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APPARATUS AND METHODS FOR REMOVI NG OBSTRUCTI VE

MATERI AL FROM BODY LUMENS FI ELD OF THE | NVENTI ON The
wW@er@Esems4d nventi on rel ates generally to appar apCBEUS2909/046659

renoving material within a bedy lumen of a patient.

More particularly, the present invention relates to

aratus for renmoving or otherw se capturing thronbus
R AT CsL AN PO s PR RV GO TR U TG TERIAL

graft, blood vessel ’FRO%B%YEWEN 4gnen, e.g., by

cutting, separating, or aspiration of materi al ,

and to nethods for neking and usi ng such apparat us.

BACKGROUND FI ow wi t hi or ot her body

| umen within a pat e ‘ QR

conghE bekEd itFentibh kéﬁ%@ééﬁefﬂS@B raﬂlpirﬁgs fRreRo ViRt hikfiaPlvithin a

reasons. For exanple, a vessél may gradually narrow
bodiulkinten dfnfriationtatMamn pariidiiarlyciéb [prgsewtlin¥omtian rdates foapparatus for

ddij t t hr ombus du h
ror it O PR CRP RIS B ¢ Bet e Bk B fipnin
tutA: o BRRIAS e o of RY b&®; lufizhadk ey | b]!i’ttlﬁ@ s@?m@ﬁg, and/or
pat i ent experl enci ng ki dney fallure

asrigepn pf meterigl, and & @e&hpéabﬁ@%1ngaméwsglgdﬂ@lsapmgﬂtbse a
fistula fornmed directly in the patient's body, e.g.,
t hrough tissue between an adjacent artery and vein or
ot her vessel s, rray be aBAeKQﬂI(alUND npl ant ed bet ween
two _vessel s, or a synthetic graft. Such grafts
onl {lovapdhi 3 ‘Plﬂ?‘{l @%ﬁwhorf@ﬂ@y bpdy lmenpwithin g paheniisivapculature may

bedo LR Ficld d?%ﬁtg%?[[sly qgtgn*flﬁtgd gérj%evar &t eAohs. aF e@(faﬁlple, a

econmes suffici or otherw se
vegdel raay gradtadky, naaromedviego ariflannastionbendi ke B ptcéderatiom Ineaddition,

ocati on for  subsequent treatnent. So medi ¢
thrﬁ@@&ﬂelalay fan duedp pachsiovgpg ﬂ@%%w RN lfﬂm Yessel
body.} LBt le, AhtbBRYSRnd s gi@ﬁ’dﬁ? b @S ladtlign 519 af?h BYh GRiAt

relatively l'arge aspiration |umen in a catheter or
exprisaeing buinge failurd, . | to tiantletatesipaly sis ireatmentauch eodfsdurels a

th ..
risty g SRS MG T Su e dEe e Buo Fp Sl TP i nccat arery
an@gth QF oaﬂéfav@sa@ tfﬂiegl Bt kdiR gRASIHRIBTed utRogt W Vegie]d, BE may be a

device is direc . I n such devices, relatively Iar%lr
syshetici grhibs Snelyereis enlydnve nEmase lifagyclmduc erenflagamatins, thrombus
eyent s I
for%ﬁ%éﬁa Sgﬁean den (5@(% g‘yﬁ faﬂr%ﬁgf\}lieggdfﬁ &enﬁﬁf 8?0'11&168% Btherwise
det@foitacesyenou gradir abdtde ibbhattdwues $le‘lrv300a016n @rabscqoeht treatment.

| umens woul d be useful . SUMVARY

Some medical procedures involve aspirating material from within a body lumen.
Although it may be desirable to provide a relatively large aspiration lumen in a catheter or
other device to facilitate aspiration, many procedures require the device to maintain a
relatively small profile, e.g., to provide desired tracking performance and/or avoid
damaging the passages through which the device is directed. In such devices, relatively
large particles may obstruct the aspiration lumen of the device, preventing further
aspiration.

Accordingly, apparatus and methods for removing material from aorto-venous

grafts, blood vessels, or other body lumens would be useful.
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The present invention is directed to apparatus for

renmoving material within a body |unen of a patient.
woRre/omawe i cul arly, the present invention is dPCBUSEA/046659

to apparatus for renoving or,otherw se capturing

t hrombus or other obstructivé material wthin a

tubul ar graft, blood vessel, or other body | unen,

e.g., by cutting, separaSUMMARN/ or aspiration the

mat g4 ?lresetﬁqgvetnﬂoﬁ'?s gt%dftg 5%15@5*1@ Br ?&g%ﬁﬁ% Hﬁtt&ﬂ?@lthln a body

apparatu I'n accordance wt Irst e I ment
lurmapafraqiamsnn Moprearttbathr fyotherpeeseut ingeniaties diadctad tbhapparatus for

bod n that includes an el te tubul ar

er
rera g 3 Cry i GRIFEE TREIOUS TP P DSEHE NS BErigIrIhin & tubular

ordflbloRd Uik DRy bﬂltepb@dﬂﬁgﬁénl IRy cﬁﬂg% aBp AU Qﬁd/anasplratlon the
| umen ext endi ng between the proxi mal’ and distal ends:

maaergtiuadé toreetheds ﬁ)rtneakdmgugldftrsmg dubk apipagatas. end and
t t th
ot FaPHe Pt ibmsinbens iR GrER s g o g

maftérgmthﬁl Absdyalimbh Phat MHcPudel &n 8RRLAtS HibRAr InbtMESR irRNi
obstruction clearing device deployable fromthe gui

prqwn@leandam distaéendagizebioe indtognefianHatot & kasky luman,nd an asmratlon
{;(%dle rt}/gd‘t? Qeql HE I[[S};dmlfﬁgle n@%ﬁtgl %éé %'gu%cleeﬁéﬂlg% e‘]w?e%ﬁlg from

core w e W Fac

theaﬁsialcn'ma a0d térafiating ik e dosk2 aip| g galdemnrhiserdemboyiaglaerack adjacent
fromthe distal tip of the guide nenber when the core

2 ik WIme exREHEEDT Bheadinbin Bt He agRiradionrhwhersrand ga gbstruction
| |
clog i Be i SRpIAALE R Ik o Timba sl R BB BTk
Wi t i em;gm@mbmem th@obsnrwuqnacﬂdamg:mendbdm iocluddsencore
de 1 romthe de nber , r en n
IS il e (g Bimer b or iese Bintsmrirarine (et dsployable

frofPdhe Q%tﬂ'tﬁ)%%l?@éﬁd@ﬁl@fﬁ'b%h% @k ‘88193 \Mkelstaﬁ%{&edl Re1dthR to the
expanded condition, e.g., when the core wire is

guslasetheenthy lunestr et ing en‘teemeart(s)/may ociute ag@mplzmdﬁ’elnbencture that is

f | t
oxpefedFEN Hiavbifis SRS RRhndls FufTBR Rt Pied condition
whichlBuplagedRahere gilife ﬁl@fﬁbbﬂ o, fbh@lgggmng enABT Wit hi¥BY body lumen.

i nclude an orifice, .0., in a side wall thereof

The gripandilda sirmguiginady bqurqctaémrp&lﬁwﬂy alcmg the {ragkcia the expanded
co%cﬁﬁ% %%e%lllgﬁ' e Eg}% trs%&e(?lﬂ‘] l? rtrgtpac elacl?lﬁl{lbg{d tggwéﬁﬂe member,

wre IS re rac

forneapiig, thd henc@roanidabletest(kUaidwne caﬁtumdnmteﬁaﬂeﬁo the aspiration
i nwar dl %/ towards the contracted condition and the
lumepefiihe fubyfer ﬁ{?n&eérrent (s) are drawn thr ough t he

ori &@dl‘ﬂl %lﬁ(zé §11@ﬁ1l6611 Iggfglrcll%%t eg ggstegd ﬁltﬁeslc?e%pthereof

clearlnge nti al
commuaicla‘glng/\mlth ithe trdode [bmans kh¢ omee lobeod Whthlndhe aspnratmm &imen such

th t rrlgi tﬁl eari ng .el erretntds ar.e tdrtﬁvvn tdhr o%% e or | é LC€ ruct
at, whgnithe.core ip pefragted relative to the guide mentber, the expandable structure
is compressed inwardly towards the contracted condition and the lumen clearing
element(s) are drawn through the orifice into the track lumen. For example, the lumen
clearing element(s) may be oriented substantially axially within the track lumen when the
one or more lumen clearing elements are drawn through the orifice into the track lumen.
When the core wire is subsequently advanced relative to the guide member, the lumen
clearing element(s) may be directed through the track lumen in the contracted condition

until the lumen clearing element(s) are redeployed from the distal tip of the guide member.
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When the core wire is subsequently advanced rel ative

to the guide nenber, the lunen clearing elenent(s) may
wheo1diosxsed ed t hrough the track [unmen in the coPCT/HS1002046659

condition until the lumen clegaring elenent(s) are

redepl oyed fromthe distal tip of the guide nenber.In

accordance w th anot her enbodi nent, a nethod is

pr oV geardasee WERBUPtAY sraagiment, winetod inpiosiipd fRfrsmowing

t I r

B O A R RO di o Rl oA ey be
inttvavteging Qbo dielumerrtthe tubtae nebnrbgr Hawh@h lgyide mommtich extendmg

di stal end,. The t menber may be posi
disa Famm et inde et Uéqrgbfa%@a %@d@%{ﬂopﬂi Séhattt%e distal
endR di§IIO L] e%@gt ﬁat@féltt@lbetrérﬁo&gd Anld & Huhids) (WSLH@ Bliidé Fnember is

di sposed beyon the material. One or nore | unen
dlSpd)@drhemgldeﬂhe mendrsl. neye bemdeplluwe@tleﬁlrlo{gmhhenmma}abe ddppyed

nenber, each | n clearing el enent ..
R R RS AT W e s S
ex@%ﬂ&ﬁl@@ﬁ@éﬂu&qml&pﬁﬂs o BorithiRtcd Wb ASitioR W@in the gaflle member to
expanded condi tion when depl oyed fromthe distal tinp.

an Trandedraideepn whanrdeployad ifiegn dk dlirsH tips )Thﬁﬁiyplﬁaed lumen clearing
ORI L 0R-F R85, g IF S5 RTIEEnd e SRR i

thd tldg laménamhdraly thdmategialings a femenesT.thaNubtlat hﬁlﬂbHﬂE n
cl ear ?13 el enent (s) are retracted along the track, of

t he Wifndbe harericaring €lamapt(n) @F seffactry danenbntrady oty gpide
menfief, 3fid Rﬁhe‘h&?&ﬁg cfh F](ej ﬁl%‘gén ﬂatt%FtteH ?hrg{f%lgﬁnr %ﬁ?fg’%%elﬁto tHe guide

COI’TFir ess an raw t e stru
mehtber guéchepromrapéfor dtdw the skpadable h&uttunfésl’) natb el gm(j;e rnernber If

de%%%ﬁléﬁgwé{aﬁ%&%e%ﬁ%% B Dot RTIRg fomLihe istilfia OF the guide

melnwas PR&] r@ﬁ‘&dtﬁl@ 18 SR rfort h[rﬁéigaeér'ﬁ% é?éﬂléﬂ&ﬁﬂd)d&%é Bffice into
de nenbe This process may be repeated as often as

thmg;sdermdrnb@r rﬁmaprecersamwl bglrefaatadh aslodich oslgedingdgmremove material
i onal the material may be aspirated before or
fro%‘iﬁlﬁg’ g‘é"%‘&e “drawn into the lumen of the tubul ar
memiggtiondlygd the th@efi@Ghd 31 Beadspirkit@aBY¥ioRgort Wil BHiRy d@bvnflﬁt@rthe
the body lunen. In addition or alternatively

lurpest @frtheyfuby ey mgaen e g He fraibiere remeameibe @p@rﬂﬁhﬁf@mﬁr’@@/b%@
lun?e%o aﬂl@dgﬁ.jlog%r tdpe%n% axh angtai%lrelﬁéé rdeo tﬂé Rl dpiléa? aernents

ure Is direc

malyniecsepdmeﬂ bp uieaafxpaﬁdﬁb&rstﬁuumm&nﬂm/uurplcplewsesg.e ds the@kpandable
towards the contracted condition. In accordance with

strygtpneris @igestgreintasiig GHhulas mrembes %%%nai{qrscon@reéﬁ%ba&% dowys the

coﬁt Yidddaimherial within a body |umen that includes an
el ongate tubul ar menber including a proximal end, a

di stmhcoentined wétl sfilb anath¢radmwcimen, amdppamtusasl prdvuhsd rfor
1rer1(ﬁilonvqnga rnnaterial within a body lumen that includes an elongate tubular member
including a proximal end, a distal end sized for introduction into a body lumen, and an
aspiration lumen extending between the proximal and distal ends; and a cutting head
disposed within the aspiration lumen adjacent the distal end. The cutting head is
reciprocable axially or otherwise movable within the aspiration lumen for breaking up
material being aspirated into the aspiration lumen.

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

material within a body lumen of a patient. A distal end of a tubular member may be
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aspiration lunmen extendi ng between the proxi mal and

di stal ends; and a cutting head di sposed within the
wasgpopeasion | unen adj acent the distal end. ThePCTUS1009046659

head is reciprocable axially,or otherw se novabl e

within the aspiration |lumen for breaking up materi al

bei ng aspirated into the aspiration |unmen. |n

intepduenddaifcabagt Mg the Hbu ke mesiise HIcHEHS argaspptiggylumen and a

Y
cuhf bR IR LRI BTl SR Aherthch DU S AR, YDl momber
malyehicposiidnigkdhch mitad tlee dgtdlyenldusrenposel @djacdo naater b hdoler removed
an('yncl udi ng an aspiration |l unmen and a uttl ng, head

PEYEE R RPN 2pphrd i § ASIEHHR TR e dpeggrigl within
the@ddy 16 foRilAhe ARMIPEAI HBYc RRURRShdIRRE S hS H&tﬁnﬁ Hé‘id may be
t he d| stal end is disposed adj acent materi al
acthatmly ed., dntdtaritvaou wﬂmpﬂ@sggmen pm,ssu:ﬁe isqpplicd do t:@use tlee cutting
aspiration | W terial thin t
et ool a i G SRSGHTewt! bttt Rt distl end of
thekiBulbtinbmBer. BRI HRed afl bydkerk matctial inREPIOER sufficiently
after, or when the vacuum pressure is applied, to
smeh tasbe m@a@dtmtprﬁlge %eaathmluﬁ@aubaﬁb%m@umra&sume to the
di st I d
end Ooper e TSRO 2% SR PR (R MR ke MR gom
coiididerativinesfitid foillotvingod eyt ioniLifiltdncih @ Bibjuctimmlith the ab&mpanying
aspirated into the aspiration |lunmen by the vacuum
drgyfiBgssure. Other aspects and features of the present
invention will becone apparent from consideration of
the followi ng description taken in conjunction with

t he acconpanyi n@3RIEEWER(SRIPERRDNFO BESERDRAVINGE THE
X\r It vvill(ﬁt% ggrem tedthat tFe exe Iar
appar DRBRFLGNDAH, 0 Y SPRFATU SO KR Uk &F% ipgs are not

ne&rsﬁwny Hl%w%oc@ls@ale WhitheBpRRAShScddRiRATa R8I RGN AGS tﬁénvarlous
lustrating the various aspects and features of

aSpebilSlﬂtsd fetwds efthodiustrated embp@ments. s a si de vi ew of a

dis nd of an e e r odi nent of appatat us
For Fikipf B sty iy §FF AR et PR oL Shsa o Grne B g B &8 Hpratus
forappaikialk wsatdrize Witdingbad yoluea) the Ypgirath iR delgeaplufdity of lumen

el ements depl ovable along a track of a catheter. FIG
clegringsclaments slsplemahils alpag 2 viaekobt cahdserdy | umen, showi ng

t hﬁgg@ pf{s%tclllgssosfe t%n%l ¥1%Wp 13 t}oldgg\?r?e& Ig (§\§ ng t he; (ﬁ}a}a@f%of FIG. 1

earing € Femen e e}

poilﬁ@ehQHMeinuﬁﬁﬂﬂthe GRS SH cl3d-‘m%@l&hént§ dess yclefedrh oietracki veivlEn the
of a body | unmen showi ng a nethod for capturing
bodhatugicial “ from t he body | umen using the apparatus of

FI GRiGd. 09 Gare cross-sectional views of a body lumen showing a method for

capturing material from the body lumen using the apparatus of FIGS. 1 and 2.

FIG. 4 is a side view of a distal end of another exemplary embodiment of an
apparatus for capturing material from within a body lumen that includes an alternate
configuration for a lumen clearing element.

FIG. 5 is a side of an exemplary embodiment of another apparatus for capturing
material within a body lumen that includes a reciprocating cutting head deployable from a
catheter.

FIGS. 6A-6D are cross-sectional views of a body lumen showing a method for

capturing material within the body lumen using the apparatus of FIG. 5.



10

15

20

25

30

FIG 4 is a side view of a distal end of another

exenpl ary enbodi nent of an apparatus for capturing
woraa1e/002549 from wi t hi n a body | unmen that i ncl udeGI/Es2009/046659

alternate configuration for_s_l umen cl earing el ement.

FIG 5 is a side of an exenplary enbodi nent of another

apparatus for capturing material wthin a body | unen

t haflPRclArdPsarg side yicpsed attemativasrabaddmpta of epingleads hat may

3 . E ~ HA-6D are cross-sectional views
begﬁcg?egéggkﬁghéﬁtugﬁg%gﬁa met hod for capturing

mat EIGAl S AM8Dhara ptispedhioe dethilheiithe sutnigg hivels b FHG St 1S 70K

FIG 5.FIGS., 7TA-7D.are side views of alternative

resBHBAREFIES deploxsst ¥R FudsatoRicadeyToe T no uded in
t he paPRLsat 4§ssQkctiddd view ﬁa%dg%@r&lﬁ%n@% SRefHAVe
details of the cutting heads of FIGS. 7A-7D,

cmbedipeot ofzesypicnb®ir gptdant owedial fromthe bodst lamee ticht afchades the
o 54 e Ve Sk oy e

towaBS thelapgarg@teri al fromthe body lumen that includes
t he apparatus of FIG 5 and an expandabl e device for
di r E&@i Hyis gsideriiew ohpndiher cxprapleadsystenion cepwangimatapiel from a
t.us,. o ' l.de Vi of anot her exenpl ary
boiﬁgl%%lﬁc(??dlgggsﬂ%a%éﬁdn%flé#'ﬁ%ﬁééf: ﬁgﬁr}ﬂ' a body | unen
I nclFudi Nigisa csdmsatdtionddviaw @fiatbody hassesiowng &hcthodl ¥oit ®moving
a crgss-sectional view of a body |unmen show ng a
magggiah FAMFpPodydHEh HenEraitceystam ¢ty A0body | unen usi ng
the systemof FIG 10. DETAI LED DESCRI PTI ON OF THE
EXEMPLARY EMBODI MENTS Turning to the drawings, FIGS. 1
and DESRAWEBNDEXERPIHON OFHKIIE feEMBEARNY RUMIENTS

for _renoving, retrieyj ,. a r otherw se capturin

t hr GHBUE ol atneSFIrS 1 SR Mot Sleiniey Fapofimsfof an
appirdt Mo ?orkie[%ihg,%ﬁlie%g SHOH ARerdidd! ca@@rmg $8Mbus, objects,

aortovenous fistula, tubular graft, and the Iike.

andZenebsaiubtyve miterialdpem atithen 4 bodynlumed @9, such as hdlaend, vessel, aorto-
she .. or, ot her. tubul ar er .20, and an structian

v sl W i g e REma e AR o 8 it p Gthoter.

shdatHT®R ok AbLREY NRAMENURGAS aR ObEhRIBAtRaBRL 6dictricttl i 40
core wre, shaft, or other elongate nenber 42. In the

inciegipnreaitmern dwnen elperingzanmendagcoor cleraeniel 8¢ carrigd by iareare wire,
shand, g@&t elgF%)aV[\@?ngmt%ert al end 22, and a lunmen 24
'ng ther ebe

exten ween. In addition, the catheter 20
In the embodiment shown, the catheter 20 includes a proximal end (not shown), a

distal end 22, and a lumen 24 extending therebetween. In addition, the catheter 20
includes a guide member 26 extending distally from the distal end 22, e.g., attached to or
integrally formed with the distal end 24 of the catheter 20. Alternatively, the guide
member 26 may be movable relative to the catheter 20, e.g., to allow the guide member 26
to be advanced from and/or retracted into the lumen 24 of the catheter 20 during use.

The guide member 26 includes a track lumen 28 that extends at least partially from
within the catheter 20, e.g., from within the lumen 24 to a distal tip 30 of the guide
member 26. The guide member 26 may terminate within the distal end 24 of the catheter
20, e.g., at a predetermined length therein corresponding to the length of the lumen

clearing element(s) 50 and/or the region of the shaft 42 carrying the lumen clearing
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i ncl udes a gui de nenber 26 extending distally fromthe
distal end 22, e.g., attached to or integrally forned
waowal/003se di stal end 24 of the catheter 20. PCT/US2009/046659
Alternatively, the guide nenper 26 nay be novabl e
relative to the catheter 20, 'e.g., to allow the guide
menber 26 to be advanced from and/or retracted. into

elefr}@@t(ﬁ)LﬁPe ri\anagivetn ghegatdrenemba ity pgenfswibstipidallyifp die
pr %@tﬁ&%:tﬁé §03]n5trsﬁ knjumen 28 that extends at
ro

east partl | n ‘the catheter 20, e.g.,
fr OthIgtlidB nmdnlﬂ&r Ra lmmy aﬂéwtthe &inchinsdledrini eﬂnrﬁfﬁlt(csj 50 ’mebe deployed

140] 2 26
wffqrnctpr%g Eﬂt% fqzﬂ gl@f?d% ?ff Q%ﬁggfgé%éé Psoz 65n @f@wr bejpw. For
exeﬁn;ﬂé afe gﬁfﬂ@‘n{é@ﬁoek 86 Q{ap ihdigael ﬁaékocfrrcﬁ%%hctiuﬂég‘oﬁ 1&1'3? the lumen

'ength o6f the [ umen clearing el ement(s) 50 an
clenagg olamefit($)He addrefthe geide memhenghtthe ebodiment show, the gulde

eGSR al TR ERR L A A oD e G b A KA DTt R

adjaédnd ﬁie&ﬁst@l%n(i@t toSthOWRYal tif 3O oFthcdBidERBAber2. NEY @it BDWMay be
the |unen cleari ng el enen o be depl oyed from

origield aywagdlaigwards &qlh@e@ gt @éth%ﬁﬁn@ter 26, iy forgyiidestae lupaen
F
cleg[gﬁgréale%h%%é{)%@ J&%rt?r i g%‘?{ 24 R ?ﬁ@g& . &e'l? oy fﬁﬁg&ﬁog?o%.

at ur or gul
t heT1he| daBeul cihsarofiig: @liémpinbsr) 2hMaabe @lgostalﬂaalgyjatdeelmatlc e.g.,
menber. | n the enbodi nent shqw, the guide nenpber 26

roynded eetbenyvisg shepebtorrpdicedisk of é%r;lwle%Of:%&%tl@Pnszwhln
wh?ﬁ}]lgthe a@ag{[héf‘ﬁé R égtr&iuc ﬁj fhca?d?ﬁ ioh ﬁleq{mﬂilgg). ﬁi?lﬁe é‘clhﬁdg g 2tapered

e di tip e gul e renber
entn@ye Bé comnemicatng muarthid slittanapdso gilhide thertenedeafng dement(s)

30 it?tta E@ﬁl& é? dﬁﬁ%tbadtfw@gqr bde ; tzlﬁ*e&uﬁq?@g% ffrr#él?agﬁo inglydes an

orlﬁ%ﬁ; 'etgsdat aH rehﬁ‘ 8f thl@%llpﬁ 0 §1téj’[h%tt%er$d itdfco34 tel'ge within the
nber be substanti al y atraumitlc

gu e. g.
lumfou%ﬂd@ﬂh@ patbtthleEQM El@ wifaeed may bedrrseandicg lehafed dentigy¥ i lumen

ciefis SaeatS e HRarvrbhlc bR B R SR Pembel Ze o

as aestﬁﬂ&fﬁldth@mﬁdl@,{ace 34 conmmunicating with the slit 32,
e.g., g;lde the lumen clearing element(s) 50 into
t he Ospltlptlal thepgthgeos @Pintdngelude ﬁl@rom@r@wddmﬁ@aldwmg@ (not shown)

exGRRE b SR b DR PRE RHC L 0 28 £ B gelprR 06
aspitatifg flutd) éorl receving 4 gafdetvive oe atH&Etﬁlr(naﬂsho'ﬂﬂ% apdithd lde:. Ior

may be sized and/or shaped to allow the | unen cleari nq
eX?’éPIélFr’elﬁtS?@? agpliqagopse 1td%x/\l?13 destrable fpadvagethe GRS appargfus 10 over

ag PRl %tH@F X Casﬁﬁet % %Oﬂﬁlog&ﬁ% rtlllle%fgdé;vﬁfeg %?Ju%% eé?l‘Mevvlre

tionally,
lurmjﬂ(atsoonakhdmmeliwoﬁadatdjashmwhe) lumm@ﬂdon@rm@hwb@}mmmém itself. In
r.oxi mal end and the di %tad end 22, e.d
addjpn.\pg 2 tﬁtga‘ré ,gysource of fluid, e.g., one of mor solvents or other therapeutic
agents, a source of vacuum, ¢.g., a syringe, a vacuum line, and the like, may be coupled to
the catheter 20, e.g., for delivering or aspirating material through the lumen 24 or other
lumen (not shown) in the catheter 20.
For example, the apparatus 10 may include a handle (not shown) coupled to or
otherwise on the proximal end of the catheter 20, e.g., for manipulating the catheter 20

and/or the entire apparatus 10. The handle may include one or more controls or actuators

(also not shown) for actuating the obstruction clearing device 40 and/or other components
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aspirating fluid, for receiving a guidewi re or other

rail (not shown), and the |like. For exanple, in sone
wa@ppbiexstd ons, it nay be desirable to advance BEBEUS2009/046659

entire apparatus 10 over a gyidewire or other rail

(not shown), e.g., by loading the guidew re through a

uidewire lunmen (al so not shown) disposed adjacent the
eparas 18y In pdditieyh thankandlgrrasy pglude §E‘F oL MPYE pi(Retpown) for

co@l i GrO@LE X{stllﬁ(ld aﬂ%/%?%&ﬁnpfFJr e%rﬂgle Coitk of tﬂéqgo miPr €

ol venfs or ot her therapeutic agent sourc

comamuicate weitlgthe lamesry 24 rmgba Va:uum:lunmsjrrmge oranhiertsbercb oKeacuum
be c upI ed to t cat.heter .20, e

may g icORpIE 50 e Pe e ﬁ@tfw AP iTpe of Matqril waﬁl qrRdieeqidbe lpmen 24,
e.g0%as 915&?1‘5641 HFBR: 646% . %'i@ﬂfg)arﬂl @m%‘(ﬁnféﬁ'@s Retheid10hat rﬁ£y be provided

exanpl e, the apparatus may 1 nclude a handle (n
on$ltmp)1ramsd|@l asel disolosnd iptphenisips applidahen meoad|NmI6lé)ﬂa 36f) filed
T Ié ﬁ heter 20, e.g., for manipulating the catheter
ul§ ’Z\ Ior the entire apparatus 10. The handl e may

I nchvigecatitued rofERcG8MGS! Baki 2,akd st Qi 403l fIRe Hskruction
shown) for actuating the obst ruction cleari ng device

clegangdeyiesr 4 bganerally arghedrs ntpsotimehenda ggarvaithis theproximal end of the
cat?%tg E(ﬁs ﬁﬂé\’;\ﬁs}% n ng,ra%{zida c%thP é/ndI tgﬁﬁlﬁgt?nlﬁlﬂ %ta]'#?pr% RQS tcffeﬁnmg a

I'ng to a so
longaGdin o axks0t4 E,xﬂfmip@araamel 00fTheherdpwir 42 may bearsibtaalle flexible
with the lumen 24 and a vacuum |l ine, syringe, or other
eloggitp anengrer. o utivhlider holow oviF Benctuse.thawing o ficient Jngdyfo extend
e
foff e pRUAR @l ST Tt o b PALRSEHC R (B 26
enbéd crenipde, ofic dran liesi2thay haveyufieiqt tongthetd erxn:nti fi@m a target

sit%@?t 1ré1|§at Hl@w%tgﬁ_ﬁ%g’gﬂ%%@l‘ ?l?qec%ga:tej Oog Igsfé C%ggl% 0161l Iﬁlcl:ealt)a{tlglrllt s body.
Alt%ﬁml%wet‘ﬁe e nfa? ckilef@Pto Qnda%dco%gleﬁrﬂ@oﬁl‘éf SoMpdrRnt B f the

of the obstruction clearing device 40 general |
appanaths @ spaged apaxi prakingly, fraam ghe, lumicn hlenrlmglelemnmks)rﬁﬂl Téngore
of the cat heter 20 (not di stal .end .
iR R et kP EgTS a1 §V e g fiog gpore wire 2
thrb@s10iht WekhB@t 2@siitodtbubgintial ﬁsla@plﬁfcﬁhﬂ%s odBinkihBe FeP&@mple, a
wre 42 may be a substantially flexible elongate

distad pegaen ofethg coreavisnt] gappe h@iﬂtlﬂ@\w {pxiele ond g oremimal ggipinggay be

R} Bl 08 S O AR SMShRF B G R
proXdmalfdd of Xienqatietertd0e Thoceraw it €42 Zhafridy fhraneel tsoiﬁfaisﬁig&ﬂ\tnre

length.to extend froma target site wwthin a patient's
Str%ﬂsidymtltm S dp Hecailge petce USRI, @n%\the&&@thamgw@%@tkyrﬁ@aﬂ
t:
P L oD s YR A 0 sl BRE it 3 TR
appan ant evsani;ﬂarsreadaedlrmmrthe proaxhateint pf fhreaord were K meay be

recg 1 MO0 PR REHGIER 1 § RIS A o i TBfe s be
mouffed oMofiRr@8e provided on the proximal end of the catheter 20, as described above,
and may include an actuator, e.g., a slider control, button, and the like (not shown) for
directing the core wire 42 axially relative to the catheter 20, e.g., to deploy and/or retract
the lumen clearing element(s) 50 from the guide member 26, as explained further below.
The distal tip 46 of the core wire 42 may be substantially atraumatic, ¢.g., rounded
or otherwise shaped to minimize risk of perforation and/or catching during advancement

from the guide member 26 within a patient’s body. Optionally, the distal tip 46 may be
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through the catheter 20 wi thout substantial risk of
buckl i ng or kinking. For exanple, a distal region of
W@ bEoowsed wire 42 may be relatively flexible apdI/ES2009/046659
proxi mal region may be substgntially rigid or
sem -rigid to facilitate advancenent of the dista
region fromthe rOX|naI end of the catheter 20.
COteé%bw Fe eaizwm%yndé@ ¥ RWBENG e IAS ST Ena ipgludg ¢ ahopr other
cu ihbﬁ(ﬁSﬁS& ds, a coiled wire structure, and the
avi ng suff|C|entIy smal |l profile to be
sI i Gkl yartiede neédlerica té REG clatb eioevn, 2 @nthdaionglidatmg device 40

inclEs SRy SO Wik CF2 g B SDdP v Mol g  body
lurRd €A MR gh SRUP LRkt QeRinB RN St 5TPAre SRV )it wilhGe %Péyla%d that

may be nounted or otherwi se provided on the proxinal
theeapglafustrivgy ielubie foyver .’@f)moa@eldmsnm dhedorpove pr b onfour or more,

[ | ud t t trol t
os 3ol BB Bnb oot s pEideng Seh@dabBstehdte that may
be 48mprekRUtY all®k ativar@etbnttth@ugRiatRk ilen 28 8f the kRide member 26
depl oy and/or retract the lumen clearing el enment(s) 50

ang expendesetoquiand afisagaartdly ageosex ppay hawnf ur t her bel ow.
The r? J[h%t&&infj apy 41%'2)00 1111%Htesh881{13n M(?% ﬁ%dg?)éatgl ]tuﬁlen clearlng

subst ant’i I aunma

clesRaps@incudos i ected hodp 61 ccmqﬂefdcm ahiabm sarwlte@dmgaicm theGore
durlggpadvancenent fromthe de nenber 26 within a

Witisat2 diveh sespediye hopp Paad pym 59 ey drehigerally gorasd fegether, for
oxAENST SfmiBl e Uy Sl fifs NGO, P BRGGH B! & laser quitng, dic
cut¢ing,t staheing)and id ke ay ﬂoemd.lhgor othémvrisnioeming aF\t/ﬁ‘;‘e intg tleshoop
G o5 TR OB EBeE Sreha el I5Ra% e am
52 @@Qﬁdﬂ(y s @Ee Redpey, @ﬁd We itk N EaciPady 54 HAGBe at%cthIB@ 'dgﬂreaaél%ﬁned

lumen clearing el enents 50 are shown; it
locapprrsani the edretvhiat 42, lee. asppeadaipens fnmayonermiotlwe btf e\demre(drSpacmg,
el ement onI or .t wo f our
e ehedi P cRinensfsrin elb BTG EpsRaniss0Rh ey o ER b alm 54
by aflad@ sl aildk 8f Selcded WHre 42 Badh tHBMhS 8rneOTPAre SE@tkdtaRially with one
al | ow advancenent through the track |unen 28 of the

anqfh¢rd d hewipe p4 2By DedPesed aneré 8y e olissnce sechethat thg §eops 52 do not

B AR el L B RN i
reddlce aeotersll piafitd okds Imreﬂedm@eﬂbrimmps GR2hevtgphmdsded i@o the
arm 54 extendlng%fron1the core wire 42. Each

tragle humea 38 o thoagdsmelver 46-m 54 nay be integral |y formed
t 09 ReF eaJ % Be a@%h@@gﬂéc@g tb R LPORira %2aﬂl\qteﬁ{a‘6‘vely,
at shee di e

roma ser cutting
pomotltdf rach & tefpnayg be a/mbpbﬂl et leadt @artiajly Iammidml@ arre wire 54 and/or

o RO SR bERTLAS DAL LYo, 08 0B, RSP AR, 2024 o
coRWRCHEELich hdt MR ARIV54 are spaced apart and axially aligned with one another.
In an exemplary embodiment, the hoops 52 and/or arms 54 may be formed from
elastic or superelastic material. Thus, the hoops 52 may be compressed radially inwardly
to a contracted condition (not shown) sufficiently small to be directed into and along the
track lumen 28 of the guide member 26, yet resiliently expandable towards an expanded,
relaxed condition, as shown, in which the hoops 52 extend transversely from the core wire

42. Exemplary materials for the lumen clearing element(s) 50 include metals, such as



10

15

20

25

30

52 to enclose the hoop 52, and the |like. Each arm 54

may be attached at predeterm ned | ocations on the core
WowRre/0d349 e. g., spaced apart from one anot her BPYI/HS2009/046659

desi red spacing, e.g., by bgg@ing, wel di ng, sol deri ng,

and the |ike. For exanple, one end of each arm 54 by

attached to a side of the core wire 42 such that the
Nitipahor staingss stgph golymcEQrathsy nlisties. 8heorapRsith srateripie Hicrhpops 52

C

o I S e BB R Y S G R bl cpnditon
yemﬁﬁemmmesstﬂh@todhatmmmed coodiciob.i on, e.g., to

reduce an overal|. profile of the Iurren cl eari g..
ol eetedcisted gt @an%e g%?dg% B Yok QA of GMBHC S shiges o2
apﬁrﬁ%r&lt'ﬂng% JEERRE LN g0 f dHRetfs FR6Hy BB to PRY & usm% the

attached directly to the core wwre 42. Alternative '
apeargos 10.ohorodxamptsh therhoobst 5 renpy hevew sipp euffigient toastend substantlally

artjall ar ndthec Wi I. /orech arm 54
acri A bhalmRn AT s SrEBiel sphdifon CabVl et BERGGHST Bier
ell altaglsaieha&m@omwto%d@&{ RilWnkRroPd- ﬁﬂﬁ]ﬂl)taﬁ%rﬁlaﬁc&ﬁf&ence or
are spaced apart and axially aligned with one

oth@ﬁ pertaeter lpngthrbeé&e@ﬁwbwt;s%ﬁ@daﬂmﬂ imetees (fotfhsmy2 In the relaxed
cori}ﬁt(‘ijéer}a é € 1‘{)1"5‘5 {W sed% g?t%n(@ ﬁgﬁ%glls&?rlg]%tn% 10 tBe core wire 42

and Migi’t@(ﬁﬁzﬂdles&ﬂﬂ Alal d)éSlterdWangtH ¥.gl, beBveen rabdslachﬁtf} a@@neHcty dogrees
hown) sufficiently small to be directed into and

(3%P%BgA§ﬁBOW%dB khq igheed ondifon, Hie % aéd anehpens Zenay eytend away
|
B O e 2T NP D g 21 ARG ey e e

SuﬁSt@l’lSﬂ'}Ep&‘péI}dl(fLﬂm toh e veavdetheidiseal 42d 2ExiéE dthrad y
n.cleari

t Tt By ek Ry 4RO e B 1R PeS LS TRELN g 0g Hibhgofs 52.

e. gotﬂaﬁzbeeﬁla&sfﬁﬂ Hafto Ao %ﬁﬁ‘ﬁ’&%ér& €0.5BL (kB SrhusT hee HARPS MA simply
/or arms 54 may be heat treated or otherw se set to

prdw@sfé@ublg hiniges wxglamdidd hoopsdi2 odw dgployed &b amdgytracted into the

onpr essi to,the contracted condition. In the
tra&%r%%%%cgjﬁ% ng?}mef“% %Oi)ops 52 may have a circular or

el | iptheedhtrsd@PendRiodl; cacBMBHHSD iRy BREothpB@siblceidwhaigl®. g., such

of di aneters of bOdébl umens to be treated using the

thaapléar@% of dhe Imeps 8% Aeiwesn thepsmhogrs! tho owtgy regmneopgosite the arm
52 %fezc?lre%%g t!)&zku?iﬁ tOné Qnoqﬁ(é gﬁl‘c%ﬁg ﬁ{e%ﬁr%t&y ccﬁﬁiﬁ?o%s {12 11%88:}/ 52 may

expan

havh AwekLsectidon Sl tl(f%hﬂ th@tﬂaﬁ&ker axie t‘ﬁ&ek\hﬁﬁéh aboﬂﬂhe fgwlle member
and ten mllinmeters and/ or a circunference

2602 oP?ﬁ‘é’Fer@?qthé%léPo qW@rf@tlhma@fw(@eﬁ# Sren a8 dsscyhed fuﬁ'ihﬁlt Pelow.
Alﬂil 1|n|th n%raxgteg Qoﬁcﬂtl he rﬁlstSIZiem ﬁ@%ﬁaﬁl@ %érhﬁrntpwtaﬁﬁ the core

ar s séd to exten ransver sel ative
witedt2t heg., smlethmn the hd@sar2cextandgubsuaitadly pavailsl té4h@long1tud1nal axis

443 Gl Hschosiny 32 Reins Risanred th onh Sreiated 85 farl [t 28 ofthe
guidBenRHUTE 284 saReerRAFStIRE LEBY . €xt end away

The hoops 52 may have a variety of cross-sections or thicknesses, ¢.g., a circular
cross-section, which may provide a substantially atraumatic shape to prevent damaging the
wall of a body lumen within which the element(s) 50 are deployed. Alternatively, other
cross-sections may be provided along the entire perimeter of the hoops 52 or only at
desired regions, ¢.g., between the side and outer regions, to provide one or more cutting

edges, e.g., to facilitate removing adherent material from the wall of a body lumen within
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fromthe distal end 22 of the catheter 20, although,

alternatively, they may extend substantially
w@eripeemsscul ar to or towards the distal end 22PCT/1S2009/046659

desired. The arns 54 may hQYﬁkﬁ l ength relatively

smal l er than the size of the hoops 52, e.g., between

about half to two mllineters (0.5-2.0 mm). Thus, the
whighre slementrs)si0ase deplevadi dior eramplpl 2singlageing §dgg mawbe

J’xjﬂcfe (0] t

t e d{b‘rﬁae% h ?ﬁtrlrltg %oggs ‘ﬂf@?{] ﬂylﬁgl cglﬁmﬁré%esr %%3& e%glnﬁ%qcﬁlg an outer
or ladihp adgeecmlf thohoorisi Aror spadlly droopd &2 hoays 2 ag degireds i oddetion or

i nwar such t hat ilde regi.ons of . the hogg§ 52
FF'éO

altgrapties t@%@w Prise3 thehpoph a2 gy b Viided ieuBd PsEince
pré¥ide DéarAbR MG hLad dﬁf@é’f@ﬁt%gl@ﬁk%ﬁﬁ@h&@ﬂs 52T Rd8sirddn t he
contracted condi tion, the hoops 5 have a
cr optieadly, drdesina, Itlmrlutrhanletahag dllermm(@rmm intlude bnagkmore

iP5t i PGSR e S er horld SBE R RN adheren
matdtal A8 PRIV a BbSPluhiEn M GRAtdIAHE Bx A6 RIGOR shéWEan
arms 54 may be bendable inwardly towards the core wire
altgrpative. qbodynert of kaiumdneclprsgsl@nens kP ethdt Wolydesenhoan 33 coupled
I I 44, t h
to %g%r%lsgég Zexéeglld}n eﬁrroeng Q%V}eegvd/frgﬂazn 3%%5? to Ltll% eq%ew?&i éﬁﬂ{)(ﬁ&l&eﬁt €
Hotv&feaék uhlittethic fevitfus eh®o dimhche, adeiioasil 186ps 563 aﬁb%ir@fflldb@dn the hoop

further bel ow The hoops 52 nmay have a variety of
>2¢ pasd b sxtene AembYIde Figken e Siedioog 5g.”, The loppeaft’ Xpay be

sut%[a‘ﬁﬁﬁ n%t i gtﬁrcalvi‘% [afile PPhe BLRY ISLHQE&?[J%% al, %%’Wl‘[h one loop

atrau ape to prevent da glng t
56 badyitHeu rida o¥itHeluurer wkgicinof the hebe AR o Shown0 Twe, in this

(0] t er at.l ve er . .cr. OSS secti ons be
ey E A fBisE RN ERieioa’ S PHEUTD TBRS SHevHE koot g g a
mi@idt FthdRsdps %Q . WEGLPRSy r&iube spabRWRARchIR: Bbfe TaRd
outer regions, to provide one or nore cutting edges,

eméo@mwntUMﬁé@mWn@dt@*menuwﬂm@n@dhmDémrnmaﬂeia%ﬁ1#mnnadedbythe
th | t hi h t h I
k6 e @Y pd et A el £ gl ey orher

belb®. provi ded on each of the hoops 52 or multiple
cutting edges, e.g., extending along an outer or

| ea8lurige @@P@@fa@furtnﬁéism%ts osdurgig pparatianinanesigiely teéore use, the
apélﬁﬁﬁ? Ilﬁ ?slpr&‘?ldgc? ?f'ltp Etge %ﬂg%blgtgoglzéléﬁ%{}]lg bcf’eew@é trﬁllﬁrel%%tg&ri gnglﬁ éhe catheter

ness o

201 el suchehdt it lemeh @lcariny eldemeats\SArarabbrapriebsed iihb lthd gontracted
different regions of the ho oops 52, if_desired.
corgitierbiainyhe frackjygicp e, Ofttlf?egql‘iﬁ"r@ﬁH’@Fre%ﬁ (napshor@m s geagrally
IH?@-Iﬁﬁﬁ ude one or nore additional features, e.g., to
acilitate capturing material therein and/or renovi ng
adh€&oeatanpid, eluiiag nfanofacarmg) the ghiida nimodher R 6 ey Heeittached to the
or exa e,

e ot oGP bt 2y S Rt D e e the cathoter
20 bBEIHARS dRtad ORP2D&F the @uMRERH20, as described above. Alternatively, the

guide member 26 may extend only a short distance into the distal end 22 of the catheter
20. The catheter 20 may include a co-extrusion or other tubular body that includes both
the lumen 24 and a guide lumen (not shown), and the guide member 26 may be coupled to
the catheter 20 such that the track lumen 28 of the guide member 26 communicates with
the guide lumen. The catheter 20 and/or guide member 26 may be constructed as a single

tubular component along their length or may be formed from multiple tubular components
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to an arm 54" extending froma core wire 42, simlar

to the previous enbodi nent. However, unlike the
w@e@avieisd enbodi nent, additional | oops 56' ar ePEF/US1008046659

on the hoop 52, ' e.g., that @x_t end from side regions

of the hoop 52." The loops 5 may be substanti aIIy

symetrical rel atlve to the outer region_of the hoop
attagped togeger, og.+1R PEpNddg %é%%ﬂ@éﬂg&fxtyanﬁm flexibyity gf diffigeence regions

[

QAR SR 20RP i AL EfWmpl e
regldsnsemﬁmataanvelylr[gﬁqb er mnmr[gid o famﬂhmé advaaterhdre olffidepatheter 20

anc@é%é&%li\@é\%?n % %F{ﬁq (i]trs)‘rgf bet r}re{a Q}ﬁ%&g%&ﬁ,tomacﬂltate

ad QP& heMRABLER or@Sud dnakdingONt act ed by the |umen
clearing elenent(s) 50 and/or drawn into the catheter

20, Te.mpke th@olvjs@s,lcmtb@darfngrdeh@ﬁ 4Be1h@\mm@u¢lﬁarglg elements 50 may
nuf.ac S ur|n aration
be TR Al P PG el Y A2 i p e B GERAGbO . s gy 42
mafitebatiiBadRShtoURd lu%anSQﬁTth@?u@@Mﬂeﬁl%eﬂ% legadeg h tdximal end of
he catheter 20, e.g., such that the | unmen cleari ng

thegqosgrivie $2 5@tead et wde gy rirpimat erd efghe eatbete20. The proximal

end 8{:};%'6 06%6W1¥\é 11{' {ngﬁnoh %oﬁﬂ;lg(g &giéﬁ%f gltffS gl’ &h %@%Hg gﬁ theF%rroximal

end®¥£ip legthetdti20.NThareoie xaetd2r mngbe dlb@tegiprdﬂnmﬂ@b@g déingrehe
be attached to the catheter 20 such that the guide
actiappen theduadle o bsfors enmpling tihe eethator.da dragy the jgmen clearing

ele%%h&a Ghtodfle Hﬁﬁfe&% dfRe Qliﬁé ﬁlenﬁ)%fhg%h&gb){]&ﬁng]ﬁr@%sﬂfg[ tGE lumen

, escrl above. ternatively,
cleammb elem2fits (8 ynte xhecohtiantey canditiar, tsinthils ttarteendthd ddeshebed below

di stal end 22 of the cathet 20. The catheter 20 may
forrrtraqiige the lealeafiqauggs mgpts rf*él.rmgalsa ar body t hat

i nc bﬁ@l@ﬁalﬁpﬁﬁheﬁﬁ‘@d Itﬂé'%al%ﬂlsalr@qnﬁl ﬁHlu@i@ ohé‘&eﬁofenrﬁﬁrkers to

shown), and the gui de nenbe may be coupled to the
facc;laaﬂaeloeltlorzmg sodhr adhancetrtmlttof ﬁmapp@mmﬁ 198luphg tisee Kpuicgample,

i th ' | uen., Th )
on B Rt B R Ey Era bl o By PR evisg 0. o

on @ @réivglie, ﬁcsb?)u I5ar adiiene 8. alitendtivdlg) the Lengt dle®in g el clements
may be for nmed from nul ti pl e tubul ar conponentsattac

50 oo gemprientsehereof may pe ymge frgmiadiopagherdrgite typterrdy Gat may
factlllﬁcgt)él Q)Ia#n% eaeg)@gnlafut rOe({h?l‘la’lfg gg :ng%b x‘a%g%gr 10§)ag§@a%1%ﬂl]<eeps and/or

matdralmex farditate @gslﬁmsmgrayoﬂherwl@é RiidgWeY the ap@iratu© 0 using
sem-rigid to facilitate advancemsnt of the catheter
ﬂuQ@S%ﬁp@r/%Pﬂ&a Kyay Haes o, Wi deplaying adargctuatipg tgdasket

de\qﬁé’ %(BS [t?ljg?t:lteo l&h(a%eﬁig 195&%1%%}}%@@ h%ahééﬁgsgrgt r @?&@{@Htto facilitate
imadieansing ulbevowne o¢@1m1ﬂdnemhgmg echhgaed.ng el enents 50 may
Turning to FIGS. 3A-3G, an exemplary method is shown for retrieving, removing,
or otherwise capturing material 92 within a body lumen 90, ¢.g., using an apparatus 10,
which may be any of the embodiments described herein, and not necessarily limited to the
embodiment shown and described below with reference to FIGS. 1 and 2. The body
lumen 90 may be a blood vessel, ¢.g., a vein or artery, a graft, e.g., an aorto-venous fistula,
tubular xenograft, or synthetic tubular graft, and the like. For example, the body lumen 90

may be a passage communicating between an adjacent artery and vein (not shown), e.g., in

an arm or other region of a dialysis patient. Alternatively, the body lumen 90 may be a
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be formed and attached to the core wire 42, e.g., as
descri bed above. The core wire 42 nmay be backl oaded
WO 2110/0025¢9 | unen 28 of the gui de nmenber 26, e. gPCT/UBL009/046659
a proximal end of the core j[‘e 42 extends towards or
to the proximal end of the catheter 20. The proxi mal
end of the core wire 42 may be coupled to an actuator,
blogd yessehyithingapidicat’ oyaseHatup: 68 rﬁmerl@h%rabYeSﬁ%én & ARt 8rlce, a
cel%gral J&g%lcaq{dethg\”lkg ﬂlza ﬁte cﬂrtl%gttﬁg gﬁ¥e‘??§i g@h{a be & s&)rfe within
e actuator on & handl e or ore coupling
a pahmtaairmatydract bootﬂimaﬁyretlgteobj eeten be keasvied dromh &wqjatlsntﬁﬂoody

to th 8 of t d my 26, th by, ...
' nwgmg%llyu Tithoy e OF s bR e RN 96 OF FtoEe fflitional
1nsﬁﬁﬁkﬁt§‘(ﬁ@c%h§@ﬂ)j '\xyﬂlcqpmaibé‘?ir@Bf 4 %s%el?@mnﬁjé PefadesEeE | h atus 10.

bel ow for retracting the l'unen clearing elenents
Fodlemainmpde, us entrdmmcrtﬂhadtthyguuﬂef cadllesgéry emthtmgbldmpaembwnamhown)

ud ers.to facilitate
et T sl TS T IR o Tod B Ferorigh or may be
intfhdut e dtSherd@thEpRA Rl §bo&35nt% 26vid® h& 5P tRPPAIAL’s vasculature or
markers may be placed on t'he obstruction clearin

othgepassescs gomangicating withéhebndy liwmee 942 If the bpdy Elmen%(m tacated in

o 18 PRR B0 B RLIE Y perb NGRSl RIS ke

nmponen ue or

usiag heu‘eedrabemhaﬂ ﬁisthhﬁ&ntl‘(fﬂ(yt sﬁ@\@nj attaQieﬁpheffﬁlglb&glotnr(elso not shown),
apparatus 10 during use. For exanple, radlopa%B
sughgasiade OB Avtey. craptdd RIAGTE. Qreyhar gBITY iSltteataéd BB &1ty eRT Hhesh may
I C
be gfralagc{ Wé@%l(l gu#?}%r% :aﬁtél,@ %Qﬁ%l?etréfla%éa%o ?%y I dr?gléggér%% n ®RY apparatus
10 acdybetadngncet dlrbagktehb pdearit (sefaéldihlatmietfmm dtci onelyyite, c.g., alone or

.echogeni_c er.s and/. rrate al rovided to
w@éﬂ? ?ﬁtoai@e%uﬁ%fg}hﬁ&r&l%gwm FR g e (65t 5? ‘ar i magi ng
t eclppi %%ﬁ)le T H&'ﬂﬁ&etd‘ﬁregﬁr@he Bfpasieus Wﬁ@mn@t’yﬁne tQ the target

method is shown for retrieving, renoving, or oftherw se
b0¢5almmw1| %)ga galde watabteg igio-¢atieter, doeher tubrdar @0y neayghbe, placed from
u5|n ar,a whi ch be any .of the..
e R FERREE el vl TRine FaPthtad ooty o
altérhéfh\t at ideRGreqABOML VRN na§ 56 W cad Ho AE1HE EhBESit Bt BVbody lumen
vmthe?}gf egraence tqo FI GS. pl an\plzh The body Fﬁrren 90 ma\y

90 pledesirgd, gl 1 s pparats d 0 incdudesjarguistevaet lemgn ingthg cagheter 20 or core
..., an aorto-venous fistula, tubular xenograft, or
synt hetic tubular graft, and the |ike. For exanple,
t he Ikitiglyy, lay sywiD Fray 3Aethe appararg a0 hasrbaeni aﬁﬁﬁﬂcﬁ@ 1nto the body
etween_an adjacent artery and vein (not. shown

1um<ﬁl Yhsugh fhad thot s MpBgFTord Gends ahra}lgls?rsotb%rwwérheyond the material
I
90 V%Il;‘{ng Qﬁt‘ilfe\ﬂe O'ptlo'h %‘ﬂg ¥r hﬁ@ﬁulggnﬂg%’e kagh%ég%c?%ﬁo ‘Eﬁ%gb%ﬁll lumen

ent’ vascu ature ral
Iyvegsel famhtazee m&tgrgﬂndzéorlpegl;uomng elnedppatatwsels dlor eazmip lthe

IO NATEY T R R TR, T
20 (& 8k 9MuRb BGhe e RAre RMRL trhEKONMeh © 8 RAkHEHLd SmBRBY:- 26) to
facilitate locating and/or measuring the size of the material 92 using fluoroscopy. Markers
(not shown) on the apparatus 10 may facilitate positioning the guide member 26 and/or
distal end of the catheter 20 relative to the material 92 before the obstruction clearing
device 40 is deployed, e.g., to facilitate verifying that the distal tip 30 of the guide member
26 is positioned distal to the material 92.
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Optionally, the body |lunen 90 may be accessed using
one or nore additional instrunents (not shown), which
woresptopoespart of a systemor kit including the BEPHR2DUSI6659
10. For exanple, an introducey sheath, guide catheter,
or other tubular nmenber (not 'shown) nay be introduced
adjacent the target site where the material is to be
dgnallys ahgs N9antiok rpy HEE dereafiehe deriec phvacHam communicating
wm‘ﬁ%é ﬁflﬁensz4b(ﬁq}{e Eaﬂ 5% rﬂ@y FEEERAt %o Egﬁra&aﬁlb eﬁﬁl %2 or
vascul ature or ot er passages communi
sednaghys themree Ha@idor flfid e theddyeh Ade n Sditien d)Imitam‘adVely, the vacuum
i phe vessel of the g ti ent ercut

mapﬁaeépml@a tgrmaipipBGmateirl Bé adipeent the Gﬁgﬁlﬁ@d?wgé%q gathgier 20,
. gotta BFevbRShip mﬁtofm%aéhaw duidn asups%ahm &1cBh of @€ ?Mdceaure.

(al so not shown), such as a fennra artery, caro
ar t duyningto IthéB, thetobytrdtipe cleandg devica#¢ ndy tlen whisatolyed

TR RS AT DS YR Gt 0T SR o

disedivanRges thb ﬁﬁhlﬂé}ihl bhe ARBhéwmtths corasar 4t Mﬁﬁeﬁl&@eﬂffrheﬁom the
enfry site, gﬁﬂhalone or With the aid of a gu

tra@lahln@me?ﬁ begond séal tigrdd afitee guige mepmber %@@M}henﬁb@ lumen
f f
e GHATBE Ry Sy AR 3 Ea LB e Rage i Ao

ma§atdikdrely, antiagfomatiailhed:@and @ thokekgmded b@ﬂdaﬁorb@dmrrm/bch@ lumen
placed fromthe entry site to the body | unmen 90 us
90@@@@@% iKY et Besause the distrdip B80T dic Sideemaaben iy poatloned

dlS%ﬂ{yq)%yé) (ﬁfﬁl@ qlfgatte(ﬁ;ah ?%wr]r%l% enbcg % g éi'xé%rﬁsg:&’@g&{e %"G?IB%% well beyond
theapptariatils whhimal nedes the gk ofddpteyingitiedumen tlbaring elements 50
at heter 20 or cor

i 4 1 t || h i
withfieot aincofita® ittt G Rugh B s et B RpeS Reematurely
bo dWlltIPHE@lmg&fecrE’&Q tb IF?G i ech@ Hbﬁﬁcﬁ&m%rlréﬁde%ﬁe%qﬁay then be

t hrough or otherw se beyond the material bei n
retmamiuﬁle‘dve Qphé oath¢tb1y20 owleguade mcmberfzwuki%shnw aﬂethe core wire 42

gd the b i tat
is VTRdsRG BlshaPlsr o e Rt e RS piirs® S R’ ¥ SFeach
su@zs@ml [@meh @Iéhﬂﬂg‘iéll%ﬁleﬁﬂ 30 SlayTBontie tiledibtv ey it &Z%Lh@ed by the

body lunen 90 via the |unmen 24 of the catheter

tapgred catrpiaeetd inte thislitcdr elhaisiad 34y beyydliqipnibikwida it tlﬁeamls >4
pas%ffr Bfe n%ué al&%‘%g slof@% whit® tfletaﬁéd 53t gméugﬁ%tdeB%y@&] gl{b%{antlally

msas

in the @Qpaaﬁie@ p@fndlﬂuar ke sifowim OThLShKh\Mh))OPLﬂSZ ey aﬂmamaﬁl&gs sulfdbund,
may faC|I|tate p03|t|on|ng the gui de nmenber 26 and/ or
engRggt ad/as pehegise gaptutsrthe pefernh93 @flltatq ¥ or gnarp ef tgtheppsf2. c.g.,

de%-df?%fo‘?l Jﬁe ietﬁgthoekﬁayorrg&y ﬂle%aqgﬂél% device 40 is

acilitate verifying that the
di stAaIshd)wp u8Bl(af3 R, hetltglmlbstmqmenbbanﬁ@ dexscepﬁhstretmma@ﬂ further, the

Hody RS HEROCERE SEmied T PO A i B e the
catheter 20 into the lurnen 24. As the outer region of the hoops 52 enter the lumen 24, the
material 92 may be cut or otherwise separated if it is too large to be drawn into the lumen
24 in a single piece. The smaller pieces may be drawn into the lumen 24 due to aspiration
provided by the vacuum within the lumen 24 and/or pulled in by the hoop 52 entering the
distal end 22. If remaining pieces of the material 92 are too large to be drawn into the
lumen 22, they may remain immediately outside the distal end 22, e.g., due to the

aspiration pressure, until the next hoop 52 engages and/or cuts the material 92 further.
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with the lumen 24 of the catheter 20 may be activated
to aspirate the material 92 or segnents thereof and/or
wo bubgolswt o the | unen 24. I n addition or alterPcE/USB0Y)46659
the vacuum may be applied to4ma| ntain the material 92
adJ acent the distal end 22 o]f t he cat heter 20, e.g.,
prevent mgration of the materi al duri ng

Th% B@Jéalmlé eccspeysslugen clraripg sleawnise ma fap%at? breﬁkleg thggmaterial

026 pRRSLLHALLA Gh P M e baE yA B S AE N BRen, |

lu rrﬁftiesirah rthmlglattehe]rﬁéznﬂmy bOtraated mgmm ehirsdlBl diysolved,
ore wire 42 ma

dth 92. As th
mae?%wa t‘fg ESE? 5%‘3 % ARG QF &3 %g VsniymeR&legriag giements
50 tlﬁtQ t1R0cMetdr®. Pt g}@an'ifﬁ@bﬁther%ﬁeutﬁna%eﬁtr}ﬁ%r b & 1HvER®nto the body

clearing el enments 50 may becone expose wher eupon t he
lurhem¥hvie itheagat imterél0dmen tlsroBgh hmyenr2dsirianethet i lurnen not

atomatcll e d.to.the e d ondton
s BBl RS HEAL BT FATAR ozt geplE g o
marfll Béfotd RiMPd@vntile tBUuedRnTRIET ke &@ldt& qoosi tioned
distally beyond the material 92, the |lunmen clearin

el e@@ﬁpgalbotk@rk@w%& of/de lywaen clb@mﬁiemﬁés AR mayiiegludzone or
r110\9$I c&tﬁnggé/%els zlgrogrc]s Q Whl %krn% fagﬁt?egg ¥%3'&9a[tmg hé fﬂn?ﬁal 9% into

earl or a

m%l&ptécéﬁ dhaddgitiog ot h]l@erffz&tx%ty, alhchgcilttﬁl’fg SREBE A facilitate scraping a
aﬁrematurel y. Wth further reference to FIG 3

4 theRadydpmen 8% hgodeppreadiorepainaidighipe th%wat@tf&@ body
lurﬁﬁl & én\ﬂefa&ﬁhattg]gaé)?lg{r{%etpg hlfgeg 2fNd gui de nenber 26. As

I's withdrawn back into the
tradls shomnelm PR;.GF, thedinglludenrdsaoiap cRpent 5@ hay oen Ddavaf into the

GEEPSHSSERR e LTED S cating oL eTEnL S0 Y pom e
theAERNS Ehd ﬁob&tﬁ Iﬁg‘)ebélsdrﬁprg%ed TJWarainngl%s MRYcoRacted condition
sufficiently wide that the arms 54 pass freely into

anda(nldthalatrn@54 ey dk bent39 apganhmeo drte mg@lpymgaﬁe heorai 53i wighin the lumen

24 SR Bl TR R Bl 0 e SURET s RS PPl

coRRBagatcs 3G tBE oAEOETOMvEBINGBO Hidfa® chNED maﬂhs batﬁétea,@o The oriﬁce
within one or nore of the hoops 52, e.g., dependi sr/]\ﬁ%l

36 gy he@ngiqnerﬁlwdar@fs, &gz widsfto trwlwmh@hmms ﬁzherp@r@mb cichy

allgxlxlt%\‘g %Eheod)%é Sr { bg Hfsakx{zll ﬁ{qougﬂ tl%e@ﬁfclfe%% 19t%| !}ﬁgﬁépﬂ“{é%}l i2r§g As this

oc@lre mﬁa’lhﬁleﬁ(hleﬁhﬁg plehicat StOthU@Ehcddi;ﬁe@bﬁ iab tienodnitacted condition,
t he catheter 20 into the lune . As the outer region
¢.goforichisd suipirntisBy axply within qha ﬁ@ﬁk b@ent%é)%ft giflgmegber 26.

may %Ip&ésc&rlen%tloﬂt it 9% eﬁetlé%ggt%ﬁg clefarlh% fiévﬁcé Wﬂa?%z% @dvanced

rawn I nto I"unen In a sin | ece
dlsSaeryI dgein tpidecashariyndoelchriagrlcinrent i(}rﬁsthl]mﬂmo@ theigratkolumen 28

or BRI RS 8o, by e, MG M LRED, L0E TR0, 2 e
distal tip of the guide member 26, as shown in FIGS. 3B and 3C. Thus, the steps shown in
FIGS. 3B-3G may be repeated as many times as desired, e.g., to capture additional pieces
of material 92 within the body lumen 90. Optionally, the catheter 20 may be repositioned
within the body lumen 90, e.g., advanced distally further into the body lumen 90 to capture
additional material (not shown) therein.

Because the lumen clearing elements may be retracted and redeployed as often as

desired, the obstruction clearing device may include any number of lumen clearing
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distal end 22. If remaining pieces of the material 92

are too large to be drawn into the lunen 22, they may
wo gomajosesiugmredi at el y out side the distal end 22, PE/ES2009/046659

due to the aspiration pr essufge, unt il the next hoop 52

engages and/or cuts the material 92 further. Thus,

mul tipl e successive |lunen clearing el enments 50 X’
clemeaist iFoagxanle akisheve HeFlth te thcpbsigyctiopcipapng degee 40 includes
ongl'b]c erhgr{p;&g%lleyr eerglletﬁte b@fh%ﬁ% Bg?(?e c})gg ah&'fﬁ%ﬁ rgtéacpéﬁ repeatedly
to bneelatqe dnd/er gipfuramateemb tvithard beadyl lymdn.s$bé metzbnal rnay be ecasily

cerat ed, an the i ke befor.e, |n ft

braliet P augss %’P FenoughfRabe graefgrlmﬁéhee uaﬁ:glr?t“ iy fabeser ey

asp(il%tlaﬁ bEStheAvisd ODn&@xAng tﬁe A&k AR R ha CoRE @%OMYtIE%pparatus

delivered into the body lunen 90 via the catheter
10 (eggwithtthe g claaneg cRancot(s)amivhdrewn iinté tisi pridd mnmh@:r zﬁc)tmay be

.shown e.d. at | east art J di ssol ve or

wigal et badyduSop sSPRLIERARGTI RS Sort 't er i a
bef qne Fﬁ@eﬁ&nﬁy BRpbAIE® ab B8sited MBngthe @dmé BFpLALN Y 6F a different
20. Optionally, the hoops 52 of the lunmen cleari ng

apReratire 1os slBovmayor erdnde thhebstuctivr dearingtderge é@geas/ l(m‘@tthdrawn
1nt§ E}tevﬂ%hetenu Oca!ﬂd R ({H%Sted t3 ? o%h%g&%tlgﬁ WQ‘[%II{ m%er d rﬁe 90 or

t pIe pl €CES. 9 WL
otteticBewehdre i padgat S)boﬂ’ﬁyanﬁal@dﬂ rieti@fl@yesiao apptig: aatdimlnhl rﬁiterlal,
t he body | unen 90, e. to renove adherent nateri al

ang therpreqses May pe swetted abaﬁg‘n uesiicd0 and facilitate
Capiijfd; ]ﬂ% @H{nﬁ)ncllle"ill n@@ﬁw’fj@?é@aﬂ eﬂ) Eldhs ﬁ’(_) '18 Elkbﬁvetf foP? ?ernoving

| umen ¢ arlng el ement en ravvn Into
makarimk frovy badydngemi Glendrhidy, amﬁpyamﬂumhmencladiesgﬂ:atmgt sheath, or

| umen cl earin | ements 50 en u 4
otheh BpalaE ey LS bl LaRe ARG lcﬁtof N WL Citheter 110, Tn
adGRBAHAChSArGANAIY hONdANRrol 181 180, 34: T8 mBEind L cuifing
accommmodat e receiving the hoops 52 w'thin the |tne

clepgnt M) whativ €0 Ehe@athmr F2Gand @V@anum Fhuge 170, wthingh oy be disposed

wilhh ¢ PSR APERE0yF R SOl SIhE Forbity L e nctude o

guid@ mehiter ahid bbRicEén ﬂ@éfn@edeiwcef(h@t' s@owvh), if @sBEd, vehi€h may be used
wi de to receive the hoops 52 therethrough, thereby

in egmipngtivg wkethesopmegsesanbly é4 ¢ reagvnwith ths pdhtrediionsiqafing device
dra%ﬁn%ﬂltaf)erltah %t& {id cathlg%ﬁfo g‘(gd thA%utttllﬂg %ss%ﬁ%% f400 l{nl%gklhéj fRe"material

upﬂ:cofatcﬂﬂabe@b@md,latsld@ﬁbrlbedgurtheebelewt ed substantially
axially within the track |unmen 28 of the guide nenbe

26. Ihg C%thzter gicEny 420 dpeludep aguayipagiend . gt gad Flé?id for
1nt\‘é)|dﬁ9t[idﬂ11gho a?t! u14ﬁg T8y 48 oﬁ?%@ﬁfe?éjlquﬁg ady % aﬂa%ﬁ%r%l&noluﬁlen

rect t feari ng el enents 5 roug
124 tﬁetdndmglbetwmnh&ﬁro@fm&l laed disiad endweltied 2260ptgomlly, thaitatheter

5 TSR SR B SRR 00 GRS dERLRLES AR Elen.
sha3BualRd, A thd MRS if A8 st TRScARAWN ZOrtnay be constructed similar to the
previous embodiments, ¢.g., having a desired length and/or flexibility for accessing a body
lumen within a patient’s body to be treated. The relative size of the catheter 120 and
handle 180 shown in FIG. 5 are not to scale, but are merely intended to illustrate the
various components of the apparatus 110. In particular, the handle 180 has been shown
substantially larger than its actual size relative to the catheter 120 to facilitate

identification of the components within the handle 180.
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FI GS. 3B-3G may be repeated as many tines as desired,
e.g., to capture additional pieces of material 92

wawdalbomsshe body | unmen 90. Optionally, the catP@r/E82089046659
may be repositioned within the body lumen 90, e.g.,
advanced distally further into the body lunmen 90 to
capture additional material (not shown) therein,

Becéfh@ SUHIRY AFSGHBHY H%%?rnpw&y@%mtascuﬁw head 144 dispesed adjacent
thea(Péjtalre%gel@g QFR AncPrl190 7S 2 ARSE Etﬁ %44@t%kaﬁ§rr}g8§lhﬁﬂy from the

eari ng device may include any
cuttihhghead iy, exgend the Iﬁomnmka[mlzal ofahe sdlmater 120, & Bowh, Ttheeutting
e 40 |ncI udes onl

| d
eaff%gﬁfl%%?% ngaeéﬁl'eﬁ%%ﬂpeﬁﬁca%ﬁ%lﬁ TeRCtE %ﬁr%vﬁ@%aﬁ@ along a

sidt RE&: 616&15 acitifd hERPRAL edle\oultR M@ 421 RasBNGHIRK srﬁﬁ[étr W the
material wthin a body |Iunen.” The material may be

diagasdr|of tlt@rétskeatthnrinmemléé,etsg sstaghtly emalhfgrth@mthb @smraam lumen 124

he 4 t he cat het n or :
sugi i by Sttt Tt gb B0 Biftbe S Hutdp? SR AL Bl 124 witn
mihi@RHP Vshal tbeeridip. a%ﬁ%ﬁﬁtl&&y,(tﬁe Buttingvhédll 1426mAHRBR a width
cl earing el enent wi t hdrawn into the gui de menber

sutpgtiply smellagithand gmﬂﬁﬂ@mﬂltn&ﬁél Bdaypdinayele mendybly alppgeone side of
thegp%ﬂe?er}g/a?l Q gdxxfl‘%hhtﬂg t RIS i ARY IR\%T@%F) &)%}a?cgs tP? §enter of the

sane appar at us
asmnaﬁatm@xmt shown) . For exarrple t he obstruct|on
clearin deV| ce 40 may be withdrawn into the cathete

20 &HaSt HerdDare side digvisof ahemptye %‘&.@em%mfs f EHIRpE hWéis 142 that
t
R protTEI P theVur i \REc M9 TUOSE P11, (105 RBhHEHhe Butting head
142mo RIFTGAITA iacldddsheropndmigis] 4mynte phepkitgtoddeess 1 4ffat domgaspposite
) re Turn t I anot her . e e
sidf Sluts it e O Lod 4o FIST TSV A et Rep i B har
1nclHRQ¥ fOHTBR of @%ﬂlefé%lblsﬁaceﬂréﬁaﬁﬁ%fﬂéﬁee% Hn H&d éﬂaﬁ%r 8each set of

cat heter, sheath, or other tubul'ar nenber 120 an
teeﬁut‘t&bmgteanémrﬂzltesﬂymw aposeidngihtofithe quittengclzat éﬂélv Illft)cuttmg

ddi he. a arat s 11 n .a,control
e LG FIG ¢ L RitRR 3 SR nered e A BT R URENR AR ofsepeh 148c
tap%ﬁh@td the tiba 466 eFKatmilﬁﬁvsJaQ&lttn@%a@ mmulumnemué@emlﬁ@ed tip
whi ch may be di sposed within handl e 180 of the

14ehpns encust afitecth @6841 oirailaryto thap éh%’ﬁp@r}:‘iﬁjé axpeptrihgt the teeth 148d
I
arc Jﬁg[eﬂ ag n?ﬁ‘;tl 2. gﬁg%’ﬁ{él 01’9%\%??%% wgh}%/ttiggﬂgg gﬁléﬂn Nidel§8 484
ma@cmdlhﬁaaat dwﬂihg;\ntdahng Jeedkitid i) @r ageenit yhaddbtingemgterialirighged by
obstruction cl earlwg device drawing material into

thettﬁ%théé% apcpullingyths pptenid it the igiradicluey liﬂoaswgameﬁ durther
e RS o A LA TG, A3RLE AR T HEREL R
moprbix iwrelin tedsii2itiondudes 1 24 oﬁemht]sataekimf ax shonrio UGS i 48D,

resgﬁct]é@@ ?%ffl%{% nmen 1ﬁer be?nd one or nore |unens, e.g.,

Returning to FIG. 5, the cutting head 142 (or any of the alternatives shown in
FIGS. 7A-7D) may be formed from a substantially rigid sheet, bar, or other base material,
e.g., by machining, laser cutting, stamping, casting, molding, and the like, thereby
providing the desired shape for the tip 146 and teeth 148. The cutting head 142 may be
integrally formed with the shaft 144 or may be attached to the shaft 144 subsequent to
forming the cutting head 142, e.g., by welding, soldering, bonding, mating connectors (not

shown), and the like. The shaft 144 may be formed from a substantially rigid or semi-
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124, extendi ng between the proximal and distal ends
121, 122. Optionally, the catheter 120 may include one
W@ro1e2s4addi ti onal | umens (not shown), e.g., BCT/US2009/046659
guidewire lunmen, a shaft lungn, and the like, if
desired. The catheter 120 may be construct ed sim I ar
. to the previous enpodi nents, e.g havi ng_a. desir
rigidesdel |pr %ﬂ@?% i, 96, By Pﬁhﬁlymﬁt@flala@ 8e$3VIAY 81af 1@5@909%@ gtrength to

[
allg LY Oy DRRUIL (SRR Gy GRS B o VB ol kb tphimal end
12bofthe cmrhbtet 62& cEheguttng hadd 4dendby shafit Edded) boformed from a
Lllu§trate t he varlous C anent s f t he aﬁParatus
varjefy; of M3tcsialsy -8y mgtals, sHeh RoVRINESS18er A B i OgHgue materials.
subst,aghdral Aélym%@ﬁ%ra Iteﬁ%%l tsehaBCliAbt S rdRhdr @k AL 'sgﬁlotno
the catheter 120 to facil ate identification of the

compattpd; tceﬂme@utﬁxmg thicad 146 e@rﬁdblethﬁsmeﬁhza"c t4# o¢npicasseimbll ypace

N tti 142
vt Phe ydr ¥ Gnd 850 b P RS mdeus! $BERER e e
aspiﬂ'ah@!ﬁ hihaf 1241 hexdtRAgi 19 Mayoxd f8d loypabd zﬂﬁﬁé 1he aSpitdtio Jumen
head 142, e.g., to the proximal end 121 of the

124 sitheniaimal Zepistanse Shigsad by Theeshait kddn g Itseasgivalyothe shaft 144 may
; . . ; o
ook PR oG PSR, o148 B ASHUR 2R
extogdiflg Tz a ohaticnddjadegt the ad;taléﬁd m%toahwpdixﬁmslrmullen e.g., if it is
than the diameter of the aspiration | unmen .
desgyed 4p penpraipificshatt { frhpubstiatial @pﬁ?@tmﬁﬁﬂqlamﬁh@zthrwgﬁhe

abn Lt ing head 142 is free to nove axially
aqhﬁ ﬁln the aspiration lumen 124 with mnimal |atera

mov &eRmbing A FHE riatlievebyimat bed tit ofi thgcdtbeter I4Pmamye taupted to

wi, dt a Iler .than th i ration
thq&‘}fﬁé@ 1%9 gh%l wéﬁaﬁaﬁ}% Sbpels At 831& lzﬂ@e:%%@ee & thrpaeh one or
mo?@ﬁél?st ﬁ%‘? WRlckem d}ﬂaﬂf emt¥didledtfiand &al(5) 158nsy in%ﬁﬂd@g plston/cyhnder
i nwardly towar he center of the asplratlon une

arrgiggemeRt, @dellaws, aDd areliles. déheshefhd 44 aglbe@pnpitd toethe control system

16 G € WR AL 10y S4B TSP et B0 R S EE o tre

cath&@r €20, tFor@xapd, thd 2anted] skdtém 160 nhd%clhéld%a ot HUBH@Eving the
h%ﬁ 8@14661 and a pI urality of teeth 148a al ong opposite
S

gy cofplitpcthe shafi Hy theadduipmp 463 ¢f e nyross hg control
sys?étﬁnl hé‘ Fl”%g%tlsto' 1Hau&] eg o&%mtclg gl dé% ; ¥ gﬁ’?&ﬁr gyd'k ?e%hgrggeible

I'nety

bat@dtot heable ﬁaedsnmemng)ﬁ‘o atn&dﬁckhchﬂ&ﬁlﬁ)(ﬁ(&mﬁd)\ng) ad fhlelh)ke coupled to
along a cutting l.ength of the cutting head 142b. The

theapptor h? prebn @aczecaéﬁwrfﬂel%z@rﬁ%lﬁ?ﬁ‘ﬁéx BPPINGPSHAfRsm g power
soﬁrh@léfﬁt%‘%h@ggtdr B0 G RS Bl iifiof RELYr ity taner ing to

Ws a cutting head 142d that
i ncThdescuanr @unaeld Otis poupdGitoahaaspiretiseluneh 12deff theled8dater 120,

c 230015 K gl QuaragRraY 1y thegsgrariigRpR L Ty e gt Py
cbB&intchPstb$8d theSHeth R RSB 1 7@ BhY bd 48Gringe 176 including a plunger
178, which may be drawn to create a vacuum within the syringe 176 and then locked in
position to maintain the vacuum. Alternatively, the vacuum source may be an external
vacuum source, ¢.g., house vacuum in a facility, an external pump, and the like.

A fluid valve 174 is provided in the line 172 that may be actuated by a user to
selectively open and close the line 172, e.g., to supply a vacuum pressure to the aspiration

lumen 124 from the syringe 176. The fluid valve 174 may be coupled to the switch 166
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may facilitate cutting, tearing, breaking up, or

ot herwi se nmacerating material engaged by the teeth
waz@doeasdd pul ling the material into the aspirak@CDHS2009/046659

| umen 124, as described further below. Simlar to the

cutting head 142 of FIG 5, e cutting heads

142a-142d may be novable within the aspiration | une
sucpthatovhen & Hpd @9%%@2@6 flaid vahvsnhy 4ith apnicas: thg Asmpstion fumen 124,

{
o SR o g e S e
Alattagiveigs thoesmahiovandélay Bét@8en Fenti) thiyidoe: ¥t Teahdftaming on
thcuetar T of e gofor e beuid ndidspendintsing Hesan agurce

166 a%HeA e BHILRY 178 7304daBEvAd KS: c1d R @ﬁeeﬁ’ﬂ/e Po Mieq)'\xﬁtgh B8 turns

desired shape for the tip 146 and teeth 148.
thecotor hoR dfaat theﬂf@omiyl 6B enayriteggmad lo§f ihdeperdenlyt htheh before or after
‘ sha fi 44 or ttached to the shaft 144
urging odH Sﬁf"c%ugl? “the cutting head 142, e.g., by

vel diyRfng fOFIdRY. | 6R%D PNt mglarRictHod 1§§lﬁ)r\kﬁ§f0@ u§ing MRtapparatus
Shoﬁﬁi5 and the |ike. The shaft 144 may be formed from
t

11@08 atﬁtrﬁlap‘i’@ymﬁ‘ie@}ﬂ]d)%ﬁm@@rﬁqdb’élilfdens%@ i Eh%bOdydum@mﬁo may be a

tub\é\lli(l)a]r %raf[ %?dod% ts%i,{&% rot}gﬂ)oscvgttlﬂlewgﬁ n I?,]aé d&if f%f {ss&i)ﬁr%lar to the

provexis Qﬁﬁ)@dﬁl&ﬂltmes&ﬁmra\b‘bﬁfe Aoyeayi ihd TGt EA e @istatehd @22l of the
121 of the catheter. 120. The cutting head 142 and/ or
cat8efar {201ia popiHgnasew iy scbadydiingn 98rg- &t ffomre nesgussneapsor other

t Ll I t
gscl)rgr%eé g&{ﬂ?l etﬁé rrgltlttelﬁg Q{%eﬁﬁlﬁﬁl 4 aﬁh?ﬁiﬁ&ﬁ%wct a%g 'aI‘ﬁrmﬂé to FIG. 6B, a
vacuaihmatiay bt ypdivdltod tidi apmatem lomentl M,rthﬁ'ebgs drasd@gd thomaterial 92

.conpared to the cuttin c that the
widinpe men -i%'h?ndﬁ A ?%é%fethmtﬁ?tﬁr ol LSRRI Ot
dedcHBEN athrA v@{h ddagiomal Relrblceld @IG Ty pllﬁﬁée@ r1'7§|may be drawn to

aspirated into the aspiration [umen

creawt hercenm Withimayritge 176 eed thengeded ar oﬂlgwlh@seagmdrtamamtam the
tance, ca

th haf
vady PRt 1o P bE Rty Rk Y e kit f o bghown)
ma RRGupled &PRE AhrRI1S 86 to iplﬂgeﬁvﬁdﬂl@hl t®hBMIe 172, tTHR fluid valve 174
cat heter 120, e.g., exte ng froma | ocation adjacent

mayhs oteBdetp apnky ﬂlQYaOﬂJBmtth éhqespiptind luees 122 of ths, cgthetqrfl20

It IA% sﬂ \%h rtﬁ? n*a?erfa???{lﬁgl %ﬁ tt&elafg%a% the %1?’2&)\/1? 12(#? IS{(_I}%% %nelﬁ}{ lumen

fromma eria rave rou e aspir

124 3éspitRelicasinng. Hmnﬁhgao HG. meh@weoer ncalhenethel ﬂﬁﬂllvad}fe Ithes
cat heter 120 nay be coupled to the handle 180 suc

opeedt the pwitelh 464 lsmst@&a@ﬁ dimylipngoysheadiiyaigr éo wepon éhegmotor 162
an&e Ei?glg IQéE neﬂr?lggatﬁﬁ ﬁm{eecuﬁ%%aéig2 Aﬂl ncﬁ%éil qhd switch 166 may be

, e seal
actpiastdandepghdantllgrof alrer fund ententl 72 2. @ebéfommr aﬁnﬂopdnmgl th& 8uid valve

R R A el Sl
préXimPLIIET W R8itiOR athik Ble@fidtMRnl 920 BEthe catheter 120 (shown in FIGS. 5
and 6B) to a distal or second position extending at least partially from the distal end 122
(shown in FIG. 6C).

When the cutting head 142 moves to the distal position, the tip 146 of the cutting
head 142 may initially contact the material 92, e.g., to being breaking the material 92 up
into smaller particles or pieces. The teeth 148 may also contact the material 92, e.g., to

push the material upwardly and/or pull the material 92 proximally, which may cut, break,
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cat heter 120. For exanple, the control system 160 may

include a notor for driving the shaft 144, e.g., by
w@ouploasge t he shaft 144 to an output 163 of t hhBCTOS2909/046659

162. The control system 160 yjgy al so include a power

source 164, e.g., a battery pack, rechargeable

battery, a cable for connecting to an_electrica

or pilieTvaipe yepatatesthe wferiah A e, émrﬂil%é)wq%%q efys shovemmia Figt 6P, the
s 0% 95, LB TRl AYARER BB, LS5 oy 124
dud &2th¢ @acuuar lmmg aliﬁ’]lﬁd,mhbl@by ﬂeﬁﬁbmg tha lpmbcemzannern\tmmw lumen

source 170 is upledtothe ion lu of .
90 iHg Uhesgabisiaar! 19508 wigythe syringq PReorer rﬁt?é%geggﬁw%w (agt ghown) in
theMahB1ct 138, ASRhY AkE O cldt P&Aprdédtiont B Puli‘l? el ﬁ{dyasplrate the

enbodi nent shown, the vacuum source 170 nay
magyal AYyeithiethi: otiyibinmg 9. prheryerimbyaicnid tehthnwhb@ the teeth

1B S PGS PP R il e b GERpfor  material 02,

e.gAlIRI RS &dfﬁﬁg’heaﬁnﬂ2yﬂﬂ2'&'[§1\$ﬂwrﬁﬁn BRk BR @B dR¥ 8Ad18D2 of the
vacuum source, e.g., house vacuumin a facili ty, an

catbsteetHhl punp, and the like. A fluid valve 174 is

pr 0 7 t d

o nE By sh e addvaiEtu T a0 LSS o specas

suﬂf Qicatlp sy toamind@ indmhelanstis £tht matdiial 83 defoahningmnt wiBing out of

124 fromthe syringe 176. The fluid valve 174 may_be
thecwuippiehe testh HE dupingereinrosatinnn for sxamplachmay bs gSitabIe to operate
thegc‘sf%tl :éaielgg rl}‘l?@t néegﬁs%ﬁﬂblﬁgj és(z(mf%(i ﬁO(ﬁ%%'lers%%ﬁrsntl%{ﬁe ¢.g., about ten
thowsdmalrcytBR peccaisitang hdve. Suth spegddmag sdbs2antielly prevent the material

r.eci procate, ernat..vel ,. t her be a del
92 ﬁr@ﬂ%@ﬁmgﬁ@h?ﬁ&emg Of (h hrad 143 b i e B A TRt
coﬂi‘iﬁfe%r an%l@ﬁudkr m&d%@atﬂ&‘ﬁtaﬁ& aﬁ-@l?atlﬁﬁ)bf bR hateRadoon

i ndependent|y of the vacuum source 160. Wen the fluid

val \Tsrruﬁ'gttq KHGd8amtanedicadtivocmbodmenty ¢hel apparaiiip2 100 E1G. 5 may

ch 166 h h 62 .
be R B o g iria B b Frrbpostie PRy S e R i Ttk X, 16 Brovide o

sysidrh @1 rethbPinB nérial DD GroNRE o) R, 16R.flohtFeRioRdioh@evice 190
FI GS. 6A-6D, an exe Ia@)é method is shown for using

may Heclagspan expardablomenn @ g @stebersvDredtashpfhll 90 2. 4. ¢ deatheter,
she%tlpglethbf‘ a? Qod hﬁle &9&%4@{59 er%g e I‘R&% ]%‘ 4 yﬁféloﬁra
graft, o0d vessel, 0 ocalonvm in"a

mepRdni @iy’ e&phﬁﬁble%&ﬁaﬁﬁﬁe dnéihailikar I thetehebopingdnit Shusvn, the
enbodi nents descri bed above. As shown in FIG G6A, the

cxpindelle memben 592 Bry Pra heheal dpwre. sueh assthprssdisglengd dn co-pending
Pfdlvlﬁ(maﬁ' aﬁrgl{%aﬁ&ijgeﬂa‘f A 6?@33 828 filed POy RR! fo{ffaneous or

er e site, wth the cutting assenbly 140 and
asp iIlhatslnafnl Yestche Hatvedstorhtiomdergecd HWO0RNEG b&68jdablyvracaived within a

R R e PSSR haTEr AR 125 S v
thdd Rehetlirabe! 1Eost e herkth@ic GRtNeh&N 94 8Pshe FRK RXBMIR device 190
(wi?l? the expandable member 192 collapsed, not shown) may be inserted into a port in the
proximal end of the catheter 120 and advanced through the catheter 120 after the catheter
120 has been positioned in the body lumen 90. The distal end 194 of the flow restoration
device 190 may be advanced completely through the material 92 obstructing the body

lumen 90, whereupon the expandable member 192 may be expanded, as shown.
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descri bed above with additional reference to FIG 5,

the plunger 178 may be drawn to create a vacuumw thin
W@ 010/00p54976 and then | ocked or ot herw se secuPE&HUS2909/046659

mai ntain the vacuumw thin the syringe 176.

Al ternatively, an external source of vacuum (not

shown) may be coupled to the _handle 180 to apply. a

vac@disiragvelea grifewirgor othgraragl |(%9tc§hv\3nl/@amp§ﬁv¥ pdhe body

iq.at.] I 24
B A e R e A
restavatidredayécct 100 e ydrceatvanaeti o veinte gsjlewat oo theutwely 1d2dn 90 and
P 3 B e G e U i M or e
floS4RSbARbA %Hige $O0THH $RP§ QL Me ?&iﬁb%ﬁ& ?{%ttsﬁ’oxxfﬁﬁg B oORnfiNng

motor 162 and begin reciprocation of the cutting heade
catheter 124 is positivnodakiafive toeths iowciesto@iondyvibe 1 At ¢4 shavedn FIG. 9.

i ndependent | f tthe fluid valve 172, .e.d.,. before ar

T aRE RS eitreRha b Yies 10U Bpy Bt s MGt S 3 Fadb che
dista3 cAE 128t 86 cathBi8r €20, igndvifie@d cldidgMBYd 1£CAHI QIR activated to

froma proximal or first position within the distal

facglifete ppiingfmatpial Otthwers thxdstekdndvird 2iand Frigsg hsadlt?. 6B)e

[ I can AN t i t .l
oxboEhRY e 352 BRESHTRER Shelhe 5’ FIEHIRPheb ARt g to s
or Yhervithentwt il Rgeltarderld Zromdihe svdlioo fithebstdysluaden 90 and direct the
position, the tip the cutting head 142 may

146 of
megeaied fonars be skt 22 REtegedRical 202, 6. g. . to bei ng
Dr el At 16, AL Mo H2nRob Qo 3B HESiePRY i B3 Npled o

pi eces. The’'tee may al so contact the nat
an 9Rial dufgh detioe fuos khdvine wittie theaandiewa o0 eif yheaapghaatuspld Ol In this
the.mat eri br eak, or

|92 proxipmlly, which |
ol e g e AR B Bt e G Sy ST e D L3 endlor

vaQifidh soSccSTHOMRe h&ivalE Iﬁpmgtug@, BB B PicE %eﬁeegtg%aﬁ@é’ver the
be sufficiently small to pass freely into the

shads ¢ iata dastal dirpetiornt 242. diveing dha e stuekewnd thchaitimg lzgap i1t dout

t hereby. r i,ng the.pieces.92a fromt dy .l upen .90
engaEt FRinA T e 5 sRHERESe BF Rl Ml L P Afbkoby YRR the
she¥t g9 ardit RpAGRbRNACHBS 10D YroiMam vithih thBBodaREhe® JH80rhus, each

It may take several reciprocations to fully macerate
strel¢pgp fég?wlrt@tl&h@aldel 4ﬁmwéfrmalpth9 expandfhle morbep 2R, provired ys0 .

i ' -t .
el RbE Rl £ BALAEHI pBISTLS% b ST umen o0y
tovedrlls thic eaemg Dad 042 idvedisrat @i 122 FZhe @tlgter 180 Mhe fation of the
cutting head l42a-142d is w thdrawn back intq

h
expiindalle Momper 522 BrY PRECIEAE RTERIM dptanth EORINS fisudgnhap of the
cathQle ?S’d"lgégétle%c{i%ioﬁ% %fé%‘ltge figedaddieq @@c)ﬁoﬁg)f gﬁe(fo g‘ﬁgl?@ljti %% is

spee ficiently to mnimze t anc
scrapddensithd materid by Dismavgraggichndospingedby thefappéretuady0.0of t he

ggg%ﬁ%ﬁgﬂd@%gp rgg(ill P,racl)lgt te{r Shbo ircr)lrenteoxfaallgglpgéra‘guts 265 sk%%wn
that includes a catheter, sheath, or other tubular member 220 and a cutting assembly 240.
Similar to the previous embodiments, the catheter 220 includes a proximal end 221, a
distal end 222, and an aspiration lumen 224 extending therebetween. Unlike the previous
embodiments, the catheter 220 includes a balloon or other expandable member 228
adjacent the distal end 222. For example, if the distal end 222 is beveled, the balloon 228
may be provided on an outer wall of the catheter 220 opposite the leading edge of beveled

tip 223, as shown.
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the cutting head 142 at speeds of about 3, 600-60, 000
cycles per mnute, e.g., about ten thousand cycl es per
wWOorReove2ser nore. Such speeds may substanti al | yPQF/ES2909/046659

the material 92 from noving put of the way of the
cutting head 142, which may Tesult in a nore conplete
and _qui ck rraceratl on_and aspiration of the naterial

92. Tha ballapy 32§ mmavde Hrmpdh fraR coMndiapier sgri-spBHIidwtcrial, c.g.,
suéhhﬁ%ﬂﬂgﬁélﬁtoﬂ ]c?m%hﬂo%uﬂ%uﬁgﬁﬂ Qﬁat@g%ﬂeﬂ tﬁ@%ﬁﬁ%ﬂtﬂ@%
W t 90, e.g.,

an ex an oW restoration Vi ce
exfiandpd. oi?hu:ketha allede22 & may exqrmd ito gubsanaaliyad cc@itiefarbory dumen

body. | unen 90. The flowr storatlon devi ce 190
withife gl “é%caé%%fr?ggtﬁ dISBRSR by gl 2103 frey OBl SEHIC ERLdig past the
catﬁ@te@2§(ﬁ&fr¥ gju%@’as%egmbeéﬁﬁﬂ{ep%lg% sheath, or other

t ubul ar bo he expandabl e nenber 192 may be a '
bal Asohowa, theb#tihmmc?ék%lnyayeqummdacbbeothtmum attaghedanmdontlene side

In h ndabl e . menbe
of bR 232 o R RENFR 2. A Moioglifi e THABSE PiF L cated tht
extiefid s%h‘r@eﬁ r%t&ﬂ@&bﬁh@ﬂ@'cn@@ﬂfdr&%'o@ PheIB6thBdndNQ2 of the catheter
61/ 153,620, filed February 18, 2009. The shaft 196 of

229.hkn thisgliermativorthe badleod avivds bised ergtheavise mmmlsted to expand
hi f
prl{n%P Fyr reeqchstV I¥2n %Eg ﬁﬁlg&m% % ?ad?a?{}/ o%ttx%grdi!' opd)ogl‘t%gmfr?lﬁli tﬂ@

ation
be&dlmimammter 120. In one enbodi nent, the di stal end
194 of the flow restoration device 190 (wth the
ex paANGEItiEchyeth pllone2 2Sanayaps Lamed 89%495\%1}1131% ngpgerial, e.g.,

sudélntﬁ rth@ galllogg(i2§ 552%{ s kda h&%ﬁt@ﬁﬁfﬁ'e SI%{%SS the catheter

eter vance rough aé)%cat ete
22@hpsnst teewdho fidt &o dyl Rnchampbsirthp balidon @38 dvithout heselbadiy

lumen 90. The dj st e 194. of the flow restorati on
sealigg tabotyduma; ﬁw\bﬁlh feanat iRt ?requart%lo[waﬁn ¢y may be
prdwae%rlhﬁéa&%tgmlroeﬁtmgF&h&a%%/ ah lésai%dgﬁe ny@gﬁ LEHRAR (not

t he expandabl be expanded
shashownaydbe m*pwdted ve Itly: ca&legﬂmd@vwhleh maydvle h:apandad by @et@tating an

scREPAe TR ERRTE PP T o P me O Tl B8 e Fembrane

sudhl Ny, (@S HeahdsBdr GRMIGE e4RAdEBY ithiR 2\ NEach, INEExpahd@able
gui dewire into the body lunen 90 and positioned as

megdbst may be m@tqmnaﬂé nerporow trggduch angstomd{mateal rasethe catheter

226, hgltgﬁgtfnt?elégtﬁ? sﬁ ngfrcfnlng }%agr %R §38jr'qiltsl 1??65%%&' & S ’Elo %%I (%%mnued

flocadldnet the bda@leﬁenmﬁ)Sl tioned relative to the fl ow
restoration device 190 as shown in FIG. 9. The

r estl8F S¥BE 2R bbe24oincivgss & ﬂéﬁngoléea.de?ﬁﬁa(w@a may b any of the
em?g%ﬁ(deml (ie?(crh)%%% Eng LG aGhst 2ha g@qcﬂ‘%\%g %0 eﬁ&gltﬂfglﬁ{llar to the

cutting he u um
prexactuis \eatbedlrmGrmts‘ déoweveatie thos bﬂnborgrmsat, ¢l ca;lttngzass@mlay @ado is

sengiiia HaRHe HAEEr 20 B3 T oG R LHP e isage argmagd from
theQfatHch® 200 d¥rihgiRN 90 to scrape

A handle 230 is provided on the proximal end 221 of the catheter 220 that includes
a plurality of ports 232. One or more of the ports 232 may include a hemostatic seal (not
shown), a Luer or other connector (also not shown), and the like. For example, a first port
232a may include one or more hemostatic seals and a female Luer connector (not shown),
which may accommodate receiving the cutting assembly 240 therein. For example, the

cutting head 242 may be sufficiently small to be received through the first port 232a and
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or otherw se renove adherent material fromthe wall of
the body lunen 90 and direct the material towards the
waleEnai2si®2 of the catheter 120. Al ternativel yPCT/Hi82009/046659
shaft 196 of the flow rest o_gzazt_i on device 190 may be
coupled to an axial clutch dévice (not shovvn) wi t hin

the handl e 180 of the apparatus 110. In
intg Flteé}ﬁﬁlé%th}’elum?ﬁ 824 plitheisatdeter 20 nble M@Xlé’éﬁl P%%@IOf the cutting
r,
s BB BL 210, Hotnel IS Pty g ook A L YBERHT connector
on dlmvﬂ‘ns‘eporszﬁae dhe@athates 200 etid thaé Mhaﬂay hh% rélatiae lelhghm;uch that,

whip i corpecioisotngiiios T e Suedied 268 limongs wHBR the Siration
luﬂlé}lsiﬂ‘:ih‘rmé?ifla&l@%dﬁ%ﬁt'tﬁ@dl@ﬁ?&ldlﬁ%’ sﬁfrﬁﬁf &Pthe %irerv‘f(ﬁfs'eﬁﬂ)odlments

t he shaft and expandabl e nember 192 proxi nal 'y
wi t [hf the titml bmblx}m oftba c@beteﬂ“hmsmclaé@ﬂwths beoited tgf 22 ¢he cutting

assfibht 28 10 Al edo Retnseol S RERGPR ol BTas bl pat the

cuﬂﬁH% lassBBbEF 240 is Qgupibd 1 the EiBetbORY: prod@emifed @QUAI SSertiifon, c.g.,
cutting head 142 and distal end 122 of the catheter

to gpore tiehe eeting bw%%%meose&qmdda@aléy wishivehe dol prd/ofybe
cat?%tter ca(%ﬁ &r Itn%gb ?)%)1?12[&2 a %}8 ﬁ]{)}lﬂﬁe g%\;etée%fst Lpe%%t ]1?% egzlrnple the

comiRsioieeh the dirt@ortdi32h hed thedyotitibendIbia csftﬁe:aaﬁ@gia@smblyemo
material 92 is macerated and aspirated. by
mayinclping §21ing tabygpd slats, %otiﬂizrcﬁatune@ (%meﬁhqvxn) télﬁfdfeﬁ@it the cutting

e L L

Altetrtativelg, ths sethixey 220May Sichddearchhondl be ofhicetradku@ot shown) within the

asrapton SRS 4 el S8ne g 2t 4y P o b bmaed slong
withid @8 thﬁgltlbh %ﬁ@?ﬁ%%s&@ lholt Enet Jﬂl@tl 1R%H Q43 is maintained in the

enbodi nents, the catheter 220 includes a ball oon or
de&)ltelci@trleebapambéaﬂ\@tvrﬁmti:@rvelm&pddﬁacent the distal end

C he AprrrsER o Bt g b So S0 By ERaS Sl Sy AT 1R Gjor of the

balld¥d 2Bt AeiemR86n RRRAShEEshbh) lredd cndetedyr). of ey 8dueék of
tip 223, as shown. The ball oon 228 may be for med from

f‘tﬂ@ﬁp Imegint (ngf showm) megrbsicrupled trathe ppEI232 a@d useédi@ Reledigvely
o<} BI+AR: FR0-00L S UiE YRR 29, AT SR ey

COMﬁfcdtetV@lﬂStlb&ts@fﬁtlomhhryleIDEZ‘Al ardiemay bldrdy a Ivumm yaJutrde 0 be coupled
whi ch the catheter 220 is dj sposed, Ere en

to @ AP 2t fOF peprirapiag matasial Fhmbe éastaiz%i b &@E@ter 220,
Slﬂﬁﬁr@cgﬁl%g‘rag&gfe‘ﬁ{ﬁo'& o€l ow. As shown, the balloon 228

or ot erw se attached on only one side
of tAftermitistls) areintbri2? Faafunt ktelrcmmhlyebeproz’zﬂi&d within the handle 230,

c. gAI ats%nqget clievv?cley Cnota sh%evlng os?rﬂﬂar tX that d src%\éecij a dovte.h ?I!:l addition, the handle

230 may include a control system (also not shown) that may be coupled to the shaft 244 of
the cutting assembly 240 when it is received through the handle 230 into the aspiration
lumen 224.

Turning to FIG. 11, during use, the catheter 220 may be positioned within a body
lumen 90 having material 92 therein that is to be removed. The catheter 220 may be
introduced simply to remove the material 92. Alternatively, the catheter 220 may be

placed in the body lumen 90 to perform a diagnostic and/or therapeutic procedure therein.
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extends partially or entirely around the circunference

of the distal end 222 of the catheter 220. In this
wa@bdaienossd ve, the ball oon may be biased or ot hB€THSH09/046659

constructed to expand pri mar% y or exclusively in one

direction, e.g., radially outwardly opposite fromthe

beveled tip 223. Alternatively, the balloon 228 nmay be
For grramde. fone 1 ROFCHRBINSHS: Créat @P@eémmecagheterg (pbolggiqmy Hevices,

ﬂo%eét&%ﬁoga iE&P clie grbog rsﬁgxgﬁ)eﬁﬁgr rll)E %S%H%P ? M&' fﬁrpt port 232a,

press the cat eter agai’nst "t
thrbmglythle dsyErtiop ﬂmnert Bl he ttead)lhcbthn dx28 ewdl D Of the catheter 220 to

I | f h
pellpiier Raceddre SPHEP b P tanbey Birgod "Gs B bRREwraky
cohpRieay ﬁ%traﬁempﬁ{aly%e@er%a@ed ERY (X A Ring AR N0 Bl

frame (not “shown) may be provided on
1nscla¢d1@1t<mhe pira ] powrﬂ3@h andithripezhethp asrpatedomyomé?-‘ﬂ wapqsngmathe cutting

e iR R e h e iSeraEh bt Vel RREE o the

catABSM2 T with efRcuktSngereR@nd® & ithid fhk Qistal RAE Y22, WIE Nusidd e mating
expandabl e menber  may be substantially nonporous to

copnggigeeothihg fistinort 2522 gad proxanalpad £46 péthesutimgasscady 240, as

|ver, the mesh or frame may be porous, if
deﬁr&)g& ng)tv to allow continued flow al ong the body

| un&rﬁee the C'Eﬁ%tdi QR0 iy sakaedrd a/dasﬁed lovatioidesthia thelbddyn@men 90,
head 242 (which may be any of the enbodi nents
theghadlepn Betimpibe ﬂrrﬂat%te PEess ﬁawflstzlamwakl\ﬁf the ey lpangdG ghereby

I V.
PO SETECANS P BT R TR 30, s s
bevededstgpa o fthe doml thd222atmhe be pui20 abaihstroaydjoeent the wall of the
e| ectively inserted int nd{or renoved fromth :
bodghindl T Bty 240 R wosa SPUCH PR P tivated to
mab&8tcPn@r '@[@ﬂlra%@le %%etﬁfl 9? hlﬁo ¢RE hetesr 2%@0 Atsriﬁe cithied H&%SZ42

a plurality of ports 232. One or nore of the ports 2
reaaycateciclatize o the deAl anal 2223 ebilhe Catbetes Pfatlc, cuatlrLng@rad d|42 may

ot her connector a SO the |i :
mog% Eﬁ%’f G AR Op%tﬁ“ §§§ & %{bﬂ% r?é?lff‘g@n dach a  distal
podledmEhaleinCths eadting AbH 242 @6t dxiaid Keopnei Cbeve(léu)hp 223. This

shown), which may accommodate receiving the cutting

maygeduebthe Qﬂfmﬁth@ﬁlétlﬁg heagr24@ eantariéng &hﬁevaéhﬂftthmlgbdyéa@en 90
e ld, to be received through
amf/ﬁ%m?fg)r(\é? %a%#%gﬁ%ﬁ&gﬂéﬁ d} nto dtohe aspiration |unmen 224

of theddiddd)elicchalldadn 22T hayphaie tak thenektR 268 of the h&ttmg head 242
cuttln% assenbly 24 include a mal e Luer or oth
()b

are i ieRECBMaidn e EBicF eéglg%e@ Tinen b Hhrsety oot dngiag e risk of the
3l 30 SR L Ry D P o
In ecthiaged, altchwtigelyt tho dahea234Ray slsdpspothe distiltchd A22 h@mst the

boc?y Rlln{e%t% to reduce the risk of material 92 breaking free and escaping beyond the
distal end 222 of the catheter 220.

After sufficient material 92 has been macerated and aspirated from the body lumen
90, the cutting head 242 may be turned off, the vacuum source deactivated, and the
balloon 228 deflated. The cutting assembly 240 may be removed from the catheter 220
before the catheter 220 is removed, or alternatively, both the cutting assembly 240 and

catheter 220 may be removed at the same time.



lumen 224 inmedi ately adjacent the distal end 222,

simlar to the previous enbodi nents. If the distal end
wWQ@2p006258he cat heter 220 includes the bevel ed PCPUIDBI/046659

the cutting assenbly 240 anﬁ% r catheter 220

connectors may including features to ensure that the

cuttin%kassenbly 240 i s coupled to the catheter in_a

pr e#evdlrbe apREPciRd At Gemers ai asppongnty show iy with agy emppgiment

R e A e e R S Y R
withrdtirteatodinmynt§ disctodcehetrdvel ed tip 223. For exanpl e,
t he _caonnectors_.on the first port 232a_and the, proxi mal
end VB 1Bf ITRBHALESHHGPHS B us m%%ﬂ%% PR bggative forms,
spd®id HndpRBSHhABEF BN ObSen BOWALRBe drE@irdt 88d 4R UerSANYibed in
that permt the cutting assenbly 240 to be secured to
detatie Itcsiphid tberungd@stood) owavet, et freadetneioniisvend to be limited to the
rientation., Alternativ t he catheter. 220. ma
Pl 3 sl SBFo b o BEseBE MRt g pver al
mddifR 86, bgdilABntk UAE AlitctrAiveh 8lllidd R ithlthé §Gpbeathe2pgended
and/ or shaft 244 may be advanced along within the
clagmpi rati on | umen 224 to ensure that the cutting head
242 is maintained in the desired orientation relative
to the beveled tip 223. A second port 232b on the
handl e 230 nmay communicate with an interior of the
bal | oon 228 via an inflation lumen (not shown) in the
cat heter 220. Thus, a source of inflation nmedia (not
shown) may be coupled to the port 232b and used to
sel ectively expand and col | apse the ball oon 228.
Finally, a third port 232c on the handl e 230 may
communi cate with the aspiration |unen 224 and may
all ow a vacuum source to be coupled to the third port
232c for aspirating material fromthe distal end 222
of the catheter 220, simlar to the previous
enbodi nents. Alternatively, an internal vacuum source
may be provided within the handle 230, e.g., a syringe
device (not shown), simlar to that described above.
In addition, the handl e 230 may include a contro
system (al so not shown) that may be coupled to the
shaft 244 of the cutting assenbly 240 when it is
recei ved through the handle 230 into the aspiration
| umen 224. Turning to FIG 11, during use, the
catheter 220 may be positioned within a body | unen 90
having material 92 therein that is to be renoved. The
catheter 220 may be introduced sinply to renove the
material 92. Alternatively, the catheter 220 may be
pl aced in the body lunmen 90 to perform a diagnostic
and/ or therapeutic procedure therein. For exanple, one
or nore instrunents, e.g., guidewires, catheters,
enbol ect ony devi ces,
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flow restoration devices, and the Iike (not shown),

may be inserted into the first port 232a, through the
wa@zpooeasion | unen 224 and beyond the distal eneCRER2009/046659

the catheter 220 to performa procedure within or

beyond the body | unen 90. OiCe the procedure is

conpl ete, any instrunents may be renoved, and then the
Weglttiing assenbly 240 may i nserted |nto the first port

2323 and y §t :

the Tout t {1 PRAa o el O Rl in 2845 BRATLbhfiing

cut tin nipngss eutillay rr2e4ﬁbe|rrm}c11hhng mpimxdnatl@lndi a tistat end diged for

t heter 220 th t he cuttln ﬁad 242 n the

mtm%gf%qn iaipe body lugeg, and li‘é‘laﬁ@“al o8 Iimgen ﬁ’&e‘\é\‘% E@WG?%thé‘erleal
and BRtal LARL port 232a and proxi mal end 246 of the

cutting assembly 240, as described above. After the

cat heuaic mﬂoarsxt@oémg ifomethetdastal cdeéshd enmiratiag irom distal tip, the

euifh rrentbst gy e g disiont R el R FaBatiye st imo

the¥WpirdtRRrigR¥nadhi ng the catheter 220 against the
opposite side of the body |umen 90. Thus, the beveled

ti papobstafctioneleating dgviesrionpemingmcose Washdablawithinghe gack
lungegﬂs i q% %%rgﬁlﬁenr&%a%c l?%%g%lﬁlgr %eg?or}lggl% tff]onq ﬁbcdﬁtllll tﬂ)gof the guide

meaict Wate thetdramire isddoanded/rolatiasiol thageidt heenitet,ehid Rime8Zlearing
into the catheter 220. As the cutting head 242
clepepiSsrBwEsBS apsrpindgblesguetE hitst sFpagded bom apfonfragted condition

with@f 'JEE ﬁa de 2t he a1? E’)%qtah{f&i éhh 910%%e%ép E’%& ﬁ%ﬁf t%ngﬂld@ member

proxi position I'n the asp ion
forzmgagamgi nmtaﬂlaiswahmpaolmdyl lomemttbe @tpandaﬁﬂze guicturndirbaalde pdiXimally

does no t end yond . the bevel ed t| 223. Thi s
oIoPg GBS 11 SRABCCHREER PR THORHS 23 Touit et g Hered
reléﬁ@xlel to Qe éﬂ@e el féfrﬁfhw%gg ﬁfé‘yn@ or ﬁio?@fu‘ﬁie%ecléi ﬁggleﬂ%n‘cs and any

the body | unen 90. ition, the balloon 22
Cﬂﬁm®dm@ﬂ@h&mnoH@Hﬁp@ﬁhﬂQM@wobfﬂhém@HMUnﬂngEad 242 are

oriented towards the center of the body |unmen 90,

thereby al so reducing the risk of the teeth 248 or

ot her feahdagsar@ths bh@aigil tWigeih eRdo G ibeNe iR el brifice
of the body lunen 90. In addition or alternatively

in g pide Mllltb%wfzszgm@ycaémg avifhr the sraghmmgingthgloriéine 10221261 ‘within the
asp%%f\é{ﬂ ﬁ}a éqgsgl E%ja)( \Lﬁgﬁe[ g&et\xp s g&?a%tetdl}g]ﬁ{l{fe; ﬁ (:}R% ﬁlélde member,

reakl ¥ 6e and esca
theixphi@dabRtrud@i2e @fcotﬂpﬁesﬁait ineteily ﬂﬁ@rdsaﬂhb ebntﬁa(tfefdi @heifibn and the
material 92 has been nacerated and aspirated fromthe
ong,giyYoTe JHERN §lraripghelepgaisapd g dhrough Wﬁmﬁ@e e Hsdragkslumen.
t he vacuum source deactivated, and the balloon 228
defl ated. The cutting assenbly 240 may be renoved from
t he 3cat hdhenpR2&us of claim 2, wherein the one or more lumen clearing elements

are oriented substantially axially within the track lumen when the one or more lumen
clearing elements are drawn through the orifice into the track lumen such that, when the
core wire is advanced relative to the guide member, the one or more lumen clearing
elements are directed through the track lumen in the contracted condition until the one or

more lumen clearing elements are redeployed from the distal tip of the guide member.

4. The apparatus of claim 1, wherein the one or more lumen clearing elements

comprise a flexible arm coupled to the expandable structure.
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before the catheter 220 is renoved, or alternatively,
both the cutting assenbly 240 and cat heter 220 may be
WO 20movexs4at the sane tine. It will be appreci at BA/URAD9/046659
el ements or conponents shown,wi th any enbodi nent
herein are exenplary for the specific enbodi nent and
may be used on or in conbination with other
enbodi nents di scl osed herein. Wile the invention is
susgept i j . L. cat '
or e, spacrpReiE LA P A SR A un LR SR DBnies o
hodne drawi ngs and are herein described in detail. It
shoul d be understood, however, that the invention is
not to be limted to the particular fornms or nethods
di sgl osegne BlardiQs bAQarPNIWREYin thdSphRYEAM &R 0rS cdfprises a
cover all nodifications, equivalents and alternatives
pluraity ohfpops.t hi n t he scope of the appended cl ai ns. W
claim 1. An apparatus for renoving nmaterial within a
body | unen, conprising: an el ongate tubul ar nenber
I nczudi NTha appRXuSBF cl8id 1, Whlbia iR o@aRdablZ@EhichiRE comprises one
introduction into a body |unmen, and an aspiration
or MgpeeHtieng edgdb.ng bet ween the proxi mal and distal ends;
a gui de nenber extending fromthe distal end and
termnating in a distal tip, the guide nenber
conpr i si Mye appdr@akobelpiac enihadeih tieckadkwddiprised €odpinglinal slit in
fromthe distal tip into the aspiration |lunmen; and an
thegpdds WemPn cl eari ng device conprising a core wire
slidable wwthin the track |unen and one or nore | unen
cl earing el enents deplovable fromthe distal tip of
t he9gui d&hoepxeatuswclainh e, wltaren wha end & raale dumoedclearing elements

rel.ative to the gui nmenber, the | unen. ¢l earin )
CO RS S DA O MO B DR Aot el SRpRAR: sage wire such

thaB ¥RARFGM blcQABuBLEFANE AGIGRISANLLST AP /YT it Risk N SipBitiEouide
menber to an expanded condition when depl oyed fromthe

megbicde menber for engaging material within a body
| umen, the expandable structure directable proxinmally
along the track in the expanded condition when the

COr @OW I @ht SpsRieear@nil v, fifhéraohRflisingladianiR onQhé Adular
gui de nenber for drawi ng the one or nore | unen

megibsapioggna|cadend an astdatangn thedendle govedto the congtvprg fes directing
' [ 1. of . r . 2. :
SR sl IRl Gk B s P B8R i e ncor
lure@nqedrdgslanems.i fice in a side wall thereof
communi cating with the track lunen, the orifice

| ocated within the aspiration |umen such that, when

tml; ﬁtl) g? ’r € Wb ol For" r@fnﬁ@ﬁl& bt &3l AlidhYia BQd)I Rl b q(:f)atient,

comprising:

introducing a distal end of a tubular member into a body lumen, the tubular
member having a guide member extending distally from the distal end;

positioning the tubular member such that the distal end is disposed adjacent
material to be removed and a distal tip of the guide member is disposed beyond the
material;

deploying one or more lumen clearing elements from the distal tip of the guide

member, each lumen clearing element comprising an expandable structure that expands
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t he expandabl e structure is conpressed i nwardly

towards the contracted condition and the one or nore
woO eoreoxskeari ng el ements are drawn t hrough t heP@F/U$1008046659

into the track lumen. 3. The,apparatus of claim2

wherein the one or nore |lunen clearing elenents are

oriented substantially axially within the track | unen
frofhe pontrssted sangHompitBin thegpide moamber ép @ eepdad conditigpavlien

ugﬂj b fid. into the track [umen such that,

dq@ﬁ%ﬁlt eR%%?@%a§$gﬁgs advanced rel ative to the guide

e mbaractibdtheaieploged omy @ rhanmedimen elasrinygelemene aloag arteck of the

di rected throu the track lumen in the contracted
guidg FRnphes %nﬂag?g Hleﬁgatefe?é%bsp%%raé acgpteAC 318@3?1? @fc the fubular

mcBIRPEY §rafdthe hRHASRI AYSH i@ fiihenBLft flenfobP Of the
gui de nenber. 4. The apparatus of claim1l, wherein the

one or nore |lunen clearing elenments conprise a

flexibl e.arm coupl .to the,expandabl e structure. 5. .

The {hppar B¢ Qe ABHRAETILL: REHEE BRATERS o balifate Sferial drawn
int& tHicUGeh 8 f SR IHAHe@bdA0 Peméve thE thatPRBF3iUe BEdyElufch

1, wherein the expandable structure conprises a

plurality of |oops. 7. The apparatus of claiml1,

whergi n e n [ tr i

cut ttng dgeRREIRRIA 13, IELH & BRIRESES o R Bl TRin

clebhigy tlemekts apMRirb&ed aldong oMLk, ubk explanddbild stiuttdrbes dJtictdd into the
menber. 9. The apparatus of claim 1, wherein the one
tubyfar peggber i Adecamnriepsed omsrdsshe eeRsractksd canditional i ty
of expandabl e structures spaced apart axially al ong
the core wire such that the expandabl e structures are
deplldy ed The cetssl ofelaymflBowhtieen e staadrial epzaged b éheguimde

menber. 10.. The apparatus of .claim 1, further .
clegighip P BeN s RAHE A B HelCrigsr & thﬁ@ﬁwdaﬂlﬁ SRHFHIC g fgected
int@ R 1APuIACIERALAT [uRRN hhE c%ﬁl@ks‘%d Ff&iv'z?ﬁ? %eltc%nfrmec?éﬁ'n%ﬁd@nr €

for directing the core wwre axially relative to the
gui de nenber for deploying and retracting the one or

et 41 ol T PRI 0 1o RBFreBl s b Gy g

lurhé ¢1@GHHE diémeéntdlalsh@theandk of thR duitRUhéhbdrRBhPFisdste@ading the one
body [ unen, the tubul ar nmenber having a gui de nenber
or prehuicagladriag glementsithipugh an gnﬁgeamtq;&]g guide member to compress

and draw the one or more lumen clearing elements into the guide member.

16.  The method of claim 15, further comprising redeploying the one or more
lumen clearing elements from the distal tip of the guide member after retracting the one or

more lumen clearing elements through the orifice into the guide member.

17.  The method of claim 11, wherein the expandable structure comprises a
hoop that extends substantially across the body lumen in the expanded condition when

deployed from the distal tip.

18.  The method of claim 17, wherein the expandable structure further
comprises a flexible arm coupled to the hoop, the flexible arm sliding along the track

when the deployed one or more lumen clearing elements are retracted along the track.
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positioning the tubul ar nmenber such that the distal

end i s disposed adjacent material to be renoved and a
waeleEbab2syd p of the gui de nenber is di sposed beRCRtS1008046659

materi al; deploying one or npye [unen clearing

el ements fromthe distal tip of the guide nenber, each

| umen cl earing el enent conprising an expandabl e

structure that expandsfrom a contracted condition

wi t hyn t ' rqt . |1

deplioyed T SR STERERN BnenEike SACEE mE Rk SbathE Blements
comippscoy gidradineo Dexpamdabld stinetures spacddrgpae Ifemeotcsarmlti@ngue that the

track of the guide nepber to engage the terial .
eXRﬁn@f}ﬁg éfauféwﬁeég@rfgpms aceessiveBndowrng distel b A S eidsgmber.

and draw the material into a |unen of the tubul ar

menber. 12. The nethod of claim 11, further conprising

aspifat i Aye nivthodetfetdial 1 1dwhenein the expdndablasenctofe is hlégned

tubul.ar nber to renoye the materi,al fro he. d
xR B T teeb S AT E oG RPnefion, aRfHhgEindRbpandabie
strl@RcQY SRR xRind SBERvEMBE Felatifafol tAE g #lde FRMbRr $heén deployed in

retracted along a track, the expandable structure is
thegixparded ¢onditiont he t ubul ar menber |umen and conpressed

towards the contracted condition. 14. The net hod of

claim 13, wherein the material engaged by the | unen

cl eani ng Ael peats fosrcappiigah&dridlWichimubbiplenddl, ecapridse:

t he exBandabIe structure is directed into the tubul ar

menBe FlongHe fubad necsaRsr dncdeting dRerdaling. weiiel erdt depd for
0 B0 By RSB BBt AL M Bl e o
andetistmbotds; addong the track of the gui de nenber conprises

retracting the one. or..nore | unen cleari el ement

t hr a&aﬂmg?ﬁl%cr Tisposed it s é‘slij{ﬁ“%?‘u‘@%%‘g et g ﬁib%ta_iggd, the
cut®iff hS PYiRNR RS a8Te dXRHIS WitHTR theClsER4tidMuRk s T haveldMn® material

the guide menber. 16. The nethod of claim15, further

beipg mpmiatédigta thd egiayipmdpmére one or nore | unmen cl earing
el ements fromthe distal tip of the guide nenber after
retracting the one or nore |unen clearing elenents

thropgh trie appdrdtuSef ¢18id2 1, FertgticepABIRE @ vacdufn sdhiree
met hod of claim 11, wherein the expandable structure
comBnpicates wih tleoaspirpdan leses dersseigbselx app aingyvageyp ésthehe

R q (it

L T
wherei n the expandabl e structure further conprises a
flexible armcoupled to the hoop, the flexible arm

sli atg”ng dhg ARPAT #as pf ¢laign 21, further comprising a control system carried
within a handle on the proximal end of the tubular member, the control system controlling

reciprocation of the cutting head within the aspiration lumen.

24.  The apparatus of claim 23, further comprising a drive shaft extending from
the cutting head to the proximal end of the tubular member, the control system comprising
a motor coupled to the drive shaft for reciprocating the drive shaft axially, thereby

reciprocating the cutting head axially within the aspiration lumen.
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when the depl oyed one or nore lunen clearing el enments

are retracted along the track.19. The nethod of claim
waombeseei n the one or nore |unen cl earing el POEOS209/046659

conprise a plurality of expapgable structures spaced

apart from one anot her such at the expandabl e

structures are depl oyed succeSS|ver fromthe distal

tip2ef tH8c gopadunehdam 2hovhergie theetuiing hsrd epapriscs g, rounded
o Bt R RS, SN R el ARALRRI, Q¥fcorn
emamﬂn@bbmgmmuhhﬂgenﬁﬁm@abh@Imaducture resiliently

extends transversely relative to the gui de nmenber when

depl oyed in the expanded condition. 2 1. An apparatus

for ppenoyip Q]gﬁ’@&t% bed1aith 3 NivihefeiR Wd&th!l’%&of‘%%%ﬁlﬁf R@mber

an el ongate tubular nmember 1ncluding a proxi nal end, a
terphisit &l in ebdveed Bpl tho tubukr nedthbet fusther mmpmlmg)dyexllanéa’ole member

d t I t th i mal
on R T SEI P U er PR Rekd U iBsed wtnin
the aspiration |lunen adjacent the distal end, the

cutting head being reciprocable axially within the
aspi7at i dhc ppprstus of claint 2t atticrin thet @itting hagdiiswgeiprocable relative

to ﬁ%%%l %:[aelteﬁg Qiiﬁlteqm]ﬁ{f% Iﬁé err%{léﬁ)ﬁla tlﬁg%uttlné %ea(ir HISVQS%?W& uaS

proxomaiLpdistahifilgy Withih thél @sp&ll&ﬁblﬁ aim@lmnldwl’fﬁitalf@’smon wherein the
sel ectjvely applying vacuumto the aspiration lunen to

cutgigg heag docraperitad epe tR&uFIsd HD. end of the tubul ar
menber. 23. The apparatus of claim 21, further
conprising a control systemcarried within a handl e on
thezsroxﬂhahppmduoﬁfﬂmmnIuhummﬂcnmmﬁ@nganhmwﬁﬁmmeMxmvme

exf\sg%fit eglsfqilg( %g(lbt:l(i@gid FE{?@ﬁﬁ‘leég ula?r];{gérg %t gfgrggtoratlon device

Coﬁbﬁéln% 31 exfani A1 mcRBRPEH § el &p Q'ﬁér&@f shaft extending
fromthe cutting head to the prOX|na end of the

tubul ar nenber, the control system conprising a notor

coupl.ed t he reci procati the driwve
Shapb oo, e piSerli P BB ot s BB P hileh fohecriigf o
ha@ié ah the phbtifiaNedd 6 tAs RibuAk inRibeH BO cldfh dEDRe 3pRAERIUSE flow
of claim?21, wherein the cuttlna]head coqzrlses a
|

reStQi@rfmledﬁtheﬁut:mﬁlat, |V\§1€@>tlﬁﬁ)@lé@ng haais #rsivaricdt e cluteh dstvioeisauscs
the #@%ﬂ%le‘ﬂ{ﬁ d)%ntge ? Q rggt&la §1¥ d&tl ¢ t%g%&fég%gﬁgﬂlg%wards the

a si hé cu

dlS&@Bﬁd&fﬂhﬁtvﬂfulﬁlrﬂ&mbeZl wherein the di stal end of the
tubul ar nenber termnates in a beveled tip, the
tubul ar nenber further conprising an expandabl e nenber

on @P eo UtIﬁE aﬁ‘@a!rétu?f)f 4Bgh ﬁg" RiHedlin %@Eﬁn&m%orﬁéﬁlﬁe L ft&he flow

beve
restoration deV1ce comprises one or more cutting elements for removing adherent material

from a wall of a body lumen within which the apparatus is disposed.

31. A method for removing material within a body lumen of a patient,
comprising:

introducing a distal end of a tubular member into a body lumen, the tubular
member comprising an aspiration lumen and a cutting head disposed within the aspiration

lumen near the distal end;



27. The apparatus of claim26, wherein the cutting

head is reciprocable relative to the distal end of the
W@ ainobers4menber such that the cutting head novRGI/US2009/046659

between a proxi mal position_% Iy within the

aspiration lumen and a distal position wherein the

cutting head does not extend beyond the beveled ti

. . P.
28. PIHEoRips Hedbbiargnempey syeh that thgdisied end dngipnaspdhadiacent
j.on device extending distally beyond the
nw%%gyg{&é%gbg%Lthe tubul ar nmenber, the flow restoration
dev apdymaripracsum graasure x@pthe ciafntatiomdudoen toodraw rolitatiad withigthe

h f. 29. Th f cl ai 28, f h
boé)bﬁ%?"?‘é?\‘f@rdé the ﬁ%@ﬁ&g@&%&uﬁ»lﬁmﬁ ' 1 2P| lér fmetr he
pr oxiimtine 8 QttiddhRall WPBLREL (HRIRE heh R Felcf#&lateda%\{d K&elative

coupled to the fl'ow restoration device such that, &hen
to thhelistal tehil tymheaatcinsatereal dveatnetd, the fistat eng efftheleabiutie member to
causes the .expandabl e. menber on the flow.restoration
oo R e B el el Pk B G R ETA R rfoh umen
by tievactii padssignber . 30. The apparatus of claim 28,
wherei n the expandabl e nmenber of the flow restoration
devi ce conprises one or nore cutting elenments for
renovi ng adherent material froma wall of a body | unen
wi thin which the apparatus is disposed. 31. A nethod
for renoving material within a body |unmen of a
patient, conprising: introducing a distal end of a
tubul ar menber into a body |unmen, the tubul ar nenber
conprising an aspiration |unmen and a cutting head
di sposed within the aspiration [unmen near the distal
end; posi tioning the tubul ar nmenber such that the
di stal end is disposed adjacent material to be
renoved; applying a vacuum pressure to the aspiration
lumen to draw material within the body |unmen towards
the distal end of the tubular nmenber; and activating
the cutting head to cause the cutting head to
reciprocate axially relative to the distal end to
macerate material drawn to the distal end of the
tubul ar nmenber to break the material into pieces
sufficiently small to be aspirated into the aspiration
| umen by the vacuum pressure.



