WO 2010/034021PCT/US2009/057918 FLOW RESTORATION SYSTEMS AND METHODS FOR
USE RELA | ED APPLICATIONS This application claims benefit of co-pending U.S. provisional
applications Serial 5 Nos. 61/099,171, filed September 22, 2008, 61/143,603, filed January 9, 2009,
and 61/152,289, fiwdFePruary 12, 2009, the entire disclosures of whichB{r&eszeeesslyiicorporated by
reference herein. FIELD OF THE INVENTION 10The present invention relates generally to apparatus
for treating obstructive material, e.g., thrombus, s‘téﬁosis, and/or unwanted material within a body
lumen of a patient, e.g., within ular graft, aorto-venous fistula, blood vessel, and the like. More
particularly, the prese&%‘&rﬁg%%ﬁw&géﬁgﬁ%g %IP%%W%DO? Biferwike capturing thrombus or
other obstructive material within a body lumen, and to methods for making and using such
15apparatus. BACKGROUND Flow within.8 W&Hﬁ%ﬁ% other body lumen within a patient's
vasculature may become constricted | i r a variety of reasons. For example, a
vessel 20 may gradusHyptissrow deiesd snfidimhrativmdng /oScetpprotifel atphicaipagidiieh, thrombus

may forgn dug JossKeld, nafreuing.pr-atherAovproblamssyithina 3%%%%%]-9, 2063ng@pproach to removing
unwanted material, e.qg,, thrombus, that is adherent to a vessel wall may involve advancing a device,

e.q., a FogdHy emboddisis BuEdn; 19U pBibEs SHaRw s diaraik HarREBlbckage, expanding the
device to thiadirpensiobofdbenessetiab interior, and then withdrawing the expanded device back with
the intent to sweep the adherent material out of the vessel. While this approach is frequently
successful, there arc some instances where the adherent material does not release from the vessel
wall and stays within the vessel even & 3 tther approach to removing the

adherggt material 1§, 10, AAYARCE & FAAHNG IR %%%ﬁ?%ﬁ@%@@&%g{@%ﬁ%Eftﬂ%%ﬂfténﬁ,adherent
aferial, thereb
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material or become entangled in the adherent material, the forcing the adherent material to
release frorf- Ghe FRESEFEMOBS B QNEIE e ApisHET raraibiD ady e Aas seviditit fetical wires that

expand radiaiiyioutwanthigeaniash thawessehwaliobhesawiras asispunataphigh.ppred via a

driveshaft c&%np?gggrg

-2 -, . . .
mvention relates to apparatus for removing or otherwise capturing thrombus or
other obstructive material withm a body lumen, and to methods for making and using such

15 apparatus.

BACKGROUND

Flow within a blood vessel or other body lumen within a patient’s vasculature may

become constricted or uitimately interrupted for a variety of reasons, For example, a vessel
20 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.

One approach to removing unwanted material, ¢.g., thrombus, that is adherent to a
vessel wall may involve advancing a device, ¢.g., a Fogarty embolectomy balloon, to a point
beyond the adherent material blockage, expanding the device 1o the dimension of the vessel

25 interior, and then withdrawing the expanded device back with the mtent to sweep the
adherent material out of the vessel. While this approach is frequently successful, there are
some instances where the adherent material does not release from the vessel wall and stays
within the vessel even after multiple passes.

Another approach to removing the adherent material is to advance a rotating

30 structure that can abrade the surface of the adherent material or become entangled in the
adherent material, thereby forcing the adherent material to release from the vessel wall. For
example, the Arrow Treratola device has several helical wires that cxpand radially outward

to contact the vessel wall. These wires are spun at a high speed via a driveshaft connected



to an electric motor in the hand piece of the device. During operation, the Treratola device rubs against
the inside wall of the vessel as it is advanced. Upon engaging adherent material, the device abrades
the inside surface of that material, and in many cases, the device may break through the interface
between the &idhdrgriB#ziterial and the vessel wall. 5In this event, the aditgrentuvateriasd can be peeled
off the vessel wall and become wrapped around the helical wires of the Treratola device. While this
may address the immediate goat of removing the-ddherent material from the vessel wall, it is often
difficult to remove the material F:%)rﬁ?éla:}}vessgl itself since the Trerato la device does not offer any

method to USViThESSF ISPt 159 RS e O Sre PR WSTAEAT s PE MR 4 ER tFie vessel, it
typically passesdtuiasgheancidse-dflttafghertioe lsschiasdamiritodearcshastiy. simyrenaterial that is wound
around the Jrecalg [ devige lsRICARUSNed off s Leniers he sheath and sugh, material thus
remains in the vessel. ccordingly, appara?us and methods for remgvmg material from
aorto-venous sy ragisbisibobirveds is eréich dbuel ihmetswmdtbee lseduheSEVlY  The

presentsinvepiog isdirecied o Apparatsdorsieaing shedy men.phaRatien. ¢-QpRdubular graft,

aorto-venous fistula, blood vessel, and the like. More particularly, the 20 present invention is directed
to apparatu'é“’?d‘r“fjetﬁ?ﬁﬁhif]o‘?”é‘iﬁ8$W%érréé?ﬁ?ﬁf’riﬁifd‘ﬁ?rombus or other obstructive material within a body
lumen, and to methadis fok makigandiusingstich apparatisoving IR-adaerdancgwiinzere embodiment,

a system is provided for remayin %gstr tive material from a.body lumen.. The system includes an
outer tubula@?nveersl%%?ac%rﬁﬁ%}%ﬁlgg% guéﬁ%xﬁ%‘%lﬁ"&%? g%%f%ﬁé%%%%‘cf%\s%ﬁn%gg X gghcﬁng between the
proximal andrefisiak dndse Opstionatifieamanritar éxpantdaiesopritstbnmemerdmtde be provided on

the outey tubylay Merpher Jistaleods IR RNRY, A8 IRaldesa mAsRirIonseYics, insertable through

the lumen and comprising an elongate shaft, an expandable cage coupled to a distal end of the

elongate sha@fticitre éoARHHTALTGHS Iatind BYdRtisT A RgWIRRGES IR BRdicEy, wherein 30 the

shaft and the-crge aypiaxialiyinveablia eirtya e thencenstaintiubs. Aplicealindheconstraint tube
may be fixedly (;Pupled to an inner surface of the outer tubular member or the constraint tube may be

movable ind& Séaridently of the outer tubular member. WO 2010/034021PCMIS2009/057918
Accordingly, apparatus and methods for removing material from aorto-venous

15 grafts, blood vessels, or other body lumens would be useful.

SUMMARY
~ The present mvention is directed to apparatus for treating a body lumen of a patient,
¢.g., & tubular graft, aorto-venous fistula, blood vessel, and the like. More particularly, the
20 present invention is directed to apparatus for removing or otherwise capturing thrombus or
other obstructive material within a body lumen, and to methods for making and using such
apparatus, -
In accordance with one embodiment, a system is provided for removing obstructive
material from a body lumen. The system includes an outer tubular member comprising a
25  proximal end, a distal end, and a lumen extending between the proximal and distal cnds.
Optionally, an annular expandable occlusion member may be provided on the outer tubular
member distal end. The system also mcludes a macerator device insertable through the
lumen and comprising an clongate shaft, an expandable cage coupled to a distal end of the
elongate shaft, and a constraint tube having a distal opening with a sharpened edge, wherein
30 the shaft and the cage are axially moveable relative to the constraint tube. Optionally, the
constraint tube may be fixedly coupled to an inner surface of the outer tubular member or

the constramt tube may be movable independently of the outer tubular member.



- 3 - The cage may include a plurality of apertures, and the distal sharpened edge of the constraint
tube may be configured for shearing off material that protrudes through the apertures as the cage is
proximally withdrawn into the constraint tube. Optionally, the inner surface of the cage may include a
plurality of inwerzilyejeseseuding barbs. The cage may 5include distal proti{dirig®urueteass and/or, thick
struts and thin struts connecting the thick struts together. Optionally, one or more control wires may be
coupled to the distal protruding structures of the tage, wherein the control wire(s) may be configured
for drawing the protruding structures together into a closed confié}uration when the cage is in an.

expanded configufafi SRS THToRAITS 4 BRNAILHK &% #AE B 3P MAB Y FhrerRs e €R)dor 10 causing

the cage to ¢etsdeiaiingragvisnasmentdivoughitng bBaluren antbesistemupayhinclude an actuator
for manuall){1 rotating the cage. In exenﬁglg\{%ﬁ@bogﬂgﬁ ts, th di?n;:bgr%eﬁdiﬂ' str{.jctures may have a

a
erfures s the cage 18 proxima £ consframn Iv, the mper
smooth edgéj, a SFOt e ea , oPa serp ntine e ge. n an exemplary mIBo |¥ﬁent,n%ﬂe system may

further includlefzm eftrgres treatmeetanentsditcohiprisitly areexpagpdable Featrentaiement
selectively expandabig fandiigging defhe.phsirusivematerialwitinthehodylumenipto the cage

when the cage is in an expanded configuration. The elongate treatment member may be insertable
through a IUFER REEHI MEEEPAIYY JuA s BRETCORHBINGIR NRYthHe @Ehte frediffént member may be
insertable thretughidheRuteciwidacienmheriimenadisreit(o they massratardavice shaft. Optionally,

in this alternative, the cage may have an unjptetrupted path orother. opening, 20 through which the
elongate Rt R R g e L B B P R ot s
provided forxgmdedngostagoiy Optaterial frdmveshdtypdurbenpiral inchudisd intilodugingan outer

t“b“'aﬁ(ﬁ“e”BE{%ME‘&RJQ?g?%dr_\éf%{Qkﬁﬂmg‘gd%?éﬁ%ﬁ%{'ﬁ%Géﬁ%%%ﬁ}%‘rﬁ@%@tﬁé@s%@eﬁﬂga@ distal opening.

A macerator device may be introduced through the outer tubular member lumen into the body

25lumen. InHidgahfstamre AbOavEhitreene feeratsr Hevicapay sbodearelbagate shaft, an

expandablezageicRupleduiesatistalendmbdhe.elengatrishall2phagpasiripgfube having a distal
opening. The expandable cag e depltg%/ed out of th Constrgi ttub§ distal opening by distally
& P

e may

advancing the elorfy4té F@I%ﬁ%% S SR YO S THT B PR HR B WRATH THEBERY lumen.
Obstructivenmeatetialomaysihe aapturedabithrenthecajem S0ariecthety thecagblatay deqigximally
withdrawn ingto t const int e %r'l t 4 , thro) rturesn the cage as the cage
collapgévs mra&g %%Sgh&ef?e%i% M e%?, 3a &gﬂ)ﬁéﬁéﬁ%ﬁﬁfo&%ﬁ%ﬁg&%ﬁ%@ Istal opening, In
addition or akandafedylistetead Bt alererialveriyp od mepibstatrints B sibie thubidar member distal

opening. Optiaratly b @acerator device shaft. Alternatively, the elongate treatment member may be

insertable through the outer tubular member lumen adjacent to the macerator device shaft.
Optionally, in this altemative, the cage may have an unmmterrupted path or other opening

20 through which the eiﬂﬁgate treatment member may pass.

In accordance with another embodiment, a method is provided for removing

obstructive material from a body lumen that includes introducing an outer tubular member
mnto the body lumen, the outer tubular member including a lumen and a distal opening. A
macerator device may be introduced through the outer tubular member lumen into the body

25  lumen. In an exemplary embodiment, the macerator device may include an clongate shaft,
an expandable cage coupled to a distal end of the elongate shaft, and a constraint tube
having a distal opening. The expandable cage may be deployed out of the constraint tube
distal opening by distalty advancing the elongate shaft relative to the constraint fube, and
expanded within the body lumen. Obstructive material may be captured within the cage,

30 and then the cage may be proximally withdrawn into the constraint tube. Material that
protrudes through apertures in the cage as the cage collapses may be sheared off, c.g., by a
sharpened edge of the constramt tube distal opening, In addition or alternatively, sheared off

material may be aspirated into the outer tubuiar member distal opening, Optionally, the



- 4 - method may also include expanding an occlusion element on the outer tubular member distal end,
e.g., to prevent obstructive material from passing proximally beyond the distal end of the outer tubular
member. In an exemplary embodiment, the method may further include introducing an elongate
treatment member including a distal expandable treatment element through the outer tubular member
lumen and into the body lumen such that the expédrdable treatment element, in a collapsed
configuration, is positioned distal to the obstructive material and the cage is positioned proximal to the
obstructivermtiiatiaiaT hbse xpdntiablpardagrentelbmentlaayi evehaoded thdiprodmbdy withdrawn
towards the;expaiiechaos el BRABNIEME N AISHI S MR RIAIN BN e dRLine

expandable treatment element. n another exemplary' embddiment, the method may also include
advancing ¢hé eksRiser caljdaomsrtSine obstructive material and rotating the cage during

advancement untjh the @b@ﬁy@ﬂy%@@ﬂ@memmaﬁgﬁ@i%@dmm@oﬁmmg@e £&age. Rotation
of the cage may cause obstructive material to he arated from the vessel wall, and the cage may be
withdrawn ﬁ@8 He ES%@?&?@%&I%%% a%&é%ﬁrﬁmé%igg‘fﬁg%ﬁts%l&?% lllﬁgflglatlhﬁom the cage
distal portiententitod avithemdrer flasabstxlictivahmateiydbinto thelc Grastited rtchabéatGptieatakyt the cage
may be re-deplayed., [ﬁ%{gglyg r iti [ .. eparate
and/or with %v%b%@iﬁ%g%ﬁﬁla Into {ﬂg fgg%@&?ﬁ%&gg%%%%%@ﬁ%ﬁ%%%%ég{m,ﬁ;%%pparatus IS
provided foragEHoReAGBISS IR hia R APRBIIN DBEFIdn S RasapindirdscaimenitélomBiflar member
including apsoxipak:eReda distal goghaiasd Jaminiedugipadottes Reshnhismengangd lumen extending

between the proximal and distal ends; an elpngate shaft including proximal and distal ends and
movable aﬁW&Wﬁiﬂ‘%‘i’ﬁ%ﬁ%ﬁWﬂ%@ﬁgﬁ ?&ﬁﬁ&ﬁ%ﬂ?ﬁ%ﬁ%ﬁ%&?ﬁ%@&we including a first
end attached to the alistadreaxtabting shaftdindm, sheanelirelerend aEhemchgk isdexpangable from a
collapsed c Ei%ﬂ@ i IS, 6 _ Ithi e n and,an expanded
configuratioe%gyv en %@%&@&ﬁg}%@ &éﬁﬁggﬂ%%?%gﬁngoﬁé?ﬁ%&er@? i L‘?ﬁ%%%gggnlincludes a
tubular strutii&frebsmsl s waltdskberomgsratmeds tie flisthperierohtheriss. fetaisecid end
definin_g anﬂé@%@ﬁx&@@ﬁﬁ@;@_f&:@ﬁ%ﬂ@;ﬁ%ﬂﬁﬁb@ﬁd{‘%@'B?@fﬁé&?e@@@%ﬂ&@%@é@%ﬁiﬁ%&@ﬁ@i?&gﬁﬁon IOF
capturing obstructive material within the interior of the cage. -wall may include a plurality of struts
and/or apeP?ﬁVe%esWétmﬁé{f’ \)xmgﬁpﬁg’@ﬁfﬁ@% %d’&%ﬁ“@&kﬁ‘?ﬁfﬁﬁ% Kl fhen after
capturing nfateddsfroetitte rafedidtiheretiontheddistalitwdechof the tbktilativaembeiablidabliieengages the
wall of the cage or.qt ryﬁs;ﬁ?s arate fruetive material captured by the cage that extends through
the aperturce%%%waén%ﬁg%gég |gn<§épﬁﬁ§é§§§63%£ c tJ:t](r)%va (2%??%% %}%ﬁ%ég{gc%dgﬁlﬁ‘é‘arat%%@ in
accordancemwithrarietheerat ieees o syste rrepsplovieiber foritherapy irgtolssive eivierivlatettidhfrom a body
lumen that dggludes an outer tubular member including a proximal end, a distal end sized for
introduction into a body lumen, and a lumen extendin%gbetween the#)roximal, and distal ends; an
obstruction devicddpTIFANTE M Th@RISHIAR FREHBES 15 FIOCLHOAhSFORTH MR aterial
intended tarbecrishdived athedetisireatiha dexicked el uding abubxpaadaklenciediies progididtal end
thereof, and, maceiAles dsvice, The.MAssIalor device may neluds, an expandaple ags canied on a
distal end of & gha?t and a constrain {ube for main anﬁngn%h_e cage in a collapsedconfiguration, e.g., to
allow the nibegratomdeoise distiledrisoducdeniits thelbouyulingenrepioal hinhaliwutadsandber lumen.
The cage mayhgdgpiayalienfromeadisial anehebiheeonsiainkiuls.Aad RXpadakie L.an expanded

configuration within a body lumen. The cage may include an open end communjcating with an interior
of the cage AR RIHRIRA] BERMGH QB F51LSBHHHY OB a2 AR AP e rior of the
cage. lix agpatdsiedwiila yoll gnethenigpadtdtnbedie ithpgidrdinmysteniton temoawing obstructive
material from a.body lumen, comprising; an.outer tubular member rising a proximal end, a distal
end sivedt B A Ut o Sl A R PR I B B MR e
ends; and amberircdevice deployable from the lumen and comprising an elongate shaft, an
expandable cageggr mﬁaﬁ%ﬁuﬁp%&%%@wﬁgQ%vaa@gm&%%mmewmﬁ sharpened
edge, wherein the shaff and the cage are axially moveable relative to the constraint tube; and wherein
an inner suifaRs SPeeegecrd shedRiagn R es remmredcaiag iR g ineran fobefgaging
obstructiverinhtesigleapiusedipitainiecagaring dbsaacordanaenuitRitifbiithenaspeds there is
provided a system for removing abstryctive material frgm a body lumen, comprising: an outer tubular
member cOErAING S SRAT AR BIGFANL Srer S For MRFSHSE A M 3 DEHSGARS and a lumen
extending betivearnthechprokithaltendedistalendspandiarvmtaiagor device deployable from the lumen
and comprising an elongate shaft, an expandable cage carried by the shaft, and a constraint tube
having a distal opening with a sharpened edge, wherein the shaft and the cage are axially moveable
relative to the constraint tube; and wherein the cage comprises distal tips extending from an open end
of the cage for engaging obstructive material within a body lumen. -5a-  Other aspects and features
of the present invention will become apparent from consideration of the following description taken in
conjunction with the accompanying drawings. BRIEF DESCRIPTION OF THE DRAWINGS It will

be appreciated that the exemplary apparatus shown in the drawings are not necessarily drawn to
crale with emnhacic inectead heaina nlaced on illiictratina the variniie acnecte and faatiiree nf the



FIG. 1 is a side view of an exemplary embodiment of a flow restoration system including an occlusion
device and a macerator device deployable from an access sheath. FIG. 2A is a cross-sectional
side view of an access sheath that may be included in the system of FIG. 1, including an expandable
member on a distal end of the access sheath.  FIG. 2B is a cross-sectional side view of an
alternative embodiment of an access sheath thatimay be included in the system of FIG. 1, including an
expandable member on a distal end of the access sheath.  FIG. 3 is a detalil of an inner surface of a

cage of a rAbEBIGT watadd thermd)odsibrded thehbwysmanberically weges the wall

2010/03404RE TLSAAN0RRE k8rufites obsiilPe HuBAM ABRA_ICEISESBstional sidayiews of

exemplary embqdiments of a cqnstraint tube that may he included in @ macerator device in the system
of FIG. 1. thro 1 AR5 48 T&St?&%%ﬁéi‘&‘@@ %3%511‘&%%&%"8%6%%% Hffaccess

including an intedrat@ondtnaintvidbentiiatrmspedrea ngitahe dsiprithadsy stemenfolits. dhsbhdud is a side
view of an . I Y ggﬁﬁgglﬁr@l fafl e i sy?e& including an occlusion device and
a maceratglrs%%eg—\l/%);?ﬁgp%ofa le from a%{ %%é%véﬁeoit%%@u . éfdn g%%gl‘%sas%%%ﬂlgﬁal views of a
body lumefdithifistlpadesite dotintsdadien aiorcte s opeaniolindratsatestadinmbrerrgnwithin the

body lumemePasimhi AddilB &reupersRegtivedaviiel ROMRak sy eReRIRN S Mbedingnt of a
10macerator, device Iiage '!n é@)ﬁ(gg’;\nded and collapsed configurations, respectively. FIG, 12A is a top

view of a fIAt B8P HEG PRBIEE I B YL 't RE RO b ike RRYUOR E&1°81A and 11B.
FIG. 12B isnaladiay of expastissicofithebitatopadteisiadfdrtiGh&2at and a Grddridaipergpective detail of

the macergior Jg¥ICe SRIFR) WAL BT htA A FPLARR NG IR A LRGN A
constraint tube for maintaining the cage in a collapsed configuration, e.g., to allow the
macerator device to be introduced into the body lumen through the tubular member umen.
The cage may be deployable from a distal end of the constraint tube and expandable to an
expanded configuration within a body lumen. The cage may include an open end
communicating with an interior of the cage in the expanded configuration for capturing
obstructive material within the interior of the cage.

In accordance with yet another aspect, there is provided a system for removing
obstructive material from a body lumen, comprising: an outer tubular member
comprising a proximal end, a distal end sized for introduction into a body lumen, and
a lumen extending between the proximal and distal ends; and a macerator device
deployable from the lumen and comprising an elongate shaft, an expandable cage
carried by the shaft, and a constraint tube having a distal opening with a sharpened
edge, wherein the shaft and the cage are axially moveable relative to the constraint
tube; and wherein an inner surface of the cage comprises a plurality of features
extending inwardly for engaging obstructive material captured within the cage.

In accordance with a further aspect, there is provided a system for removing
obstructive material from a body lumen, comprising: an outer tubular member
comprising a proximal end, a distal end sized for introduction into a body lumen, and
a lomen extending between the proximal and distal ends; and a macerator device
deployable from the lumen and comprising an elongate shaft, an expandable cage
carried by the shaft, and a constraint tube having a distal opening with a sharpened
edge, wherein the shaft and the cage are axially moveable relative to the constraint
tube; and wherein the cage comprises distal tips extending from an open end of the

cage for engaging obstructive material within a body lumen.



FIGS. 14A and 14B are cross-sectional views of another exemplary embodiment of a macerator
device cage that includes control wires for directing a distal end of the cage between an open
configuration and a closed configuration, respectively. FIG. 14C is a cross-sectional view of an
alternative embodiment of the macerator 20 device cage of FIGS. 14A and 14B that includes control
wires and a sleeve around the control wires for-@igecting the cage between an open configuration and
a closed configuration. FIGS. 15A-15C are side views of alternative embodiments of distal tips
that may be provided on a macerator device cage, such as the cage shown in FIGS. 11A and 11B.
25FIGS. 16A-161Y%RE épedissardidrabtrewE B PIseR Hﬁ%‘é’ﬁ%tﬁ’ﬁl DorATH EBIIEAY, EBwWing another
method forceemideriftionD bstiue iyomiate dasoniishvn tardaogly dotferiETALED &9 pRTIdON OF THE
EXEMPLARr\a( EMBODIMENTS Turning to the drawings, FIG. 1 shows an exemplary embodiment of
an apparatus‘ﬂ?%for treating a body lumen, e.g., for removing thrombus, clots, objects, debris,
and/or other unwanted or obstructive material from within the body lumen, such as a blood vessel,

aorto- venous fistula, tubular gﬁgﬁgggmoﬁ@pw,ﬁmwgtus 10 includes an outer access

sheath or other tubular member and, optionally, an obstruction device 30 and a WO

2010/034021PCTiabbegrmssaated. thet Hhe exsmilracARBEIBS SR BJRIHERYRSS grovide a flow

restorationgysiemlyederwioto spary ngtobaikiety iralchiah fr phcaitbinibegvdymeRsy iksupatient's body.
In addition, sucQSe}agX%éepw m%%gglﬂfiest?arggdor more aed(gltlonal components not depicted, e.g., one or

. aspec arures 3} ments, . .
more gwdeV\ﬁres, syringes or other sources o Infatios media and/or vacuum, and the like. The

sheath 20 may bé&len &longaidetulsalar bodssenglamreinixstinest of priteedeseshieatysiaciuding a
proximal eog (o SO iste 20125 2 L CSLEHONIAA YUK 2 lmen 24

extending between the proximal end and the distal end 22. The sheath 20 may be configured for

- percutaneous plad€meéntiivitsios tisiglign vy, ofrandnsss aletin gy BRvhsermeded dbstantially
atraumaticip jafaciitdrsadvagcement iiadRardieralang badyalumessiwitiina patiant's body.

FIG. 2B is a cross-sectional side view of an alternative embodiment of an access
sheath that may be included in the system of FIG. 1, including an expandable member on a
distal end of the access sheath.

FIG. 3 1s a detail of an inner surface of a cage of a macerator device that may be

included in the system of FIG. 1.



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 sheath 20 may be substantially
rigid or semi-rigid to facilitate advancement of the apparatus 10 by pushing or otherwise manipulating
the proximal erxkzom/eddition or alternatively, a distal 15portion of the sheath@Qamay besflexible, e.g.,
to facilitate bending and/or advancement through tortuous anatomy without substantial risk of kinking
or buckling. In exemplary embodiments, the sheatf 20 may be formed from materials such a metal,
plastic, e.g., PEEK, Grilamed L25, and the like, or composite materials. The sheath 20 may have a

length between atidGSfitd BASHITRIANTSEPHRA) Tes TR TsMAa AN bakmsRtS Ofer 20 diameter

between abgyiiskfutauB Omilimeters.criaddhealumendd deaydiaveea giametarigetween about 1.4 and
1.8 millimeters. O t[|8n§1IlJQ/ the s_heth 0 a\)/{.incllflde :inthantdle or hup on ;[h agroxi_mal end (not
shown). The handle may B’é:rgﬁ%\ﬁeélg%a acifitate %Iarilnag Brmani muPét)t ﬁrﬁe 'eoapp%?%tsﬁs 10 or individual
componentsaofuthespparaias b0 stwsdeseritbeththjthe itvélided inthadditiom ¢hER5handle may include a

port communicating qviih{e;ED. 2 e SLIRLISIDG LR e umen. 24 and/ey aspirating

material from the lumen 24, e.g., around the macerator device 40 and/or obstruction device 30. For
example, a B YaeerlitpiomAcHARIHHE IRECHTH) BE CEupTaly 18R & B TR e8P obstructive

material received withinthe dumen2éeidhe sheathr 28andiardispased adiacentdhe distal end 22
within a bod%l)umen, as desécribed 30further below. tio.nz%l%/ the sheath 20 may include an
5

expandable Wear%?tg?ﬁ POCRIGEIN %‘Hﬁ%‘h‘{eé%%?éfa% I% af ény'22; e.g., to stabilize the
sheath 20 within aFbG8y!lLsreed ahdfor tesealtthe viodyolimmethdrerafipla flomwbpdsi ¢heodistal end 22

during g pragechilf, Bl ML 0030 IR CTHSR00808101 855 8

xg@gl}ﬁ, FIG. 2A shows a
sheath 20' including an expandable’member 26" on its thin a )ody lumen 50. The

expandable memBaF2B2 iy 5w ieamplilat Brtiobaé mayioerineerronce oo meteeial that may
expand elastically.psoBoHioRal fa theiameunt of inflation media delivered into the balloon 26," a

semi-compliant balloon, or.a non-.corgnplian_t
FIG. 12B is a detail of a portion of the flat pattern of FIG. 12A.

FIG. 13 is a perspective detail of the macerator device cage shown in FIGS. 11A and
15 11B bemg rotated in a direction A.
FIGS. 14A and 14B are cross-sectional views of another exemplary embodiment of
a macerator device cage that includes control wires for directing a distal end of the cage
between an open configuration and a closed configuration, respectively.
FIG. 14C is a cross-sectional view of an alternative embodiment of the macerator
20 device cage of FIGS. 14A and 14B that includes contro! wires and a sleeve around the
control wires for directing the cage between an open configuration and a closed
configuration.
FIGS. 15A-15C are side views of alternative embodiments of distal tips that may be
provided on a macerator device cage, such as the cage shown in FIGS. 11A and 11B.
25 FIGS. 16A-16H arc cross-sectional views of a body lumen within a patient’s body,

showing another method for removing obstructive material within the body lumen.

DETAILED DESCRIPTION OF THE EXEMPLARY EMBODIMENTS

Turning to the drawings, FIG. 1 shows an exemplary embodiment of an apparatus 10
36 for treating a body lumen, ¢.g., for removing thrombus, clots, objects, debris, and/or other
unwanted or obstructive material from within the body lumen, such as a blood vessel, aorto-
venous fistula, tubular graft, and the like. Generally, the apparatus 10 includes an outer

access sheath or other tubular member 20, and, optionally, an obstruction device 30 and 2



5 balloon, e.g., a PTA balloon, if desired. In this embodiment, the sheath 20" may include an inflation
lumen (not shown) extending from the proximal end of the sheath 20' to the distal end 22' and
communicating with an interior of the balloon 26." A source of inflation media and/or vacuum, e.g., a
syringe with sabreienstier fluid (not shown), may be coupled to the proxoTalendofthe sheath 20 for
delivering inflation media into the balloon 26' via the 10inflation lumen and/or aspirating fluid from the
balloon 26," e.g., to facilitate collapsing the balloon’26' after a procedure. Alternatively, the expandable
member 26' may be mechanically or otherwise expandable, e.g., including an expandable frame or

other structta Wi BV eRAErTHER (BT 15 R RTIAR PRIV FROTSRIRY SR &fp&idable member 26'

may be expangahig fam.alwnprafiereslarsechdbeanfiglatioputid:s disRosadagaiast the outer
surface of the heatfg 20' to faciili ate introduction .of thie sheath %O,' ?gg a high grofile, expanded
configuration- 8.8 16 BHY A5 R O GtRBARILE LB AL AR i FHRPERELES Q’Btgﬂgyel & B0 within which
the sheath 204is gndoducedylngtiererpandades nfigukdation,tde expandablermanm terlX6' may provide a
substaryially fluid tght seal within he.pad e 2. Gy, 10PIEvERLSHRS RIALaRANYsiologic flow

along the body lumen 50, which may otherwise allow particles of loose material to move past the
sheath 20 it 8thdrchding sptRapatiet oy Whetd didyridy taehlnaimdnsteadiion or
altematively,dhe iexRandable. mamhek28imay AlesuRanrtialy-securerandion stabilizerthe sheath

within the body lumen 5Q, e.g.,.to prevent inadvertent movement of the sheath 20" within the body
Jumen 50 dOFS rTRE R (SRS TAA Ide CHE ERARUABT TP DETHAT B Fbintained in the low
profile configutediop svhendtieshtativi20iidsnirodiycedyanddgnockpdinde edtatherhighnpsofile
configygation ance the sheath 20" is.positi within the body lumen 50 being treated, The
expangga})Iearrﬁﬂeﬁr)nbieg?rl %g'o aﬁnﬁé’?ﬁﬁh&g‘%ff‘r}l&e@%& ‘%%dﬁré_,tructive material is removed from the body
lumen 50 via the sHeate2b Srrothdecoirivbientiadbthelapp aranm ddnadodeseripeiizorfurther below.

Once the b%@x&&a@?@m%&%&ﬁmﬁmmﬁm{w expandiahic prReH 26r MRy Me.calapsed to

restore physiologic flow within the body lumen 50. In an alternative embodiment shown in FIG. 2B, an

access sheat#0" ¥nsiPHEHrIviERY Matmermt o drcliys adumermribdhowrnHar e this beyond the
distal end 2giihinY\Oo20H0IG3402PRE T IBZPRARRT QIS 1iaddition or alternatively, a distal

15 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 a metal, plastic, ¢.g.,
PEEK, Grilamed L25, and the like, or composite materials. The sheath 20 may have a
length between about five and one hundred thirty centimeters (5-130 ¢m) and an outer

20 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.

Optionally, the sheath 20 may include a handle or hub on the proximal end (not
shown). The handle may be shaped to facilitate holding or manipulating the apparatus 10 or
individual components of the apparatus 10, as described further below. In addition, the

25 handle may include a port communicating with the lumen 24, e.g., for mfusing fluid into the
lumen 24 and/or aspirating material from the lumen 24, ¢.g., around the macerator device 40
and/or obstruction device 306. For example, a syringe, vacuum line, and the like may be
coupled to the port for aspirating obstructive material received within the lumen 24 of the
sheath 20 and/or disposed adjacent the distal end 22 within a body lumen, as described

30 further below.

Optionally, the sheath 20 may mchude an expandable member or other occlusion
element carried on the distal end 22, e.g., to stabilize the sheath 20 within a body lumen

and/or to seal the body lumen from fluid flow past the distal end 22 during a procedure. For



the sheath 20" to provide an expandable distal tip for the sheath 20." Thus, the expandable member
26" may provide a conical or other transition extending from an enlarged distal tip towards the lumen
24" of the sheath 20," e.g., such that maceration of obstructive material may be performed within or
adjacent the sistadétipmbihe expandable member 26" if desired. 5During yoaaeyationspayticles of
obstructive material may be liberated within or adjacent the lumen 24" of the sheath 20," thereby
facilitating aspiration of the particles from the body8lumen 50 into the lumen 24." Additional information
on the access sheath 20" and/or expandable member 26" may be found in PCT/US09/53237, filed
August 8, 26591 Bitire \ditensstireeatwHidRcy Exp re<SHREbip S IAP refele désherdin,
10Referringhackitanfltadd. iR bstrucdion deusr sRHaraealvineidesssshalbaletherelongate
member 32 'nclu?gi a proxjmal en%érp t shown?ﬁjaggpi)stal _en1 33 sized for introduction through the
heath 20, 4 TR TR eAit CAPRTHY Si7 BXp SIS BESHTAEN B AR HEREinember 34 on
the distal endfBBomndralbljvhredobstibctelivmetiberddiisexpandablednom amolapsgihoonfiguration
(not Sh%‘”?‘%&&on?é?gf’af@f&%éiyﬁq %C&E%E}et@.r‘?%ﬂ%Est%ﬂgﬁ%&gn%‘%h%fsﬁkﬁtﬁ'll %&U&gg%‘% gp) expanded

configuration (shown'in FIG. 1) for engaging or otherwise contacting a wall of & umen within
which the obb%ﬁﬁ@ﬁd‘ HoRR (PETISIS expdiitieliomhthmrexempl ang e ibotingdnOthe tbbdtstrttion member

34 may be ghafioonde s cREFRIAN SeMiGRPBiaRtAlRANEoNRRN Al RaNGXpagdable to a
substantially spherical or cylindrical sha e ment, the shaft 20 32 may include an

e. In this embqdj
inflation lunEH (HGFEHBRy A Ein"cBRIRU LA SO SR A AHER T e Bb ST FRERABP'SA, .., for
selectively expainding dinfiicotlapding the dbstetiationimember 34010 piiondibyntb€ obstieiction member

34 may {nclude a core wire and/or.h Iici{s cture (not showyn), e.g.. such that the obstruction member
ey ad ot e R R o B e B R e oo for the
obstructive el 2630 ureniseisedAdenapesitine: appivdaidnnse s Ro. m2y487,135, filed July 2,

2009, the enfise,disclopureREWRAICBISEXIRSSY IncapRRIad By Isisrensa hersin.Alternatively, the

obstruction member 34 may include a frame or other mechanically expandable structure (not shown),
if desired. WHHEHRIHIY VREREWNES fomled P M mRieBr4R5f avide 40 generally includes a 30 shaft or

other elongate membekgiadableidiag2{Ieximalberdpiatisieawn) . odigalitaddBmlao sized to fit within
the lumen 24 o%the tszg'ne%t.h ZCQL and,an e@%ndcglgle c%%ee%é% { arrf%d 1?901;“;% a!(:slﬁta%lalt(end 43. Optionally, the

shaft 4 ma§0fh(§ﬁl3e Z1iiren %’P %%%ggwack not & Scl)lwns for sfida ?Il)t/ receiving e obstruction device 30

therethrougkntesiuiseridab: firthibr20élow. a high Toofikd dition dsd aftefigatively, e saftag? enay include
one or more,agdifional UM ERHRPLSRRYY u%&dffﬁ%&?%‘&ﬂ%ﬁ QuigewireRLAther;tail (also not

)
shown), one or more actuator wires or cables (also not shown), and the like, as described further

below. As sHBWALTRE dad 2zpredsd sprfieditionolis esqsarele s Rz DEWINGS: closed

substantially fluid tight seal within the body lumen 50, ¢.g., to prevent substantial

20 physiologic ﬁéw along the body lumen 50, which may otherwise allow particles of loose
material to move past the sheath 20 into other parts of the patient’s body where they may
cause harm. In addition or alternatively, the expandable member 26’ may also substantially
secure and/or stabilize the sheath within the body lumen 50, e.g., to prevent inadvertent
movement of the sheath 20’ within the body lumen 50 during treatment.

25 During use, the expandable member 26” may be maintained in the low profile

- configuration when the sheath 20’ is introduced, and then expanded to the high profile

configuration once the sheath 20° is positioned within the body lumen 50 being treated. The
expandable member 26” may remain expanded as obstructive material is removed from the
body lumen 50 via the sheath 20° or other component of the apparatus 10, as described

30 further below. Once the body lumen 50 is sufficiently treated, the expandable member 26’
may be collapsed to restore physiologic flow within the body lumen 50.

In an alternative embodiment shown in FIG. 2B, an access sheath 207 may be

provided that includes an expandable member 267 that extends beyond the distal end 22" of



5proximal or first end 44a coupled to the shaft 42 and an open distal or second end 44D, e.g., to
accommodate receiving obstructive material within the cage 44, as described further below. Generally,
the cage 44 includes a plurality of struts 44a extending between the first and second ends 44a, 44b
and/or arounsva maoipkery of the cage 44, thereby defining a cylindrical erathgzsnsmatarsouter wall
including a plurality of apertures 46, e.g., at least 10 adjacent the first end 44a. The struts 44a and/or
apertures 46 may be sized to accommodate expartsion and/or collapse of the cage 44 and/or to define
a desired pore size that prevents particles larger than the desired pore size from escaping once

captured withfrs iR AGeyaroideaserpad FolrAsp SR HT tsehssgels idap dsraBm@drbia a low-profile,
collapsed ceqfigstiatiom{nop sk e ohRe16+ it aceaimedaiedpeduetion depahdthe sheath 20, and

a high-profile, expanded configuration (shown,in FIG. 1) where the cage 44 expands radially
otwarcly, 0 0 LB AR L B o VR R e SRRt anor
expanded. @pﬁ@naﬂ@fmmwmﬂnrlﬁt&camﬁe dage dlofithy inpludeble pian&ii&yl&f’hx&tbné@..other N
features 4% pioiaeNg:faa Y mIRIAY ARG siiilad 0 0 1d0-E0RAG ABAITRIRVIFe 20additiona

traction with obstfuctive matérial captured within the cage 44, as discussed furt ow. The cage 44

may be forniEdchamh afvhridigrir hatdeisy Sgliteapanipistenetibalnde ststentif ksving between
the collapsegrandsexpandercentiguralicns.are:g6mersdines. E-exampethe,gage 44 may be

formed from elastic or superelastic materials,.e.g., 25metals, su s stainless steel, Nitinol, and the
like, plasticﬁxgﬁrég%%@bﬁﬁé eﬁ%?ghﬁ%g né%r‘r%%ﬁ@%?&ﬂnggfia HE G AL Ay B Tormed from a
tube with paitidnsuof dfie/tithesemovad tocdginedhbysttfitebéaanid/or apertures 46, e.qg., by laser

cuttingZ tching, mfgcth%ni | uEi apqhth like. ﬁlternativ the e 44 may be.formed from a
sheet also with port?o%sn}é?ﬁag{(/e%@%}deﬁng %ﬁgrgﬁﬁ% ﬁﬁvallcgﬁ /%erng@%?ﬁ?g%ﬁeg,ae%%gfl laser 30cutting,

etching, meetaniiengairtingmeeampinddmglathe ke omridrohep e relibdaltodsd futitaddashape with
edges of the,shaelRiashrdieasiian e@ . BY weldingrsaldering hepdingwith.aghgsive, fusing, and

the like
obstruction or treatment member 34 on the distal end 33, Generally, the obstruction

member 34 is expandable from a collapsed configuration (not shown), e.g., sized for

15 introduction through the lumen 24 of the sheath 20, and an expanded configuration (shown
in FIG. 1} for engagmng or otherwise contacting a wall of a body lumen within which the
obstruction member 34 is expanded. In an exemplary embodiment, the obstruction member
34 may be a balloon, e.g., a compliant, semi-compliant, or non-compliant balloon,
expandable to a substantially spherical or cylindrical shape. In this embodiment, the shaft

20 32 may include an inflation lumen (not shown) in communication with an interior of the
obstruction member 34, e.g., for selectively expanding and collapsing the obstruction
member 34. Optionally, the obstruction member 34 may include a core wire and/or helical
structure (not shown), e.g.. such that the obstruction member may adopt a helical shape in
the expanded configuration. Exemplary devices that may be used for the obstructive device

25 30 arc disclosed in co-pending application Serial No. 12/497,133, filed July 2, 2009, the
entire disclosure of which is expressly incorporated by reference herein. Alternatively, the
obstruction member 34 may include a frame or other mechanically expandable structure
(not shown), if desired.

With continued reference to F1G. 1, the macerator device 40 generally includes a

30 shaft or other elongate member 42 including a proximal end (not shown), a distal end 43
also sized to fif within the lumen 24 of the sheath 20, and an expandable cage 44 carried on
the distal end 43. Optionally, the shaft 42 may include a lumen or other track (not shown)
for stidably receiving the obstruction device 30 therethrough, as described further below. In



WO 20101034021PCT/US2009/057918 The cage 44 may then be attached to the shaft 42, e.g., by
substantially permanently attaching the closed end 44a around the distal end 43 of the shaft 42, e.g.,
by crimping, bonding with adhesive, fusing, wrapping a collar, wire or other material around the closed
end 44a, andwieztiloesTirus, the closed end 43 may be fixed in the collapsedhicanfigisration, 5 while the
rest of the cage 44 may be free to expand from the collapsed configuration to the expanded
configuration. In an exemplary embodiment, the cad8e 44 may be formed from superelastic material
that may be heat treated to program the expanded configuration into the cage 44, while allowing the

cage 44 to BAYEEnien R ERHTEsSe i hiamtaAbd s R BN S e BHBTAEAACTLOThus, in the
embodime wad' ,rﬁ.gl_, Edﬁ-ejlai{lﬂ(:g c‘aa@ﬁilél«éif@ ag’cbﬁe?ﬁﬁ'(a@mﬁﬂ_ Gﬂ&rﬁ}[@ﬁ%@m@r@dad%ﬁﬂﬂi ntlsé
compressible.radia wardly to the collapsed configyration yet biased to expand towards the
expanded c‘é’%ﬁ&ﬁ?&g’#*} Eﬁf@rﬁ%&%w h@%ﬁ%ﬁeﬁﬁ ﬁ?éifsﬁg Fé%ﬁ?@’“éxpanded and collapsed, e.g.,
using an actuator rothshowthy ompthe Braxined engoodithexpraderatondaviea d0dboypldoktd the cage 44.
15To maintai alf ing.c ' I onfi ' .. ing,introduction
througrﬂjior t?géc})%g? déﬁé&rﬁ%ﬁ?ﬁ%r@%géﬁg%ﬁ%g! %Pgﬁggeﬁéﬁ%g%\?%e% I}#agﬁ:%hﬁ €4 constraint
tube 48 slid8biyarspsel seiraapbsshafvamarnel coryh Macamd 48sieBeedfiaigngate tubular

body includingoa presisaaleme (Aot shawnka distahsnd A8 3 umeRARexiending.therebetween
that is sized to receive the shaft 42 %Zd cage 44 with 20the cage 44 in the coll%ps,ed configuration.

4 ,
Alternatively "SSP H TS b CO AR ST AR IR LR 6t the B5hE H4 & aintain the cage
44 in the cotigipskadonfiturationlamntikdt isatldsiteditq deplayiand gpand thecags &4swvithin a body

lumen, g.g., QN 0 ovable wires wqund around the e 44, a tear-away sleeve, and the like
169" %Rl MRS SR, WIER B¢ !
)aall_fh é: cgt C I8 gﬁ% aa esin%[s 4gra an«fg%rea]ﬁ tures gggn ﬂé qt\ eé‘ 0%1 %ate

(not shown istal end 48a of the constraint may &'§ized’t6 be dtiga I3}1(c)1|sposed 25

within the sk&gansPo, @dor v heveriisdass iHrodirmtiondinhe deksdrace devibe 1@ vhnbugh the lumen
24 of the sheatlieOalhe Genalelaliubs.A8; B He Shallds ARLGAOR At ANRE e vaDle axially

relative to one another, e.g., to allow the cage 44 to be retracted within the constraint tube 48 and/or
deployed frénfeiEBEh &t REIB& 48. Thus, the constraint tube 48 may maintain the cage 44 in the
collapsed configurgiioes ge. ¢4, id e g dabio duatiomintereiB) hodyshaoentthratioh (he gheath 20, and

allow the cage 44 10.be deplpyer 0m e consiaing e 48 such at the cade 44 gssumes the

expan ed coﬁﬁguraflon. he proxma%eno@(tﬁotss own ’o?%he 5%1&?{4@ ancyor constraint tube 48

may extendconigheitiors&heroonliéd {0 werptoivagd éhdxpfude shsHio20varidyneay, be actuatable from

-12- contact the wall of a body lumen within which the cage 44 is deployed and/or expanded.
Optionally, as shown in FIG. 3, the cage 44 may inciude a plurality of barbs or other
features 41 projecting radially inwardly from the struts 44a, e.g., to engage and/or provide

20 additional traction with obstructive material captured within the cage 44, as discussed
further below,

The cage 44 may be formed from a variety of materials, e.g., capable of elastically
or plastically moving between the collapsed and expanded configurations one or more
times. For example, the cage 44 may be formed from elastic or superclastic materials, e.g.,

25 metals, such as stainless steel, Nitinol, and the like, plastics, or composite materials. In an
exemplary embodiment, the cage 44 may be formed from a tube with portions of the tube
removed to define the struts 44a and/or apertures 46, e.g., by laser cutting, etching,
mechanical cutting, and the like. Alternatively, the cage 44 may be formed from a sheet
also with portions removed to define the struts 44a and/or apertures 46, ¢.g., by laser

30 cutting, etching, mechanical cutting, stamping, and the like, which may be rolled into a
tubular shape with edges of the sheet attached together, ¢.g., by welding, soldering, bonding
with adhesive, fusing, and the like. |



the proximal end of the sheath 20. For example, the sheath 20 may include a handle or hub (not
shown) on its proximal end, which may include one or more actuators for advancing the macerator
device 40 from the distal end 22 of the sheath 20 and/or for deploying the cage 44 from and covering
the cage 44 with #e/eanstraint tube 48. The shaft 42 and/or 5 constraintrubagb8omaysextend into the
handle, or one or more cables, wires, rods, or other actuator elements (not shown) may be coupled
between the shaft 42 and/or constraint tube 48 andlone or more actuators on the handle. For example,
a first actuator, e.gﬁ%iqslider, button, dial, and the like, may be provided on the handle (not shown) to

advance and/or refctasrs M Hrads SR Bad1ab idctive 1 thesenbaly pamansttly deploy the
cage 44 fromttogitlistal endPa otithesheath20whigdstilgaveseshon the copstiniphtybe 48. A second

actuator, e.%.d %nothetrhsli er, b’quqn, dial, and the}i%e sglso noﬁashowgg, a ttée be activated to
expose the Cage 44" 6§ BY aavancimg the SRAT %2 and 858" Pets '{?’g]alrglfﬁ tESr? 18int tube 48 or
retracting thenddnstraihthitlee 48hwithbelt badxbtar tidl mgwenfiend bfﬁtgsseégmeﬁ{hoﬁﬁmi@y han.dles
andior toaclitoi.\hal i be,pravidsd 0R4DE appaRilE Al iRelPastinaRBltaten Serial Io.

12/497,135 incorporated by reféerence above. ternatively, the sheath 2 macerator device 40

may be struttirafi <opratatigeyited srptenrataditertelicegotharpasifraedd&minto the sheath
20, e.g., viasaeikaicathesrapaninginthe-prexinatepr abihensheathidd 5a1examPiga handle or hub

(not 20 shown) may be provided.on the proximal end.of the sheath 20 that includes a port (also not
shown) com\flz\{rlr?ucralL eaﬁf?\g‘;” g\hloa e ﬁ%%éh“fpetﬁé{‘ﬂﬁﬁ%&e SHAYE St SR SR B énrﬁ]ﬁcerator device
40 and/or othdrpledicesitheztim. Optionally, the port may include one or more seals, e.g., a hemostatic

seal, thgt may accgmmeodate.recejying the m ator device 40, therein while providing a substantially
fluid-tight seal to preve’ntot)pgiei\gfD u%g%c;n%%aéﬁs%{%lgg reo?%%t%%lﬁm g)ﬂeflf.eikr?q[ |gna_1t%%native, the
macerator déleRB0citsesHatinenpeasfantiéibhhobidbt shibwe)lonsed profamalienslethat includes

one or mor%@%ﬁ%@@é@%@%%ﬁﬁ&é@e&k@g@m.thm&?@éﬁé@?ﬁ% eageuislafivecto the

constraint tube 48, similar Eg]ésh ‘actua}tor§ described above. Optionally, in a simi!ar manner, th_e
obstruction H’@\%@&‘?épm eé%‘i?&éﬁl B 5Hb 38 JREE AT AR P At SRR RIS B REXIEL g, with one
or more actuadarStiinoishowen }ionca fandigiaf dtheappgarétus 10 for deploying and/or withdrawing the
sty ket RO T LU B D
introduction through or before deployment from the sheath 20, the macerator device 40 may
include a constramt tube 48 slidably disposed around the shaft 42. The constraint tube 48
may be an elongate tubular body mcluding a proximal end (not shown), a distal end 48a,
and a lumen 49 extending therebetween that is sized to recetve the shaft 42 and cage 44 with
20 the cage 44 in the collapsed configuration. Alternatively, other removable constraints may
be provided around the cage 44 to maintain the cage 44 in the collapsed configuration until
it is desired to deploy and expand the cage 44 within a body lumen, e.g., one or more
removable wires wound around the cage 44, a tear-away sleeve, and the like (not shown).
The distal end 48a of the constraint tube 48 may be sized to be slidably disposed
25 within the sheath 20, e.g., to accommodate introduction of the macerator device 40 through
the lumen 24 of the sheath 20. The constraint tube 48 and the shaft 42 and cage 44 may be
movable axially relative to one another, ¢.g., to allow the cage 44 to be retracted within the
constramt tube 48 and/or deployed from the constraint tube 48. Thus, the constraint tube 48
may maintain the cage 44 in the collapsed configuration, e.g., during introduction into a
30 body lumen through the sheath 20, and allow the cage 44 to be deployed from the constraint
tube 48 such that the cage 44 assumes the expanded configuration.
The proximal ends (not shown) of the shaft 42 and/or constraint tube 48 may extend

or otherwise be coupled to the proximal end of the sheath 20 and may be actuatable from



- 13 - macerator device 40, and the macerator device 40 may include a port for receiving the
obstruction device 20, e.g., similar to the port described above. Optionally, as shown in FIGS. 4A
and 4B, the constraint tube 48 may be configured to facilitate removing excess material captured by
the cage 44. Weor»exassia, the distal end 548a of the constraint tube 48 mayrinzlcdesBne or more
features that slide or otherwise interact with the cage struts 44a, e.g., to trim excess material that
extends out of the cage apertures 46 when the caffe~44 is withdrawn back into the constraint tube 48
after capturing obstructive material within the cage 44. Thus, as the cage 44 enters the constraint tube

48 and is coRTpresday matdemheah #ipSen commiuanshcaie fannirasiole thBeniten"drd 48a of 10 the
constraint tyhe: $®mayshearainibanyicaitin sxeessmale vahihatproludas etatthe cage

apertures 48. In an exemplary embodiment, shown in IG.%¢, the distal end.48a of the constraint
b 45 may IR RS P AL &) MOChE AT Bpe 15 26 Mimunicating with
the lumen 4&:ghét iS@uitablecfericgtlingagf €keasshestrsictive tmbatélial issthét4dh aydprotrude through

the apegtures 46.0f e 206 &R S TROAIMENLSHAN MGt IR Shaipensd,eage 47 may be |

a single-ground edge, e.qg., that may shear along the outer surface of the cage 44 during withdrawal to

cut or otheriidBtebpsmaE Ihetthane MatdnsPEREHRRG throGghafhaZape e rosuginaiidhatively, as
shown in FIG 4B caconsthaintiune s may-hgdprovided that includes a double-ground sharpened
edge 47' 20 extending around distal opening 43.' The double-ground sharpened edge 47' may cut
excess obstructivgsl %%félﬁ’éﬁ%i ﬂrasﬁil/c?gafﬂ% %%g?e“ﬁ%u%%%ﬂg‘gaf néjgfﬁf'%} géa}?%’re resistant to
damage as phe taderd passis (intostoe i mend vatofitld@constiaint dulve dBceFaorrelkaitypi®, since the
cutting,edge 47: h slig rger di rihan the,lumen, 49" of the, canstrain 8' itself; the
cuttingzgdgzeid%vr??a;gy%eo%&%%%gg %?e %ﬁ_gﬁé%; a??ea %f%ﬁgr%ragggez%g%}l d LC} r? ggosfvl\f%) gf?é%v%elzgf the cage 44
but remain spdad IShgrayddpatidronsirecae 44 A seondnaienativessmbodimanbusieown in FIG. 5,

the constraigifubg 48 showRdh &l Gewif RRAHE RavbeemitedR0haspealh o0 may be used to

constrain the cage 44 (not hovyn()Ii in the collapsed configuration during introduction and/or to remove
excess maté?ii‘éqnﬁﬁ‘ﬁrjibe\ﬁ}?ﬂ%flg\ﬁ% 9P & EGE A SRR BN e Vst S EniEents, the sheath 60
30 includes @prxiimabedd ¢ubbshowsnaatistakenrd: 62 tiand.@ Wi Erddxicndiies thelebetween.
Unlike the previous embodiments,.the sheath 60 includes a.constraint tube 48" incorporated into the
distal e R e S e O B R PR wabutar bocy
extending alSHdT. distarserinedethey [iiisem@4baig. WO 2010/034021PCT/US20091057918

Alternatively, the sheath 20 and macerator device 40 may be structurally separate
devices, and the macerator device 40 may be introduced mto the sheath 20, e.g., via a port
or other opening in the proximal end of the sheath 20. For example, a handle or hub (not

20 shown) may be provided on the proximal end of the sheath 20 that includes a port (also not
shown) communicating with the fumen 24 that may accommodate introduction of the
macerator device 40 and/or other devices therein. Optionally, the port may include one or
more seals, e.g., a hemostatic seal, that may accommodate receiving the macerator device
40 therein while providing a substantially fluid-tight seal to prevent bodily fluids from

25 escaping from the lumen 24. In this alternative, the macerator device 40 itself may include
a handle or hub (not shown) on its proximal end that includes one or more actuators (ziso
not shown) for manipulating the shaft 42 and cage relative to the constraint tube 48, similar
to the actuators described above.

Optionally, in a similar manner, the obstruction device 30 may be coupled to the

30 sheath 20 and/or macerator device 40, e.g., with one or more actuators (not shown) on a

handle of the apparatus 10 for deploymg and/or withdrawing the obstruction device 30.

Alternatively, the obstruction device 30 may be a separate device from the sheath 20 and/or



- 14 - including an exposed and sharpened edge 47" around a distal opening 43," e.g., a single-ground
or double-ground edge, similar to the previous embodiments. The constraint tube 48" may be
substantially permanently attached within the lumen 64 or otherwise to the distal end 62, e.g., by
bonding with wdtresimesinterference fit, fusing, sonic welding, and the 5likerthermbpyireviding a
transition from the distal opening 43" into the lumen 64, During use, the cage 44 may be advanced
from the lumen 64 and out of the distal opening 433 whereupon the cage 44 may freely expand
towards the expanded c_onfiguration. After unwanted material is captured within the cage 44 (as

described fUPHEPESANIREE AL TS, THERIGCAMAY BE R 8 b ABHOK TS S Seath 60 through
the distal opgntagtkd 43vicw IR rewpom Bxcessohstrisiveamaberial extending through the apertures 46

of the cage 44 may be cut or otherwis tgdg the sharpened.edge 47"as the.cage 44
collapses. In aééarl ngr%l?ér%gﬁflne}?fﬁggg}ﬁ%e{gtﬁnﬂ éh%%%opﬁ%&FTP?n%ynbag 5%80 ogglggstrain the
cage 44 durindmiitgductionandiosnithgrahaipandithe thorstaddt tilec8uplaytivedomitted entirely.

Unlike previgys,embaslimenis.boueyss when e 5ag8 44 sithdraundnio,he. 45 sheath 20, the

cage 44 may not be collapsed to as small a size due to the relatively larger diameter of the sheath 20
compared t 4 REHEIARE (158 W hifBdte PHBUTRCH SSER PO F RN CRief fisA8Ca portion of the

obstructive mpaierial pahiemaimyithinthercrgerthafienwiheramalinieths sheathpd@ilp other words,
the macerator device cage 44 may be used to.capture and remove the obstructive material without
Mgl 8 RS e P R T A S e e ) el
sharpened dista etdgerdrod shoaw) the co8ardane fidiaivay the attacten thadetdistal €%xb22 of the

sheath, 40 @%%%hﬁﬂ?\%éﬂ%ﬂmﬁh%{% At aeess 8@&%&&%@%&%@%&’1&;{&?@a’é’itﬁ‘ﬂré‘%"{%% of the cage

44, while obstructive material within the cage 44 is withdrawn into 20 within the cage 44.
25With furti@g?srsiBrReeYd FIG. 1, in the embodiment shown, the shaft 42 of the macerator device 40

includes a lumen thatslidablyresannstbs: shalt32 eithe ORI HGHEAR AEMES Ble 8sdlstBuah that the

macerator deyi % 40 and the obstruction e\%flce 30 %’ve a concentric, telescoping arrangement

C
relative to ot ARoEHET AREFEHERT S S0 wh THPIE 6 I 4SSt 08 U7 8y be provided in which a
macerator dexiceudaaing aith3Do bstruciivthdevicd:30: dve pravided @ sidesbyesidanareangement
relative o a Q%%t@ 0.1 IS glte n g , sq th, 20, abstruction device 30, and macerator
deviceelé%o m%j% %@%ﬁnstrugteg)g%%l ar 'etlﬁlé% éﬁ%ﬁ?&%%%%‘éﬁ&%@&% Oo(%g.e %%%‘P}%I]In, the macerator

device 40 miaindiutie seageed aderd Tnttides andlmreed siig. sath WS gefirbeebylera iy
outer surface of the cage 44 during withdrawal to cut or otherwise separate obstructive
material extending through the apertures 46, Alternatively, as shown in F1G. 4B, a
constraint tube 48" may be provided that includes a double-ground sharpened edge 47
20 extending avound distal opening 43" The double~-ground sharpened edge 47" may cut
excess obstructive material similarly to the single-ground edge 47, but may be more
resistant to damage as the cage 44 passes mto the lumen 49 of the constraint tube 48.” For
example, since the cutting edge 47 has a slightly larger diameter than the lumen 49° of the
constraint tube 48’ itself, the cutting edge 47 may not contact the outer surface of the cage
25 44 during withdrawal of the cage 44 but remain spaced slightly apart from the cage 44,
In an alternative embodiment, shown m FIG. 3, the constramt tube 48 shown in
FIGS. 4A and 4B may be omitted, and a sheath 60 may be used to constrain the cage 44 (not
shown) in the collapsed configuration during introduction and/or to remove excess material
during withdrawal of the cage 44. Similar to the previous embodiments, the sheath 60
30 includes a proximal end (not shown), a distal end 62, and a lumen 64 extending
therebetween. Unlike the previous embodiments, the sheath 60 includes a constraint tube
48” incorporated into the distal end 64, e.g., within the lumen 64, The constraint tube 487

may be a relatively short tubular body extending a short distance into the lumen 64 and



WO 2010/034021PCT/US2009/057918 - 15 - 44a of the cage 44 that extends axially along at least a
portion of the cage 44 to accommodate the obstruction device 30 passing through the cage 44 while
allowing the cage 44 to close substantially completely to the collapsed configuration. In this
embodiment, witezabogiruction device 30 and macerator device 40 may berErasewedsinia common
lumen 24 of the sheath 20, as shown in FIG. 6. Alternatively, the sheath 20 may include separate
lumens (not shown) disposed adjacent one anothéf; each for receiving one of the obstruction device
30 and the macerator device 40. Otherwise structure and operation of the apparatus 10' may be

similar to thXCHeQs LRt S o ysa e b pEfER PPERREMInG ® BREE7-10, an

exemplary methebisistigwgrdandediQy ngimaieial pR-gouthsamilis aiothat ebsindsivepmaterial 52,

within a body lumen 50;,The Badkumen 50 may be. abload yessel poriaruenous fistula, tubular grat,
xenograft, and like, e.g., wi a patient's aim that communicates between an atﬁacent vein and

artery. Alterdiatdy ey, the apparbtodizandith ethods degcribedddieinsnaysheiuseditrasttbther
15locat't9nslwamf%%ﬁs%mggdyaﬁgﬂm%ﬁnﬁ@%mf@”é%w%w% Rlpey body lumens.

Although apparatus 10 shown'in FIG. 1 is shown and described in association with FIGS. 7-10, it will

be appreciated thaltiesrwsuibusaedtmudrefsmrdiiue Bersntet demeuanyhe idshpparatus and
systems desgehiag 41erRiRsdapneliadly.dhesmelh adomayinve ve rappinexiiambus 5 eifek obstructive
material 20 between an expanded obstructian member nd, an expanded cage 44, e.g., such that
the materiaIRngt%/ ‘é’%na‘f){ﬁ?%ﬁrﬁf thé’ %grgee M{,}l%lré %%a%%%ﬁs é%FéFlbfﬁ%?ggefgﬁ%\’}éeaewithin the cage
44, and/or dspinaietidmege tHerbgdy lithdrt0 tarbugh ShehtiatRO0 thitiall, tas EhelupdniddG. 7, the
sheath,20 may: he i ' 50;.e. ously. fr ntry site using
LG e R A R TS

body lumen“0radjEt et HiFFspasddraipa B At bBBReRget R Tidtaridis2eottion liyesf the sheath 20

includes an expangabligmenkelad8. tRaeaR 26 skEamh SHeWN RFIGSs&fiPERBaRihe distal end
22, the expandable mempber (not shown) may be enri@r;ﬁed an%/ time after the distal end 22 is placed

at a desiredPEs ISR GEGMGRERBE & B GRREH JBB ST ROVE REREDT the sheath 20
and/or to substaitially liegl3tidhedodiehd kunney) lalviram fiud flowageoidallihdast-ihstskeath 20. In
additiop.or vely, ration be lied to the lumen 24 aof the sheath 20, e.g., at any time
after in%odl?g%&?%g’ éfﬁﬁﬁf %%yo%ﬁéesc ggtﬁeg Oi%%cgntﬁtlap%%%?/ ﬁlﬁc}%gnhgd.e %‘Fel %ﬁ%}fe, a syringe or
vacuum |ined]}@m9tg@ﬁ@g @@gt@ﬁ@@m& eprhsfainetube 48 mtroduced through the sheath

20. In this alternative, a portion of the obstructive material may remain within the cage 44
after withdrawal into the sheath 20. In other words, the macerator device cage 44 may be
used to capture and remove the obstructive material without trimming off excessive

20 obstructive material. Alternatively, the sheath 20 itself may include a sharpened distal edge
{(not shown) or a sharpened tip may be attached to the distal end 22 of the sheath 20 (also
not shown), e.g., to cut off excess obstructive material during withdrawal of the cage 44,
while obstructive material within the cage 44 is withdrawn into the sheath 20 within the
cage 44.

23 With further reference to FIG. 1, in the embodiment shown, the shafi 42 of the
macerator device 40 includes a lumnen that shdably receives the shaft 32 of the obstruction
device 30, e.g., such that the macerator device 40 and the obstruction device 30 have a
concentric, telescoping arrangement relative to one another, Alternatively, as shown in
FI1G. 6, an apparatus 10’ may be provided in which a macerator device 40 and an

30 obstruction device 30 are provided in a side-by-side arrangement relative to an outer sheath
20. In this alternative, the sheath 20, obstruction device 30, and macerator dcvicc 40 may
be constructed similar to the embodiments described above. Optionally, the macerator

device 40 may include a cage 44 that mcludes an uninterrupted path 45 defined by struts



WO 2010/034021PCT/US2009/057918 - 16 - sheath 20 and activated to apply a substantially
continuous vacuum to the lumen 24 to draw loose material within the body lumen 50 into the lumen 24.
The obstruction device 30 may then be introduced into the body lumen 50 from the sheath 20 and
advanced pastGhetomaterial 52 with the obstruction member 34 in the loviecCSpsfileosrfiguration (not
shown). For example, the obstruction device 30 may be loaded' into the lumen 24 of the sheath 20 and
advanced through the length of the sheath 20 intolthe body lumen 50, or the obstruction device 30
may be inte;ral with or preloaded into the sheath 20 before the procedure and merely deployed from

the sheath 362 B30 FEIR AR bP b HShe BilsAs R OREECsP Riky BeestiRiently small and/or
sharp to passchieedydbe: theaighihiRimaiesas ®gaanaian M bie: o ded pitoiNendgensubstantially

atraumatic to pass algng the wall of the body, lum n5(g ast the material 52. Once the obstruction
member 3455 Séasﬁf?o%g a?s%t%\{ﬁ%(g%%%q(?%g%%‘%é%%f Eppﬁ?ce}%ng%ﬁ:at%ﬁl'member 34 is expanded to

the high-profile colditieamds Ghonntin wm?tiwedamﬂtmmfémmatgﬂé’k@icsﬂﬂﬂafmbceratqr device 40
may besdeployed. from (b hashaRtl 20 i sPVEE 96 adiacent iheghaft 3z.0f e gbafruction device

30. The macerator device 40 may be advanced until the cage 44 (maintained in the collapsed
configuratioH\ithaY A&y deFetatrpatibeluns e ielbesd HoRmA) s wafA cBRRIS TG MstdRal 52 opposite

the expandestabpisuclian mesphar-3dn Thuss tranbsisusidemateriat 58 niaydpeikoundad:by the
obstruction member 34 gptone sid aqg the macerator device 40.0n tht oti}er. Once 20positioned

within the b%nycfﬁcr:ﬁaeﬂr? %heea%%%%?%4 njlgf/a eeesx’%}éﬁlaté) Wit ffﬁcfﬁ)ée ‘ggy ﬁﬁ{gﬁcg& e.g., by deploying
the cage fromptrercorsifdifb tibe 48, whereupon the cage 44 may resiliently expand radially outwardly

to coniggt the walhgf 1, hodykimag, %?e?r%gl"{‘!ﬁljﬁ‘zﬁéﬁoc?zﬁs%@fﬁ%‘i%é?ﬁ?vg%gﬁ%?fﬁﬂé gtion device 30

may then be retracted prommaﬁjy 25 fowa he'cage 44 to pull materia Int ody lumen 50

towards andliigtHechberabsrgavR B Hagel 42, wihenahelsaiesati efrethedsdgaadthay be

advanced QMBS a biood vessel, aorto-venous fistula, tubular graft, xenograft, and the like, e.g.,
within a patient’s arm that communicates between an adjacent vein and artery.
Altematively, the apparatus and methods described herein may be used to treat other

15 locations within a patient’s body, e.g., within the patient’s vasculature or other body
lumens. Although apparatus 10 shown in FIG. 1 is shown and described in association with
FIGS. 7-10, it will be appreciated that the methods described herein may be performed
using any of the apparatus and systems described herein,

Generally, the method may involve trapping thrombus or other obstructive material

20 between an expanded obstruction member 34 and an expanded cage 44, e.g., such that the
material may be captured by the cage 44, broken into smaller particles, removed within the
cage 44, and/or aspirated from the body lumen 50 through sheath 20. Initially, as shown in
FIG. 7, the sheath 20 may be introduced mnto a body lumen 50, e.g., percutaneously from an
entry site using conventional methods, and manipﬁlated to position the distal end 22 of the

25 shcath 20 within the body lumen 50 adjacent o and spaced apart from obstructive material
52. Optionally, if the sheath 20 includes an expandable member, e.g., balloon 26, 26 as
shown in FIGS. 2A or 2B, on the distal end 22, the expandable member (not shown) may be
expanded any time after the distal end 22 is placed at a desired position within the body

~ lumen 50, e.g., to prevent subsequent movement of the sheath 20 and/or to substantially seal

30 the body lumen 50 from fluid flow proximally past the sheath 20,

In addition or alternatively, aspiration may be applied to the lumen 24 of the sheath
20, e.g., at any time after introducing the distal end 22 of the sheath 20 into the body lumen

50. For example, a syringe or vacuum line may be coupled to the proximal end of the



the obstruction device 30 to capture material 52 within the cage 44, with the obstruction member 34
preventing distal migration of the material 52 away from the cage 44. As described above, if the cage
44 includes barbs 41, e.g., as shown in FIG. 3, the barbs 41 may 30patrtially penetrate or otherwise
engage with twe poaisigikb2 captured within the cage 44, e.g., to preventrniguationvshdle material 52
relative to the cage 44. Optionally, the obstruction device 30 and/or macerator device 40 may
include a locking mechanism, e.g., one or more cdéperating detents, tabs, or other features (not WO
20101034021PCT/US2009/057918 -17- shown), that may substantially secure the obstruction device
30 relative tPRE CAGELU TREA tharslstriitlion el camsnuors sanpiadhe ampredatedried distance
from the cagsrddmesgria Sitbstanitalbiadjaceridhecagad4sosh that the obstruction device 30
substantially encloﬁ(;:s @%umtateréal 52¥¥ithin me gja%gt 44C11, as shoviln iEnP-FI . 9. Alternatively, a locking
mechanism 5 may D& Provided 5 & proxitral SHd S eSS HEIELEQ P& §sh 2 AR ot shown),
which may Isheltiéduahaivmlockedtthsalgetivedy setuite tHetobsiructionbdetdca 8@ felative to the cage

. Wit the,lagking.MEciARiT, LA e st OB AYIse P0.mavpalRe disee distally away

1
from the cage 44, e.g., such that subsequent movement of the obstruction device 30 Is coupled to

movement dtthie e edthaahirriitdOrme aiganked faeerhtbe Bagibothysheathab ispinded
obstructri]on mmm@{eaéswﬁbfeashﬁc@m@tﬁﬁh@m?ﬁw W?E?;%M%@Bﬁ?&@d@@ﬁﬁe&h&fm” the cage 44
enters the canstraint tube 48. If a vacuum has not been ied previously, a source of vacuum may
be activate&qudé%agﬁ:g%gfﬁg SRS SRE Wity ?ﬁ@%’&}%@ﬁ éﬁ%ﬁk&ahg%ﬁ{&#&& of the sheath 24,
as shown. ABsthigipageh44lisuraamdmtedié cogsieainiitubeaid8mtiimcdige sAdrmaydh Be-sompressed
radially dnw I g portions of the erial.52 through the apertures 46 in the cage 44.
e po o R S e B R M e
sharpened distsl Bageahot hybett sAswAO et RIGSHYRId ABjeshenddorrsramenise %8, reducing

the materiakSgoinR By amalerRaticlasad withindbsshadimemel:TRe lagsepayticles 53 may be
removed from the body lumen 50, 20 e.,g.}bal%{] aspiration, through the sheath lumen 24, as shown.

'Notably, the' FeBtdHeoRiTL% 28 HP8R Huriction of the size of the apertures 46 in the cage 44.
Thus, the size of thexcagitapéstnessiBitay the chosentdsacuceihe padipleysizeahtire material 52 to

adesirgd meﬁgn{hu cros%-section e.g.,.such r?tt re%u ed.diameter.particles 53 may be reliably
removed thSugdht & Shath rz%t\%l& ou tsk.lgkt)ﬁslftan |af)ri§1<68 %%%%uc()j?n%}‘fﬁg ?é@iegt'ﬁ uﬁgﬁ? Y4. 25 In one

embodimendctire ddgesn bradyrisdoniptbe sees tht dreotigisutic tefiglieatohcasiibersage 44 is
withdrawn ing@rthereaRatiaing tuhe A8 iniwhishibe iterior space abiie saged4ispininized, thereby
squeezing substantlggg all of the captured material 52 through the apertures 46 of the cage 44. The

extruded anliforHBaFEaLsArfER eI hea g dh i e the phretae B HR8 M Afena e PavedsHdath 20.
Alternativelyhths sagedddimay-havesofficiasinterion dQspacedidhacnllapserconfiguration such that

o e bonEH R CHE DU oL EicTe o AGR A B0 B E LA e 256 WBethe macerator
device 40 ahtl olgsthuctipirriegite e@nfayrbdavithdranntintoithevbtreapo20acdddé mpparatus 10
resiliently expand radially outwardly to contact the wall of the body lumen, as shown in
FIG. 8.
Turning to FIG. 9, the obstruction device 30 may then be retracted proximally
25 towards the cage 44 to pull material 52 within the body lumen 50 towards and into the
macerator device cage 44, as shown. Alternatively, the cage 44 may be advanced towards
the obstruction device 30 to capture material 52 within the cage 44, with the obstruction
member 34 preventing distal migration of the material 52 away from the cage 44. As
described above, if the cage 44 mcludes barbs 41, e.g., as shown in FIG. 3, the barbs 41 may
30 partially penetrate or otherwise engage with the material 52 captured within the cage 44,
e.g., to prevent migration of the material 52 relative to the cage 44.
| Optionally, the obstruction device 30 and/or macerator device 40 may mclude a

locking mechanism, e.g., one or more cooperating detents, tabs, or other features (not



WO 2010/034021PCT/US2009/057918 - 18 - removed from the patient's body. Alternatively, the
obstruction member 34 may be collapsed and the obstuction device 30 advanced through another
section of obstructive material (not shown) within the body lumen 50. In this alternative, the macerator
device 40 masy themehespedeployed to capture and remove the material, eegr/tszeepeatisg the steps 5
described above. Optionally, the entire apparatus 10 may be introduced into another body lumen (not
shown), and the obstruction device 30 and macerator device 40 redeployed to capture and/or remove
obstructive material in other regions of the patient's body, if desired. Once sufficient material has

been removidd ik BERHEERT EATB SFauchanb BBt feHi Gl cel a8t Hialhp&4esIMp¥ad and the

obstruction fir\ierat-aaychievsithdseyh bRitte ihecnaseraar davice #homintadhessheath 20 if the
macerator de i%g %guha .alre?g}/e beendxvéglgr vvtr][ intq the sheaflrt]h .Zo%gheggts irgtion %/fithin the sheath
a

20 may be distamtiued S L arEE bfe e MBEE S, IRESHER I SR EH &Y % provided on

the sheath ZEE),nmﬁ@iﬂiéZsWéhﬂntB@mw&@mmmmF@& tAddyodvhiyne v S0nd” wating oGS,
LLA-13sanqenemBonuentahamasaialr raasad. showndathalsnayde pglyded in any of the

apparatus and/or systems described herein. Generally, the macerator cage 144 includes a closed

proximal or TRél A N did M splerkarsiareirdbebntrara ha abstaisinardey tied Braviby’s cage 44. The
cage 144 maytiachkidera plrlity Ricaifdtmdhenitdtexiending faiweamthe list @ndsesond ends 144a,

144b and/or around, a periphery of the cage, 144, therehy defining a cylindrical or other tubular outer
wall 20inc|ugfirr?ﬁt%lggjlﬁtrgﬁfyg‘gfl )é%)rgr uré:scigi%élfilsﬁ?fﬁla‘?ut%ﬁﬁét BPé@?S%?E%@@eWt *T%fe closed end 144a
of the cage diirmaynidelime’ @ isotlappd tiom &b ewhichemaye Bé. attached to a macerator device shaft
42 (nojshown, seqy g, Bl e anen sisil snd 1430l e £aqe 444 may indude a pluraliy

of distally protruding elements or dista tgs 112. For examp ows the cage 144 in an

expanded cohfisurigaborilifasien txpsdyfarpokite Trttheifains vormhpressed!ecgtetdtheto its

attachment {g.achaft(RoIshawnlcand faeRAse-h4f Meli E@e%@mt%ﬁ@%ﬁ%ﬂ%%aﬂiameter

extending from the clgsed end 144a to the open nd'ﬁgﬁ . FIG. 11B shows the cage 144 in a

compressed t8ARGHAIHATEYE THTIRLR Bracd g Rah ha bEeoh S mitdBed P 3merhié ompressed
around the shafthadddersvitinn Aschastizintitiybeatalsotodichaunin8tbnlkalibesgage Adyof FIG. 1, as

can be]? eStbSéec%%meﬁgdsra&‘igﬁﬁr %{]vgal;l'd% Ef ’tﬁgl%b%ra%?cmg portions of the material 52 through the
apertures 46 in the cage 44. The portions of the material 52 exposed through the apertures
46 may be sheared off, ¢.g., by the sharpened distal edge 47, 47° (not shown, seec FIGS. 4A
and 4B) of the constraint tube 48, reducing the material 52 into many smaller particles 53
within the body lumen 50. The loose particles 53 may be removed from the body lumen 50,
20 e.g., by asprration, through the sheath lumen 24, as shown. Notably, the reduced particle
size may be a function of the size of the apertures 46 in the cage 44. Thus, the size of the
cage apertures 46 may be chosen to reduce the particle size of the material 52 to a desired
maximum cross-section, e.g., such that the reduced diameter particles 53 may be reliably
removed though the sheath 20 without substantial risk of occluding the sheath lumen 24.
25 In one embodiment, the cage 44 may be compressed to a collapsed configuration as
the cage 44 is withdrawn mto the constraint tube 48 in which the interior space of the cage
44 1s minimized, thereby squeezing substantially all of the captured material 52 through the
apertures 46 of the cage 44. The extruded and/or sheared particles 53 may then be aspirated
mto the lumen 24 of the sheath 20. Alternatively, the cage 44 may have sufficient mterior
30 space in the collapsed configuration such that at least some captured material may remain
within the cage 44 when the cage 44 is withdrawn fully into the constraint tube 48,
With the cage 44 withdrawn fully into the constraint tube 48, the maceraior device

40 and obstruction device 30 may be withdrawn into the sheath 20 and the apparatus 10



144 includes at least two different types of struts 116, 118. For example, the cage 144 may include a
plurality of relatively thick struts 116 that extend substantially continuously along a length of the cage
144, e.g., in a first helical configuration between the first and second WO
2010/034021WCT01082000/057918 - 19 - ends 144a, 144Db. In addition, thecTaectdtdsTasy include a
plurality of relatively thin struts 118, which may connect adjacent thick struts 116 together. As shown,
the thin struts 118 are not substantially continuoad®s are the thick struts 116, but may extend in a
discontinuous pattern helically and/or circumferentiall%\?around the cage 44. Optignally, the 5thin struts

118 may alS5HRxse BemdRoEmEs RO &L B 1y Bt O TR ST S0 Bortions, that allow
the struts 118lighansdehtbtehneasilicaonpasachindhenibick stetsddotidherapartises 146 may be

defined by thetggﬁ(i;s b twein. e H;%&I?)ﬁ?t{rrrts 116 and the ligm st%t%lelS thereb defi%ng a desired

. 1 not.s Withn umen 50, In this alternati MACEraigr device
pore size for e Bag8' fa4" the cage ay Be’&mine using similar materials and methods as

those previmyldgém’rb@@lﬂbcﬂ{@. @f@madibtahtipstmimmﬂhlemdwammf@fsmmcage 144 may
providesa S‘&Q%ﬁ?é@ﬁbfg@ﬁaﬁﬂ?%%l@?@ Sﬂgef%ﬁ@&é‘ﬂ?njm@“beeiégcrolﬁﬁc%rg?&%%%{ﬂg%%)p r other

damage to a wall of a body lumen within which cage 144 is deployed. In addition or alternatively,

the distal tifdMIDARABE LR AIRPHEIGHRS 5 UM e gracaraipsieroadhindtmenthit and/or

interlock withsg an@thesdevi g usait@Raikafinlteshewaliernativesonfiguationsiada 15distal tip
that may be provided on the. cage 144, e.g., to facilitate engaging .and/or remqving obstructive material
within = bocy a5 B A RGO Sl LRt Ay SRR RS crtal i 1122 that
includes a sulsstamivalicstaifhnepbfigoiation widtte shyoothdedding étgerd BS wiltdrmatively, FIG. 15B

shows gnothey %e%é?é%ﬁﬁ‘%%‘é?%%%% f?hgi%% L Eol&gﬁ% sdinatincludes A seligs.phslots or

indentations 126 spaced apart along a lengt the distal tip 112b, e.g., that may allow the distal tips

112b to ent&fglevititreacivietheshericiOwithetrw vgiricive thamgathcibrpebeor otherwise engaged
by the distaljfipsnlihakilonBaibiaiaremeydeam desaribed iRbeb el WihiFSiereNeeoltd GS.
16A-16H. FQr exam Ire,c}/vpeep the cage 144 is,t o}ﬂgted the distal tips 112h and obstruqtive mate_rial may
be wound téaa‘lﬁ‘eyrggé%.d., §38ﬁeiiﬁgt%‘8’r{?8% 5)‘? BieF e tAFfogH ndi/or obstructive material may
enter the slots 12@Gandhthe Hisial tips- 11 2bdiecembahiesiockedwitir-oneaprotiheis FGvl5C shows yet
anothefsexepmplary, mRodiue At ol A ARIALIR AT INRL DGUAST L AFRGRIAS RASEM27
the macerator cage 144 includes a closed proximal or first end 144a and an open distal or
second end 144b, similar to the previous cage 44, The cage 144 may include a plurality of
struts 116, 118 extending between the first and second ends 144a, 144b and/or around a
periphery of the cage 144, thereby defining a cylindrical or other tubular outer wall
20 mcluding a plurality of apertures 146, similar to the previous cage 44.
The closed end 144a of the cage 144 may include a collar portion 141, which may be
attached to a macerator device shaft 42 {not shown, see, ¢.g., FIG. 1), while the open distal
end 143 of the cage 144 may include a plurality of distally protruding elements or distal tips
112. For example, FIG. 11A shows the cage 144 in an expanded configuration in which the
25  coliar portion 141 remains compressed, e.g., due to its attachment to a shaft (not shown),
and the cage 144 defines a substantially continuous diameter extending from the closed end
144a to the open end 144b. FIG. 11B shows the cage 144 in a compressed configuration,
e.g., in which the cage 144 may be constrained or otherwise compressed around the shaft
and/or within a constraint tube (also not shown).
30 Unlike the cage 44 of FIG. 1, as can be best seen in FIGS. 12A and 12B, the cage
144 includes at least two different types of struts 116, 118. For example, the cage 144 may
include a plurality of relatively thick struts 116 that extend substantially continyously along

a length of the cage 144, e.g., in a first helical configuration between the first and second



In this embodiment, the internal bends 128 of the serpentine pattern 127 may provide regions where
other distal tips 112c and/or obstructive material may become entangled, e.g., 30compared to
providing a smooth edge 125, as shown in the distal tip 112a of FIG. 15A. One advantage of the
cage 144 showm2anB&111A-13 is that the cage 144 may facilitate deplayivigsthe/osmges144 and/or
advancing the cage 144 into or through obstructive material within a body lumen. In contrast, the cage
44 shown in FIG. 1 is generally WO 20101034021$CT/US2009/057901 - 20 - maintained
substantially stationary upon deployment within a body lumen, e.g., while the obstruction device 40 is

retracted to Wth&ray ‘oo tildipz i Aeemd thopugicude paivalinpie itivbaleninsr FIGS.

11A-13 may facilitate ulingumatefiat &2 hatkdnte the vpanLndd4daef themagerdd4 and/or

separating obstryctive material from a wall of the Sbody | n 50. During distal advancement, the
cage 144 may %ée% Sé%r?tcaﬁlrnré%ﬂ%og Vaneed %ﬁé‘ fota ec?f%%ﬂ?r‘ﬁé’ﬁlﬁ&ﬁy )r(tﬁréclgnlﬁ 4 driveshaft connected to

an electric rMstonimeirapridie(holictiwn)/of ¢heuap°p@rat¢15fla@(sﬂ€hesggeﬁk€5.(]ptﬂxm&yma§/ cause the
distal tigs 115,06 FAGG.HA4I%LIRAARNI dhe-aside.wall of SNe Ay IHMERPR. ol @ helical

manner as the cage 144 is 10 advanced. When thrombus or other obstructive material Is encountered,

the distal tipTPas a3 plese Besivabn! Ildohsrdmartvehnerite soaparthie BsdyiriserssdSthereby
positioning th%I metenal bR h?s';d@et&@?ﬁagﬁeylﬂfsp%@; @E&Wé&iﬂ%e&ﬂcl@@?ﬂﬂ% r?@@@nlﬁﬂefffﬁg f%cilitallte
separation and/o ture of material within the cage 144. For e, the es of the distal tips
112 may prggrlu(fse Hf%an%s?éel%ﬁéig%fﬁﬁggd%c gcé;%rg %%gg) iﬂ}fﬁ thar fﬁfr:%geacgﬁ%ﬁgr?ﬁﬁlgcsmooth cylinder
but define afvumredulsitingisiiface-Cdrseduetihydsthetdistgltips dsldof¢theedagevi44 may act as a saw
by repeatedly makj A ' terial t IS rat te which I - increase the
chancg %f materiak;f.\gS(G]Zcft‘ibQLt?i{r?idg %\?g%wﬁggegé%% f%'gs v%éﬁ% %?ﬁ%@%d%ﬁnrﬁsa P ﬁﬁé/%?g(%g}ﬁ%fgd within the
cage 144. T yFEs divsdpadhian irecieadity Seigl ofera cagersiopopas dendsstwaerathel unwanted

material anq thayvahal e Reidvmer.50. laasdisial fins 1 2:andiosedgaseidhesiis,1 16, 118 may
also act as blade]%shearing %Iong?ith wall of the body Jumen 50 to draw adherent material into the

cage 144. TR thB RSB TR RN G iR BstHBrAIEE Lo drindoteshiehel BilReen the body

lumen 50 anttdhecbhbstiuctiverortatedialiplise. FIGS. 15A-15C show alternative configurations of a
15 distal tip that may be provided on the cage 144, e.g., to facilitate engaging and/or removing
obstructive material within a body fumen. For example, FIG. 15A shows an exemplary
embodiment of a distal {ip 112a that includes a substantially straight configuration with a
smooth leading edge 125,
Alternatively, FIG. 15B shows another exemplary embodiment of a distal tip 112b
20  thatincludes a series of slots or indentations 126 spaced apart along a length of the distal tip
112b, e.g., that may allow the distal tips 112b to entangie with each other and/or with the
obsiructive material captured or otherwise engaged by the distal tips 112b to facititate
removal, as described further below with reference to FIGS, 16A-16F. For example, when
the cagé 144 1s rotated, the distal tips 1 125 and obstructive material may be wound together,
25 e.g, such that portions of other distal tips 112b and/or obstructive material may enter the
slots 126 and the distal tips 112b become interlocked with ong another. FIG. 15C shows yet
another exemplary embodiment of a distal tip 112¢ that includes a serpentine pattern 127,
In this embodiment, the internal bends 128 of the serpentine pattern 127 may provide
regions where other distal tips 112¢ and/or obstructive material may become entangled, e.g.,
30  compared to providing a smooth edge 125, as shown in the distal tip 112a of FIG. 15A.
One advantage of the cage 144 shown in FIGS. 11A-13 is that the cage 144 may
facilitate deploying the cage 144 and/or advancing the cage 144 into or through obstructive

material within a body lumen. In contrast, the cage 44 shown in FIG. 1 is generally



25The distal tips 112 may be formed such that they conform substantially to the cylindrical shape of
the cage 144, e.g., defining a diameter similar to the rest of the expanded cage 144, although
alternatively the distal tips 112 may be biased radially outwardly, e.g., to ensure that the distal tips 112
pass betweewthawai4efithe body lumen 50 and the obstructive materiap62/esufonenixance
engagement of the distal tips 112 against the 30 wall of the body lumen 50. Alternatively, the distal tips
112 may by biased to extend radially inwardly, e:g?Y faterally inwardly, relative to a central Longitudinal

axis of the apparatus 10, e.g., to prevent substantial risk of damage to the wall of the body lumen 50.
WO 2010/0%&1%%%&2%6%6#@98%&?@mea]aamaﬁ,%la rreRen TRk feSs¥8irilifor shapes of

struts 116, bbShinaydovidea sageddd dhaitrespoads icdiferentways dapepding waen which
direction the cage 40 is rotated. Eqr ex le, arrow "A" in FI5. 13 repr ts a.first direction for
rotation of tﬁ)éag%geé ﬁﬁ?g?ar‘llé%iig an9§ ig liegrgc%ﬂunﬁ?éré‘ﬁl|1rtlafﬁ3upll)gur1§6%‘§te§ E?eg 8™ 24 Eontacting the
wall of 5thedpedydrifén GO0t shbWahdiorisg thisnpobtionstter sierenabfroceuraBettuse the thick
struts 146 hﬂyﬂe% a4&latigely high resistance to bending and the thin struts 118 are easily bent, the
torsion may not bend the thick struts 116, but may cause the thin struts 118 to bend to define a greater

angle between th&sHsctinesihrnaereent 18 ofigcekanarthe Cagerrady adnansd aadaesiedThis may
increase the. gontaeidforee hetweenthe Maceratesiaaas diddrie dotdOleadingiedagsiefthe thick struts
116, and the wall of the body lumen 50, which may increase the chance that obstructive material being
removed frth' ’ea%%rﬁ%ol? E?e)(%%acy%?n?&rwo ahd B&RG eSS rglﬁt%&i]ﬁﬁ}iﬁ#eoag%ecﬁgﬂ.%&ionally, the
leading edges-bfide: thickstietsall b6 thedyoihcludensiargened edgesnomothes featugeddwhich may
enhangg cufting, orother. gRgggement with rent material within th umen 50, J15If the cage
144 is rotated in a s'econed dlrecﬁon?o Opogi%gt%&'ﬁ?tﬁg %o?filgr? nr%%?%%%%%%%ﬁ%ﬁ}%%r%%l% to bend
due to their T REHUPATY SeFethg th s tHecarigfle bbsfedy haadjcémebirnesiiang 18, and the

cage 144 may petaxpang dadiabguwardly in the same manner as the first direction. This anisotropy
with respect to rotatio ay be useful because the cage 144 may be advanced and rotated

al directio
in the "A" 20directidfi géq@iﬁﬁsgggﬁ?@éﬁ%ﬁ%ﬁé‘%ﬁﬁé%ﬁ#’ﬁ%’%ﬁ‘?@ﬁ&“ﬁﬁi@ﬁ%%w&@esseI wall, e.g.,
causing thermatériatitbie riterdptol e Eagex dddlc the dogsiarf thhayialdosalidenthe eagacl44 to expand

outwardly for.batiersaprasition pr.enganementifh fhe vessel wall, f e ade 144 encounters
excessive resistance, the cage%44 ay be fotated in the secord 8}rec1ﬁ0¥1, e.g., 1o

an undulating surface. Consequently, the distal tips 112 of the cage 144 may act as a saw

by repeatedly making contact with the material 52 as the cage 144 is rotated, which may

mcrease the chance of material 52 being dislodged from the wall of the body lumen 50

and/or captured within the cage 144. To further ensure that the leading edge of the cage 144

20 passes between the unwanted material and the wall of the body lumen 50, the distal tips 112
and/or edges of the struts 116, 118 may also act as blades shearing along the wall of the
body lumen 50 to draw adherent material into the cage 144, Thus, the struts 116, 118 may
cut or otherwise separate the mterface between the body lumen 50 and the obstructive
material 52.

25 The distal tips 112 may be formed such that they conform substantially to the
cylindrical shape of the cage 144, e.g., defining a diameter similar to the rest of the
expanded cage 144, although alternatively the distal tips 112 may be biased radially
outwardly, e.g., to ensure that the distal tips 112 pass between the wall of the body lumen 50
and the obstructive material 52 and/or enhance engagement of the distal tips 112 against the

30 wall of the body lumen 50. Alternatively, the distal tips 112 may by biased to extend
radially inwardly, e.g., laterally inwardly, relative to a central longitudinal axis of the

apparatus 10, e.g., to prevent substantial risk of damage to the wall of the body lumen 50,



disengage the resistance without causing radial expansion. Depending on the stiffness 25differential
between the thin and thick struts 118, 116, rotation of the cage 144 in the second direction may also
cause the cage 144 to radially contract to further facilitate disengagement. Turning to FIGS.
14A-14C, yetvemotiessembodiment of an expandable cage 144 is shownpwhich2omesmeude an
actuation mechanism for selectively opening and/or closing 30an open distal end 143 of the cage 144.
For example, the distal end 143 of the cage 144 mdy be substantially closed by contracting the
distaltips 112 radially iny\_/ardl%%gﬁ% using control elements, e.g., one or more wires or filaments 114,

coupled to each oftRE%HEmH I A RICSRRAS ISR OSipRARCE ShitBE Bt M8y BFYIHS)imay be
thread?d thﬂ_agﬁg haaeh REpdias 3?«11%2‘&3141&2@13@.. IGBH&@P%Q%W i3 di&%tiﬁihﬁi@b‘é@%] 4htpﬁ 112, e.9., I
circumferentia successively throu in the distal.tips (not shown), such that proxima
tension on TRESTST STATRRTZY band dr T NS TG LIS Te T3 A fiercly
Optionally, adgrkidg Meshanisms (notshowh jmizyrbeiprevitibd fegcskelrmgthesdistatdipst122 in the
closed arienfation, i Ir rnatively:, 5 ' ips.L inter! ' .another, e.g., as
describgd a%%\}%[,a o%%ﬁﬁ@%ﬁ ?l%}%ﬁgﬂ % %1%%%22%%%?&@ %%E%%ﬁaﬁéﬁgws the distal
end 143 op&hukith tHeeaye v in kigd essisirde dedshfiggranbiediin st 1hs e suolvdierhents 114
Lelaxled andﬂtlzeeoeﬁﬁiﬁh{a%&latl&@h 65@211@1(@1&%!@&%?5?'M@X&hs@@l%l‘ﬂ%ﬁgﬁﬂwl?ﬂ@ﬂy k(314 4B SthIOWS the
istal tips 112 bent or 10 otherwise directed inwardly towards a closed configuration, e.g., after
oroximal e SRS PRSI0 SRR 4 1 ar SR TG BU TS may
facilitate thiswendlyy Dyiproyidingsaechoronorg firetdrantah biendingfeatures | #4ge, ghinned strut widths,

thinneqstru (igknassess REMforRIe Rations, 1K e e (0ot shovnsdaprayide inged regions o

[ ;
the distal tips 112. In"an alternative embodiment, shown in atubular 1bmember 113 may be
advanced olsragte Berhics|Briabsriaiyeonetuid padisrlwosierpthe wethdiradiadgyinwardly.  The

closed configpationsmahRip diHeSw iR Ard.t4 Ganayatiow gbsituctive.nalerahapiued within the
cage 114 to be substantiall’}; re;tained therein, e.g., without the need for an expandable obstruction

member 3458 HEECTIBE A S RERS TR o1 TAEGE ISt U AR 1R teagR AP AREy simply be
withdrawn inthc @gagirant #ithedicaeaasstahg athhindishelvmnibessby compressing the cage 144

radially inwardly. With the distal ti 2 closed I%ec tured material m ot. simply escape out the
Cistal 41 143 of (o AaE L1 DA A T S ET A0 (O A Brough e

apertures 1481¢pdhsthovsriis F186S. benp dusdorthe)) lay wedupameimgbrimreksedhesgglto be aspirated, as
described aPQ¥Ren the adjacent struts 116, 118, and the cage 144 may not expand radially outwardly

in the same manner as the first direction. This anisotropy with respect to rotational
direction may be useful because the cage 144 may be advanced and rotated in the “A”

20 direction to engage and separate adherent obstructive material from a vessel wall, e.g.,
causing the material to enter into the cage 144, The torsion may also cause the cage 144 to
expand outwardly for better apposition or engagement with the vessel wall. If the cage 144
encounters excessive resistance, the cage 144 may be rotated in the second direction, e.g., to
disengage the resistance without causing radial expansion. Depending on the stiffness

25  differential between the thin and thick struts 118, 116, rotation of the cage 144 in the second
direction may also cause the cage 144 to radially contract to further facilitate
disengagement.

Turning to FIGS. 14A-14C, yet another embodiment of an expandable cage 144 is
shown, which may include an actuation mechanism for selectively opening and/or closing

30 an open distal end 143 of the cage 144. For example, the distal end 143 of the cage 144
may be substantially closed by contracting the distal tips 112 radially inwardly, e.g., using
contro} elements, e.g., one or more wires or filaments 114, coupled to each of the distal tips

112, Alternatively, a simgle control element (not shown) may be threaded through each of



25Alternatively, the captured material may be withdrawn into the constraint tube or sheath along with
the cage 144, also as described above. Turning to FIGS. 16A-16H, another exemplary method is
shown for removing obstructive material from within a vessel or other body lumen 150, e.g., using the
cage 144 showinn#4@&111A-13. The cage 144 may be introduced into#he/tsrdgolearasn 150 via an
30access sheath and/or constraint tube 148, similar to the previous embodiments. As shown in FIG.
16A, the cage 144 has been deployed and expanéé’d within the body lumen 150 such that the open
distal end 143 is disposed adjacent to obstructive material 152 intended to be WO

2010/034021p 5 89 b & TR L e AR FSHEE RNy ER bRt Thd 4R 184 may be rotated
and advancggwsitbimthersiogyt pimemd 26 o aiditiie absiruetie mate el dedldnniegiect|G. 16B, the

distal end 143 of the cage, 144 may engage the material 152, e.g., such that the distal tips 112 pass
between thegh r%% é%atipfggz aﬁgl%ﬁ] %‘vgﬁ%%fhégﬁ)g @ﬁuarﬁ%g%“ﬁﬂ%’%%?ﬁ%’- eogtr%lgw é:fn Afealso free to
deform as tinegrised domecemtapdhedimaitpnidtendhd SRs@pticnatippaif dbstedctidirrdeivety (not shown)

may besintrqu&ggmlggqgm MRiRKRRZA0 gAMb EUCH R MBIPS SXAgIdsHEyond the

material 152 before the (;agg 44 is advanced. Thus, the obstruction member may prevent distal
migration of ¥l iiRtdAAmm B darsy AdintiHecage 144 as the cage 144 is advanced. 10With additional
reference to FIG. F6G, upomduiier drtation 0fihe &agenlid cthe distal Hips-bhadmnay wind at least

partially around.the material 152 and/or around etaﬂ? ,other, geretlg reatin echanical
engagemen‘f%le éelr?l%h%gb’awg}‘e 1391 Al gtLe Matetia 1§?. urfhde %/O(fgﬁgﬁpgf ﬂ]gl’é%fﬁ% R 44 may then be
transmitted sobthertadieral! 1 nwhidchnmenpcatile. thids statesidl bR 4o twisi Abdforrotherwise detach
flrg;nr;g%y Vg:ﬁé%%%%%%g&%%%éﬁ%ﬁﬁc?&t@}i"&'ﬁﬁgﬁ%%ﬁ%fgft?ﬁ&2%%%‘&%&1 fhgigtangled material
applied to the control elements 114. The structure of the distal tips 112 may facilitate this
bending by providing one or more preferential bending features, e.g., thinned strut widths,
thinned strut thicknesses, perforated portions, and the like (not shown), to provide hinged
regions of the distal tips 112, In an alternative embodiment, shown in FIG. 14C, a tubular
15 member 113 may be advanced over the control elements 114 {o cause the distal tips 112 to
bend radially mwardly.
The closed configurations shown in FIGS. 14B and 14C may allow obstructive
material captured within the cage 114 to be substantially retained therein, ¢.g., without the
need for an expandable obstruction member 34, as described elsewhere herein. In these
20 alternatives, the cage 144 may simply be withdrawn into a constraint tube or access sheath
(not shown), thereby compressing the cage 144 radially inwardly. With the distal tips 112
closed, the captured material may not simply escape out the distal end 143 of the cage 144,
but may remain within the cage 144 to be extruded through the apertures 146 (not shown in
FIGS. 14B and 14C) as the cage is compressed, e.g., to be aspirated, as described above.
25 Alternatively, the captured material may be withdrawn into the constraint tube or sheath
along with the cage 144, also as described above.
Turning to FIGS. 16A-16H, another exemplary method is shown for removing
obstructive material from within a vessel or other body lumen 150, e.g., using the cage 144
shown n FIGS. 11A-13. The cage 144 may be introduced into the body lumen 150 via an
30 access sheath and/or constraint tube 148, similar to the previous embodiments. As shownin
FIG. 164, the cage 144 has been deployed and expanded within the body lumen 150 such

that the open distal end 143 is disposed adjacent to obstructive material 152 intended to be



removed from the wall of the body lumen 150, as shown in FIG. 16D. As shown in FIG. 16E, the
cage 144 may then be withdrawn into the access sheath and/or constraint tube 148, similar to the
previous embodiments, thereby compressing the cage 144 radially inwardly towards the collapsed
configurationvBezmawseithe distal tips 112 200f the cage 144 are substaniaiiystoasghtand free on their
distal ends (i.e. the cage 144 is open ended and not attached to a core wire on its distal end), the
distal tips 112 may be disengaged and the materiaP152 released as the cage 144 is withdrawn into the
access sheath 20. Thus, the separated material 152 may remain loose within the body lumen 150, as

shown. 25THEPEXREbr Orsedlnfrnides. hsrashdCdyey PaLisr Badadeprsdetitfistharo&onstraint tube
148 or sheativand sxpange thagaigwithcthe:gpenend 143 disposed adjacent the loose material 152.

The material 152 may then he pulled into.the open end 143 of the cage 144, e.g., using an obstruction
device 134, whichr?rﬁ%‘y' & gngr(glgé %lg\ﬁ éa?'nﬁﬁgéa %&98?&? &?é?ﬁ%%}?e@ﬁgﬁ% ep%’fgﬁgly or a different
device introdfigedainsodhth oy distmeip 0I5 st iveyotict thetemalté fiakib thbefdie hhafter redeploying

the cags 1adodRING 19:FUG0HE T8, 605 Ao UID (6. RAIELBLEPELBRLIEHRIRINMAY then be

withdrawn into the sheath 20 or constraint tube (not shown), similar to the previous embodiments. As

discussed efs#fiiére hetiHonty-fnpbRar tHar Arstoees thestg mardavpapduced through the

201010340M&Iﬁlﬂﬁ?&@%&%zmo@&mm&g@ﬂa&&mﬁe}@aﬁﬁéﬁﬂmawehﬁesm@@ag@ off or
otherwise S%Q?[at dast eIgé?ége 144 is cor%}ﬁressed e.g., to ensure that the cage 144 does not
of

become lodgéd T the B -JhegmsBE @%&B@T& RSB WRHAIRIPRSiBfetely into the sheath
20, as shownsdteiel3 51 6a afchatiy repaditing thosmpattidlesiafttee material 152 may be aspirated

throughqthe sheath,plumen, similas. to th [ embodiments. For example described above, a
vacuum may be a_pplle )1/t égﬁ{éé%%%)@vfrﬁigéﬁéug%y tr;ﬂrﬁl(_arr?tf nac{?;%n@%ﬁ?e?%’fsl%irate loose
particles withittadHi&bbty mamernd s0icesparidiin seanndhiba nietage 4udisaseuntbeselpatiee material

from the wathefetje-RagdydHmemh dat tibRtealte L ALOTHDESR Sians MaY Redgpegied as many times

as desired tg remove any r malnlngl material. 101t will be appreciated that elements or components
shown with SHPSHBBHIM S SRS AT ERehtmBR RS THETR kB ite 4Ry be used on or

in combinatisnwith: atheridrmiiodimentmdisclabat-hetriach from the wall of the body lumen

15 150. After entanglement and further rotation, the entangled material 152 may be completely
removed from the wall of the body lumen 150, as shown in FIG. 16D.

As shown in FIG. 16E, the cage 144 may then be withdrawn into the access sheath
and/or constraint tube 148, similar to the previous embodiments, thereby compressing the
cage 144 radially mwardly towards the collapsed configuration. Because the distal tips 112

20 of'the cage 144 are substantially straight and free on their distal ends (i.e. the cage 144 is
open ended and not attached to a core wire on its distal end), the distal tips 112 may be
disengaged and the material 152 released as the cage 144 is withdrawn into the access
sheath 20. Thus, the separated material 152 may remain loose within the body lumen 150,
as shown.

25 Thereafter, as shown in FIG. 16F, the cage 144 may be redeployed from the
constraint tube 148 or sheath and expanded agaim with the open end 143 disposed adjacent
the loose material 152. The material 152 may then be pulled into the open end 143 of the
cage 144, e.g., using an obstruction device 134, which may be the same device deployed
beyond the material 152 previously or a different device introduced into the body lumen

30 150 and beyond the material 152 before or after redeploying the cage 144,

Turning to FIG. 16G, the cage 144 with the material 152 captured therein may then
be withdrawn into the sheath 20 or constraint tube (not shown), similar to the previous

embodiments. As discussed elsewhere herein, any material that protrudes through the



While the invention is susceptible to various modifications, and alternative 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, buwio the/eantrary, the invention is to cover all modifications, equivstentssasg alternatives
falling within the scope of the appended claims. WO 2010/034021PCT/US2009/057918 - 25 - We
claim: 1. A system for removing obstructive méterial from a body lumen, comprising: an outer
tubular member comprising a proximal end, a distal end sized for  introduction into a body lumen,
and a lumeARSEERYING Befivcass it Jroxhn ahsmel adiar elsmese sergrrisb et aicastiitde deployable
from the tubuwlanressabes lacincatian Beyopd ohsidgtive Fealeral dpendes:tophe fenepyesll, the
obstruction gevice comprising an expgndable member on a distal end thereof,.a cerator device
comprising g(g é%lﬁé’r&i %%i]!e g‘ag Zb%gfﬁleﬁéagﬁ 48 gie? ng'3f %gh% L?t@aﬁ%%"é‘é%s Eﬁlﬁ e for
maintainingatasagerimancoiiapspdtcinfigibatiordoaallonthe magsratei thevige e becittroduced into
the body lumen.thigngh the, tubulasmembsriumensdhe.cage. heind danlexaile from adistal end of the

constraint tube and expandable to an expanded configuration within a body lumen, the cage
comprising Bioperraifd 5 istisrehaAgithin g hadridmsnthed chawirasdoesgpingdaceenfiguration for
capturing 19ehrikdclivermedal \vithin the itereralthe1tad8e cage 144 is used to separate

material from the wall of the body lumen 150 or thereafter. Any of these steps may be

repeated as many times as desired to remove any remaming material.

10 It will be appreciated that elements or components shown with any embodiment
herein are exemplary for the specific embodiment and may be used on or in combination
with other embodiments disclosed herein.

While the invention is susceptible to various modifications, and alternative forms,
specific examples thercof 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 falling within the scope of the appended claims.



2. The system of claim 1, wherein the obstruction device is movable relative to the macerator device
such that the expanded expandable member directs obstructive material disposed between the
expandable member and the cage into the open end of the 20cage to capture the material within the
interior of thewagew/03408. The system of claim 1, wherein the cage is regtawtahiedniostse constraint
tube after being expanded within a body lumen such that the closed end of the cage slidably engages
the distal end of the constraint tube and the cage #°compressed back towards the 25collapsed
configuration. 4. The system of claim 3, wherein the cage comprises a tubular structure including
a wall exten%ﬁ%@lad’é’fween the open end and a closed end of the cage, the wall comprising a plurality of

apertures defined a desiregl pere fsizersthahbairniee Meceroe30sidabergagesiadistal end of
the constraint tube as the &ba]%e is retracted into the const{rﬁint tubée%ggéstructive material captured by
ug

the cage that exteHHE TS IR BrSHITEE 18 % A AFART 5P th & AR by TR istal end of the
constraint tulfecdWi@RBi04 6340R LR Fild 8 2009/05%al B 26tvh:cT e pysténzuichd|dismi, further
comprisjng g,gurce of vacuum coupled to the lumen of the tubular member for aspirating obstructive
material separated from the cage into the lumen of the tubular member. 56.The system of claim 1,

wherein the shaft &t st aesice doney ebmbrsesatibremsaendng \petirserrrogkimal and distal
ends thereaffansigabiyiceseivingithe.ohsimetion davicethaisinwit thepxnangable member in a

collapsed configuration. 7. The system of claim 1, wherein the cage comprises a tubular structure
10 includingc’gjﬁgv’;éﬁ% %(fa?{&ﬁ% %’eﬂ%ﬁ%@%ﬁ% ’ear’il(‘} and a closed end of the cage, the cage

comprising a pluraityacfrstoutsextendipgsbetweenp théabpeng@ndrelased ehids] therdkysilatining a
plurali%of %BS@%B%%&Q&Q%%\?{%T maintaining the cage in a collapsed configuration to allow the

macerator device to be introduced into the body lumen through the tubular member lumen,

the cage being deployable from a distal end of the constraint tube and expandable to an

expanded configuration within a body lumen, the cage comprising an open end

communicatmg with an interior of the cage in the expanded configuration for capturing

15 obstructive material within the interior of the cage.

2. The system of claim 1, wheremn the obstruction device is movable relative to
the macerator device such that the expanded expandable member directs obstructive
material disposed between the expandable member and the cage into the open end of the

20 cage to capture the material within the interior of the cage.

3. The system of claim 1, wherein the cage is retractable into the constramt tube
after being expanded within a body lumen such that the closed end of the cage slidably
engages the distal end of the constraint tube and the cage is compressed back towards the

25 collapsed configuration.

4, The system of claim 3, wherein the cage comprises a tubular structure
including a wall extending between the open end and a closed end of the cage, the wall
comprising a plurality of apertures defined a desired pore size such that, when the cage

30 slidably engages the distal end of the constraint tube as the cage is retracted into the
constraint tube, obstructive material captured by the cage that extends through the apertures

15 separated from the cage by the distal end of the constraint tube.



8. The system of claim 7, wherein the plurality of struts compnses a first set of 15struts extending
generally axially between the open and closed ends of the cage and a second set of struts extending
discontinuously between adjacent struts of the first set of struts to define a mesh walled structure. 9.
The system ofolaim/&asoznerein the first set of struts have a greater rigidig 2@trasmiizessecond set of
struts such that, rotation of the cage in a first direction about its longitudinal axis causes the cage to
expand in diameter, 10. The system of claint #¢ further comprising a plurality of distal tips
extending distally from the open end of the cage. 25  11. An apparatus for removing obstructive

material from a boty lumel ¥SPREFRyILh BrtRs GASTRL BermSsrEsmRTEmY @wbditidhend, a distal

end sized fatimenioirHuEign: intenddashhiymens abshadtrpendandnghemeemthagroximal and
distal 30ends; an elo gﬁ%@u ft comprising proximal and distal ends and movable axially withi the

tubular men%%rﬂ}ﬁr}ﬁglﬁ?é)n W}BQ%OZIPCT/USZOOQIOSKHS'- 27 - an expandable

‘macerator cage comprising a first end attached to the distal end of the shaft and a second free end,

the cagg expandaple frofha.calapsed.saniaaUANRIVOR Fage B Ainackd willindlg woular

member lumen and an exparded configuration when the cage Is deployed fro
lumen, the d3RECCOHRPHEMBEVRTD IR it Stttk iy i Ar ehdehlirry Pergdln the first and
second endshihecsesapadRAEAIIRIMG B expandable member in a collapsed configuration.

7. The system of claim 1, wherein the cage comprises a tubular structure
10 mcluding a wall extending between the open end and a closed end of the cage, the cage
comprising a plurality of struts extending between the open and closed ends, thereby

defining a plurality of apertures in the wall.

8  The system of claim 7, wherein the plurality of struts comprises a first set of
15 struts extending generally axially between the open and closed ends of the cage and a
second set of struts extending discontmuously between adjacent struts of the first set of

struts to define a mesh walled structure.

9, The system of claim &, wherein the first set of struts have a greater rigidity
20 than the second set of struts such that, rotation of the cage in a first direction about its

longitudinal axis causes the cape to expand in diameter,

10.  The system of claim 7, further comprising a plurality of distal tips extending
distally from the open end of the cage.

25
11.  An apparatus for removing obstructive material from a body lumen,
comprising:
an outer tubular member comprising a proximal end, a distal end sized for
mtroduction mto a body lumen, and a lumen eﬁtending between the proximal and distal
30 ends;

an elongate shaft comprising proximal and distal ends and movable axially within

the tubular member lumen; and



opening communicating with an interior of the cage in the expanded configuration for capturing
obstructive material within the interior of the cage, the wall comprising a plurality of apertures such
that, when the cage is withdrawn back into the tubular member lumen after capturing obstructive
material ther&m, 2e/gistal end of the tubular member slidably 10 engage<inesmwadiasitte cage to
separate obstructive material captured by the cage that extends through the apertures and the cage is
compressed back towards the collapsed configuréﬁcm. 12. The apparatus of claim 11, wherein
the tubular member distal end comprises 15a sharpened edge for cutting obstructive material

extending througH e EARIFRASFHHIET CAER NIRRT R e TRAAHAGISAIA Tt 7 cabafPmember
lumen. shh8.ahtie appatdtsal claineddcwhetsi thenseconshandtaiiberargeterpeses a plurality

of distal tips_extending substantjally axially away from the first end for engaging 20the e with
obstrustive ST R B e R A S T T cmge i
rotatable abwat & Endingdifaimatiie tobule manhar nmesniibe, dius distakitips sbrhplisiigawe or more

features thah, iigrleckWiiR.eBcAYRGLWNROAhe £FAIS ISP RIeLSnoagingdhsdistal tips to

obstructive 25material to separate the obstructive material from a wall of a body lumen. 15. The
apparatus JTRERIHA PIIMHERERERE AN BIFHIRS RElge ComPribes P HIdrd IRttt fsfining the
apertures. Qa6 e Bppriaks abchainidi, wdiereivribRicagecompissmapiialipafferiures
extending inyiardly from the.yal for gndading, ohatructive material eapiured within the interior of the
cage. 28 17.7Re apparatus of claim I Rrther cOMprising an access Shéath comprising a proximal
end, a distaténdmizedfobitvotductiorinicharbodihfuhsenh cahdidbia merexendinglideblyeen the

proxim ang sl e BHB4 MERIRS, S Ein i SRR BRANEG WD dyp access sheat

lumen. 5 The apparatus of claim 17, further comprising an embolectomy device deployable

from the ac68%8&HbpEh i SRsHYTEEIIMIPRIerte & cOMPRLIAG Rk parid dbtesHemser for directing
obstructive paatefigd:ipto the open end of the cage when the cage is in the expanded configuration
within a body lumen. 10

12, The apparatus of claim 11, wherein the tubular member distal end comprises
15 asharpened edge for cutting obstructive material extending through the apertures of the

cage when the cage 18 withdrawn mto the tubuiar member lumen,

13. The apparatus of claim 11, wherem the second end of the cage comprises a
plurality of distal tips extendmg substantially axially away from the first end for engaging

20 the cage with obstructive material within a body lumen.

14.  The apparatus of claim 13, wherein the cage is rotatable about a longitudinal
axis of the tubular member, the distal tips comprising one or more features that interlock
with one another when the cage is rotated after engaging the distal tips to obstructive

25 material to separate the obstructive material from a wall of a body lumen.

15, The apparatus of claim 11, wherein the wall of the cage comprises a plurality

of struts defining the apertures.

30 16.  The apparatus of clamm 11, wherem the cage comprises a plurality of features
extending inwardly from the wall for engaging obstructive material captured within the

interior of the cage.



19. The apparatus of claim 13, further comprising one or more control elements coupled to the distal
tips of the cage, the control elements actuatable for drawing the distal tips inwardly towards a closed
configuration with the cage in the expanded configuration to prevent obstructive material captured
within the cage from 15escaping out the second ergl. 20. The apparatus of claim 11, wherein the
cage is biased to expand to the expanded configuration and is resiliently compressible inwardly

towards the collapsged cordigipations 20 clain? 11 Asysiemfaitampaingebsthatveomatadial from a body

lumen, comprising: an outer tubular membper, cor%)risin% aé?/r%ﬂ%]all end, a istfal end sized for

introductiorPiREB*Eb A inTiRl4md S46RreR’ SRy oRtng & Proximal’and distal 25ends; and

a maceratoegeyice-depieyaiie forhihe duddardnd domprisindzam eldrgatesdhatis adekhandable cage
carried by the shaft, and %constrair%tugai ha\ﬁng a distal opening with a sharpened edge, wherein the
shaft and tHE€CAGE HERGARYFHOYSABE r8fhiVe to the constraint tube; 30and wherein an inner surface

of the cgge comprises a plurality of features extending inwardly for engaging obstructive material

captured within the age, 29 . 22. A Yslert o removing, Sbyustiye mateual fian.a body lumen.
u

comprising: an-oute rmember comptising a proximal'end, a distal end sized for introduction
into a body Hemerabinttan timencextahedity thetwsrdtterpyoidmer condndistad Beatangdatile  a macerator

device deployanle.fomdneimen and-LompUsing.anElonaate SNt g exRadable.gaog carmied by

the shaft, and"a constraint tulie having a distal opening with a sharpened edge, wherein the shaft and
the cage arénatiiatypandeé abidigetative rothe cbpdiriinetube; 10and wherein the cage comprises distal
tips ex{%nding from an open end of the cage for engaging obstructive material within a body lumen.

19.  The apparatus of claim 13, further comprising one or more control
elerments coupled to the distal tips of the cage, the control elements actuatabie for
drawing the distal tips inwardly towards a closed configuration with the cage in the
expanded configuration to prevent obstructive material captured within the cage from

15  escaping out the second end.

20.  The apparatus of claim 11, wherein the cage is biased to expand to the
expanded configuration and is resiliently compressible inwardly towards the collapsed |
configuration.

20

21. A system for removing obstructive material from a body lumen,
comprising:

an outer tubular member comprising a proximal end, a distal end sized for
introduction into a body lumen, and a lumen cxtending between the proximal and distal

25 ends; and

a macerator device deployable from the lumen and comprising an elongate shaft,
an expandable cage carried by the shaft, and a constraint tube having a distal opening
with a sharpened edge, wherein the shaft and the cage are axially moveable relative to the
constraint tube;

30 and wherein an inner surface of the cage comprises a plurality of features

extending inwardly for engaging obstructive material captured within the cage.



23. The system of claim 22, further comprising one or more control elements coupled to the distal tips
of the cage, the control elements actuatable for drawing the 15distal tips inwardly towards a closed
configuration when the cage is in an expanded configuration. 24. The system of claim 22, further
comprising a driveshaft operably coupled to the cagg for causing the cage to rotate during
advancement through the body lumen. 20 25. The system of claim 22, wherein the distal

protruding structurgs comprise Q0,01 4RMRgERge: A slalis R94e ANtk Serpentine edge.

10

15

20

comprising:

an outer tubular member comprising a proximal end, a distal end sized for
introduction into a body luwmen, and a lumen extending between the proximal and distal
ends;'and |

a macerator device deployable from the lumen and comprising an elongate shaft,
an expandable cage carried by the shaft, and a constraint tube having a distal opening
with a sharpened édge, wherein the shaft and the cage are axially moveable relative to the
constraint tube;

and wherein the cage comprises distal tips extending from an open end of the cage

for engaging obstructive material within a body lumen.

23.  The system of claim 22, further comprising one or more control elements
coupled to the distal tips of the cage, the control elements actuatable for drawing the
distal tips inwardly towards a closed configuration when the cage is in an expanded

configuration.

24.  The system of claim 22, further comprising a driveshaft operably coupled

to the cage for causing the cage to rotate during advancement through the body lumen.

25.  The system of claim 22, wherein the distal protruding structures comprise

one. of a smooth edge, a slotted edge, and a serpentine edge.



