outer member
expandable distal end may have an expanded configuration wherein a distal opening of the outer
member has §7#8¢-diEHEELT BRItHWSHIRHP P ¢ tspdHemrR catefiatopis ly towards a
second diametes; wheteinierfisshdiametends dargenthanithe secang diameter. For example, the first

diameter may be adjustable such that the distal gpening may be substantially equal to an inner
diameter of a body ur%g%?evrvft efﬁ Which 1 géggﬂggﬁﬂd%%g%ﬂﬁ}%ﬁ% %pé?(g%ncé)é}(lf}@qm?ﬁ accordance with
another aspetthiaare dssistevichierah hp peramsrforteatigsadioaytduntaithe distprisitiérnan outer sheath

comprising a pEexinaal:entActistab aRe18I2e6.far iNEadiicHam io kg HIUmeR 4a-frstiimen

extending between the lg)roximal ind distal ends, and an expandable member expandable between a
collapsed configtriaH " SHa"gR Y HRRTed RoRRGRIaHdH WheHEM HeekpaAdsiP ndtiber defining a
distal openingheathtdistitatangpwithithe firstdorabneand] tndheexpindae odnbigayati@astapering from a
first diameter\gitthtngg‘iﬁptlhgngggag%q[%pm%mg&%&similar to the first lumen, the first diameter
being larger than the second diameter; and a dilator slidably disposed within the first lumen, the dilator
comprising a proximakends=adiaeaht thelettepsheaitrptoximatiehdn ajapered fistaktiprexteglingnen,
peyond the guigrsheath dislolend: and.AsAnouiaLIReRss Makieqelves 2. distal and of fhe sxpandgole
member when the expandable memberis in‘the co)ﬂlapse ¢onfiguration; wherein at least a portion of

the outer sHB&fH.shal i Faprallg=Esasaro hpnscrioihe petaked erossisetionstoranh ahlerpadaiossaeltion

to accommedipteirBreBaRG MaleMIMPRENANHeh ARS LI arIeetionAB e fir StHUMENhe elPandable
accordance with sti|ll another,embodiment, an a aratu§é2§r§¥ided for treating a bodg lumen. The

apparatus iRSTOIECSHTR ISP Eh BT A PR IRE gnpl)%r AT PSRRI & S SF ARG A S0 G on

expanded cenfityr dtonadivet druefexgdahdthstbnfigungtion secshéftiextendinglivatwkefirtharpeoxineaiand

distal ends, and.a.firstiymen.exiending betwesn e Rroximal endiand adistal opening mf’smﬁrﬁg%%lle
S

end, wherein, when the distal end is in the expanded configuration, the distal end tapers from a first
diameter at‘iﬁ@‘ﬁi&%%ﬁg’r&i APTE*§reb EBRATRSTHES B thahSARWHEN ifrthe R eiaditeeinsriredpe
than the sesenhdlidmetss: sheaBprtionatly), thel appanallis maysalso echide a dilatonglidably disposerd
within the first lumen of the sheath..The djlator includes a proximal end adjacent the sheath proximal
end, a distaﬁl’?grym1 eé)??én%%l?l%% %lé;?welzss ﬁé%!t)ﬁrd?s?aﬁlgnc aar?gg ﬁzf\%%%?ar%%a{ﬁré’rﬁ%?gfatt?%fshﬁ ngr% gr?rg}]hgr
region adjacelt theadisthrfipfordaleigirmgied sheth distarehdroshesrction sheatbnbistal endsiscinitneto

unexpanded.configiEatianeide taiBravide shHbeiantialysmaethdransitian beiwgen the distal tip and
the sheath. 5a In accordance with yet another embodiment, an apparatus for treating a body lumen is

provided that inclUdeseaipatar fheriiseeihe catinglasr i iRrari: sdhaxpdrhib Edigtl end, a first

lumen extendipgyhetweentbeppraximakaadsdistabandsanc avsgcond.inflatian, kimen extending
between thergp@rgfl ndidis&:ﬁl e.ngis, \Lvherefziir}ithe istatl. enngﬂd'r;nagﬁgx &%Q%FQ {{ﬁ?& Lilorgtion, has a
tapered profild that 56%5% i & Hist AR etsr SR Gistar6pening proximaly towards a’second
diameter, whehefncthenfirst bigmsenghiprpromee pb dis tHesbeandliadizmieresn extendippe embodiment, the

tubular member distal sRdMAKIRGIEE ARNREFMeMNNANS. A OUWBEMEMRALANE; @vdia cavity between
the inner membrane and the outer membrane, and the second lumen may communicate between the

cavity and afMfifatiB BEHSIE e BT B bR grokifRaT e i & SRS AT T &R &I lembrane may

include a - Gpuning to a second diameter of the shaft, wherein the first diameter is larger than the
second diameter.

Optionally, the apparatus may also include & dilator slidably disposed within the
first lumen of the sheath. The dilator includes a proximal end adjacent the sheath
proximal end, a distal end extending from the sheath distal end and having a tapered distal
tip, and an annular region adjacent the distal tip for receiving the sheath distal end when
the sheath distal end is in the unexpanded configuration, e.g., to provide a substantially

smooth transition between the distal tip and the sheath.



reinforcement layer. The reinforcement layer may be foLuled of a material that is resistant to bending
and/or compression in an axial direction relative to the tubular member. In addition or alternatively, the
outer membrane may have a length that is greateg.than a length of the inner membrane or the lengths
may be substantially the same. For example, when the tubular member distal end is in the expanded
configuration, the inner membrane may have a concave configuration and the outer membrane may
have a convex configuration. Optionally, the apparatus may also include an inner member slidably
disposed within thep;ir&&a&g&q@ﬁﬂ%ﬁ%{a&m@%&b&i%}%ﬂ@@abﬁm%?mﬁ@ proximal end

adjacent the tubular member proximal end, and a distal end extending from the tubular member distal
end and havift'S tSEPE i dbat fsfrs AR TRIDSF BRI RIS A BHRERE undercut
having an opéninrgfdcingrsowards thedimpdrmembier proximbdrendstwhedeianthe sttbutar member distal
end, in an un nfi ' it withi 2ning. . In addition or alternatively, the
apparatus m%ﬁ%&%ﬁgﬁ%%ﬂg%; %%r?g%%t%ﬁ%@%‘gﬁ %Egrté%g?g? ’k)‘aé%ﬁrgglgﬂheagﬁaé%np%smed within the
tubular memB@rfiPsbfsier iTHa B Rgatdanara BE Hedy aHerrae e o pheienesgp antdbliel members on
a distal end theseph suexinsingle-Ralloen.ak cenceatrichbalioansie: dixvwhe s theeuieballoon is more
compliant thatn{:thc(a(;(i)gg%g baeltloon. The elongate treatment member may be configured for introduction
through the tu ular member Tirst lumen for treating an obstructive region of a body lumen within which
the tubular membeisoiritroehicad enitibe sihuiaeneadien dntanerh ber cornpeisesitwo concentric
expandable members o adistabenddberaof caviry IRaccardance with-anatber embadiment, a method

for treating a body lumen js provided that includes introducing a flow restoration apparatus into the
body lumen, WHETETR HE 41817 T80t AT JHB & S RE MO PREE A b e B "4A0EN inner member
disposed withinrevlutmentofthe etiter prembéen éxpardingyatisial e ndabiiie outehmember from an
unexpanded profile to a tapered, expanded profile, e.g., such that the outer member distal end
engages or otherwise contacts an inner wall of the body lumen; and withdrawing the inner member
from the outer member, thereby leaving the outer member in the expanded configuration disposed
within the body lumen. A procedure may then be performed via the outer member, e.g., to remove
or otherwise treat obstructive material within the body lumen. For example, an elongate treatment
member may be introduced through the outer member and into the body lumen and manipulated to
capture or remove material within the body lumen, In one embodiment, a distal end of the treatment
member may be advanced from the expanded distal end of the outer member and beyond material to
be removed. A first expandable WO 2010/017537PCT/U52009/053237 - 7 - member on the treatment
member distal end nay be expanded, and the treatment member may be withdrawn towards the outer
member to direct material in the body lumen into the outer member expanded distal end, e.g., by
pulling the expanded first expandable member entirely into the outer member. Optionally, an additional
obstruction within a portion of 5 the body lumen may be located, and a second expandable member on
the treatment member distal end may be expanded to dilate the portion of the body lumen.  Other
aspects and features of the present disclosure will become apparent from consideration of the
following description taken in conjunction with the accompanying drawings. 10



BRIEF DESCRIPTION OF THE DRAWINGS |t will be appreciated that the exemplary apparatus
shown in the drawings are not necessarily drawn to scale, with emphasis instead being placed on

illustrating the various as ectSﬁnd f.egtures of the iIIust%%tgd ergtg)?gi@ents %%EI‘;G A is a
' a

. TemInrcemnent iaver, e remforcenient ayar ma e enal 8§ Tésisiant
cross-sectional view of a ﬁ¥8{ exemrﬁlary em o&?fment % ﬁOW restoration apparafus or system,

including an wbenﬁhgatﬁ/mrapdibam,imww@édim@hm oy thuirer b G MeB isTa etail of a distal
portion of the,apparatus: showe Nl GuilAnm EiGrRA s Areressseational-view:of the apparatus of FIG.

1A, showing an 20 expandable member on the sheath in an expanded configEuration within the body
lumen. FIG. I8 @ REITGF BHETF H ST ATeHBERSASIWRGHEG ATEIE S is a
cross-sectionahyien: afthe apparatiis0ERGS 1B and-2dcivithh frerexpandable:membendn the

expanded copfigyation, ang e daloriemonad £G4 15,9, 61053 seclipnalyigw of a patient's body
showing an exe pdlary dia ysIS &’a?t extending between a vein and an artery, and including
obstruction nraEkaralithin the graft lumen.  FIGS. 5-10 are a cross-sectional views of the dialysis

graft of FIG. 4, showing,amexemplantmethodefifemaving.abstiuetivesnateyialdronuthe graft lumen.
FIGS. 11-12 are cross-sectional yiews of the di ‘I3¥si§h%raft of FIGB 4,s owingga 3.0rgethdod for dilating

an occluded raGBN St s WAFE ©F BES VRS e WErsHECHUE TS S BN ARG EhiBSdiment of a

sheath that malyubaiticl adedimthe flouerestd ratioma ppatatus andendeth odsich FIGSal A-| 2.

member distal end and having a tapered distal tip. The inner member distal end may
inciude an annular undercut having an opening facing towards the mner member proximal
end, wherein the tubular member distal end, in an unexpanded confipuration, may fit
within the opening.
In addition or alternatively, the apparatus may further include an elongate member
configured for being slidably disposed within the tubular member first lumen, The
elongate member may include one or more expandable members on a distal end thereof,
¢.g., a single balloon or concentric balloons, e.g., where the outer balloon is more
compliant than the inner balloon. The élongate treatment member may be configured for infroduction
through the tubular member first lumen for treating an obstructive region of a body lumen within which
the tubular member is introduced, wherein the freatment member comprises two concentric expandable
members on a distal end thereof.
In accordance with another embodiment, & method for treating a body lumen 1
provided that includes introducing & flow restoration apparatus nto the body lumen,
wherein the flow restoration apparatus comprises an outer member and an inner member
disposed within a Jumen of the outer member; expanding & distal end of the outer member
from an unexpanded profile to a tapered, expanded profile, e.g., such that ihe outer
member distal end engages or otherwise contacts an nner wall of the body lumen; and
withdrawing the inner member from the outer member, thereby leaving the outer member
in the expanded configuration disposed within the body lumen.
A procedure may then be performed via the outer member, ¢.g., to remove or
otherwise freat obstructive material within the body lumen. For example, an elongate
treatment member may be introduced through the outer wember and into the body lumen
and manipulated fo capture or remove material within the body lumen. In one
embodiment, a distal end of the treatment member may be advanced from the expanded

distal end of the outer member and beyond material to be removed. A first expandable



FIG. 14A is a side view of an alternative embodiment of a balloon catheter that may be used in the
methods showp,jn BlG S, >-12. FIGS. 14B-14D are side views of angthgp aligrpative embodiment
of the balloon catheter shown in FIG. 14A. 5FIGS. 15A and 15B are cross-sectional views of a second
exemplary embodiment of a flow restoration appa"rzztUs including an outer sheath and a guidewire.
FIG. 16A is a cross-sectional view of a third embodiment of a flow restoration apparatus including an
outer sheath CAFRG a M XFARARBRITETHEP 410 HAViMg e SaRk e WA And F'Biloon catheter.
10FIG. 16B israzgrossiséctionofthie sheathrafflter Hod-takenalang firvéed6BubGE into tHelG. 16C is a
detail of an altgrpalive simbodimenof fas shealh 81 fi3. 198 Inelyding Slelzdarprayding an
expandable wall. DETAILE DESCRIPTIONOF THE EXEMPLARY EMBODIMENTS 15Turning to
the drawings, FIGS IR-SspEH B AN e S3IeRITH appatakiehO BRpIvVitkG acc8k8 &Rd/or treating a
body lumen 5@x &84y flartemeynddbirmbus .abjects:gabrisiandiof.ohstryctivermaterial from within
the body lumen 5% acril.d/ir fgr dilaéLngxregiog of tpte %9(3 Irgmer}t 0,e. 8 blood vessel, aorto-venous
fistula, tubularr&?la ?raﬁ%a &like’ Gen '?aﬂe, tiﬁeiﬁpepafc' '(l)JSK_)l.IbOIhCﬁJBOe an'Glter sheath or other tubular
member 20, 20and Coipttenadtys andifetorandthepitaerdndmberdd, bathick tpgathefrwith one or more
treatment appagatiss (aot shawi)idescribed furtharbelow, may:pravide;a systsp.far gemoving
obstructive material and/or otherwise freating occluded regions within body lumens in a patient's body.
In addition, suéﬁ“&‘%stem may include one or more additional components, e.g., one or more

guidewirasg, syringes or other sources of inflation media 25and/or vacuum, and the like, such as
guidewire 64 and syringe 18, as Shﬁ%ﬂﬁ'&'ﬁﬁ%?w OF THE DRAWTNGS

It will be appreciated that the exemplary apparatus shown in the drawings are not

necessarily drawn to scale, with emphasis mstead being placed on illustrating the various
aspects and features of the illustrated embodiments,

15 FIG. 1A is a cross-sectional view of a first exemplary embodiment of a fiow
restoration apparatus or system, including an outer sheath and a dilator, disposed within a
body lumen.

FI(. 1B is a detail of a distal portion of the apparatus shown in FIG. 1A.
FIG. 2A is a cross-sectional view of the apparatus of FIG. 1A, showimg an
20 expandable member on the sheath in an expanded configuration within the body lumen.
F1G. 2B 18 a detail of 2 wall of the expandable member shown in FIG. 2A.
FIG. 3 is a cross-sectional view of the apparatus of FIGS. 1A and 2A with the
expandeble member in the expanded configuration and the dilator removed.
FIG. 4 is & cross-sectional view of a patient’s body showing an exemplary dialysis

25 graft extending between a vein and an artery, and including obstruction material withm the
grafl hamnen.

FIGS. 5-10 are a cross-sectional views of the dialysis graft of F1G. 4, showimng an
exemplary method of removing obstructive material from the graft lumen.
FIGS. 11-12 are cross-scctional views of the dialysis graft of FIG. 4, showing a

30 method for dilating an occluded region of the graft.

FIG. 13 is & perspective view of an aliernative embodiment of a sheath that may be

included in the flow restoration apparatus and methods of FIGS. 1A-12.



described further below. With additional reference to FIGS. 6-9, the sheath 20 is an elongate
tubular body or shaft 22 including a proximal end 22a, a distal end 26, and a lumen 24 (best seen in
FIGS. IA-3) ex‘%’éoh%ﬁ%o{%sgryebetween. The distal. end 26 may be expandggréy?.zg?? ThoEble 30 between
a collapsed configuration (as shown in FIGS. IA and 1B) and an expanded configuration (as shown in
FIGS. 2A and 3), e.%, in which the expandable distal end 26 has a tapered profile or transition. In the
embodiment shown 1ite Hiét# eHEr2& Mefraedianiics sptedtnessireiroszdngngana? - 9 - balloon
or other expansaile menbee 2ethedtatbed 0rEad/ar extending from the distal end 26 of the shaft 22 to
provide an expandable.rangitiap, s described further below... Optianally, & hiagle.or hub 13 may
be coupled to or otherwise provided on the proximal en aof fhe shea 3 , €.0., for manipulating
the sheath 20 @futer SvermildGdgparatus 10. The handle 13 may have an ergonomic shape, e.g., to

facilitate holding and/gsgnaninmiating dhe-Raneie:idda the bandlecd 3imasineiidasngpmnmore ports,
e.g., side port Jf4,f§or cou Iig one or more féuid sourges to the ppa{ﬁ?tus 10, such as a source of
inflation medid. 4 SQUEE SFVALTRIAT 4R §1or A6t QB %rfsa?ééh@ itB4H T therapeutic agents (not
shown). The side portd4l fray irchssecoimdrmere edhinkeodsiimetisifavipmodofaeilitate coupling one
or more sourcgs, abfKid (A 4G Sid% RPM LM &:8yid LHEL IRk 6RINGEIT . ANJIQLENRE or more seals, e.g.,

a hemostatic seal, to prevent fluid from leaking from the side port 64. In addition, the handle 13 may

include a port TSRIARIRIHIEATAG RAth I &ahREn 24, e.g., for receiving the dilator 30, a gmidewire or
other devige (not shéWh)! fiasanedier-thmought the sheatke o 224G T hespartd Songiina ¢liklés@ne or more

seals, 15 e.g., a hepestayic;seal. (NPLANOWDN, I, SCEATUNLIRLS RASRAS e dilator 30 or other
device therethrough without risk gf ‘substadntialarisk of leakage of b?ood oroother'bo'gil fluids from the
lumen 24.  including siots for providing an expandable wall.

DETATLED DESCRIPTION OF THE EXEMPLARY EMBODIMENTS
15 Turning to the drawings, FIGS. 1A-3 show a flow restoration apparatus 10 for

providing access and/or treating a body lumen 50, e.g., for removing thrombus, objects,
debris, and/or obstructive material from within the body lumen 50, and/or for dilating
region of the body lumen 50, ¢.g., a blood vessel, aorto-venous fistula, tubular graft, and
the like. Generally, the apparatus 10 includes an outer sheath or other tubular member 20,

20 and, optionally, a dilator or other inner member 30, which together with one or more
treatment apparatus (not shown), described further below, may provide a system for
removing obstructive material and/or otherwise treating occluded regions within body
lumens in a patient’s body. In addition, such a system may include one or more additional
components, .2., one or more guidewires, syringes or other sources of inflation media

25  and/or vacuum, and the like, such as guidewire 64 and syringe 18, as shown i FIG. 7 and
described further below.,

With additional reference to FIGS. 6-9, the sheath 20 is an elongate tubular body
or shaft 22 inciuding a proximal end 22a, a distal end 26, and a lumen 24 (best scen in
FIGS. 1A-3) extending therebetween. The distal end 26 may be expandable, i.c., movable

30 between a collapsed configuration (as shown in FIGS. 1A and 1B) and an expanded
configuration (as shown in FIGS. 2A and 3), e.g., in which the expandable distal end 26

has a tapered profile or transition. In the embodiment shown, the distal end 26 ncludes a



The sheath 20 may have a substantially uniform construction along its length, or alternatively, the
construction may be varied. For example, a proximal portion of the 20sheath 20 may be substantially
rigid or semi-rf‘afl 1B Y4t itAte advancement of the apparatus 10 by pushﬁﬁjr SrotheRie manipulating
the proximal end 22a. In addition or alternatively, a ¥listal portion of the sheath 20 may be flexible, e.g.,
to facilitate bending and/or advancement through tortuous anatomy without substantial risk of kinking

or buckling. Inbeleth s empvaiidnmcater sha athedivay bererivistng Serhiaeirascadch 25as metal,
plastic, e.g., PERiKitcsilafmedd phy Apddheplikesns earmpesite maiesialsu.riihe gheath 20 may have a
length between about five and one hundr irty centimeters (5-130 cm) and, an outer diameter
between about 1.6 tlcd)}%t.1 nrdr?ll)ﬂir%e Ié?s% %ﬂiﬁ?\lg] mgﬁé%ﬁ Erﬁ%%r%érvoe%lg %%%é?é’lrdﬁgtovr\}gﬁe% about 1.4 and

1.8 millimeterorRénatrsin2ie HGss kAl theedifatoradrninip b hsshsotralilydispdseeh iithin the 30lumen
24 of the sheath,2Rnand. oenaraldnsludesAshalt 32 dnsluding a proximaliend,sdagnot shown, see

FIG. 6), a distal end 32b terminating in a tapered distal tip 36, and an accessory lumen 34 extending

the proximal aFd ISTATBRELTEe 831!l diktdrnd'sE gy BROVIGA™S SUBSTERiE iy fraumatic
transition for fadiditatingtiftreductionoot thendA@h 20 10/0tY B3NP PSR 00H0I3R I kel - apparatus 10

through skin, vessel walls.and gther fissues And/an AdyapsespentthinRodyumen. The tapered

distal tip 36 may also provide a smooth transition between a guidewire and the outer sheath 20. The
shaft 32 of the*&PtSPAGIAROUGN FIEKRAE 15 HeEIRSHItRRE BEMITE RSP BEINGRE ¥R dPthan the shaft
22 of theisheathiRsuchptigtdheor more sources of fluid to the side port 14, e.g., a Luer lock

connector, and/or one or more seals, €.g., a hemostatic seal, fo prevent fluid from leaking
from the side port 64. In addition, the handie 13 may include a port 15 communicating
with the lumen 24, e.g., for receiving the dilator 30, a guidewire or other device (not
shown) into and/or through the lumen 24. The port 15 may include one or more seals,

15 e¢.g., a hemostatic seal (not shown), to accommodate passage of the dilator 30 or other
device therethrough without risk of substantial risk of leakage of biood or other body
fluids from the lumen 24.

The sheath 20 may have a substantially uniform construction along its length, or
alternatively, the construction may be varied. For example, a proximal portion of the

20 sheath 20 may be substantially rigid or semi-rigid to facilitate advancement of the
apparatus 10 by pushing or otherwise manipulating the proximal end 22a. In addition or
alternatively, a distal portion of the sheath 20 may be flexible, e.g., to facilitate bending
and/or advancement through tortuous anatomy without substantial risk of kinking or
buckling. In exemplary embodiments, the sheath 20 may be formed from materials such

25 as metal, plastic, e.g., PEEK, Grilamed L.25, and the like, or composite materials. The
sheath 20 may have a length between about five and one hundred thirty centimeters (5-130
cm) and an outer diameter between about 1.6 to 2.0 millimeters, and the lumen 24 may
have a diameter between about 1.4 and 1.8 millimeters.

Retumning to FIGS. 1A-3, the dilator 30 may be removably disposed within the

30  lumen 24 of the sheath 20, and generaily includes a shaft 32 including a proximal end 32a
(not shown, see FIG. 6), a distal end 32b terminating in a tapered distal tip 36, and an
accessory lumen 34 extending the proximal and distal ends 32a, 32b. The distal tip 36

may provide a substantially atraumatic transition for facilitating introduction of the



5 dilator 30 may provide columnar support to the sheath 20 as it is advanced during introduction or

subsequent manig)(}%z?tigl% As best seen in FIGS. |A and 1B, the distalcti/ §2% (()F(}tq%dilator 30
extends distalWQrom the distal end 26 of the sheath 20. The distal tip 36 of the dilator 30 may include

an annular undercut or other region 38 at the proxital end of the distal tip 36, thereby 10 defining an
opening or recess 37 that faces towards the proximal end 32a of the dilator 30. When the dilator 30 is
disposed withfRRMERIHERoueSstHe Eriasiy 2 Andater Sxisn datis AdERear 6 18 ihits collapsed
configuration, & dlistal @n A28 glkthe dvxpandable:mesmber2ta meyshateceiveskivibeaecess 37, as
shown in FIGS, lA and IR In this. mannek.the reqi 8.may; provi ubstantially. smooth transition
between the ﬁé%?%%dgﬁgh the 153 %g%éOZO or” aillcnlt%%ﬁ%eégas%lg%&o%i%u sfb%%lxr%hgéolo through tissue.
The region 3&RapaeSErbai the vxpardariefiénithy 984 againkt theditordobe §i< to prevent

proximal migrafiaerehtheyexpandablamenbes2eaeiding oy aneenenhadichiray otherwise cause
the expandable member 263 to bunch u% r compress axially. In the embodiment shown in FIGS.

ntr: Lon o1 subse Nt manination. .
1A-3, the expané’aﬁ e Member 382 indla&4"8A 20 outer annular membrane or surface 23 and an inner

annular membrane & dgsfacen 26 therublibinkg diswbspaittiel ) edibiosd interiordotalégion 27

therebetvveenﬁ&ﬂqmmsm%&B@Wmﬁya@&@nffﬁs%@dmpi@H%tﬂ% HQ&E{qH(PHé{r‘%Hﬁl&déﬁ 13 through the
proximal end 22a (not shown, see FIGS. 6-9) of the sheath 20 to the distal end 26 of the sheath 20,

e.g., along a WAIMFFRGTHAE BoiTaRR AT WhRA'RETMERLP 27° ASLRBW IRERRSS. 6-9, 25a source
of inflatio® medifnorvacingnineog recesyfind et T8 emenydods douypledntal the MHaticre ddatct 40such that the

interior 27 of the, expanNdaRleMeMmOLt 2AMALRG 1 dud Gammunicalgnih e sauice 18a to allow

inflation media, e.g.q,{sahne_, water, and the like, to be delivered into and evacuated from the interior 27
of the expandZ5RAFTAE ELoHINRE S P bR ABL PR "B (ined from a
single sheet oremuiliiple sheetd of tratedal thatsiayvbeniogdedioimdthB ninseiaiiachediiegether into
annular sleeves,.e.q. by bonding with adhesive, sonic welding, heat fusi d the like, to
Cubetantaly ot A B B e T
2010/017537PcTh Rido0orosgagmassgee of the apparatus 10 through tissue. The region 38 may

also retain the expandable member 26a against the dilator 30, ¢.g., to prevent proximal
migration of the expandable member 26a during advancement, which may otherwisc cause
the expandable member 26a to bunch up or compress axially.
In the embodiment shown in FIGS. 1A-3, the expandable member 26a includes an

20  outer annular membrane or surface 23 and an inner annular membrane or surface 25
together defining a substantially enclosed interior or region 27 therchetween, A lumen
(not shown) may extend from the inflation port 14 on the handle 13 through the proximat
end 22a (not shown, see FIGS, 6-9) of the sheath 20 to the distal end 26 of the sheath 20,
£.g., along a wall thereof, that communicates with the mterior 27. As shown in FIGS. 6-9,

25  asource of inflation media or vacuum, ¢.g., a syringe 18, may be coupled to the inflation
port 14, such that the interior 27 of the expandable member 26a may be in fluid
communication with the source 18a to allow inflation media, e.g., saline, water, and the
tike, to be delivered into and evacuated from the interior 27 of the expandable member
26a.

30 The outer and inner membranes 23, 25 may be formed from a single sheet or
multiple sheets of material that may be bonded or otherwise attached together into annular
sleeves, e.g., by bonding with adhesive, sonic welding, heat fusing, and the like, to

substantially seal and/or enclose the interior 27. Alternatively, the outer and inner



membranes 23, 25 may be formed as sleeves, e.g., by extrusion, injection molding, and the like. In the
embodiment best seen in FIG. 1B, the outer and inner membranes 23, 25 may be formed as separate
sleeves of ma%%é?lv(yﬂg§%7proximal and distal edges are attached togetﬁg}r ’ ﬁ’% 6/ t5 e distal end 26

of the sheath 20 to define the expandable memberi26a. 5 The membranes 23, 25 may be formed from
substantially inelastic or noncompliant materials, e.g., such that the expandable member 26a expands
to a predeterrA@lraise Bnd7drShpB e satRInS 2 PESH B RpEcHie sepktingnarmhisr membranes
23, 25 may beikitaehrddagethemat asdisialoma lecaiiond? fheshseaminkiés.2kB)sangdy/attached to

the distal end 26 ofhe shalt 1022 aproximathond lesations 44, 48, egpectively, (pept seen in FIGS,
distal the , o5 may

IA and 2). For example edges 0 outer and iriner membranes e lapped or butted

together. The fpesitiphan&agie Brethstd s Ihehtbr st 3haagabedhaereadabErimsutes Sérface of the

shaft 22, whilerthenprssimal Bdae i ihe inaes membianam 2aimayilaaiiacheshioian outer surface of the
shaft 22, to an inner surface (ﬁrf he first Iumeg 24, gé’bp% ed to t%e 15distal end 26. As shown in
E} 145 %F

FIGS. IA and SA“HE préxital Boh G TSEaisHe'S SEPEPACRS BFARERAR 8 one another,
although altermativefiathepproxifiradedges of the outer and inner membranes 23, 25 may be attached
to the distal end 26 @Bmﬁaﬂgﬂ%?tﬁ’é Simlaraaxial IcaieRss 8:92swith the.eiiryRemiang 23 attached

over the inner membrane 25. In the 20 coI,IaEsed configuration, the outer and_inner membranes 23, 25

may extend sABALARAIG SERRFARE RS DREI T EM B s Bcd B S gty W rtriibidatie inner
membrané 2522 at pis o iwmihldekEG:s|I M a4t Byt olidb eacrtbrarfé @i okimat BanEotocation 46 is

further from tk@a%?l@'d%@ﬁv é%%%e%ﬂf%%%%ﬂﬁ@ﬁ%%%@ést,hz%lr}ntﬁlﬁbi@ﬂ hangmkage proximal bond

location 44. This may %P(émo e a desired shape for the expandable member 2526a in the expanded
configuration, @55t Frothaipig dretisdes st AR CHtRtBRIata pR ety PRt it 8ommunicating with
the lumen 24 gfithe: sheatkh 20 2as.shio\wa ok i&al edge of the mner membrane 25 may be attached

to an outer surface of the shaft 22, to an inner surface of the first lumen 24, or butted to the
15  distal end 26.

As shown in FIGS. 1A and 2A, the proximal bond locations 44, 46 may be spaced
apart axially from one another, although alternatively, the proximal edges of the outer and
mner membranes 23, 25 may be attached to the distal end 26 at the same or similar axial
locations, e.g., with the outer membrane 23 attached over the inner membrane 25. In the

20 collapsed configuration, the outer and inner membranes 23, 25 may extend substantially
axially with the outer membrane 23 substantially surrounding the inner membrane 25.

As shown m FIGS. 1A and 2, the outer membrane proximal bond location 46 is
further from the distal end 28 of the expandable member 26a than the inner membrane
proximal bond location 44. This may promote a desired shape for the expandable member

25 26a in the expanded configuration, e.g., providing a substantially continuous tapered
imternal diameter communicating with the lumen 24 of the sheath 20, as shown in FIG.
2A. Forexample, the tapered expanded profile may be due to the outer membrane 23
having a longer chord length between its proximal and distal bonding locations 46, 42 than
that of the inner membrane 25. Upon inflation, the greater chord length of the outer

30  membrane 23 may generate greater tension in the outer membrane 23 than in the inner
membrane 25 with its shorter chord length. To balance these tensions, the expandable
member 26a of the sheath 20 may expand radially outwardly in a curved or conical shape

to reduce the tension in the outer membrane 23. Thus, when the expandable member 26a



2A. For example, the tapered expanded profile may be due to the outer membrane 23 having a longer
chord length between its proximal and distal bonding locations 46, 42 than that of the inner membrane
25. Upon ianannz;ut]l%/emé?eBter chord length of the outer 30 membrane 259?(338/28%9 \&FATE greater
tension in the outer membrane 23 than in the inned Atembrane 25 with its shorter chord length. To
balance these tensions, the expandable member 26a of the sheath 20 may expand radially outwardly

in a curved or'tBHidEfSHA R B ParldS N EEHQB IR e BisteY he tTane s FddMwhen the
expandable membeikRear Wh-204{0:bIEB Rt (EIHABOMD B33V ardiZivisvexparded to the expanded
configuration, the diameter. of the innet membrane 25 (the inner diameter of the expandable member
ea) oy tap ST T TS Bl (s AP S T o S s
proximal diamtépizoof tipexpradsls rapbsiAd virdd e speriohpieiehibricREachiddse selected such

Lheg tflle reﬂati\eﬁ!;yai@n%e'égiﬁna;#dmﬁt@i@E@ﬁub%@gaﬂyfaM@hﬁgﬁ%a@aft%rgg@ém?%diamether ofa
ody lumen 5Q within which the apparatus 10 is introduced, as explained further below. The
expandable rr%)r%%}”z y fﬂt"ﬁélpéﬁlgg‘fﬁ Srﬁ&?%‘é%&ﬁ%ﬁﬁ’éﬁ’ﬁﬁe ﬁfﬁ%%ﬁgﬁ‘é"inﬂation media into the
interior 27 defined byhthex partdabdnddinher Mrerhirasiest? 30 26y BkGx adiddwsthelapparatus 10 after

the expandablgsmembrizGaas Aeendwvinfaied d0RuINa b6 ballagp-nlasonsthedistal end 28 of

the expandable member 26a may flare radially outwardly away from a central Iong(iitudinal axis of the

sheath 20 an d?%ééa}aﬁéhﬁéxgparams 10 after the expandable mémber Z6a has been fully mflated.

10 During the balloon mflation, the distal end 28 of the expandable member 26a may flare
radially outwardly away from a central longitudinal axis of the sheath 20 and become free
from the recess 38 m the dilator 30. The mflation pressure may exert a tension on the
outer membrane 23 that causes it to expand away from the longitudinal axis of the sheath
20. Tension may also be exerted on the distal bond location 42 and proximal bond

15  locations 44, 46. The proximal bond locations 44, 46 do not undergo a substantial shape
change in response to the applied tension because they are bonded to the sheath shaft 22,
which docs not allow radial expansion. The distal bond location 42 is pulled by the
tension on the outer membrane 23 in a radially outward direction as the expandable
member 26a expands to the expanded configuration.

20 To further enhance the expandable member 26a adopting a tapered shape in the
expanded configuration, different materials may be provided for the outer and inner
membranes 23, 25. For example, the inner membrane 25 may be more rigid than the outer
membrane 23, ¢.g., by providing a different relatively stiff material, a similar but greater
thickness material, and the like for the inner membrane 25. Optionally, as shown in FIG.

25 2B, the inner membrane 25 may include a reinforcement layer 29 to create or enhance
adoption of the tapered shape. For example, strips of material (not shown), ¢.g., hard
plastic such as nylon or PEEK, or metal, such as stainless steel or Nitinol, may be bonded,
embedded, or otherwise attached to the inner membrane 25 such that the strips extend
substantially axially at least partially between the proximal and distal bond locations 44,

30 42. Alternatively, a braid or other mesh (not shown) may be embedded within or attached
to an inner or outer surface of the inner membrane 25. The reinforcement layer 29 may be
substantially uniform or different along the axial length of the inner membrane 25. For

example, the reinforcement layer 29 may increase the rigidity of the inner membrane 25



from the recess 38 in the dilator 30. The inflation pressure may exert a tension on the outer membrane
23 that causes it to expand away from the longitudinal axis of the sheath 20. Tension may also be
exerted on the"dIE4B6nRY location 42 and proximal bond 15locations 44?%?%?1‘8%%%%& bond
locations 44,46 do not undergo a substantial shape thange in response to the applied tension
because they are bonded to the sheath shaft 22, which does not allow radial expansion. The distal

bond location #22rs 1B e Brpy kb std ekt th & drereme atrene thadistel baaibdl: 8dswissd direction as
the expandable;membat:26ia axRanimiothe expandedicenfiguration sedofydheascahrnce the

expandable meme g%g%eadg&tj,gg a tapered shape in the expanded configuration, different materials
may be provideeg%r Pne outer and’inner membranes 23, 25. For example, the inner membrane 25 may
be more rigid than tHe asdisemee pioraste 48, thegnabyi vidingrdodifierahbretatively stiffmaterial, a

similar bug gregtes: migiﬂgﬁﬁ%ma@réﬁgtﬁg%mﬁddgﬁ RriRe IINes MERREARR BB fARtonally, as shown in
ea

FIG. 25 2B, the inner membrane 25 may inclu reinforcement layer 29 to create or enhance
adoption of thEBPSadSASHRUELR AbIRe it o hatsharpiotiehampneien ke plastic such as
nylon or PEEKsinformetahtSach Hsasthiintessxsted bard\ittatineely derbgnded, teerbpddetizor otherwise

attached to Ihe, gt SeMRRRAL. 20 sHa hak e shing SRR sLbsanialiy Axlpllyeay least partally

between the proximal and distal bond locations 44, 30 42. Alternatively, a braid or other mesh (not
shown) may b¥ RSBt dHIATTR S BIEEREFE AnfiRreraibuths SurRedrHe MY membrane 25,
The reinfayrcementdayeraRimaypbe sulbstaniialynsnviorps ok difteranthalo Agvthesaddahlemgth of the inner

et R RS e S
the region adjdeerpidabistrbbridaxnmdesifeantece o lanisaed gishingiomersinliegs expanded
into a bell shapewditisgexpansithetiheexprdable semben P28at may funncl material into
a relatively simall lumen 24 for removal from the body lumen, as described further below.
i5 Once the expandable member 26a is expanded and the distal end 28 leaves the
" recess 37 of the dilator 30, the dilator 30 is free to be withdrawn proximally from the
sheath 20. The expanded sheath 20 with the dilator 30 removed is shown in FIG. 3.
Thrombus and other unwanted materials within a body lumen 30 within which the sheath
20 1s deployed may then be swept into the lumen 24 of the sheath 20 via the tapered inlet
20 21, as described in more detail below.

For example, turming to FIGS. 4-10, the apparatus 10 may be used to provide
access and/or removing thrombus or other material within or adjacent a dialysis or other
tubular graft. Although the method of using the apparatus 10 is shown and described
below as taking place within a tubular graft, the apparatus 10 is not restricted to use within

25  such a graft and may be used other body lumens within a patient’s body, such as an aorto-
venous fistula, xenograft, blood vessel, and the like.

An exemplary graft lumen 50 is shown in FIG. 4, which extends between an artery
51 and a vein 53, e.g,, within a patient’s arm or other location within a patient’s body.
Thus, the graft lumen 50 may connect to the arterial blood flow through an arterial

30 anastomosis 52, and to the venous blood flow through a venous anastomosis 54. As is
common in dialysis graft failures, F1G. 4 shows that the venous anastomosis 54 is
narrowed due to the presence of a stenosis 56, which may be caused by inflammation and

cell proliferation (also known as neointimal hyperplasia). A second stenosis 57 is shown



In addition or alternatively, the material of the reinforcement layer 29 may allow 5radial expansion,
while resisting bending or compression of the inner membrane 25 axially relative to the longitudinal
axis of the shedth?28"’E6F example, the combination of the reinforcement$&JeR¥Y45 the proximal
bond locations 44, 46 may cause the expandable+hémber 26a to adopt a pointed oval or almond
shape in cross-section in the expanded configuration, as shown in FIGS. 2A and 3. For example, the
inner membrafeiEEmezg 2t @rpmvAddéfine by belirehipe 5& iy shhavifigracd oh Smastorelss-section, or may

have a substagiiaibrehmight gonisal share whendhemnpel-memhtansidenflares Qr.targrs. The tapered
shape of the expandable r&%rr%ger 26a may be advantageous for removing debris from a body lumen
e

50 because of theSra St thslf’/nltarge diameter inlet 21 that may funnel material into a relatively

small lumen 24 for réwie¥al fsohv treibbHy. ﬁjmmﬂaéamihédsﬁmﬁ&&\énm@bm@éﬁnﬁesﬁhﬂ expandable
member 26a ig.gxpandegrant g sistal fae.28Jeaves MERoaRR AL LhIBRHIRIL3]. Bie dilator 30 is

free to be withdrawn proximally from the sheath 20. The expanded sheath 20 with the dilator 30
removed is shiRAiPR BRerst MambiRe sprecstiser thint arsvide merd it s abi8aditingen 50 within
which the sheaths2:aideptoyedt maydirenrbe swept into the lumen 24 of the sheath 20 via the tapered

inlet 2021, as descriRed 10, BAlE IGIA O Y uppara 9T FATBIIANING 19 FIBS, drd0y N apparatus
10 may be used to provide access and/or removing thrombus or other material Within or adjacent a

dialysis or oth&f bt Grihmsugh tHe qreREE b Lgingbmr apfsr-Srms tho ReswBewand described
below as@kingifalaeeimidnradsdyd angiadtihenapparaivedli Moot reskictedimagvaithin 25such a

T ot boBedised Sfcl TP NLA BRUES RORRIR SRR RROUS feta
port 15 immediately before the procedure. In this alternative, the dilator 30 may be
advanced such that the distal tip 36 passes beyond the distal end 28 of the expandable
member 26a, and the dilator 30 may be withdrawn to capture the distal end 28 in the

I3 recess 37. In another alternative, the annular region 38 and recess 37 may be omitted from
the dilator 30 and the dilator 30 may simply pass through and extend beyond the
expandable member 20a and distal end 26 of the sheath 20.

With the apparatus 10 assembled, the guidewire 64 may be backloaded through the
distal tip 36 of the dilator 30 mto the accessory lumen 34 and out the proximal hub 39.

20 The apparatus 10 may then be advanced over the guidewire 64 through the skin and any
intervenmg tissue into the graft lumen 50 with the expandabie member 26a in the
collapsed configuration untif the expandable member 26a is received completely in the
grafi lumen 50, as shown in FIG. 6. Optionally, the dilator 30 and/or expandable member
26a may include one or more markers (not shown), e.g., one or more radiopaque bands or

25 other markers, such that external imaging, e.g., fluoroscopy, x-ray imaging, ultrasound,
and the like may be used to position the expandable member 26a to a desired position
within the graft lumen 50.

Turmning to FIG. 7, with the sheath 20 in a desired position within the graft lumen
50, the distal end 26 of the sheath 20 may be expanded. With the distal end 28 of the

30 expandable member 26a removed from the region 37, the dilator 30 may be removed from
the graft lumen 50 and sheath 20. Alternatively, if the dilator 30 does not include the
annular region 38 and recess 37, the dilator 30 may be removed before the expandable

member 26a is expanded.



An exemplary graft lumen 50 is shown in FIG. 4, which extends between an artery 51 and a vein 53,
e.g., within a patient's arm or other location within a patient's body. Thus, the graft lumen 50 may
connect to the"arend BiBdd flow through an arterial 30 anastomosis 52,“5%J &N &Hous blood flow
through a venous anastomosis 54. As is commorr i dialysis graft failures, FIG. 4 shows that the
venous anastomosis 54 is narrowed due to the presence of a stenosis 56, which may be caused by
inflammation and ceftpfiaratidR (213 RAGH A8 SSiFRIRAL Ky PerpBaiay. v st sherBigfosis 57 is
shown WO 2@QIRk753AHRCTMISRONDI05323Y infldiod luthen misk-glaiharaaiAddiianaliys@ thrombus 58
is shown formed at arterial apastomosis. 52, e.g.. due to the ed bload-flow,through the graft
imen 50 2 & BT T e S e BBt fin e BAGE 2 e PO A 6 ey be
inserted throuthis theapdadérinsmsken ¥and into the graft lumen 50. A guidewire 64 may then be

advancedsthrough thenegdie bl andinte the graft Wmembeigreme distanceyvdgeto provide
mechanical stability during subsegue}ns[ instrument introduction. Next, as shown in FIG. 6, the

apparatus 10 Y& BERE ST R G R B B SEBC RS A G P AP RiPhERn B0 rhe apparatus 10
may be providéstdiren thés mubstatdstiyreruhOwith ghretelihtortBOHoaddemater tiehshedttu2@nas shown in

FIGS. IA and 6, Alternatively..{he, Aot A0 pay,be.Joasiad into he sheath 20, e, by inserting the

distal tip36 into the port 15 immediately before thefrocedure. In this alternative, the dilator 30 may be

advanced sucliSIsRY e ErERa bipodd PN AddBE Bs e HISEAPE AT E7GH R EXEARBEE member 264,
and the ditaton36rmayche withdeavnat tio: Capiute-heidistat ehide2 8 dtothie tAbperkastderddl another

alternative, th%%%ﬁ"!ﬁﬁnﬁ@l%l‘%q %@ %gn@%?eS%Qmeaga%ag %@E&tg&movai of material from
the graft lamen 50 by providing a funnel or gradual, smooth taper. Third, the expandable
member 26a may substantially stabilize the sheath 20 within the graft lumen 30 by the
traction between the expandable member 26a and the wall of the graft lumen 50, e.g., to

15 prevent undesired migration of the sheath 20 during the procedure.

Next, as shown in FIG. 8, with the expandable member 26a of the sheath 20
expanded and the dilator 30 removed, one or more treatment devices may be introduced
via the sheath 20 into the graft lumen 50, e.¢., to perform one or more diagnostic and/or
therapeutic procedures.

20 As shown in FIG. 8, a balloon catheter 82 may be inserted over the guidewire 64
and through the lumen 24 of the sheath 20, into the graft lumen 50, e.g., to a position on
the far side of the material forming stenosis 57 and thrombus 58. The catheter 82 may
include a guidewire lumen {not shown) extending between a proximal hub or handle 90 on
a proximal end 82a of the catheter 82 and a distal end 820 of the catheter 82, Le., for use

25 as an over-the-wire system (shown). Alternatively, the guidewire lumen in the catheter 82
may extend from the distal end 82b to an intermediate location (not shown), ¢.g., for use
as a rapid-exchange system.

In onc embodiment, the balloon catheter 82 may be a low-pressure embolectomy
catheter, e.g., including 2 compliant balloon on the distal end 82b, e.g., as shown in FIG.

30 14A. However, in the exemplary embodiment shown in FIG. 8, the balloon catheter 82
may include multiple balloons or expandable members to provide a multiple purpose
device. For example, as shown, two concentric balloons 84, 86 may be provided on the

distal end 82b of the balloon catheter 82. A first, non-compliant, high pressure balloon 84



the dilator 30 and the dilator 30 may simply pass through and extend beyond the expandable member
26a and distal end 26 of the sheath 20. With the apparatus 10 assembled, the guidewire 64 may
be backloadeavt?ﬂm’é(ﬂ Hé distal tip 36 of the dilator 30 into the accessoprwmﬁ)@%?‘?ﬁd out the
proximal hub 39. 20 The apparatus 10 may then bé¢dvanced over the guidewire 64 through the skin
and any intervening tissue into the graft lumen 50 with the expandable member 26a in the collapsed
configuration i thecasphpoxbre e ribedicd daths riebivedcomipedly ihewgeampigién 50, as shown
in FIG. 6. Optipnely ¢he dilsdor é@e@&ﬂ!@f&Wﬁiﬁ&ﬂﬂﬂbﬁﬂ%ﬂrﬁﬂﬁmmﬁh@ﬁt%%mwOre markers
(not shown), .G, Qne or more radlo ac ﬁlnds or 2 ot er. mark rs uch at ex grn I imaging, e.g.,

&8 urce o anon edia T £ S0t
fluoroscopy, x-ray |ma6in h]]ﬁ’aSOYJ fké may e use o p05| )Ppan able member

26ato a deswe@(p‘dsmmmmhlw‘ther@ﬁafﬁlbﬁﬁ@n% WM@Q@ﬁ@mWMIW%éam% in a desired
position Wfithi"b%&f@%&%&%@@%@%&?ﬁ%@Bﬂi@&%@ﬁ%ﬁ%ﬁ@éﬂéﬁ@éﬁ%ﬁxpanded With the distal

end 28 of the 30 expandable. member 26a removed from the regfon 37, the dilator 30 may be removed
from the graft FAMBRSHUMIERESHTN. AIRETLRRER? b et BoPd0es SioPiNBIGRE the annular
region 38 andsetess3ththerditatol idivay Bememaveddiefore the expandable member 26a is

expanded. WO 2019/Q/>3/R6 14! %%Qf?@égél%?e?%z face wf&%@mﬂ RS fidyinge 18 may be

coupled to the inflation port 14 to expand the distal end 26 of the sheath 20 via an inflation lumen (not
shown) within ¥EXvdIPEPIETERRRIP DS et RreRs ?ﬁ:@%@ﬁﬁ%@ﬁf&%ﬂ?@ﬁn\ﬁﬁw@mtenor 27 (shown in
FIGS. 1A:8) othamexpandahle menhendte habeaspandable distal end2ba of thetsheath 20 may

ovte e S A AR LR L e e oended.
lumen compliant balloon 86, e.g.. substantially reducing the chance of material being embolized
into the artery 51, vein 53 and/or elsewhere in the body.
As shown in FIG. 10, th.e balloon catheter 82 may then be retracted proximally
15 towards the sheath 20, puliing thrombus or other obstructive material with it. Optionally,
the balloon catheter 82 may be pulled completely into and through the sheath 20, e.g., to
substantially reduce the risk of the material becoming lodged in or otherwise occluding the
sheath humen 24,
' All of the unwanted material may not be removed in a single pass of the compliant
20 balloon 86. For example, as shown in FIG. 10, a portion of the mid-graft stenosis 57 may
remain attached to the umen wall. For this reason, multiple passes may be completed,
e.g., collapsing the compliant balloon 86, advancing the balloon catheter 82, expanding the
compliant balloon 86, and puliing the balloon catheter 86 one or more additional times, as
desired. Optionally, any stenosis, thrombus, or other debris (¢.g., stenosis 56} that was not
25 reachable due o the orientation of the sheath 20 towards the artery 51 may be removed by
removing the apparatus 10 and mtroducing the apparatus 10 {or another new apparatus
with a dilator placed within a sheath, not shown) in the opposite direction within the graft
lumen 50.
Some obstructions such as the mid-grafl stenosis 57, shown m FIG. 10, may not
30 completely removed by the compliant balloon 86. To address any stenosis that does not
respond fo balloon embolectomy, a high pressure dilation of the stenosis may be

performed, as discussed in further detail with reference to FIGS. 11-12. The apparatus 10



50, the expanded expandable member 26a may form a seal with the graft lumen 50, thereby

preventing blood flow ar,‘;d lowering the chances of cmbolization of throrril)%u§_!g£0%8(})§3h§r particles to the
rest of the bo&?’/%%?ﬁ%lfh:’e'] procedure. Second, the gradual tapered intefnal diAMetar of the

expandable member 26a may facilitate removal of Material from the graft lumen 50 by providing a
funnel or gradual, smooth taper. Third, the expandable member 26a may substantially stabilize the
sheath 20 witiHpge e Risei Sobsathrctrie ity Pk iievek EraiEyTiRBE 26a and the wall
of the graft lumgiemi&Os & Gsclor tapreveatiandesikecraigration of the sheath 20 during the procedure.

Next, as shown in Fp. 8, with the arfp%ble merﬁlb %pa o§ he sheat g expanded and the dilator
rgt ésta, owWn m?f(f}. I, the Com anﬂt;a o1l ng/ ¢ milafe d
30 removed, one or more treatment devices may be infroduced vid the sheath 20 into the graft lumen

50, e.g., to petforimsbeduppiofetissrraly and/sttndrape dlic Yisedhebelopoitsearwieh FIG. 8, a

balloon cathetgk. 82-/naysbeiinsered:oyesiNaauidewiraSd-andsthroiighdhe, Wman?24 ef the sheath 20,
into the graft lumen 50, e.%é toa @os'tion on the far side ofé e.mat(?}r]ial forminé sten?ti)sis 57 and

thrombus 58. THE & 1A SR S5 e G ArGhITaaNE ISR P EREWH) ERBl Y % veen a
proximal hub 8¢ bandig@0lorsaprmdinalend @2atohtheratheters8RcantaldiSthltend 82b of the

catheter 82, 1.¢,, {0, UsCaRA5 0 AVAIIRAWIIG RIGH (Fhawn AUeHRAVRNIE guidgwire lumen in

the catheter 82 may extend from the distal end 82b to an intermediate |ocation gnot shown), e.g., for

use as a rapideXchsiigbodyataticma! misie dhtsoditrrt adAdsH Edtietar s hay be a
low-presstre esafjdiactoatiyoestheterheagcpinelygding: arcdropliant bellednsdthechistal EGd 82b, e.g., as
shown in FIG.;3014A. However, in the exemplary embodiment shown in FIG. 8, the balloon catheter
82 may include multiple balloons or expandable members to provide a multiple purpose device. For

example, as shown, tWBRSfCEKtrit bAlb P alowe-psieh B2 drdlraud i ddendided iaitg 89D of the
balloon catheten@diaft fikghonda; eamptiantuhlight psessuse Hallopm 84 M¥kd to dilate the

2010/017537@%&4&8 57 . 4303)%32;3 17ant balloon 86 may deflated substantially simultaneously with

15 inflation of the non-compliant balioon 84 or immediately before inflation. Thus, the

stenosis 57 may be dilated, as shown, leaving a substantially unobstructed graft lumen 50.
One of the advantégcs of this dilation procedure over conventional dilation

procedures is that that the stenosis 57 may easily and directly be located using the same

catheter 82 that will be used for dilation, thereby eliminating catheter exchanges otherwise

20 needed to replace the balloons. Another advantage is that no contrast solution 1s released
into the bloodstream of the patient during this dilation procedure. Many patients have
problems tolerating contrast sohutions, especially those patients with compromised kidney
function, and therefore may benefit from the dilation procedure described above.

In further alternatives, other devices may be introduced using the apparatus 10,

25 e.g., to perform a procedure within the graft hamen 30 or at other locations within a
patient’s body where the sheath 20 1s deployed. Exemplary apparatus and methods that
may be used are disclosed in co-pending applications, Serial Nos. 61/099,171, filed
September 22, 2008, 61/143,603, filed January 9, 2009, 61/152,227, filed February 12,
2009, 12/480,664, filed June 8, 2009, 12/467,135, filed July 2, 2009, and in International

30 Publication No. WO 2009/ 076482.

During removal of stenosis or thrombus, e.g., using any of the apparatus and
methods described herem, it may be desirable to unclog or prevent clogging of the sheath.

To facilitate this, it may be desirable to provide an access port into the proximal end of the



- 16 - may be bonded or otherwise attached to the shaft of the catheter 82. The non-compliant balloon
84 may be in indezglee%dent fluid communication with a first inflation port 88 on the hub 90, e.g., to which

. ) 175337 . - ) ; PCT/S2009/033237
a syringe or other8olirce of inflation media 18a may be coupled. A secon&: compliant, low-pressure

balloon 86 may be bonded concentrically over the Fon- 5compliant balloon 84. The compliant balloon
86 may be in independent fluid communication with a second inflation port 92 on the catheter hub 90,

e.g., to which LEinGEHrHIREFSourde bt s BtnTdl Bereshprigilar oAb IEIG. 9, with the
catheter 82 infta&e withitidel ehisibd gt 8REyERim tha iahiteryy Sdclas oiheviER heyona die thrombus 58,
the compliant gall%g 530% m@y bg ]bce)ex I]aergicijed&i J;,h? indaﬁa%d {Jb%tégctiv% mate }!%Iﬂ (gd%a§tenosis 57 and
thrombus 58) within the gra f fumen 50 r'nay)fhuseb’e é’rijbstaﬁtlgﬂy isolated between the sheath 20 and
the compliant BelBeH 860ty meundiadtidiy redincirsisele Anpeay demaraall raiaycéipslized into the

artery 51,3veinte3 aiid/ 08 elsgwheresin e pocisnfts 8w in d&auklnthenkaligengatheter 82 may
then be retracted imaIIX }Sto%ﬁrdst e sheath 20, pullin thromk%us or, tger obstryctive material
e

r
with it. Optionahy’ ttangef‘ﬁ BRSNS BS 455 bBOpU R S RsERsy SR A e ah the sheath 20,
e.g., to substahtidiiyrrdduee thersiof tikenbitelial hedominglotgediin ehotheayiseodeluding the

sheath lumen 24y Al afiihe; upvantad naterialinay ot Beremoveddn asinglenagsg of-the compliant

20 balloon 86. For example, as shown in FIG. 10, a portion of the mid-graft stenosis 57 may remain
attached to thB'fiMEH Hrar RS POLESH TR Sl L el sh K2 P iRy Rted, B2y Peollapsing the
compliantlballpoh<86¢.advhncihg theshdlioortichtivetprddzn gipdndigig tthelcetnplidntdaitagn 86, and

pulling the baljpon, fReIEsSE. AR.Qh RIS 244 iionaLiMGs, @&%ﬁ%ﬁ%&egpﬂona”y’ any stenosis,

thrombus, or other debris (e.g., stenosis 56) that was not 25reachable due to the orientation of the
sheath 20 towards tﬂxér%ﬁéfﬁ?%@%éi‘r%é‘ﬁ%mﬁf By bediBeha i thecaimsaisRce & abPmtroducing the
apparatus 10 {er angtheitieneapparatus pwithus dilateroplacedyaithithawsheath, vaashaewn) in the
opposite direclttilotgiélvei}% ig({pmee%,r%f%a!}fcrvgg@a Oe'ter 82’ is shown that may be introduced through the
15 sheath 20 (not shown, see FIGS. 1A-3) to remove thrombus or other material from a graft
or other body lumen. For example, FIG. 14A shows a balloon catheter 82 including 2
comphlant balloon 86 having a smooth outer surface, which may limit the ability of the
balloon 86 to remove materials that are adherent to a wall of a body lumen.
To increase traction, as shown in FIGS, 14B-14D, a balloon catheter 82° may be
20 provided that includes a compliant, low pressure balioon 86 and a traction sheath 112,
The balloon 86" may be provided on a distal end 82b° of the catheter 82,7 similar to other
embodiments herein, and the traction sheath 112 may be received concentrically over the
catheter 82" and/or over the balloon 86, In the embodiment shown, the iraction sheath
112 includes a tubular body carrymg an expandable mesh 114 on its distal end. The
25 traction sheath 112 may be movable axially relative to the catheter 82,” e.g., such that the
expandable mesh 114 may selectively surround at least a portion of the balloon 86.°
Initially, during a procedure, the expandable mesh 114 may be provided adjacent to the
balloon 86, 1.e., without covering any portion of the balloon 86.
If the balloon 86’ alone does not remove sufficient thrombus or other material from
30 abody lumen, as desired, the traction of the balloon 86’ may be increased by advancing
the traction sheath 112 from a first position proximal to the balloon 86,” as shown in FIG.
14C, to a second position wherein the mesh 114 is disposed at least partially over the

balloon 86, as shown in Figure 14D, The balloon catheter 82° may inchude an actuator on



Some obstructions such as the mid-graft stenosis 57, shown in FIG. 10, may not 30completely
removed by the compliant balloon 86. To address any stenosis that does not respond to balloon
embolectomy,%%{(’;] /Wé;%%ure dilation of the stenosis may be performea’,cgéya%g%%(ggéﬁin further detalil
with reference to FIGS. 11-12. The apparatus 10 -W0 2010/017537PCT/US2009/053237 - 17 - along
with the dual-balloon catheter 82 may offer an improved method of performing dilation because of the

dual balloon cBHERHENDSIE(FSE WS EROWHIFIERE thatririoB shepliahithsisest 86 Hshabe inflated with a

contrast solutigRcangaxiavesd axatywihimhedunenblisher thehaloen8biencaunters 5 the.
stenosis 57, it dqreﬁf%%mos tou_ﬁglg?ept (}Qgﬁ?ﬁ&g@ é)(;‘ tg$e§%§ng§150%78 BS, %E%\S/vlnhv%holg: may be visible via
fluoroscopy or other external imaging.’In“& dﬁlon, when the comp iaht balloon 86 encounters the

stenosis 57 drp¢etration ! dgretitaicfedistantbontaly b felttisanciipe shadving wve balloon 86 in an

unobstructed yegseh giving thenusenhiastie (eerback.aswalhasaninstaadafthe external imaging.
Thus, using visual and/or tactile feedback, the 10compliant balloon 86 may be accurately positioned

over the stend&fEEF HRARSHIRTHHIE 4P Gfhing to FIG. 12, with the balloon catheter 82 in the
position identified usihgrtikehcdrhpliamtdbadioon8s; thdanorhaaompliamt:dadcon 8dothaytken be inflated to

dilate the stenggis,ad o bhgLRMRAIINLRRHLAR SE-MRYAaHEH SURRIARHHY:SIMEanaeus!y with

balloon 86.” Furthermore, the amount of tension that may be applied to the traction sheath

i0 112 may be higher than that of the balloon 86" alone, because the traction sheath 112 is
constructed of thicker and/or stronger materials than the compliant balloon 86.” The mesh
114 on the traction sheath 112 may be constructed of a variety of materials, including a
hollow braid of metal or polymer strands, a polymer or metal tube cut with a plurality of
apertures to form a stent-iike structure, or a series of longitudinal struts composed of metal

i5  orplastic that remain substantially parallel to cach other during their initial advancement
over the balloon 86.°

Tu%n.ing to FIGS. 15A and 158, a sheath 20 is shown that includes a lumen 24 and

an expandabie member 26a, similar to the other embodiments herein. As will be
appreciated, the lumen 24 of the sheath 20 must accommodate a guidewire, a treatment

20 device, such as balloon catheter 82 (not shown), as well as material being captured or
removed using the treatment device. Given that these devices occupy space within the
fumen 24, the sheath 20 may be limited in how large the particles are that the sheath is
able to receive. FIGS, 15A and 15B show an alternative embodiment of a guidewire 164
that may be used in conjunction with the sheath 20 and/or apparatus 10 (not shown),

25 which may be any of the embodiments described herein. Thus, the guidewire 164 may be
included as part of a system including the apparatus 10 and/or any of the treatment devices
described herein or in the references identified elsewhere herein.

In one cmbodiment for maximizing the ability of the sheath 20 to remove large
particles, the space that the gmidewire occupies within the lumen 24 of the sheath 20 may

30 beminimized. Relatively larger guidewires (e.g., approximately 0.035 inches in diameter)
are commonty used due to their high levels of support for devices tracked over them. FIG.
15A shows an alternative embodiment of a guidewire 164 over which a sheath 20 has been

advanced. The guidewire 164 includes an inner portion or core 168 over which an outer



15inflation of the non-compliant balloon 84 or immediately before inflation. Thus, the stenosis 57 may

be dilated, as shown Ieavmg a substantially unobstructed graft lumen 50, ,S 9,*{?53?5 the advantages
of this dilation p(r’ocedfbre over conventional dilation procedures is that tHat the SEReeY 57 may easily

and directly be located using the same catheter 82that will be used for dilation, thereby eliminating
catheter exchanges otherwise 20needed to replace the balloons. Another advantage is that no

contrast solutRfftiRrTeksrs) ivfdstHE Bibatistrestn ithdoutekt GOnAYHPRS IR diF SPBtedure. Many
patients have R lemsdoleratling-coritshagittionsyeapectaly: thasevpatients withinsgampromised

kidney function gnd thj—:-f)rg ore, m@g dben f|t oriprgp@dlll%%(a% gro?hedu q_rdescpb?d abcjf;ve In further
alternatives, o%t*ller devices may & introduced usi g the apparatus 5 , to perform a procedure

within the graﬁtlmﬁéﬂ @@@ﬁ@t@ﬂﬁ@ﬂ%@tﬁ)@%@hm @qﬁﬁéwgmaymﬁ&étr%nﬁh@th 20 is deployed.
Exemplary ap@aﬂ@&uﬁe aetﬂ ‘Hﬁl@ﬂd&&h@fﬁﬁ@ﬁ‘tl’?@n&&% gﬁ@ﬁ&@%dama%a%@dmgnapplications Serial

Nos. 61/099,171 § % %/14 603, filed anuar 20%0%6]{/%227 filed

February 12, 2 ffﬂf fa? AN R IsE 2305 %5 c‘ﬁl% fifgyie ! th International
30 Publlcatlomwmnth@@%WS@ts ‘%ho@umrfgﬁérﬁ@udlbﬂéwmsistm thrbmbud 6€ rgayusing any of
the apparatus,and mefheds AesermedRergin.Jlimayioe desirahie: @ 4ngag.errgyent clogging of the

sheath. To facilitate this, it may be desirable to provide an access port into the proximal end of the
WO 2010/0 17@@@1}("3@(1— hfj % rg_rgbut; or other material to be removed or ireated, ¢.g.,
10 as shown in FIG. 8.

Once the sheath 20 and guidewire 164 arc m place, the sleeve 166 of the guidewire
164 may be removed, leaving behind the relatively small diameter core 168 of the
gwidewire 164, as shown in FIG. 15B. This smaller guidewire 168 occupies less space
inside the lumen 24 of the sheath 20 and, thereby allows larger particles to be drawn into

15  the lumen 24, ¢.g., using an embolectomy balloon catheter or other treatment device, such
as those described elsewhere herein. In this embodiment, the treatment device may have &
relatively small accessory lumen to slidably accommodate the core 168 of the guidewire
164 therein, and therefore the shaft of the treatment device may also have a relatively
small outer diameter compared to a device that is advanced over a larger guidewire. Thus,

20 the smaller guidewire 164 and consequent treatment device shafts may leave more room
within the lumen 24 to remove larger particles from of the body lumen.

Turning to FIGS. 16A-16C, another embodiment of a sheath 120 is shown that
may increase the ability of the sheath 20 to remove relatively large particles. Generally,
the sheath 120 may include features similar to the other embodiments described herein,

25  and may be incorporated into the apparatus 10 shown in FIGS. 1A-3 or any other
apparatus or system. For example, the sheath 120 includes a shaft 122 carrying an
expandable member 126a, which may be constructed and used similar to the previous
embodiments.

Unlike the previous embodiments, at least a portion of the shaft 122 of the sheath

30 120 may be radially expandable to accommodate a relatively large particie 116 passing
therethrough, as shown m FIG. 16A. In this example, an embolectomy balloon 86 is being
used to pull the particle 116 through the sheath lumen 24 and out of a body lumen and a
patient’s body.



sheath. Turning to FIG. 13, a sheath 20' is shown, which may be similar to that shown in FIGS. 1A-3

and describedwedsz%\llmcle_[réa 7herein, which may include a door 102 in its hapg%%l%t;g%gg o_Ifoor 102 may be
opened by a user, e.g., 3 any time during a procedure, so that thrombus™or Sther hitErial 104 drawn

into the sheath 20' may be manually removed front5the handle 13," e.g., if the sheath 20 becomes
clogged. Alternatively, other types of repeatably openable and closeable access ports or structures

may be provided instéaBoBMHe e Fate Mt il ABrehe pratt dfner Srishsein et Rigsidiot shown),
which may pravigee iy dheshaneient Rdakeisewbensanibasneriin2Qstnmaaferither al@eative, the

handle 13' may haye a compaitinent (not.shown) int ich. material (e. f%r mbuys 104) may be
Opushed, o SRaA e HGR (ORI ARl e g TR

her 1 awn proximally through t h %y e.g., using the
balloon 86 of tHievisslldbH e sty 82 & stepdeite dessiiveaerensth of tryphit (3196S. 14B-14D,
another esnboglimenh ek aikeaiorest sevicaisshowmthatmay, benoshisgad withcthe apparatus 10 to

provide a system for treating a body lumen. In. this embodiment, a balloon catheter 82' is shown that
may be introdﬁgetg‘ihrgﬁﬁch%?ﬁ%eﬁ Fesr P THY ‘s};ﬁo %%%é%%ﬁffgﬁﬁ%%%&?ﬁgvﬁ ?ﬁ}%’fnbus or other
material from & graftidr otiyerelsodyrinaé froFome xamples i@, A ghoies mdalloofluodtheter 82
including a coggplianthalorR &6 ﬂéﬁiﬁ@z?e?g?%?e%%ﬁeﬁtﬁwﬁf%ﬁgé% '%Mgﬂimétsigﬁsﬁpiﬂty of the

a body lu

balloon 86 to remove materials that are adherent tg a wall of ; y lumen. To increase traction, as
shown in FIGE B4BM DS batodhecatittsr 8549 Be nisdided- tha s IAER deE BeR ShiBliant, low
pressurelballood $6'cand laytnatifomghaatticd §2d e balbon B6ianaydasiprovitechof Bistal end 82b'

of the catheteyf2, ﬁimﬂﬁsﬁ?—em&m%P&qw&ﬂééeﬁ,e{@ﬁlu%%ggﬁE’é%%%h%ﬁﬁ} fgnmay be received

concentrically over the catheter 82' and/or over the balloon 86." In the @mbodinmient shown, the traction
sheath 112 in&iti@eydaisinseBslzeafiging s €xtrdable mesh 114 on its distal end. The 25traction
sheath 112 may be moskable, axiallyerelatviesdanthercathelas B2 slesde, ssuehritiag theigxpandable mesh

114 may selectively.surround at lea ortion of th loon 86." Initially, during a procedure, the
expandable rr??éys% 1}’5154 ﬁrﬁ?g)? %j[grsd rl?i'%% Rk e dtfl %%%aém oon éeﬂ‘"t@y tns %%w%r

p vided a jacen alloon .87 Withou covering any portion of
the ballobh 8@urface of the inner layer 152, for example, by interference fit, by bonding with adhesive,
sonic welding, heat fusing, and the like. Alternatively, the elastic layer 156 may be
bonded to the mside diameter of the mnelastic fayer 152 (not shown), which may provide a
harder and/or more lubricious outer surface for the sheath 120, if desired. In an alternative
embodiment, the elastic layer may be bonded to an inside surface of the slotted layer.
20 During vse, a treatment device, such as balloon catheter 82 shown m FIG. 16A
may be used to draw thrombus or other material 116 inte the lJumen 124 of the sheath 120,
similar to the previcus embodiments. 1 the material 116 is larger than the diameter of the
lumen 124 with the outer layer 156 in its relaxed or relatively low potential energy state,
then pulling the material 116 into the lumen 124 may cause the outer layer 156 to stretch,
25  thereby opening the slot(s) 154 and inéreasing the diameter of the inner layer 152 and
shaft 122, As the material 116 passes along the expandable portion of the shaft 122, the
shaft 122 may resiliently expand and contract back towards the relaxed state, as can be
secn in FIG. 16A.
Turning to FIG. 16C, another embodiment of a sheath 1207 is shown {with an
30  expandable member not shown merely for convenience) that includes an altermative
radially expandable shaft 122° Instead of one or more elongated slots along the entire
length of expandable portion of the shaft 122,” a plurality of discrete length slots 158" may

be provided in a relatively inelastic layer 152, e.g., sunilar to a slotted-tube stent. An



If the balloon 86'alone does not remove sufficient thrombus or other material from 30 a body lumen, as
desired, the traction of the balloon 86" may be increased by advancing the traction sheath 112 from a
first position p%?(ﬁ?fgf%atﬂe balloon 86," as shown in FIG. 14C, to a secgﬁa%%zgﬂ%’ﬁs\%\?ﬁerein the mesh
114 is disposed at least partially over the balloon 88,-as shown in Figure 14D. The balloon catheter 82'
may include an actuator on WO 2010/017537PCT/US2009/053237 - 19 - its proximal end (not shown)
for directing tH&tHECHGH SRESIAT MBBHLER RYRE TS ARdNSCRBHR 96 ditidasT Rrdpsktiely, the actuator
may allow theitkaetion sheatnt 12gonhs diegcieeitn meiple pasikiens.ielg:itoeoves the balloon 86" with
as much of the expandable mesh 114 as desired. In a further alternative, the traction sheath 112 may
e Sattached S LA TG Do ChAlEs S b T SRR B AR R ot S B ocorerminec

portion of the B&lisoni8e sheet apHeoffies it PAtaiayeorovitd aatcdets sliffachahi&mangy e pushed into or

otherwises£nhancaLHGAGEMSAL MR materiat tahe cemavediranithebacisiimentising the inflated
balloon 86! Furthermore, the amount of tensiqn that may be lied tq the tractjon sheath 10112 may
be higher tharl SHAPBHURS DRSS Hi5he: hetBuds M REHL A ERBA 1199 M hucted of thicker

and/or strongakamateuiai@ihglm t@élcompﬁmmm!as%érﬂiml m@ﬁstfaljyk)u}hemruﬂagitm sheath 112
may be constiycted;of a yarietel matshals.dnckdinganolionhraid.oh metalor polymer strands, a

polymer or metal tube cut with a plurality of apertures to form a stent-like structure, or a series of
longitudinal stfARSEBFAPLEEP B Metal oL SEFHIASHEH A YiTRibe SHBSTARTSMP SAHIBFIS each other

during thé&jr initial advarit@meipicciated that clements or components shown with any embodiment
herein are exemplary for the specific embodiment and may be used on or in combination
with other embeodiments disclosed herein.
While the invention is susceptible to various modifications, and altemative forms,

specific examples thereof have been shown in the drawings and are herein described in

15 detail. It should be understood, however, that the invention is not to be limited to the
particular forms or methods disclosed, but to the contrary, the invention is to cover all
modifications, equivalents and alternatives fallmg within the scope of the appended

claims.



over the balloon 86.' Turning to FIGS. 15A and 15B, a sheath 20 is shown that includes a lumen 24
and an expandable member 26a, similar to the otier embodiments herein. As will be appreciated, the
lumen 24 of the sheath 20 must accommodate a guidewire, a treatment 20device, such as balloon
catheter % (%%tirghown), as well as material being captured or removed using the treatment device.
Given that these devices occupy space within the lumen 24, the sheath 20 may be limited in how large
the particles are that the sheath is able to receive. FIGS. 15A and 15B show an alternative
embodimént of & Gufiewiie 1BnaKaLRRSIbEtYSeHatPd@ToR 8NP Mty TR sFRIBRTP0%Nd/or apparatus
10 (not shown), 25 which may be any of the embodiments described herein. Thus, the guidewire 164

may be included:as:RA M a.BYREMIRELdiRehRiARRAsAUEDRA0O bR sfdheBeasment devices

e e S e eSSk et e o

e gw‘aev\/ire
occupies svithim tivenlian erp24 dettisesite bt @0 theagigel beihdhitzedaRdttivdigriaager guidewires (e.qg.,

approxime&%g&%%%ﬁ&&%g@g%g AR SABHMARMES SthaNmIhthelk iy elespfepupport for

devices trac over them. FIG. ows an altérnative embodiment of a guidewire 164 over which
a sheath 209Ris DEeR 8dvhaeedh G asiRs s ARy Q85 R Wﬁﬁ@'reﬁt?’rfi%g%w&ﬁ@ P68 over which
an outer MWADi2 GHOED I3RS 200205 328 The2Omarqriiereepsteeit: Hoensalisiabtytdisposed. With
the sleeve 166 positioned over the core. 168 i i - ies. similar to other
guidewire?régagga?lgvﬁ?zncg ﬁ‘w%"? d itl ewire ] %’Z'P tgﬁﬂgh%\é%%x&%@g@?% ro l}g? ﬁpggr@gi&o%%her
instrument into a graft lumen 50 or other body lumen, e.g., similar to the process shown in FIG. 5.
Once the 5guidestnirdongatis trraiiionbareutividmeitae theogeithemereBRErrapparitg10 (not

expandabie treatment element selectively expandable for directing obstructive materiat
within a body lumen into the tubular member lumen through the inlet in the expandable

member;

wherein the tubular member comprises an expandable section including at least
the distal end that is expandable from a relaxed size to an enlarged size to
accommodate receiving material larger than the relaxed state directed into the lumen by

the treatment device.

2. The system of claim 1, further comprising a dilator disposed within the lumen of
the tubular member such that a tapered distal tip extends beyond the expandable
member in the collapsed configuration to provide a substantially smooth transition during

introduction of the tubular member into a body lumen.

3. The system of claim 2, wherein the dilator comprises a recess adjacent the distal

tip for receiving a distal end of the expandable member in the collapsed configuration.

4, The system of claim 2, wherein the dilator is removable proximally from the
tubular member lumen after the tubular member is introduced into a body fumen such

that the freatment device may be inserted into the tubular member lumen,

5, The system of claim 1, wherein the expandable member comprises an outer

annular membrane surrounding an inner annular membrane, the outer and inner



shown) including sheath 20 may be advanced over the guidewire and into the graft lumen 50, similar
to the embodiments shown in FIGS. 6 and 7. If désired, the guidewire 164 may be manipulated further
if not already positioned, e.g., such that the distal end of the guidewire 164 extends beyond thrombus

or other %%@E%?%éﬁg‘%ﬁg%gﬁ ttro@aelt%%r?{%{t&%estﬁgﬁl\élpr}%ﬁ@r %stai ofAEhNG sheath 20 and

guidewirc 164 arc In plac e sleev e gu dewire 164 may be removed, leaving behind the
relatively SHi@TIaaMefMeamdEreolgrRinftideliiiee FolsEOSAM AN FP RIS IMSEPrTHR SvidREr guidewire
168 occupigsriesscepanainsise tnatimenad @intheaheaty 2aRnd erchyalowsdakgenparticles to
be drawn into 15the lumen 24, e.g., using an embolectomy balloon catheter or other treatment device,
such as those described elsewhere herein. In this embodiment, the treatment device may have a
relatively small accessory lumen to slidably accommodate the core 168 of the guidewire 164 therein,
and therefore the shaft of the treatment device may also have a relatively small outer diameter
compared to a device that is advanced over a larger guidewire. Thus, 20 the smaller guidewire 164
and consequent treatment device shafts may leave more room within the lumen 24 to remove larger
particles from of the body lumen. Turning to FIGS. 16A-16C, another embodiment of a sheath 120
is shown that may increase the ability of the sheath 20 to remove relatively large particles. Generally,
the sheath 120 may include features similar to the other embodiments described herein, 25and may
be incorporated into the apparatus 10 shown in FIGS. 1A-3 or any other apparatus or system. For
example, the sheath 120 includes a shaft 122 carrying an expandable member 126a, which may be
constructed and used similar to the previous embodiments. Unlike the previous embodiments, at least
a portion of the shaft 122 of the sheath 30120 may be radially expandable to accommodate a relatively
large particle 116 passing therethrough, as shown in FIG. 16A. In this example, an embolectomy
balloon 86 is being used to pull the particle 116 through the sheath lumen 24 and out of a body lumen
and a patient's body.



WO 2010/017537PCT/1JS2009/053237 - 21 - As shown in more detail in FIG. 16B, the shaft 122
of the sheath 120 may include an inner layer 1524eonstructed from one or more substantially inelastic
material, e.g., for providing desired structural rigidity to the sheath 120. One or more slots 154 may be

provided in the inner layer 152 e.g.. extending along the entire.length of the sheath 120 or 5only along
e e B RS e e B o B B s R 2B arge ciameror

a distal por €s for example, if the shea
proximal pegticrer Thexshafterp Hiesinehrrsseanisiveatishaft layer 156, which may be constructed from
one or more elastic materials that provide a fluid-tight outer skin for the shaft 122, e.g., to prevent fluid

from passing threughi e S1QiEkins 10 HeHANAE [BYRr Atnitaheadially Quiérddaresisapplied, e.g.,

the slot(s) 154 may open 10and the outer layer 156 may elastically deform to allow radial expansion of

the shaft 133" (VR EN B RRRENV IR PIBFERAL TS T ARe GG 1aYRN BB HERA R ifently return
inwardly teghesdrigindlfsizesciosinththe: islaf(8)clddtai enAsisheviiytiae roataindayer 156 may be an
enclosed sleeve surrounding the inner layer 152. The outer layer 156 may be attached to the inner

layer 152,,2.9., (q.40 sg}é'égﬁﬂo?%%‘i‘é@%g %g%ﬂg%@ﬂgﬁ@%féﬂﬁfﬁgmﬁ Q%&%ﬁ%ﬁ%r&me fit, by

bonding with adhesive, sonic welding, e ernatively, the elastic layer 156 may

be bonded@tgchediirite didmerd oftheetitelas fieerpsr 352 (Fdtetrdivn prenitIeieiayfrovide a harder
and/or moseslRECIMS Dutenistfassterdhe isheaithdd & thdessadeh antpéaipativerembediment, the

elastic layer m%y be l?on edt an ingld .Sl.tll‘fac%. of the slotted layer. 20During use, a treatment device,
2Es COHH ca {ﬁs at to %s ! gation.

such as balloon catheter 82 shownin
8. The system of ¢claim 5, wherein the inner membrane is more resistant to bending

or compression than the outer membrane.

9. The system of claim 8, wherein the inner membrane comprises a reinforcement

layer to increase the resistance of the inner membrane to bending or compression.

10. The system of claim 1, wherein the tubular member comprises an access port on

the proximal end providing access to the lumen for removing material therefrom.

1. The system of claim 1, wherein the tubular member is expandable along the

entire length between the proximal and distal ends.

12. The system of claim 1, wherein the expandable section of the tubular member

comprises an elastic layer coupled to an inelastic layer including one or more



may be used to draw thrombus or other material 116 into the lumen 124 of the sheath 120, similar to
the previous embodiments. If the material 116‘i§3Ia‘rger than the diameter of the lumen 124 with the
outer layer 156 in its relaxed or relatively low potential energy state, then pulling the material 116 into

the 'Ume%&%ﬁﬁe@{%%me'%rné%ﬂe1§V&t%ap§§ah§j,em eRRRING BesHRlke) tha4 and

increasing the diameter of the inner layer 152 and shaft 122. As the material 116 passes along the
expandaSi®EBRIGIE SeHIORIRFELSD Iotedidher#Rrss  &iliently expand and contract back towards
the relaxed state, as can be seen in FIG. 16A. Turning to FIG. 16C, another embodiment of a sheath
120' is shesvn (Wit apsBéhespaatiakiz, membetirosisbtninyaetelyfosaoaveraeticelethat includes an
alternativgurr?géa%ljy e%RS‘E‘r?e Qé% sﬁggrlzz' Instead of one or more elongated slots along the entire
length of expan Abte portion or theShaft 122," a plurality of discrete length slots 158" may be provided
in a relatively inelastic layer 152," e.g., similar to a slotted-tube stent. An WO

2010/017%87PCTite) Sze9/068287 122wheraitidajiapit seirnmraysgaiv BeapRIANEIDN the
outside opinside plthadnglasiic Byerbadridbedasie’ maytbadarmed ixtbeiwalbeiife inelastic
layer 152,' e.g., by cutting the slots, 158" into a tube, e.g., by laser cutting, mechanical cutting, or by
cutting thg‘glg@i%a‘?%g‘t‘%ﬂ@%WQ and attaching longitudinal edges of the sheet (not shown). 5The
material of the inelastic layer 152' may be sufficiently flexible to accommodate deformation of the
inelastic lager 152 eygtesuohdhat razlislhexparisioinaf ke isiaftcba ey Dtduiaitikygto the opening
of a stent g pyeraized ma'srialinaulen Moo e dymeRAZRIS SlastiplRusrapay resiientl bias

the inelastic layer 152" and consequently the shaft 122" to return inwardly towards the relaxed or
smaller diafiediernd GirrumieR BN Eemienararhieniane BiedsnadbREME WRslEh RefH: any embodiment

herein are exemplary for the specific embodiment and may be used on or in combination with other
embodimepts digelesgsidareitiaim VWhierthe iy eationdst siaeentibfeHe westausmedifieations, and

e RS SRS S BRI R RLA NSRRI LR OB NG ST gz ais RE e

and a second compliant balloon mounted on treatment device over the first balloon.

17. The system of claim 1, wherein the treatment device comprises a traction

member at least partially covering the treatment element.

18. The system of claim 1, wherein the treatment device comprises a traction
member movable between a first position wherein the traction member is disposed
adjacent the freatment element and a second position wherein the traction member at

least partiaily covers the treatment element.

19.  The system of claim 17 or 18, wherein the traction member comprises an

expandable mesh.

20. An apparatus for providing access to a body lumen, comprising:



15detalil. It should be understood, however, that the invention is not to be limited to the particular forms
or methods disclosed, but to the contrary, the imfention is to cover all modifications, equivalents and
alternatives falling within the scope of the appended claims. -23 - We claim: 1. A system for removing

obstructive,ragieriak e RRSHUMS R FARPASIASkimal 4 SlonglieHyREMeMber comprising a
proximal end, a distal end sized for introduction into a body lumen, a Iumen,extendln?gisbetween the

dy |
proximal SHEPSHSIATARS2 Al ERM AR AP TT-HEERPRSG BRTR A GiRIHE] Bh5t ¥ Blpandable

from a codapseshdonfiguration to an expanded configuration wherein the expandable member adopts
a tapered shape that flares outwardly away from the distal end to define an inlet that is larger than and

communicates Wil e lned. e sxAAIdable METEL:pZes da.ea9308 Al pha ody lumen within

. ] .
which the expanda eris exp d; and an elongate treatment member insertable

through ti¢e!iepses emticuminisingaa@rpdnt serEigeatior MhseiRdhe SErRRINAINESRBEREADIe for
directing ghshidciiveparadesialpaithin shadyulwaer isiaihedwaningsarahendudaendaromgh the inlet in

the expa ga le mem%%r; wherein. the tubyl ember comprises an expandable section including
at least tr:% i@t‘lﬂ{@ﬁﬁ Qﬁgde%rgrqw&%(fgtﬁ%vrﬂ%%r{é axed rs‘iztg 5 <a{:’narécr!1S ag]r%erzn Isr?}zxeartcs)gz“élec(%((%)ammodate
receiving engteyéad haad ef thaodheirstaesthistatel dirdetednatsaive  maehdjsksneedadent device. 2. The
system of claim 1, further comprising a dilator disposed within the lumen of the tubular member such

that a tapered digjal ip, extandsbeyent the sxpaadablemembarninie sollensgALoniguration to

provide a substantial%smooth transition during introduction of the tubular member into a body lumen.

3. The sySedigrpadinrtirerean daRia s iapRes2s R e8NRIRRERERR distal tip for receiving a
distal endzettherexkas cedaeimendterian iHegsc tiap tedrsaiigurationirdciEléngy steruekelaym 2, wherein
the dilator,is Eem val%l%er\)lllrgé(imally from the tubular member lumen after the tubular member is

. the [reatime . . :
mtroduceohn 0 a body lumen such that the treatment device may be inserted into the tubular member

lumen. 5. The system of claim 1, wherein the expandable member comprises an outer annular
membran@’isurrolirliRpanativinet danukd: Mesrdifdne, arrabdeliargimprircomprises an outer

annular membrane surrounding an inner annular membrane, the outer and inner
membranes being attached together and to the tubular member distal end such that the
outer and inner membranes together define a substantially enclosed interior, the tubular
member comprising an inflation lumen communicating with the interior such that, when
inflation media is delivered via the inflation lumen into the interior, the expandable

member is expanded to the expanded configuration.

22.  The apparatus of claim 21, wherein the outer membrane has a greater axial

length than the inner member such that proximal ends of the ouler and inner membranes

are spaced apart from one another along the distal end of the tubular member.

23.  The apparatus of claim 22, wherein the proximal end of the outer membrane is
attached to the distal end of the tubular member at a first location and wherein the
proximal end of the inner membrane is attached to the distal end of the tubular member

at a second location distal to the first location.

24. The apparatus of claim 21, wherein the inner membrane is more resistant to
bending or comprassion than the outer membrane such that the inner membrane adopts

a tapered conical shape in the expanded configuration.



- 23a - membranes being attached together and to the tubular member distal end such that the outer
and inner membranes together define a substaﬁ@&lly enclosed interior, the tubular member comprising
an inflation lumen communicating with the interior such that, when - 24 - inflation media is delivered

via the infition el ol he Jntalify oHhe, ARARTRDIHEARBRb I RXBaRGRCLLO e expanded

configuration. 6. The system of claim 5, wherein the outer membrane has a greater axial length than
the inner FREYRPEMRIEHAYRILPIBLTRRRCHES BTHRD SRR NI ST TP RAIRERERA giced apart from
one anothghalengithe distal end of the tubular member. 7. The system of claim 6, wherein the
proximal end of the outer membrane is attached to the distal end of the tubular member at a first
location and wherein the proximal end of the inner membrane is attached to the distal end of the
tubular member at a second location distal to the first location. 8. The system of claim 5, wherein the
inner membrane is more resistant to bending or compression than the outer membrane. 9. The
system of claim 8, wherein the inner membrane comprises a reinforcement layer to increase the
resistance of the inner membrane to bending or compression. 10. The system of claim 1, wherein the
tubular member comprises an access port on the proximal end providing access to the lumen for
removing material therefrom. 11. The system of claim 1, wherein the tubular member is expandable
along the entire length between the proximal and distal ends. 12. The system of claim 1, wherein the
expandable section of the tubular member comprises an elastic layer coupled to an inelastic layer
including one or more



- 25 - slots therein to accommodate the inelastic layer expanding, the elastic layer biasing the
expandable section to return towards the relaxed’size. 13. The system of claim 12, wherein the elastic
layer comprises an elastic sleeve surrounding the inelastic layer. 14. The system of claim 12, wherein
the inelastic layer. comprises a tubular body and wherein the one or more slots comgrise one or more
longitudin&Pslots CRERARTBISHS AR Bhgth YRR RIBLPHBIRM RS STRRERIAN 168 m 12, wherein
the inelastoriaye treopnprises enturalddibgdyeesdt Wwhbedimitbe onesoraviopensidsialdhgpeisena plurality of
longitudinal slots spaced apart axially and circumferentially from one another along the length of the

tubular bogly. 16@@5@5&‘@ %&i?iﬂ“z’ox Wﬂ&f&g‘tﬁéee%%ﬁ é%@WEPFh@%H&EWem device

comprises a first non-compliant balloon mounted on a distal end of the treatment device, and a second
compliantBaIRSH FRBIANESS 8A BlaatimEHeteiRiedVerah bRkt tisdayBhNd ydime &_y SiRPET claim 1,

wherein thesteealnantsaviee eanpises mblastioneenkenaigaskrasialyseyeinghhméreatment
element. 18. Trée S ster? of claim 1, wher iq the reagnent device comprises a traction member
aby E%’e xed S

movable SERWEER B first f)consFﬁorﬁtW etcr)‘e“f;r:]1r I?Faarc O member is disposed adjacent the treatment

element and a second position wherein the traction member at least partially covers the treatment
element. 28. Thd bysterarefuslaimldithdl718haisirdie tesiiadtist nosmbeecompldsts sieeegpandable

mesh. 20, AR,aRRREAIMS iFRiF¥RVisliag access to a body lumen, comprising: - 26 - an elongate tubular
member comprising a proximal end, a distal end sized for introduction into a body lumen, and a lumen

extending between the proximal and djstal ends; and an annular expandable member on the distal
end that i€ &xparftBREFEH S YIRPRERSRFIGIHATR S UR ERphAdedx U Wherein the
expandabigiatiegiber-adopisastpperedshgpe that flares outwardly away from the distal end to define
an inlet that is larger than and communicates with the lumen, the expandable member sized to engage
a wall of a body lymen within, Which 106 eXRAndRRIS MESRIRS &3 &RA0Udable distal end,

and a first lumen extending between the proximal and distal ends, the distal end

expandable between a coliapsed configuration and an expanded configuration wherein

the distal end adopts a tapered shape that flares outwardly away from the proximal end

to define an inlet that is iarger than and communicates with the first lumen;

an inner member comprising a proximal end and a distal end having a tapered
profile, wherein the inner member is configured for being removably disposed within the
first lumen of the outer member such that the inner member proximal end extends
proximally from the outer member proximal end and a tapered distal tip of the inner

member extends distally beyond the ouier member distal end; and

a treatment member sized to introduced through the first lumen of the outer

tubular member affer removing the inner member, the treatment member comprising an



wherein the tubular member comprises an expandable section including at least the distal end that is
expandable from a relaxed size to an enlarged e to accommodate receiving material larger than the
relaxed state directed into the lumen by the treatment device. 21. The apparatus of claim 20, wherein

the expa%%%%%m%%ﬁgm%ﬁ&ﬁérﬂ%Rgtsrsmu@ma%mh@%awmmmr}@@&ﬁnnu'ar

membrane, the outer and inner membranes being attached together and to the tubular member distal
end suchWHARINRLBHEFRAR iR MR RLshGRHEr ARS8 AsRRMEDlly enclosed interior, the

tubular member comprising an inflation lumen communicating with the interior such that, when inflation

media is deliverggh¥iaithpdnftation dumendniaothedietonsthieRpmeandaiipmesdyarsts expanded to the

expanded c nfirgur%tion. 22.Th aR%aratus f claim .21, wherein.the ut%rﬂembre}lne has a greater
: fi a sécond balioo ISRIRS concenincally argund the firs alicon, w erei
axial leng AN he fnerniernber such tha proximal ends of the outer and Innér membranes are

spaced ap@iihssipadoendp otber caomjanttivistiiesetonteatiaoalar member. 23. The apparatus of claim
22, wherein the proximal end of the outer membrane is attached to the distal end of the tubular

member afsa firstieation and whereintheRiaximal endLlihadrnas resmbranedsigttached to the

distal end of the tubular member at a second location distal to the first location. 24. The apparatus of
claim 21, WHERSh GRS RS IRETE 1B e 32 ST R LA B P LEMIH 4%&1BA%han the outer
membranssutlrthat hedthee dafempramerzdontarai tapered tenicabshapebir trenexpanded

Conﬁguragg&:ﬂa?ﬁ‘ﬂén@{gﬂﬁiﬁé’ SR, A 1125 nsr S}B}H%ria@k?tdg}g&‘? AUgfPMPprises a

reinforcement layer to increase the resistance of the inner mem ending or compression. -27
- 26. Thecapparatcaling HEhieoNRR@rein the tubular member comprises an access port on the
proximal end providing access to the lumen for removing material therefrom. 27. The apparatus of

claim 20, yhereindbe sepandaplaseciongidRmitfeulonesisrrRMaEsesnndlastigHayer coupled to
an inelastjc layer includin %ne or more slots therein to accommodate the inelastic layer expanding,
the elastiiqa(}g’i’eb?ééﬁ{&#g &B%ndable section to return towards the relaxed size. 28. The apparatus
of claim 27, wherein the elastic layer comprises an elastic sleeve surrounding the inelastic layer.

32. The apparatus of ciaim 30, wherein the inner membrane comprises a

reinforcement layer that allows radial expansion and resisis bending or compression in

an axial direction.

33. The apparatus of claim 29, wherein the inner member comprises a recess
adjacent the distal tip for receiving a portion of the expandable distal end of the outer

member in the collapsed configuration.

34. The apparatus of claim 29, wherein the outer tubular member comprises a shaft,
and wherein the expandabie distal end comprises an expandable member exiending
distally from the shaft and defining the inlet, the inlet defining a first diameter in the
collapsed configuration similar to a diameter of the first lumen and defining a second
diameter in the expanded configuration that is larger than the first diameter, the
expandable member tapering from the second diameter proximally towards the first

diameter.



29. An apparatus for removing obstructive material from a body lumen and for dilating the body lumen,
comprising: an outer tubular member compr8ing a proximal end, an expandable distal end, and a
first lumen extending between the proximal and distal ends, the distal end expandable between a
collapsed.gonfiguration and an anded configuration wherein the, distal en opts a tapered shape
that fares Sutwal ) A e e P 5 ks el i enariaBn e
communicgfeshaprrdisoniarkahape indhpsepandatberrdamiatisg a proximal end and a distal end
having a tapered profile, wherein the inner member is configured for being removably disposed within
the first luggen ofpthe pidekaesnRensHeh Mh@ﬁg;ﬁl’e({dm?m%:proximal end extends proximally from
the outer member proximal end and a tapered distal tip of the inner member extends distally beyond
the outer member distal end; and . a treatment member sized to introduced through the first lumen
of the outer tubufdr MHEHEGAREPTRATME BT PHTe MBSOt R Z6A 4 RBANRICE IR Drising an
-28 - expanbadereatnadint elenent xaralidis tad terdriesgobkim dleatthdisial ecdksive segion within a
body '“m%r}g’%%ﬁ%}@%%%er 8%%%8#%‘@36 &l SIS0V rigur JBRTS ENEAmENt element on
ent Irst balloon agfl

the treatment member comprises a and a secon oon disposed concentrically around

the first b&ROBEUTRHRI AR ISEAIRGHH IS MBRMRShBRENPhad i8R SeeBihg BaMPBWNIc3E T he
apparatus,ghciam20umberia, helexpapslatie cisieatonfl tiRaieromeniber emagses an inner
membrang, an.quieh membrane. surtounding. e inermiembet and-logether defining. an ipterior, and

. ] .
wherein the ou comprises a second lumen extending ween the outer memrﬁer prOX|maI

and distalleiygs Hnd tensatonitdimgeldthan@ interior. 31. The apparatus of claim 30, wherein the inner
membrane has a shorter length than the outer membrane. 32. The apparatus of claim 30, wherein the

inner membrane LOMPYISESHEPINAHRGRIAYRE Hal BHQNMS FRURLRIRANAIIRLIANY IRsigtspending or

compression in an axial direction. 33. The apparatus of claim 29, wherein the inner member

h
compriseseﬁdr@é@%%t&f?c%ﬁh%]aé?hPfﬁ%Fﬁg%EQi\ﬂﬁ@pgrﬁgrﬁEFFBWF?@‘WM%@%é% end of the

outer membgrrishtharcoliapsed confignrationar 3dccEhetap pavaites af dikaine28, olvtrerein the outer tubular

member cgiprisas Astall. AR MBI e eRandabls diialend somarises Ay expandable member

extending distally e shatt and deftining the inlet, the inlet defining a first diameter in the
collapsed configuration similar to a diameter of the first lumen and defining a second diameter in the

expanded configifFiei eiaeasiarperianef the RrderaRRRethaNd hasimtrzieandhisdraapering from the
second digmeier prpdraibsiowanssdhefisteianieson to accommodate receiving material

larger than the cross cross-section in the first lumen.

37. The apparatus of claim 36, wherein the first diameter is configured to be
substantially equal to or greater than an inner diameter of a body lumen within which the
expandable member is expanded such that the expandable membear engages a wall of

the body lumen when the expandable member is expanded.

38. An apparatus for treating a body lumen, comprising: a tubular member including
a proximal end, an expandable distal end, a first lumen extending between the proximal
and distal ends, and a second infiation lumen extending between the proximal and distal

ends, wherein the distal end, in an expanded configuration, has a tapered profile that



- 29 - 35. The apparatus of claim 34, wherein an inner surface of the expandable member defines a
tapered conical shape in the expanded configuraidn. 36. An apparatus for treating a body lumen,
comprising: an outer sheath comprising a proximal end, a distal end sized for introduction into a
body lumep e%Jc‘f?t,fn“%#ﬁQf %%qé?%tbae&%ﬁﬁ%é?%ﬁé%&%%ﬁfta@%seé'%?b&q AR fapandable
member expandable between & co apsed configuration and an expanded configuration'wherein, the
expandabid@iei b idetitieg dadistareenitgndompasarhdifgn®ies the first lumen and, in the expanded
configuration tapering from a first diameter at the distal opening to a second diameter similar to the
first lumen, the first diameter being larger than the second diameter; and a dilator slidably
disposed within the first lumen, the dilator comprising a proximal end adjacent the outer sheath
proximal end, a tapered distal tip extending beyond the outer sheath distal end, and an annular recess
that receives a distal end of the expandable member when the expandable member is in the collapsed
configuration; wherein at least a portion of the outer sheath shaft is radially expandable from a
relaxed cross-section to an enlarged cross-section to accommodate receiving material larger than the
cross cross-section in the first lumen. 37. The apparatus of claim 36, wherein the first diameter is
configured to be substantially equal to or greater than an inner diameter of a body lumen within which
the expandable member is expanded such that the expandable member engages a wall of the body
lumen when the expandable member is expanded. 38. An apparatus for treating a body lumen,
comprising: a tubular member including a proximal end, an expandable distal end, a first lumen
extending between the proximal and distal ends, and a second inflation lumen extending between the
proximal and distal ends, wherein the distal end, in an expanded configuration, has a tapered profile
that - 29a - tapers from a first diameter at a distal opening proximally towards a second diameter,
wherein the first diameter is greater than the second diameter; - 30 - an inner member slidably
disposed within the first lumen, the inner member comprising a proximal end adjacent the tubular
member proximal end, and a tapered distal tip extending distally beyond the tubular member distal
end; and



an elongate treatment member configured for introduction through the tubular member first lumen for
treating an obstructive region of a body lumen Wwithin which the tubular member is introduced, wherein
the treatment member comprises two concentric expandable members on a distal end thereof 39. The

apparatusaRfiﬁ#@%@ﬁm@h&r&é%%mmh%&%mﬁ%aﬂn@m@%@ﬁ%ﬁ@%@smgtae distal tip,

and wherein a portion of the tubular member distal end, in an unexpanded configuration, fits within the
recess. AOFRELRHhPIIASSE g'l‘ﬁiH'Ibé’é?erﬁéF@iﬁrI‘Pfé”ﬂ%ﬂlﬁpgnéﬂ%%F?ﬁ§f§9éﬂﬁt?:%mprises an
expandahigtareingerdtoltiygrantirieboemizaberafista e oditendnembrane surrounding the inner
membrane such that the inner and outer membranes define a substantially enclosed interior, and

wherein the secoldlumen.sammanisae Wb s INerie: andaniiaten aatandbgdvbular member

proximal end fora€eﬁ€€ﬁng inflation media into the“interior for expanding the expan: e member. 41.
The apparagmpef fitsinyen Whdieaing enrmisinivbragiercehipbr@sianemsfesnemnayer. 42. The

apparatus, of (aimefdb v haripdie se iferepmeatiayerdatipianack ot sripates ahthasigdasistant to
bending or compression ig an axial dirgcggp relati%/e to the tubular member. 43. The apparatus of
claim 40, RRERIARRIREE M EMBIARE FAS 5SHh that is greater than a length of the inner

membrane. 44. The apparatus of claim 40, wherein, when the expandable member is expanded to an
expandedi€onfiglinatmppathxinoiriae Branerkastaccioneaveatial croxwisestioreandahe outer

membrang. has.a, SORKEXAXILEIARS SRFIAT eI 9DoARn SR APRAAN FehalRINiéC: whergin, when the

expandable member is expanded to an expanded configuration, the inner and outer membranes form
an almon@sHABSRPERSSscertarition s iR [RA%REs of claim 38, wherein one of the expandable
members is more

40. The apparatus of claim 38, wherein the tubular member distal end comprises an
expandable member including an inner membrane and an outer membrane surrounding
the inner membrane such that the inner and outer membranes define a substantially
enciosed interior, and whersin the second lumen communicates with the interior and an
inftation port on the tubular member prokimai end for delivering inflation media into the

interior for expanding the expandable member.

41. The apparatus of claim 40, wherein the inner membrane comprises g

reinforcement layer.

42. The apparatus of claim 41, wherein the reinforcement layer is formed of a
material that is resistant to bending or compression in an axial direction relative fo the

tubular member.

43. The apparatus of claim 40, wherein the outer membrane has a length that is

greater than a length of the inner membrane.

44. The apparatus of claim 40, wherein, when the expandable member is expanded
to an expanded configuration, the inner membrane has a concave axial cross-section

and the outer membrane has a convex axial cross-section.



compliant than the other of the expandable mer?(l):)ers.
- a -

45, The apparatus of claim 40, wherein, when the expandable member is expanded
to an expanded configuration, the inner and outer membranes form an almond shaped

cross-section.



237 -

46.  The apparatus of claim 38, wherein one of the expandable members is more

compliant than the other of the expandable members,



