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‘~BACKGRC1JND OF THE INVENTION | .. Field of the Invention 14 %L{M{Z%ﬁl
el d of

PCT/ US01/ 03724 _ The present. invention relates generally 1

medi cal i nsWOMEMEE for retrieving foreign articles fromPGEES®AI3 More
particularly, it concerns an appar @RSCRIPTIONE as a snare or 10 foreign
body retrieval device that is guidew re-conpatible and includes a

conti nuously adjustable, laterally-oriented | oop. 2. Descripti d
Art 'During nedical procedures which utilize catheters; gui demmlwmﬂllmmmnm
pacemaker | eads; or other nedi cal devices, a portion of the devicey, @

sonetines break off and b ATi BEVICES The det ache

portion may then travel within the patient's vascul ar system and canme to
rest in a lumnal organ, vein or artery, and usually at a br awwm“ ,ﬂwmmmu
or in the heart. Leaving these fore| gn bodies within the pati

quite _harnful, and.may result conplications |like sepsis, perfaomsion,

t hr onBosi s, arrhythl ni as, =SP4l "' NI OF FHE INVENTION deat h. Therefore, it
i s necessary and urgent to rermve the forei gn -body fromthe patient. 20
Simlarly, several interventional radi ol ogical.procedures involve

i nplantation of different devices within the body. Recently, enbolizatiori
coils, stents an i flIIers anong ot hers, have been frequently
used. M spl aceﬁe \ﬁe‘ﬁ@f’g&' 98 ment ~of these devi ces may. resul t in

seri ous. consequences. and necessitate their renoval (Galal .et al., ~Eur.
Heart J., 1997Fhelpmesentridvedition nelates Smeniilpvathe fielhofansdicd insRasiémas for r&tﬁ@ﬁng

Si egel an n,. JYIR 25 199 The percut aneous
Stevel AN BRPR AP Ren T, 1R pulbBb i blhdhe EPua0Rk sle 851 EE A0

rel atliovel goreagts ybody creiafral. déddoee et , is Catridesvitec-daphtits amasﬁzennaesc er &dtiAuously- '
shortcom n i bt eir ease and range of use. -1 14 JUL 2004 W -
01156484 ﬁgﬂsfa@gﬂa}t %‘?"2%1% q ?ﬁ)l atz Goose Neck" snare, conmercially '
avail abl e - from M crovena Corporation of 'Wite Bear. Lake, M\, is currently

t he nost populZr srlbnselptmmerdwddlAmu S. Patent No. 5,171,233 to Anplatz
et al. (1992), the Anplatz snare consists of a superelastic wire that is

bent in hal f. Dielli pdosRgeanich GiIERLALk: y,g%%cfc%ﬁéshn B9e0ENg e

bonded t oget her to eltmnate 5 the possibi e segnents
relative: medleadéﬁwwhépom;xnloé@v deyice gemsumasizhes break off mtdélellefnwuhlmthepttmd

The | 130P Tﬁe heﬁfw trhglt?mtg.%%%n%kf ]_exl)ﬂm( bne rﬁeatleczflt’tsslgsc%{]ar g{tengglg % resgéitgit to

t he operator oop is orie an a wire
segnent s. lumiBé oxgaoeveihor witery, amgsualls ataa brabdmppbmbgehhhe héant. dmnvmlgtthd:she

| at i t 10.J t -
(r)ge?a!t \eetﬁpé{%w{%?sg&%tﬁ%rtggr Rénl@%aélb% g'mi rai ne&’lla? eﬁ%ﬁ@dﬁ"%ﬁaloﬁg e ° .
into . a wsmaieefpraumdkop:@gsm amhe‘dimlas, mb{ecaprhalﬁecr?sxls 'écm gudsn deiathe 'nlab&fdﬁo,gpxs thle :
osition e folded wire i's pushed unti
Itohe | oop ?ésce Q&I h%%ﬁéé%fﬁ%&e%%gﬁ% Eﬁg?qygé]g?&teﬁ%u(%t heter. It tﬁen returns

to its unconstrai ned configuration. Prior to being conpl et'el’'y ext ended
beyor®® the ti pSigtlalpsevesalivenientiqngbrafiglngioal procadures invelvedwpiortomediifierant

usel ess. &3;4E tGihid i {)&%P ﬁcénpgngﬂbolﬁﬁoﬁ%? %)té B%eg?é &I.ﬂﬂa'p ! %H&%t ed

until the | oop passes ov rel retrieve
mai nt ai ni pdersHavp besntfragnendly uspd M@p&e@nw aml/ortdnﬁodgmdneofetheSHﬂywm my\mmltad

wedged beluennn AEGRRSs Ao SRR kbye) (OB Pl R, 285 1, 1957,

may al so BermehiGavdidvdy. Jhtarthnngladiaé t9chBibgel asd Rabbrtsem 7R, t1003; en/ipﬂog, JHAR,

bond egnents, or both may be 20 mani pulated at once. ‘The snare may
t hen Be re ed fromthe patient along with the laterally. ariented foreign
body. .. A purported advantage of the bonded wire segnents and fi xXed | oop
of the Anpl at z‘?hqm@taneous removal of foreign bodies or devices has become acceptable because it

" is relatively easy and safe. However, current devices possess ‘certain shortcomings that inhibit

their ease and range of use.



is that the operator need only utilize one hand to formthe |oop, in
'contrast to other snares in which the relative novenent of the two wire
hal ves may be required in order to forma useful 25 |oop. 1(;Sgel. ®gQ. . the

snare di scl ogg@ikdasPett et al., Med. J. Aust. 197I) The fﬂéﬁ‘?@koi‘/@iﬁl{e of

t he | oop of thg.gA%tz“ nare\f prever ose cer n, shortcom ngs. For
exanpl e, becau o§°‘?5§ % e § W‘VH O’P%‘c@ﬁ YPYFELIRY
not be f eaﬁ'IWhﬁe Bear aiake, VBN Yurfedilp e ﬁnefte}jogmammeesneécneéd iSUZR Patefit NBE

| east dlsru nn to.th a nt. Qoviously, while haying a snare
with a roelalivas ngawgaéz &6;&1% tfa% latz hayechonsigs Pf & nstylaghic wire that is bent
cor r espondh mgify Th@ﬁz@ﬁwfr@ﬁ@h&ﬁtsb@&ltﬂsasla&e@ltfdcﬂtﬁd Bk laye Sinacd to\getﬁ&edo%hﬁﬁnate
structures tjen coul%ﬁbetrau tlzed retrieving

di mi nuti véhifp%?';éﬂm SERPSRES 15 a%lheemsea%otéﬁar”eloosp%fewmmat the lecatigipul d
not be benghhdheah. T8 fo 1slb%ﬁﬂ£“tts pﬁdamﬁﬁfeaa @\éeﬂ?ee%ﬁ%lflthefl% élgcestl%e(i%d pefgEf 1N

a small vessel or structure with Ampl at z "snare havin oop t at I'S

| ar ger t ha#ch Haat dhe; loopfis prented at an :@nsle Jwﬁhezbwemnozlﬁmm PBsRewsothe 08ire 4
vessel . €1§t§§ljeb9£ eatts & 18 pleQb theteati v AHABTRL)

| oop woul &ggﬁert on t M (ﬁg &# Jtil?r@llan%@itﬂhe peﬁlggggﬁlre%%%%{e éiftﬂé?ﬁ %,H?
is not pos®ieBle to feaS| ny utilize one or two Anplatz snares for the
retrieval of foreign bodies of virtually all sizes. . Further, as a result

of thegfixed nah gty &f opefdfs th mmghaw%efxa&ﬁ lstctaestuaiﬁed @ﬁéheéﬁamhe&@&gﬁé

beyond t he tltﬁ%Of the catheter before i't is fornmed and operation

forei gn bod§ethiiere Gersi nasitiqaed imthg paEsat: teatilizedke loppantbe @Oﬁléals ofthe eagheter is ’
surround '&mﬁ%ﬁéﬂtéﬂ@r@é"fo{&d%ﬁ‘e ﬂs%&heamrtﬁe 1&5@ 19ﬂﬁfryaetxgeﬁ1d&f“ﬁ ha i %}v
advanci ng the Ioop away from hi mor her, i cat heter u need
to be posiathsired ltthen g t@ﬂtStu@éO@trgmed cceﬁaureflon hRridrde beige cnmnl;tebr ¢xdended

Lg;rsnegg y%u%’ I Cl eﬁ?fgﬁ%ﬁ%&%?e%@ |st %HCO?H #Etd%% Fmel gnngggytlon whi ch

the constrained | oop could. be extended during its formation. |If such space
did ndf exist, Afigsrbeloonds formed the dpplaty snase mycbatmmulatﬁbumﬁheﬂ@pme
woul d be usgl e’Fodelpn dolipto BPRIHEL. | Pikn, Wafaﬁ%mﬁgga{g fﬁ)@ﬁbﬁ'gfgxfe £b136d &ﬁe' ﬁs Z

snare is that prior to renoving it, theforelg e pinch
wedged betSahs#eT s baipdyanredyar the bpnded seamentsrand thedoep wati ithet forsignrbodyi s ﬁrmly

cat heter. vredBefBerdelPl lafstal b seﬁe%\gp%me%ﬁer& ggf g!r&!asm%yal ok méﬁzg@t

or slight lé, bent, the foreign body be orient ansverse y -t

cat heter helding theicaheton steasiyaand. Witsiawiga de bynded Hirava¢gments, phbothemsie Ibe or
struc LoD

| at ergpl y-ori ﬂ%@%%drcél gﬁe ody gg}%g}sng&%&djg?%ﬁ%%gg&%{ﬁf&?%%%%l RS
ext ract ed. orfeptediftreigadedy.r eason, , negotiating tortuous passageways rray be
difficult, and the foreign body rnay becone caught or wedged in a 20 . .
passageway and EHN kb thar t

Ampl atz snare |é$&%g{t&} %?lgh%%%f% d\g{}e&l ?V‘ergg‘lb &%ﬁ ﬁjéﬂwoggogmg%ﬂ fstuzlggew re
is neit herlsdh@dhegwat%neeéwgbemlge a9 h@mktomathqloeax Bngontray e other gnares in
catheter igniph 'tmetahee Iﬂal,&ﬁauveffm thd vm%@& beb;gg&?%t&d% 4 g&mAmTe%nar e

toits desired location. Further, the useo wre wt atz
snar e 2koul opn(Spe.ki, the saresdisnlosed insBetioas ab, Med: g{eAuS%l%Vé[)l very catheter would
be needed in order to accormpdate the two tw sted wire segments bonded
toget her and t hendOfised Wutof thd %‘f'ﬂﬁ'&ﬁl 3k,
No. 5,342,371 to Welter et al. E C%a@é&?@?;ﬁﬁi&?\??@% @@%ﬂ:ﬁ%@o%%%
Inc., Bl ooRenf¥e@nle, heepuse thedoonsis| xe<i himas enly one pf osniresires ap neffbetfpasibiaive
shortcom n &;gpf

o ra officRaty RenAVinkiig BAALE of dils A0 8P BasORG v Piler WY S 30
ports are @bwndbdw b@‘ang\ laesrgres wath | a wlaterelyslarger magadayp be méﬁlbrﬁ@' mnezvlm

"t o e menkersNeRPRAR AIEAIRbOR SeRipll SEeT oL or ARl FRARH ARTee

st ai nl ess tawndtized|tyc a&mm ea o muvm-sméd tftweigae bbdyr withh thed sahen|snamad
of the st abgécﬁcallitf\%ula %ot belb ngﬁJé‘al%Q %Aé pa 1en9% g—f'e%é an)xcx:lTaﬁ lflsr%}g/n%%gyg fbdged ina

small vessel or structure with an Amplatz snare having a loop that is larger than the size of the
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wire is attached to the distal end of the member: The. stainless steel

‘heli cal snare | oop nay be opened and cl osed by mani pul atingya s

handl e af fi xggote34dsne proxi mal end of the nmenber. By attag F '33 |staI
end of the stainless 1steeI wre %8 t he dlsé end of the e o‘ga e rrerrber
the Vel t eF®SSHarle® efiF s SEWCHTR SO 8B FawmatEE E}ﬁ fpatesstre oo BPule sxpher e of

havi ng t owaD\eeresTQufing it @bcelili®: A4 Hse1g St KRR poditlS1d RAMIPatiiRCod i 163!
| ative to the other by fixing the position of the distal end

snare | oo

of the w ﬂénp??tﬁﬁaéeéé"rd*’e iyl pdiforgiep fradigs ‘PfeV"é‘i‘?éllYt?Hr%ﬁehg the two wire
segnents. As a result, the stainless steel helical snare |oop of the Vel ter.
snare nay not FartHey, abaxew@fttwﬁmdmmefﬂmdop ancgmalfa@emta\@&thyekteﬁded

bonde nts ut., may al so cont i puously

adj ust ed 3&5‘3 rﬂfo ‘&1 %efA ”@8 f%un 1Stéma?<€ﬁ%4 op aﬁ%nﬁld sf°§15"e QA We‘Eehe
Welter s n@tsanmd 04 wayl tdeiiadElt BREPREIBIE & sufSusdiE by vhﬂxdﬁblzﬁﬁg&h@ 1oop W drfi enes ane
shortcom ngs in thi ard as dfg@)theA | atz snare, Further, the use of .
a gui dewi ° eIpior father ?&Bgag’sa%ﬂl"fnﬁ f OOPEIER TOpRRigh o racthe &b of fe pihster PoHldf a
gui dewi r eneé&ﬁ%b)&oﬁ@cbﬁeﬂ@ﬁsta:ﬂy'o&'Me%iﬂﬂtena%fﬂl%'féﬁlﬁ%gﬂﬁbﬁb? fle ﬁoa' Hess
steel w re b enbedded as a torque control menber in % t he

Tenber . PPt BT RIe U pesd o Passai S ERGIFY am@ﬂlﬁcﬂ’ftswp)ﬁlﬂal of the
faciligat eaeghnas@f,t in@¢h tﬁ@e&ﬂseémai lo n}gé‘otﬂ'@@é&eﬁdéﬁﬁ ﬁsf}@ﬁaﬁ%% B

of the patient he wire braid is g the wa urlng
the ext r usidbpotgrist echanpir brapple opbifursptiqra thenpmplate rsce woukdde ushless poﬂlats in
t he el ong%ﬁ@au&pnber . are spaced longitudinally apart from each other.

The stainléss steel wire threaded through the ports, which 20  forns the
helical snare |00 wr apped ar ound  t:he el ongat ed menber such-:t-hat.the

st ai nl ess st eeIAnP‘g‘EfpShﬁﬁiPnb‘égP HfetmpiA sspetathetipygrtn smoving hehnfpreig BPG. | y

def or med Qﬂiuskbé\iﬁﬁéhed log vwﬁeagéil Ue@@ébh%e Elgﬁl &l drehe Ib%b Q8 tHeQEa4 Zcﬁfsthé Ofneter,
short comi ngs of .| oops.

ma%P during use, ea ress t hi
pr obl & by’Seh& ﬁHl‘i chaS?ﬁemf%bl?Pa é?reksn bgdy, s Straight gwdage Yg%t{w oregn Wt”nat
"i's not | ateioRbhivd S810EERH ko HRIAMSRr bR i B HHEADRL. TRASGAGUP] thb RAuRAThS 1N
the nmenber and the 25 orientation of the stainless steel 'wre between the
ports. . AeSHArSEwRRgosT whish § itresoyed maphe reumatized by theflaterally-priented-foreign
stai nl ess papat Bof6& YP S heSRAGS BERMA% r oRggper
during its |fn}t rrg%lﬂti%tlgon into aend rr%lveﬁ%{tg t@&e&hgﬁfﬁfgﬁ%‘zga&fgf E?%m

pati ent. Aertupup passagewayspaysbedifficalisanditbeforeign bodyoniybaspme gpught oruvediged bve or
even us I um nal organ in which it is placed if,
for eggrrpﬁ’agggg%?%@f/gsse %‘mrﬂ%"nagl organ i's irregular in shape due to
the presence o | ague, etc. Additionally, as t-he stainless steel helical

snare | oop is a(ﬁg'ﬂ@ er gharicpming of S Amplgarareiis thatis ipgiob guideysiteccomipetibla. The

patient al\@sgr i hadentd fsaeitﬁ‘éméalo@éd ﬁd?%ué’@%@f@@ by hﬂ,ca{n%@ﬁ‘aé&ﬁe@hﬁshaefdé&eter
ports. Consequently, the vessel or luminal structure I n which.t I-ter

snare i s UBiWhighethe] f§1d§@|671?c’£3 hoysedhmugorcenei4p ghidenthe snareita 1®ulssrzeblpcmn
01/ 56484 RGIh&SELAABIPA ohilSlirIRRE mebﬁﬁpﬁ&%B&e'&and Sﬂ?ta@il R buBOEh&SPRRES t

the | ength of the nenbef between the port as the-stainl ess
st eel 2hel jdeliverg atheter Biggld ke é?ﬁéﬁ@\tne@rdelf e apmnemda@ﬁ tifeotwot Westeﬂ YingpeEwensf
fluid Tl oy hACTEANRS shR AR SaRIWIIE Size of the ampunt of stainless steel wire
present in the vesseia or Ium nal organ i ncreases. 5 Anot her snare is

disclosed in an_ article tom.The Mdical Journal- of Australia

Austral i an snariee)suggical jsnate disclossd dat WSt eteptNon (P, 343374 rfal Wehﬁ(m efsal r(19?4)
and a nyl AE&SE 1B Bk by,

Aust . 1 %@o&h;?ﬁﬁ%aﬂgﬁgglh?%é tﬁﬁé nyl o]?]lgl’l ne ex Sn Me@%egﬁwklheresharg I ma gh%%mof
the cat hetS@Fne of e sems Shertequmings arete Araplats sgm,rbut@ddﬂeaaes ofie pgﬂhymr ekheayyelter

t ubi n T

tot 377 aneouiRE 8ttt el v B 1 LRl QRSB BBl priRed, 4
hol es in tstainlessamtasl wirelie thyepded omg@ftQNMfahd portsp helallp paapped ardund ¢heeelqngated

posi t1 on. oPrie: B ekt B b ELRUSRrongh A O Yerp Y ALENE S llea

shor t conmi nejainlessotpel helital snard opregieatat of tieemémbert hﬁlendmd éndroftthee staipleas isteel
novenment of the ends . of the nylon line to forma useful. |oop. Although
an. operator could hold the two. ends of-3he 15 nylon |ine together and
advance both at the sane type in attenpting to formthe loop, the rigidity.
of the nylon line could pose certain problenms. For exanple, it is likely
that the nylon line, having no nore rigidity than that of fishing |line,

woul d be difficult to smothly advance through the holes in the catheter.

(" The linpness of the line is depicted in figure 4 of the Bloonfield
article:) That |s t he reIatlver I|rrp nonn I|ne vvould I|ker have a

o o " -



WO 01/ 56484 SUMVARY OF THE | NVENTI ON 14 JUL 2004 PCT/USOl/03724 I n one
‘respect, the invention is a retrieval device that includes, 2@,‘ not
limted to, a first catheter that has a distal end, a proxrlfml en a lunmen
system conf POUVS6#%¢ 0 accept at |east one wire such that tRETESON0ER4t one
W re nmay wix¢ Brattad:tteslmmtheemﬂdeand@lﬁdaeaﬁemm The Staileds fs&bEliehcﬂrbﬂaﬁﬂo@ ﬁﬂ? fbb ng

systemthro 00 ol§ : d t ha dis end
att ached ?Pgn%ﬂm\ghc ?581 g%%’%l%ﬁgg 3 “ag%ﬁ %ﬁt‘edgtﬁ\gﬂ é“’iﬁ"ﬁﬁ&qa ‘?f&ﬁe g 8‘f t he
wire ma?/ Bﬁaﬂtﬂﬁhnln?lﬂﬂtmﬁdl emg oemmTﬂh esslcsteret e & tttehﬂstmnb eh$ ofﬂlefetzrnghtacfl @iber,
ext erna e first .cat e OQ able o ing foreign
bodi es vmtgﬁ“hltﬁ F 3pare adffessey pr"%ltl‘?qlé?ﬁ& c,tﬁ gﬁ? aéﬁ%eq%ﬁgﬁ  loppeve aen ot
t i nvi sed étud ofahTegstmdew gteel tvdiﬁtiztotrﬁmﬁﬂfbfheﬁiuiﬂ%gar%?oéﬁ);[e%vg t@&ed)ﬂaésr wlﬂauﬁgtae "
umen system emmay include first and secon eni ngs. e
first opeRfSHy ﬁgg“ﬁﬁgﬁéﬂé’%&eﬂﬂﬁ?t eagj od by bepdins e wieand P%Utdm(g hEVRMIBY a
first di siegmess. nba ré‘s@ﬁoﬁhg sﬁﬁt@d@b @@el%ﬁaa@@na%@%ﬁ%ftﬁeowe&é}%n% %&a@'no%ﬂl Qf the
first catheter, by a sec&w i stance: first-and second |stances nay

an

be subst aPReFalEd i | exbirvedh by th@dapnéei Vise asneniayo! Rep/Ampiatzopars, but
position ﬁBﬁﬁlsdﬁe&iﬂEﬁdo%@t&'a@ kt¢acircular in shape. The |unen system may 15
be a single Iurren that mad be tapered. The |unen systemnmay include a first
Iurrerllqand a . he wire may be configured tqQ be 'placed

and
withi' the fir ﬁm;ﬁeﬁeéﬁt %%‘S‘B%Mdeﬁwﬁuléﬁap Iten fareiis Ret gudendteer |
The fast. @@tﬂaﬁtter Armucﬂget dulfesUEtin e da@18 ShorkdehiSRAARIRE &m%@@%et Frfatier

The retrieval de nay I'sq_include, but is not limted to, a hand

connect eds¥@- t % spidRIES iRRgt aesstediip theal/ ekierpateathpsause e fyaptianon

of the Wi @ fiiMoviRSSnadfly SnaHoh; ttﬂ%h‘t)&e&'it{gtga el
capabl.e of %M;%asng for e}ltrgp; bodlrses wi thin cayﬁfaﬁﬁgﬁtwagﬁ{ed%sget&rg?leva rélllelvr ce

may al so A Figraue sonfenl mepmppt inghe wall afrhelmﬁn@hecl s wbprded stainless steel
connggt edytg btataepwp&edwf‘aahwatm/a%at EftrBl G HentHRf iplugh i WsEilar Gstem

mani pul ated to formthée . ‘Loop east a portion o l'oop I's adj acent
to the repkthepaicay ']I"bédﬁfanlﬂtnérﬁ 'émbed‘#ﬁemrtb(t mgpéthqgndndvpdmgethermqﬁhmde
from TEFLERmYLON or PTFE. The reinforcing | oop material 25 may be nade
fromstainless steel.. The reinforcing |oop materi.al may be made from
nitinol. The rﬁ‘?[r%?rcr ng | oop nmaterial may be nmade fromtungsten or

pl ati num The sligh Pateat; jdisslogesy that dhe-jnots uime thep glongajed, gpempher are gspeeed

' ﬁ'd m(‘) or t:Ih Togigihl m@iaﬂy T%%t ﬁBm%JackP&B&ecﬁtﬁ%aﬁzﬁesrs'}?eeW ﬂﬁéméa fﬂ%&‘g ttﬂ@p%@%ﬂ?&}

reinforcing pusher nateri al omni tinol

or st ni ogxs éftee@rhcalfsarreészm @rrappn% ayound thsy elpn@tqﬂu@n@berrmlethaarhmnbas a
second caibelisyy mafde Fiimed 85 %?eé@d%{hlaﬁtt ft'be ylat@f%.ll fo?ﬁu:@%?ﬂmké)c}] ﬁfﬁn@s the
portion of the wire to pass.through the openi. sys and foamthe dp
capabl e ofeegrathsi Wefter o precogsires shepshorremingh of fwps elmt may| kink during eseahn
d

evi ce MyyRhiS & Adirdsy! pr@%ﬂ%o " teﬁglrﬁg'tﬂa foitla tﬁ]&rtofaa tIehE Sndi€ [&g%ﬁf‘ ShetAitYE.

connect ed to the dista rst cat a sec henostasis
val ve conheicleterlly lefammed) threughdhei layigitudinal sspacing O(Ealtdnm@rm thi enanaher jaad ghe may

al so 4sncl Uﬁ&m*aﬂfo arm adapter connected to the
G ot 4 e or i} sBGHicgy sl @%4%3‘”??@1‘5?{%8103724 end of the first .
catheter The retrieval device may also include, but is not limted to, a
| ocki ng devi ce”EBpRRomieg of His drsigs; W%rpm@ﬁpf@@rthatrhestmtess geel [WitroQecuBichay

al so i ncl woge afdhdithe @ﬁﬁurhfefgnrz@gf KRe uﬁe et o i ﬁﬂ&&d&ﬁu \C/a&,]ﬁd,gg%rﬁéﬁ?

| ocking déevice. In another respect, onr1s a re rie evi ce

t hat i ncl thieughow the bagdyrafithe Pa:ﬁenfedﬁa dresult,3heé stm@lesc sted] ovizer conhiadisthptsfluid dios, al
end, a pr I G re
oh Eine SR ol anfl WR YU SRR oS B I7Bhedl i S BRmBonlt
and & opeensﬂ@r byminarorgdw is drgguleh irc $hage tweoto theprebencé of plague, arcf Iﬁrdditmmaﬁyg as

configureg to.h hin the | unmen em.and X end beyond_e
end of thglefr rs?ssc%laet e?mlﬁ'sth CQO%P L& Orrg W@lz@a e Clorae 1 °?fu§?%¥ a@ﬁéﬂ%
pr oxi mal patdant dlbeg the shtite length of the hensber lnoakedvbetsvers thtttwaq:bﬁd Consehygeritlyr thb

cause & piPeroh o e i e PR GRa b o Y s e ey Bl S

forma | oop capable of grasping foreign bodies within a patient. The
openi ng system may include two openings griented substantially equi di st ant
fromthe distal end of the first catheter. The loop that may be formed may . -
have an open position that is 15 substantially circular in shape. The |unen
system may be a single |lunmen. The Lunen system may include a first Lunen
and a second Lunen, the first wire may be configured to be placed within
the first lumen and extend beyond either end of the first catheter, and the
second mnre may be pIaced mnthrn the second Iunen The frrst catheter may
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14 JU 2004 WO 01/56484 PCT/ US01/ 03724 device connected to the side-arm

‘adapter. The retrieval device may al so include, but is not T ki yHL 2kt o, a

henost asi s val ve connected to the | ocking device. In another respect, the
i nvention i VAMi¢#840d for retrieving a foreign body from ECHESIOAT24t hat

i ncl udes, Jthuae]sbﬁbed@ﬂoddgi its Ieﬁgthttbat doft8Pohdsng the wldgtﬂ&yﬂ the nieﬁibﬁr Eéﬂﬁ?ld&a&xb end;
maneuverln t i dewi r riate location within the patient;
advanci ng? %&‘ﬂ%& \ttl\feer SE ﬁtea]gg Eld?“@featwé rd, oPsratsido feRatentialy Qoratihe
openi ng suﬁh@ﬁbﬁ B Rt Howhiidethsds beoRe ERWiZIOF {18 Bt ABEidesWbthd vwitlelpAGRAdn
thereto that is ca aple of formng a | oop, over the guidew re; manipulating

the wire 5 ESHtY rg‘t‘f’rlé?rﬁ?‘Fefwody with the | oop; and wi thdraw ng the
first catheter and foreign body to retrieve the foreign body fromthe

]E)et ierft. 10 Thﬁnahﬁnsinag eﬁgo?mmwmgicMe?mimN?aﬁﬁsmmf opp.aﬁtiranﬁsc“thzhe
| rst openl ng .m 6,5 S ce rom e dista the first te

first di s[‘lﬁlﬁ‘g %é‘g‘g UGHLA CHESHRRAVIPE tWR AR g‘ag?%m 1709 giny O&@s the :
first cat gesied hxo@haesaaés cBestem;wedTheAJSr I 9471 RNThS &R tidi rjloaaneRSextay be
subst ant i equal . .Th o] tthhat may be faoroed may have an open position
that is sﬁeét%& ’3?3&‘?’9‘"@'}6 rheﬁ <§fr theThb tbPlPéthE%qu@toét angorti il oRf at
| east two psREERALStubInS. mat&e&@%f&metéa%notm&mﬁm%ﬁ@y PleSQustAdnudiere but

is not Ilmted to, a reinforci ngetlhotog materi al connected to the wre such
aly ¢!

that When it plao repisvediin anather ity the thiles i dhs, snare psebeing longisndinally

the | oop issacedlhpeants 4ttne SEBMoRTld) Galhe BaFh DESCR PTI ON OF
THE DF\’AWI\E?Sc The . .fol 'ow ng . glravm ngs fd;]or ﬁ1 par@ta of ﬁ%dh?z%resbﬁi specification

and are includ to further 20 de rafe certain aspects of the present
retrieval devi .at‘-”l‘FFeﬂf?r Besitign gttHDQtP;ei Bethec Auptzalion Sngisy b suffisg dram oone by

(FjEf erence sh&'tdaﬂﬁngql’ecdgﬁ{zed &f th Re6latd paehtnOthe inBeCRF HeNelati @ mbhdniint Hfthe ends.
escrlptl

0 i1 str ive e I ment resented her FIG1. is a
per spect i \?gﬂtﬁ ’@(;\?lb ?"B’i’rﬁdﬁg’g‘gfﬂq’ofm %geqﬁ%forr %“(fdr Bold thefaes nds ofths 2

Is, asfr Q'S}Ion 1@ Qfg&th&ﬁzﬁlﬁlaﬁﬂﬁice vbiaw: ik sﬁﬂ@tyserhpaiteﬁgﬂag £f fokh he G6tph BleSigidity t he
pr esent retri evg‘ﬂ%cew ce. FIG 3 is a top view of .anot her enbodi nent of .

t he cat het"é the nylen & POFR Corisin P’@blﬁmsd(ﬁﬁf cgamplpdt is likely that dhes pilen lips.
view of anp@hg h@&oﬁyﬁgﬁm@aﬁﬁn {Ha€oishind!1ing) rWOlQ(.fl b@&ﬁﬁ@dtme ginﬁ@tﬁfy aata:tcb %r@ﬁ%s ent.

retrieval device, which shows one manner in which the wire that forns

| oop of 30he holes iyrthe eathetprot (Thelimprgs oidhe hay l%@PtFéQﬁln@cﬁ@Ge ¢ of theeBlogrietder
_9_ 1 Ik 20046 Gk raadGdy Rﬁ;&%ﬁhﬁ@%@&ﬁ l@e ha feﬁdéﬁct} fo%hlél\é a8 WeQbod he

catheter of the present retrieval device, OWs one” e | ment of the

openi ¥ sysfosmed. nThin avoglt bkelhebe esppaallysmug i bathfqnémpftheéwe offere hahd taggthgeend - of
the presenfiydngtd gtﬁt\aﬁtnege\y cgnom/ee ﬁbuahg;e@ Q?élaﬁmﬂg#&gﬁef tﬁéngtdgﬁ 120 %“ ng
rspe one e

systemin the catheter tive view o I ment

t he preserfhatifthe pesition of g 1@@ fovm%w invpied bteeltbeothe ifereign bogeer anestien Qfﬁihe
FI G 68 i SafedrQRnMbRY B0 WG rltrgg?t?'%‘?rthe' B etét%l bk Gent fa{efqp@,qtot Hon) 0RBIPT

one enbodi'ment of the& present I eval ,” devi ce o upylng he greatest
di st ance &r@eljevitgan operable configuration of the mtsshapen loop. -

25 The problems pointed out with the foregomg snares are not mtended to be exhaustlve but
_ rather are among many that tend to impair the effectweness of previously known snares. Other
" noteworthy problems may also exist; however, those presented above should be sufficient to
| demonstrate that previous techniques appearing in the art have not been altogether sattsfactory,
particularly in provxdmg a simply-constructed snare that 1 is easﬂy-maneuverable and capable of
30  grasping articles in a reliable and minimally-invasive fashmn |




circunference of the catheter between the openings therein. 10 FIG 7 is a
-perspective view of. one enbodi nent of the present retrievaly gw':c&“ whi ch
shows a fore'\ﬂf'm%%ngs\é secured between the catheter and the Io 8is a
top view of one enbodi ment of the pr esent retrieval devi ceFCT/URIE3724 5 4

top view of another enbodi nerdUHMARY QF dEFNINVENTI@N al ~devi ce FIG10 is a
front view of one enbodi ment of the present retri eval device in which the .

15 | oop resi destnloﬁeasls&camﬁeih’aéhfuoﬁifsﬁ@&ﬁ%ﬂ@%@étﬁﬂuﬂ&ﬁ&@%‘l‘t%‘t{ﬁ nﬁb'«a, mant

running thr ouhthg catheter, FlG is a front view of
of the preSdier hat bpset distadends @é’r@ﬁmab\#ﬂdchllandncﬁygsmmnﬂgmchtol scdphat leas one

cur ved passas sidi et bhRad 9ADwiEhfay el RyRef SRSELIAE oL B Lo oS

enbodi nent of the present retrieva dev | Ce; m)stc%ltgeter’\%‘il\?’és
connecPed RSDIRGSHstemR throushwhiek 2 loep nmréae rfemﬂmndlangrqdhathm a diatabendadttaclﬁﬂ to

FIG13 is t nt.of t
retrieval %g\glﬁ%edalﬁﬁtep%apaeg{okﬁﬁa\érel n IPCI ng Ing‘ £ R 2 apey, ht??d'%ﬁm Ated to
rei nf or ci n@ﬂufﬂ;%n@twmmfé:\euvare tarforma & tleaphexterta of ke Mstrdatbfcﬁf nThgldop s tapable of

FIG14 is Rkl ye view of another enbodi ment of the
pr esent ?rl’l evgaU evB Cgs?ﬁ{hﬁﬁg%mom y a reinforcing pusher material is

attached to the wire formng the loop. 25 FIG 1S is a partial perspective
vi ew of one enblWireEpyal éﬁwﬁmabﬂé@@nlud%é)wlsm’elﬁmﬂmmwgmwmhha Itmmﬂgured

| ocki ng Sys!BMALiARIEH &0 fhes Uta! cat het er jand.a
attached to ?égg di stal end g% g érrg in CIIS) 3&’%%#@%‘ ancg seconi
Jul 2004 me@@gsemﬁmms@ammzspwe@smmael dastai earof itted ﬁméaﬁmatby\/e fivdtew
showi ng ong a0k IER) leval de cess of
retrieving a woven st }elcrll%ené%% ﬁe??ﬂlléecfﬁ %ﬁ%é’?‘@@g’& &F@\‘Aﬁ%? sggoad
enbodi nent dlggnqeh@dﬁhefeﬂtandsbmé\dsltanda\mmﬁbe mfhhstahuzsllqu&alh a ’L’héabclaﬂ ﬂ!xﬁi?ﬂtgir w;feren
systemin khg.£3h t ac to the.distal 5.end o
the catheter ?an% A har?ﬁl eafcfsgtgoﬁ%ﬂsssugﬁ‘%ﬁ&pgf;ﬁ %Ry shape-y fle lupen sysfqmmay -
f or ns 8he beod pmgtm lgmeg that mayf botaperedr G3s-lsmed syzmt mayemﬁﬁe @ fitdhihlirfen and a
enbodi nent sen VI C SCRI PTI O\I OF
| LLUSTRATI ngn}g%%%g s ets}h%rgo B e b 619" fiist PE umep; and etsndi gn
bodi es s uclwyarsd ¢itheyeshofottie datthatheres, Tﬂd:ﬁgmaﬂﬁtdr rm B2 indladeLATARE twoPRGienQ!
stents, h‘i%?&? L aﬁgr veede a«i: S, suc.h Tf atjon coils shoul d_be
confi gure Pe BASTT y Fld' E ‘%%ﬁ'éaﬁv F “rﬁiF’o s hop dimited itoga bandle
vascul at u r @noectet th dhie Mrm Tak hMMSy b iiahip@lated td 8ads® 8 JoRfonlbTehd ﬁn‘g &@Eﬁs ng
t he f ob$ shoul d occ t{zjeiogle space_as possible within t
vasc uI t ur Iﬁtfn%?&’rn dsryﬁtﬁﬂ‘ B¢ at?e%a%%gwmmwgh bogies withingthef or
trauma of Imrt]lyntk iThel rétfieval degivd map falsb rfeludeCbut B Adt!1MiteY to,lANBINARYLE BoopSRsledifl
t tt
ransport  {oiSected to the wire such that when the proximal end of the wire is manipulated to form the .
loop, at least a portion of the loop is adjacent to the reinforcing loop material, The reinforcing
loop material may be made from TEFLON, NYLON or PTFE. The reinforcing loop material
25 may be made from stainess steel. The reinforcing loop material may be made from nitinol. The
reinforcing loop material may be made from tungsten or'platinum The retrieval device may also
include, but is not hm1ted to, a reinforcing pusher material connected to the wire proxxmate the
proximal end of the wire. The reinforcing pusher material may be made from nitinol or stainless
- steel, for example The remforcmg pusher material may be a second catheter, and the second
30 catheter may be mampulated to cause the portion of the wire to pass through the opening system
and form the loop capable of grasping foreign bodles within the patient. The retrieval device
may also include, but is not limited to, a first hemostasis valve connected to the distal end of the
first catheter, and a second hemoéstasis valve connected to the distal end of the second catheter.

The retrieval may also include, but is not limited to, a side-arm adapter connected to the distal

-6-



15 |l oop should al so occupy as little space in the vascul ature or | um nal
organ for the sanme reason. Additionally, the |oop should be fcprlLoged so
as to be continuously adjustable, and capabl e of grasping foreign bodies of
virtually alMPYPH8, such that only one or two appropri at ePGLESIBH2 et r i eval

devi ces véndlof aittefipstitatheteradihieastsicval idovied giay ARE nddideabit iPAGJinited 16, #Rcking
Advant ag

eously, the . present, retri.eval Vi ces hi.eve these desirable
traits. a‘ﬁeamSvch%e fﬁg by eGP SRR V\?ﬁ%mﬁ‘i‘_eé@f g‘?]’éceslﬁéﬂf 8lso ’%qi‘ff% bt i§ nofck
of gui dewlimitedctogizeimdstabis tvylve cotpleateld i thélodkingdstidey and reliably mani pul abl e
| oop for grasping the target foreign body. Additionally, the present |oops

are continuou ] I .as. a result .in . caontrast to t Anp| at z
snares, only. ?ﬁ}éﬁn%g&# \%\%’ga %F' %%%P%‘%}sﬁsﬁ-rgtf’%ve d?‘@?eﬁp%%%lu%&huigémg@eﬁ%kn@ to
t he piSesefifst chitletdr dsathes mdisthl bied, leqpoximal érdne hinensystein donfigiaédloyaceddt at. least
efficiently retrieve vijrtually any-siz foreign body _resting within 25 the
vascul at u?ae{3 ‘3’?’% ‘ﬂ‘%i ﬁ‘gﬁ r%nﬁnw%? pﬁé‘f‘?"ggtley"?dﬁ@gﬁf 'teﬂ‘g of é@n#%s&gﬁthﬁtﬁ’ fpd an
ﬁm)! at z smbfn'd g sid dﬂéﬁrtb@mmmh&ropa:i@tttertﬁrxﬂld@@f@ w{iﬁ@oﬂi%ﬁﬂﬁ& béﬁ%a&é{des)éﬂlhin .
evi ces are. designe occ as Ji ace within the vascul ature or

| uni nal oﬁ“ﬁmenﬁg Q‘f’lﬁén ElaN #:F%’QEEB‘B@%F#@.S&ME%W% and apeenpd et thet hag anot
utilized gwtilendned efprdxi@alunds qht disel bicdthe SRUACHE. isHtMRA kb RA%amBdr of
the wire form n”a}he Itotgg i S ttacheg)to t he catheter such that the

cat hetler HRARIOBRZYCHECY Ay §ORNYTE ARay Peerirpigerhiceansezopastionpidhascend Bément |

the size @fpatdrongh ﬂ@f?éﬁagsy&éiﬁaﬂim%loéﬁ&iphﬁm 3k Fxggﬁihgf‘o%ei Yod?& eEnin ARl |

as possible and, accordin So may the access si for the interventions
utiIizingpﬁﬁg*present -10 1, JUL 2004 WO 01/5648d PCT/ US01/ 03724
retrieval devices. Advantageously, the possibility that the intervention

rTray be pfe_r f or.rf?ﬂ oglam'ﬁg smsn?] pay h@hideﬁxﬁ@bﬁcn[@y oﬁ_mécﬁal‘ue%tmiaﬁy Oaimm%t%ﬁa the

urning firs 0 ere.ig shown a retrieyal device , Which |

i ncl udes é’gf‘#éideqf ﬂfg:‘xsé{fﬁt%eé% (ri%‘,esl%‘?? %ﬁ‘b‘nw 1;%%01@?%@%3?‘{‘1 BIOrSE PafiHen et iss i n

t he fior m afbstatiily 2hculdt Bcshape dThelv@wni sﬁs’c&n%g«a@&i sidgledinhen. CRARERE s9Qeldas
eter al so has lunen system 26, as

di stal end 22 d ptoxjmal end 24. t het 0

illustrat®y ?"r‘f@?éé@ 1%611@&3& W&?‘Q meg, ‘%Eéjtrﬁét’léer may be sAyigERd e piaeedor

cover  t haiyithia yhefarst1haeR tnBéx@Hdhepiidesths: bl 6P 13 SiriichiBSter, bt iht dcBEd wire may
may encl ose_such object(s) and prevent contact

gui dewi res, an i.C

bet ween t ﬁf‘eplﬁﬁﬁe’gfl’(‘% ;hea‘-i?ﬂmtdhl@“\?%s dép Tiggt cathetor may beitspersdwtibeifirstiratheter meayer
i's pl acedinciide @R1dAG! &0 seghfentsSQRANAREI0FethBRY ThE GLHIE ‘ﬁfa}radestaﬁém&ddﬁﬁ
within the 10 catheter to facilitate directional control of the"catheter,

such ¥s . aretfisial dejog mepy alsp inglide.divb smatdimited (turrehandlpstonnected tatiye dscond wiragl e
| umen;  asadd thé!8idd®d Rdy bl rfa%:%glage_d tgﬁzta@sle%ﬁ H&Wb% gf ﬁg ls@&ﬁdWeeto .%n ,s%ugﬁ thel .

housed and operate within 'single |uneln, ustrated i

anot her ePRFSEBIFHED B darm ithe Joprscappble) ofrassspinpsiorsigrmpdingywithie kheceatienio The
lumens,  oR&ieRhl At i so?_ﬁclﬁ&& W 8GhoPUmEbd fbe\é‘r«;kilﬁ{o?&?%ﬁ)tgﬁ ohehiaP &VéﬁﬁFctQ& to

whi ch may house wire 40. 1 S Further, one of s e art

under st anthe seopf witeesupl that whenthetproximali end| of $her secondhaire istroadiphlatedt o fotrarthe wo
| urre pr - . Cat . e ¥ L.ce .
yot e oo 3Rl poRlopr BORE ol §%“? oy Ml ifhlof B0p SRS P refRL
Wi re 40 héeyiesi Bewplse ierludz, bujnisaiet limited delenreinforcinghmisker @¢rizh rdnnectesditaghe end
44. Di st al,. A\ 4 C .catheter 20 in any_suitable
20 | ocati %eﬁgﬁl}g?”ﬁé pg%x;ﬂ%%ﬁ%%gf@n%%%g ?°¥It£§er Pegg%&np rg.; "igxlesr:mgfor%mn% pusj’fyrn%at/g rbag. .
att ached mey batarecend Qtheteroonfigured th adcapt thedir@ Avicd, and thecdeeond?@theten i be

d; dij f W . .at.tach t ither, th tsi
Cha e auhiBhisR% ke fhe pbiof of thelWRlonf it i BN Erolith, B b eHind et 2 (P o)
end 230 of thedodpecaprbl2 @f graspingeforeigh sddids veithin 45 pdtieml. r Thedftrisvyl dewicatrhachlsd t 0

cat heter 2 L tsher. cl.oser di st end 22 than is the hole or openi ng
(each di sCl gg@é’aﬂ‘? A ﬁ?@;?‘g?& goétaaﬁﬁs%eéﬂﬁ?@swz‘@i‘feh@é‘ﬂﬁ%e |'E‘ﬁ dilsf"? i°§8t°ﬁ2féeag'§a,
or f gr t henatﬁaﬁﬂnanﬂ &SSe:eb?]cbhdn&é&sishﬂveicSnﬂéa&H t6 ﬂieaiiﬁnf)l @ﬂQiffithgs_ecJﬁgi:‘daﬂietee.n (I'hé|2:
may be attached,to catheter - sj.n ny. of a nuymber suita ans. . For
et TRSHRE e Oy Sty et 5t F Aofticilioas Yoermae eepisn copsetlsg to e il
nitinol, endéfothe &nd cdBeteny Theretidvalciibedhdyesltd thehde, bkt REARMimfRA Y, a lockinﬁ
sol dering, welding of any suitable style, an appropriate adhesive, or the

i ke. When catheter fO is made froma pakyner (discussed below), 30 such as
TEFLON, NYLON, or the like, distal end 42 may be attached directly to
catheter 20 by an appropriate adhesive, for exanple. It will be understood

C

to those of skill in the art, with the benefit of this disclosure, that the
anount of wire 40 that nay be attached to catheter 20 may vary dependi ng
upon the application to which the retrieval device will likely be put. -11

114 JUL 2004 WO 01/ 56_484 PCT_/ US01/ 03724 In one enbodi nment, as jshown in FIG
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or nore coils (distal end 42 may be anong then), which may be sol dered or
‘wel ded, for exanple, to ring 45. Further still, ring 45 may bg Jubl bggy, and
distal end 42 nay be positioned at the end of a series of coils of wire 40
within ring YM2%/%#% portion of wire 40 that is attached t@CFESPI432445 nmy
be ﬁgjvant agemh Gﬂn;zledt@]%m &64359&3-@& etgi@ptexccwa%r%@e@l SE@ﬁ@nﬁ? alzdgeinélﬁaé ibe isohotor

wi t hi n cat.het : n may be.attached to .catheter usi ng any

sui tabl e i%&‘é\tﬁ‘g@% ecl?ioséassgb‘ﬁ?vﬁscf’ °t§ﬁfti‘ﬁrch‘ﬁgéle‘&%esi ve (e.g., glue), by
creating ring 45 and catheter 20 fromthe same material and nolding ring
45; through a loranotherorespect, thednventien isi dameth®y faatrétrieding @ foteigh dbdefttmbdatitntwi 1 e
40 to cat Lr:e_40.. e .mantpul ated Ln .order | .S to open,an

cl ose | oogl%%%:c& gs'écb\ﬁt t%set?ogemt\%vé ??1 GNP %x@ggfrp)m% &‘ﬁ PEHPRF BIRECUYERRE 81f’hus,
the . Jr fesgeildev;i!reator dneapplroptiatel lomioﬁw;ﬁﬂﬁ}?me phﬁéhht;pi@bidﬁigdil ﬁis]?@aﬂnétgﬁ, b&ioﬁrﬂgb atz
patent of .n | two hands to mani ate the f, nds of a wire used to
forma | Oggfa?%d?ggﬁmgtenﬂban[ ?Pémﬁ‘gég%‘?ﬁ thraveh; whigh a foap; maysbe f{oﬁéeqﬁ\ﬁ’bf g frjre
snare oventtehedsthhiosthpt io kbeabldnf finiihgle 16p, bie tﬁwgﬁ@éiwﬁe@m@:ﬁu@é tHeR@raMor ©
that forns_the Ig@g.thﬁr(ﬁpf. I\a%erve.r, thf% Ampl atz snare suffers fromthe
shor t com FEREWS §hRiien Bty With e loar; epd yathdrawing the fisst cateter prbozeign bedsgioven
Anpl at z s parieveshezfopeign/budg frosd @B pideptn t he bonded segments and. correspondi ng
fixed nature of the Anplatz |oop. The present retrieval devices do not

suffe{Ofromth e shortcom ngs be@?u%'a a rgsul»t of ttéchi ng, di stal end
42 totat het er ~F0°PPE§SYEEM; Hax BSdn §P§s%?8}‘ SpaBIES: WS UEBFINB &R e of
the . contspaedfismahl distahbid bft e Gifst cathier ) a HRORisRACH CTMPIBSPSpehin ihdy wePacCe
wi thin the vac}s] ul a urcgﬁé)l;— | u '@gl or%%g*Ziﬂof t he patient as possible.
during t h&PaFH %ﬁﬁ’l i ?‘Hﬂ‘?r;t]p Firstorthster dea secepd ditancelevibe dirstpend seremdie
the Anpl atdistEsames, bel subbtantialig il e The loop th RedyHeFbrrhdd 8 Rive a8Wp¥n PEtHorO"

two of the present retri.eval .devices in_order to acconmpdate the retrieval
of virt uaﬁ?ag maﬁ‘?”@?'i"z 1 g shangy . Thsofinst satheter may dochyde; 3t deast sxe segments

retrigval ce@iebtedogetivr. berhath@Esiehay AlBaLLALHUES 8¢t firhRdd ta?atféﬁfd}&hg ijgps of

wre 40 over%.gjo each ot erwél e, di ;t al end 42 of wire 40 may_ be attached

to 30 cat FRE{SER! ERsetadiia the e sych thal when the xyire i mapipulstsddo &rrmibelopnt t9astdugh

which it ipsrtibhbeadadp i@@djadehus&m@aﬁeoreia%}o%bﬁatéﬁaz. and because the present
e

pd )

retrieval devices are guidew re conpati , the present retrieval devices
afford operators certain_ qes. aval | able with the Anplatz, Wlter
and Australian snares. - B DESGRy AONOBATE DRAWINGST/ US01/ 03724 For

exanple, the Welter snare is si rrp not guidew re conpatible. And although
the Welter pat Ei follewirpakawings fos@ paft oﬁﬂﬁtpaésemes?eciﬁéaﬁeh akd hr@ iih@ied td further

facilitate directional contral, of the nemqer o e Welter snare, when, an |
oper a?%r Jemprsias it é‘éﬁefé o3 fhe Fresieh l‘ﬁs*egﬁé{e&lﬁet %Be prest FiEVa] pevispdpay be |
devices, ibttlarmnderstopd s teferefoaxtoninel dremote0of) tiede didv@ngy BS 86thbih@iohi Wi Ithe

device to the tar .orei.gn. bo nore.easjly froma given |ocation than
it woul d SEFBYO ‘%ﬁl}‘ﬁg‘?{w °’E’1t8\%ﬁ’ée © ﬁegg?reg‘nare to the target foreign
body fromthe sane |ocation. This is'true considering that guidewires are
nmore easily maREe\leis agetspestivavizvwiofane edbatimbettoftis. présent retianglidevicgui dewi r e
30 may be provided with a flexible angled tip. Another advantage of using
-one of the pre t Laval . dev : i .a _foreign dy Jd.. O f1 a
| ocati on that ?E@'i 2n{§§atcfég§i grlksésdﬁxéﬁgﬁ‘{é‘g %E%‘ g@ﬁg ?%lmfgt fﬁ‘é% c?tgé\%%%flst?ee%rse se(r%gy
be . 2akenettievahddviceve t he desired result with one of the present retrieval
devices than with either the Welter or Anplatz snares.. For exanple, in this .
situation, usi f _ Vi -1 LSt t . i AW

i rected 1o therear Bet PRORTT oh i REETLR of TR CoBREY of B hedit flileted
cat heter seviesl t o accormpdate the Welter snare i's then advanced over the
guidewire. Once this catheter is 15 suitably positioned, the guidewire is

wi thdrawn. Thegrgidg REERNAEE of S nilki i Lhian § t ' :
advanced to the taﬁgeﬁvﬁ%r%)ﬁgg?i on,&logéggﬁ'?{r; g%txm%tg :t%g&%}ﬁlee%‘ap??gégé?%ﬁteo\;aI
devi ce t wdheopresenbretieyrbdesine whish showpene menrer épwbichwthe ite abuit fgmistbe loop of
gui de 'r.etgé(}q : .0 ‘ are-are elimnated. Once
gui deyvgre 3 ?\%@ﬁgeeﬁaa%glrcggl\ré?gtg I(g%e%tg‘gfoﬁlﬁ%%%?t&gat heter 20 may be advanced
over guidewire 30 to the target area, and the retrieval process may
continue. 20 In the case of the Anplatz gnare, once the guidewire is in
position, a catheter configured to house the folded wire with the | oop and
bonded segnments ~ of the Anplatz snare is advanced over the guidewire to
the target |ocation. The guidewire is then wthdrawn and replaced with the
folded wire. In contrast, using the present retrieval device in the nmanner
descri bed above, the aforenentioned step of withdrawing the guidewire is
elimnated. 25 By elimnating various steps taken using the Anplatz and,
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1 JUL 2004 WO 01/56484 PCT/ U501/ 03724 | ead protection of sone kind.
‘However, the operator will still likely be exposed to scattered radiation
despite such a precaution. Therefore, since use of the pregeniyyr %]r,‘i eval
devi ces wi I¥oloi/kaby reduce the time required to perform tdm/useieareval in
conparison to use I . aAlLeSh: at or
Wi be abl e FIOSARD fouSha St Bntiheths pbtent s 8ol SAREP Rbich R

pr ot ect i embodimentadfiths opdhing dystdnsinithe/erthetad. i n t he i ntervention-from pati ent
to assistant will be exposed to less radiation. A further advantage

af forded by tirmps]@%seatﬁan@tv{eivﬁwa{he%&ie@%fqﬁe‘bbf'e;éntaq_etawa@l%\ebieg wich Shdvhat

guidewire access to the target |ocation na e continuously nmaintained as

t he oper anotherembofiment efthe eppningsystemn if e atiteloody with | oop 50. Conti nuous
guidewire access is particularly 10 i.nportant.when the foreign body is in a
delicate pl aceyGagkess phiSpetiHewoY ofEsbddinéht o Rl H¥seRakirRsal @evice, which

mani pul ati ons. ~ Loss of guidewire access to an adjacent |ocation-for
exanpl e; sheiws thpdoop\ie AR ORSRZOSHPRE oper at or of either-an Anplatz or ~l Vel ter
snare disl odges the foreign body and causes it- to mgrate while attenpting
to grasp it-coybdesa8dekog RRwW SHOGAAY MR Pbrlidh il BB Swiié ThRshg e ddspeot bee

mani pul ati ons, woul d~have to be repeated. Furthernpre, it not eventhbe
possi bl e ambdimsot exfafhy FEsees sTesvalh deYish ROPURYTEa RO 8! e gfpe the

i nt er veni BQRuMESSRE oS8 SHhet B REYdeA tHetpeMALOhARI al damage, or the like.
Furthernore, were the-catheter of the Anplatz snare nodified to be
guidewire conpatibl.e, it would need to ac¢gonmpdate a qui dew r.e, and _bpt
segnéflt s of t HA G B 2PEFREGHYE ViFE 9T85 & °g1‘?_éenh ' tlfesg’_ﬁtarreg‘eg?lrf’(?@cﬁ’o‘?’ﬁmg
segnent s @ofrs B &6igH bb@aRLNed bethBenGBA bdtistdr andl thedBoeMbodi ments of the. present
retrieval devices in which wire 40 is utilized without reinforcing | oop

material 90 (di ssed bel o or_rei.nforcing pusher.r terial - 60 (di scussed -
bel ow) attac’hg‘%}%‘ggé?% °8,“%¥£?@F§P{’%%mﬁ?tO?ﬁ]%e%’s&%ﬁ{“eﬁtdﬂl&[at devi ces needs
only accommpdate .guidewire 30 {if it is used) and a single segnent of wre
40 since dist G Ads 4Dpofiewnfiapother ensbodinent hfthe prese réistal d&dee. Thus, -
catheter 20 of the present retrieval devices would take up .conparatively .
ess space i N Bc1f PRUHENieR fBES EhbOimbhIBIAL pRIGRDAiOAN avi i iitinge. an
Anpl atz snare nodified to accommodate a gui.dew Fe, or the Australian snare,
t he cldt heloep rasidesini acplanmtbat isdubsaniielly perpendicnlar de emmtisiamping Heoygh theerthjgron
line and a guidew re. Advant ageousl y, therefore, the pr esent’ retrieval
devices are | eﬁ@.h&‘i@& ﬁoﬁpviap%f&ié%rmsoém%nmtﬂép@mﬂt RARSAIbvick i dhichand
the risk of conplications resulting fromany such obstruction may be.
reduced. Bgituinahexis hahisichrvedpassasdhropghstbploopet.rieval devices i s that when
guidewire 30 is not utilized, the outer dianmeter of catheter 20 may be
reduced to a SHAE 13U§H pRispetive $1eR st dnb MRibo&HEhENT BE pRaeH retityal dewodwide e
wire . 40, .or wire 40 attached to either or both of reinforcing pusher
material SPv(sdEROsayEwRlyRs covpecEn ip hath hespdrisnandgbp ramdppeRushss ussed -
below): -14 WO D1/56484 1 JUL 2004 PCT/US01/ 03724 FI G 5A depictsopenin
systepg 27, .t hr pugh3ib b phrtiaDsepspd@ive B Wi one efibodinlett 6fike prefenchietriavtl dxivice in
openi ng. 28RS BB PSR STSBE A ORCRHRE AR oRP a0 AR 1 o i
cat het er %&nﬂﬁdé)gg'bm e distal end 22. First opening 28 and second opening 32
are positioned substantially equidistant 5 fromdistal end 22 of catheter
20. By "substantjal]y equidistant,” it .is ani that .1t he distance hetween
distal end 22 ﬁﬁa H %?t‘ Gi?ématﬁer%"%‘feo‘ﬁﬁwgge Fﬁ“%ert d%enbg};ilp Ipéﬁsgtftgg%??ag 31

and the dig{ieopeyiet ¥E¢a rélhitalg fisker 2ahterallissacled topeRirdotdingterigom | i ne
that is.parallel to axi's 31 nmay be equal, or the difference in those -

di stances may spch that .the li.ne 29 extending. through the openj NRY
be or ?\gnt ed at %iﬁ ﬁﬁl‘aep%'é?}fpe’f’m“&?’%é{’tegr(’ t%ﬁ%g’ﬁm&ﬁ g‘gﬁf%sg%t r\?\nt%t@kﬁ?%?g%’ct
to axis 3hghididshowdlailbeking sygtemopetieddo 7 didtal ehdobtic @petr agd 3 Ramileattashed tod
substantial |y equidistant fromdistal end 22 of catheter 20 in FIG 5A, the
openi ngs rtaydisat el thegeinforeing g W‘Bﬁﬁ%agi te si'des of catheter 20 (not
shown) or on the sane half of catheter 20 (shown). Further, the portion of
wre 40 that may form | oop 50 upon mani pul ati on of proxinmal end 44 may
occupy either the greatest distance (see FIG 6B, here the loop is in a

cl osed position) or the shortest distanc€ (see 15 FIG 6A, here the loop is
in an open position) between openings 28 and 32 along the circurnference of
cat heter 20. Accordingly, when open or closed, |oop 50 will be understood
to not encircle or be wapped around catheter 20, in contrast to the

relati onship of the stainless steel helical snare |loop to the nenber of the
Wl ter snare. Therefore, not only may wire 40 advant ageously occupy a
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30 0.018," the holes may have dianeters of about 0.020" to about 0.025." As

‘used herein, " represents inches. Thus, 0.015" is 0.015 inchqts\JuEL@ﬁper,
ed. In

the angle of the holes with respect to axis 31 nmay al so be adj ust
this regar dWa¥5484openi ng 28 and second opening 32 nay e&chuser/mrident ed at

an angle of alFgs. 36 is 4 parti pabilve 306y WY 804860 JAEnldrly 3P e Jidse st hriebal

respect tg axi.,s 31. This angle may be adjusted to affect the "angle at which
a pl ane pSELeEdR hemesSPITEHEving2 Hayen¥emr i ented. Turning to FIG 5B, wide
openi ng 33, another enbodi nent of opening system 27, ~is depicted. As

shown; wi de opEE@1@7 2Sa paaiialliRrspective el dfiont BRLSNARE: B thePpredent retriRiald¥ice,
ot her 5 Suh%ﬁgé%’s\ﬁp%%? such as that , of an hourgl ass or a dunbbell. Like

hol es 28 ¥ By s sy inibe sabeter. ¢ R meystgrdbehed dg the digly

sui talsl e elidsdfaticeatteted ahdlh Birdle Afached 2o thBdatd R otthe Fit6 fhafforhd BE8SoAr ©
descri bed above. Al so, the angle of w de opening 33 may be adjusted as

descri bed abov affect .the angl.e at, whigch a pl ape passi t hr ough | oop
50 may be ori eﬁtdéggvhs tahﬁ?%sﬁrgﬁsfse?%mag)‘ﬁe?’ %tifl ﬂﬂ?ﬁiowg?ﬂ“ﬁn@?‘ft?fnnée ratheter gh&si ng .
28 and sepmesedt epdsvalndgvizd. substantial ly equi di stant fromdistal end 22 of
catheter 20, or by orienting w de opening 33 in a way that a plane passing

t hrough | oop 50 w || bst.ant | [ axis 31, |oop 50
occupi es the | east ar#@%?—ﬂyfq S mm&ﬁ%ﬂmg bl e.
Specifically,. the longitudinal space (i. e., the space along the |ength of
cat het er 20) o¥nemsi @detrigvalodpicsOfirgemevie fotelpn bddieskoneis as Glagerted &thetérs,

cont rgst, o liB&ide’ oM .06 {ainl ess steel helical snare.l gop of the
Vel te@ssngﬁrle ocgl?\g?é%%a%é@g%f épnsge%%iéﬁﬁeresnoéfﬁaﬁwet HRYioes NS rasﬁ@tbﬁ)é@ﬁ‘)’? ﬁ%‘is

| ongi t udi stwildbesioafiputediimelre cagibyr 4rel safely mireunared thrhighaystedtevasduBitizt 08 6thet eel
wire of the.Vel S ) ound t he nmenber, .th t ainl.ess steel,

hel i cal SE%%& Iog%és'alaglgﬁ%’\é\%gg?oggf&s%sgéﬁ gﬁﬁ’%’&ﬁ?ﬁ é‘?&e.l%‘} f%%#f%?\&ﬁww 25 figtle
menber evemce ps posible withiadthe pasiutates or Timimanborgas so ak @9 kednBe @F & WlinRSuns Biac e
only bet ni,ngs 28 a 2, for. e le..in jtg cl osed 20 position.
Anot her \ll)\gﬁgl}tgfﬁf & ggﬁn?‘ ngl}?ngﬁiﬁ fIeSyy Péﬁst%i §Hm6‘?rlyf ?Dreéilf’v‘ﬁf) 19 %%pﬁﬁ&he

ot heter 20, nged X oo mmLhi T o Dol Lot L ordor Ta eerL poartteasan

cat heter need exi-st W e.patient in order tqg safely positiqn | oop
50 ar oundg‘g?‘u1 © ag%ygé"?i?%’r o o°89ﬁgbf‘?8"13°affp‘i°3°3c‘l‘?%‘§]’°f‘ﬂ§ afiystablgrng sapatis o a
posi tion ghiagting fetigh edfesrd @yl sith SuchSthhioRp mnéaéttﬁ@gﬁﬂ?@r{a{el(}egzédmp
of the Arrge: at z qsnare, .1€5 Wm‘ﬁh st %e | ongi tudinal ly extended (i. e.,

ext ended HEHE qerieesyilkadsaugtely addrpssadancignrbody of agyostible §@ar e) beyond t he
end of the catheter in which it is housed before it .can return to, its.
unconst r ai ned pdsintagesusly] thepresast ratriees dbticafachide: ©odwRfdegtibad 4R a8d oV @ednd0,

t he esept retriev device may be used in J ocati.ons such.as branches or

bi fu%)at i glr??’?e"é“r‘se %&%“?‘bsr%% %@a i"‘%&q?%o?ﬁ %‘%"%’F&i"%‘a&&a’c‘fﬂ@ VB &Hul d

Tt anot her bener Ll i e AT coRehate tiget Srfiue bodl Jodammamaie
et anot her efit o e qrien i on, O i rst. openin and secon

openi ng 35{68651? po\%? %j%recfﬁ%‘?ﬁ“ﬁ’ljﬁ%?%“‘g?ablﬁ a7, 8 %Fesﬂ’g 1 ‘F%t%ééi)m%ﬁz TS ALY ast

\tNﬁ t htehcogﬁd @uwat ]Eabmpﬂifenyr?eﬂirmﬂdyaﬂ gaaceszacadwﬁ%\mmpf'qséﬁ?lis@logﬁs?e&f %&@fg Y,
en e ta . foreign_ho iS either straig or Sli ly bent, it -1

14 Ju 26’65%“014%&3%53’ ﬁ@?@@&ﬁbWeWE@WﬁZﬂwg&g@ pedysogtingavighin o
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aresult, the wall, q hfe vessel or structure fromwhich it 1s renoved, as

f t . . . . d,.
wel | as t fhelzand thedpep.of the present retrigualdvices arerdeianedia oesumy asfitticipaceaiithin or
St T UCT Ur © teSyaSelidthu@or| 1imilial BRAY of BRhalibR dsGUiBe OMbRGvd: 21 BlibkwiRd 155tk o
foreign body. Simlarly, negotiating tortuous passageways y be .

di fficul tuﬁﬁ‘gﬁeflh’@mr‘@ﬁﬁﬁ}e,maﬁat ehievaldewees, Biyen that onecandfof thei ine fooning the/loop
becone cayOdiackyd t4/EQ j i raical. r ' :
ot 1Bt D S U ed Y s bR o IR
| oop ¥b i singlevaraseenemt, thel sjizef ithegathetepef the presemsetiibval devicdsauhyi e Bis@allas As
aresult, Lk r i Z e r.Struct.ur f

pat i ont | EP S EAE bt ing sb kRl bl sl oot SRS BBt NEBE B et
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10 negotiated during renoval. As illustrated in FIG 6A wre. 40 is

‘posi tioned ~ such that distal end 42 is attached to catheter{Z0Jy tfy

| umen system 26 by way of ring 45 proximate first opening 28 and di staI end
22, while pr¥RPHR84end 44 of wire 40 extends out through PCEAS0199EAI Ng 28,

over t 0 Sestaeal deoes. ngdﬁ&tagaaﬂsky,mpbsélbm@rthmet RRréStib ey 88 peréiRRd ofRENI ng
ough Iunen syst 5 26, beyond proxi mal end 24 of catheter 20.
RS B

and thr
The porti 8H- ?Pﬁe ROFXENEY: nal  of catheter 20 between first
opening 28 and second opening 32 is loop 50.. As shown in FIG, 6A 1oop 50
is in an open wmmngufamo/ﬂcs thofere ishEWES. re&ewme&ee 19, %ﬁbhaﬁcm@eslcathatef:t@s ed

position Lo 40. that .fo cuff

ot her wi segﬂar ea%a c[‘ r@lhrfglpoll%ﬁ ’?\X‘fl“rlel‘{o 1§é‘tg‘€%? Pléég W%eggf’]@t”i 1Bn

?ﬁt wggaq i greated dethid Cathg'et 20 basedigsl imctz antllpgcﬁdixﬂﬁrenﬁ(zttﬂh @T&fh‘é@fgg bt(aglh%pldutehyFof
he o e sp, for n bodi Wi 0Q . For

exanpl e, pﬁ-‘és? é( aﬁgsl %@te&%%&é% ‘ﬁég g eF’e“&Whﬁi Wb cav

usi ng any neyiveabiced mﬁﬁtSobJSc&t@hmﬁ%s b&e§t1§dlﬂmﬁgggnﬁdé¢ﬁx%'s r&d v&ﬁ’éﬂxﬁiﬂ”‘eﬂc&%@ shdhe
W re. Cathﬁter 20, ma ~fromany suitably flexible:

bi oconpat P Ic‘étcsprﬁfl%ﬁ%?nt Wa"bmne ° Ohtertéy nd A Hagsel ive Smefmemfhl@:ﬂ@\l
Such cat heitassr ﬁrlﬂao@@ml@l“éét@étér)” AVikd ﬁa%&b%éyfaﬁ&ﬂaecﬁ%naté QfbeddBl ‘%ft{tit:[' gfon;

IN. Cathete al so be made from catheters are a
commetti aff t%etava. 3cilipte drpgiipnesgRrtrol of the catbpteh Aidhgs emetal Ryaid. | t wi | | be
understood - to those of skill in the art, with the benefit of this- ‘

g IE E f IqC\)jS ure, tL hit ommwddaheﬂthmmcg %%'étéi? QGfﬁ@(béﬁh ?m@l’ezlginéﬁf% ltttmteeuﬁ tmct 2. '
or na S Se orm eter or exanp catneter

20 may be ngh ‘1‘%’?’%3@&"3 Rped2ad qparpis drithin the sipglplumen, millemt ad 30

commer ci alid FI@.VlaI Thabbtert @ﬁﬂo&ﬁﬂ@e NPT B! lufRh sPAsn éﬁaa? %cﬁlde %o fefdens,

Dependi ng ether retrjeval deV| ce 10°is t0 be util

gui dewi r e® Pt"'ﬁk@ ditebe aFaRisfdly BHddientt, and thy othsr afarhich m@mhguaerwe KO.
(2-F)13o0 @uﬁherﬁmocsﬂhkng Wmetmmersﬁha%ﬂhe%neﬂttmfms%g)sﬁl%yzhﬁt Sould

exarrple be 2- F, 5-F or. 6-F be un tood t.0 those

-17 myathmzmlwmrpsm@ e pn el icatimof shestetrienal;davieh 20, durpen syptem 2tﬁhe

beneflt Of)f&g[m&grzdlnﬁjﬂ&&;gﬁﬁ gmgmg_g,tgﬁ.eter 20 may be configured to be

either smaller in. outer di aneter than 2-F, such as 1.5-F, or.:larger in
pllcatlon requires it. The len th

di t th h F, if th
o:‘ a(r:n;t ﬁeteragog‘ﬁﬁg} Tt @@CgtWﬁaothﬁsM&@éﬁ Whishi is Riddem by Tatketen ¢@n

have foungrdxhadl e’ﬁd|m913|i'stﬂfen€bﬂuéf wie 40”&1&?3!53 Qﬁadh%@ft& |cath&exr@(§tm #ny suitable
appl i at| 2903% For, use in small vessel {é i cations, such
e

neur Oft Vinesan; Sritable maaps. oForcsxemple distabendhd? may évb@ﬁ@chs@@ eathetai 20
i nner dl a?ﬁi at@fitsﬁﬁbﬂitﬁh? bf edthetR 20D En Qﬁsor%gé}d,scﬂgtgl énﬁaﬁ &%e‘{()e&xa)zge ht?ached
a

capable o CCO dati ng guidewire 30 and wre 40, tLé’St W r'e

this regateitiniiecside adheinside {igyewithin dupen Wﬁ‘@m %ﬁ)@ﬁtca tex1 20 Prpmélﬁtal -
0. 035" t&g&,] d
0. 035") (VEhehz opGsiane it dew%égQ%%%#aue o 2P ke S%hgﬁ%%&b%%_%zc%m&n '

niti noI gﬁﬂ’d’%‘vﬁc’r&% end 22 fql"’é‘xiSHP% hahgqre‘epepms (eechndiequased | in \ereaseri detgdl belpwpm-

M cr oyena gmmtm&bmea beraRRA ol of. wire 40
are di scussed bel ow. The ?%?\’/ent ors have oun tﬁﬁ ?m@?%oigér@oagg%z is one
range of accep abI e rlner ‘dj aneters for those catheters 20 rangi nq from2-F
to 6oF in out oD EREAEmas be iackede cataisr 20 5ee By pho samber okbitFble FReass. ¢ he

art, wthpoh &M@fWHeanatHeﬂk 209 FEHORHLG mEﬂBﬁEdts%ﬁésQ@ ﬁ:@iﬁwz;qsugf Esdm{g]%l Bfstal

circular in shape-ei ther jnside or out and possess afly suit

exterior GPd e Rsrationbasedirestiy fo sahetersA0 b SQid\er@Igl vplslizlg off angtreypitatile style, an
bl
conpar abl g; ﬁr‘épﬁaﬁ@ ﬁ&tegﬁg Cdrl the i) %ﬁf&ciﬁa@,ﬁér?gﬂg ﬁﬁ?g gﬁ& %ﬁ&g&& (fg{sg!%%sgdﬂ'ye'&swhs q

swtably r| _ﬁt elastic materia
her ei # HELONMRLENs oF ﬁxndxke,cﬂamlcenémm ‘tsmtﬂachcdtdmecttyl to catheter 28 b0
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| ong-range order and undergo nonthernoelggtic transfornatlon yet exhi bit
good shape. nenory, and, thus, 25 may al so be used. Additionally, sone
iron-based all oys may al so be used. Nitinol wires of the type that may be
used successfully as wire 40 include those that are commercially avail abl e
from Shape Menmory Applications (Santa Clara, CA). Among these are nitinol
W res possessing about SS to 56 % Ni ckel, and about 45 to 44 % Titani um
Advantageously, shape nenmory netals such as n|t|noI may be progranmed with
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14, JUL 200g WO 01/56484' PCT/ US01/ 03724 | east 60 m nutes, possibly as nuch
‘as 90 to 120 mnutes, at 500 C.. Both the superelastic and t he t hernal
shape nmenory properties may be achi eved at hi gher terrperatlulreéUL[ PB4 o0 800
C if the duration of the annealing is reduced accordl ng gﬁﬁ ;esult of
usi ng mat eMQH1E644ch as nitinol for wire 40, | oop herefrom may
S not only belnainastibodiaredt, @ashawn indiGed) distaberidi 42 @ﬂwéﬁjmaétswdrt? §rg4s
contrast_to the n | [
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gi vers t heoldéringnes szerdtng bféanyyduuablé istylw, ag abpmopriais edlhetsnre;‘ or te diet Farthero polof

the Australian,snare urb I t or
from qui (?R?rﬁp%?jax%‘fnit ?é ﬁf’ gt?}}chgd{o S‘?ggg%qgr%eo{ﬁ%e %le t6 1Clf‘oop.
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that is cﬂnb’ét‘ﬁ@ég’ %‘Gﬁ%‘f‘%\(ﬁt&’ﬂ‘ﬁﬁ by creganging #3nd qgthster 20 Srpm e samg RaPPRARg |
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axis 31 o ghe er 20 gay be , 20 achieved as soon as Ioop 50 achi eves a

di aneter (when in |1 cul uratio
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15 1t will be understood to those of,skill in the art, with the benefit of
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may attenpt to grasp the foreign body with it. In doing so, |ocking device
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All of the present retrieval devices disclosed and cl ained herein can be
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retri ﬁval hiRVd ﬁlﬁp&ﬁxgpfsio%ifgibstanﬁally circular, meaning that axes A and B, illustrated as being
perpendicular to each other and crossing each other at the center of loop 50, may have lengths
that differ by, for example, up to 10 percent. Loop 50 may be programmed such that it falls
- within a plane that is oriented substantially perpendicular to axis 31, as illustrated in FIG. 10.
This spatial arrangement between the plane containing loop 50 and axis 31 of catheter 20 may be .
20  achieved as soon as loop 50 achieves a diameter (when in a substantially circular configuration) -
of about 6 to about 12 percent of its total diameter. Similarly, when loop 50 is some other shape,
like the elliptical shapé depicted in FIG. 8, this spatial ai‘rangement between the plane containing
loop 50 and axis 31 of catheter .2'0 may be achieved as soon as loop 50 extends to about 6 to
about 12 percent of the total distance of the length L, which is the distance measured when loop
25 50 is in an open position (FIG. 8). In other words, as loop 50 is being opened through
manipulation of wire 40, once loop 50 is at least about 6 to about 12 percent of the foregoing
diinensions, the portion of loop 50 that is exterior to catheter 20 at any gi;ven time thereafter will
be in a plane that is substantially perpendicular to axis 31 of catheter 20. |

It will be understood to those of skill in the art, with the ‘béneﬁt of thls disclosure, that
30  loop 50 may be programmed with superelasticity or thermal shape memory s0 as to exist in a
plane that is oriented at any suitable angle with respect to axis 31. However, as shown in FIG.

10, in virtually all applications, programming wire 40 with superelasticity so that loop 50 lies in

-19-



14 Jul 2004 a first catheter having a distal end, a proxinmal end, a. |unen
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system t hr ouglo ousRh a | oop may be for rred 5 the opening S)f’%trﬁf%ﬂ%%%ﬁ' oned
bet ween t he g%s@& g ﬁntg 11% g the | unen ; stem havi ng an
openi ng separate fFént ¢ 8td ARy B Rrpdds thedme 9%“@&

conf|gurecbrtemaaomeﬁmopaefcatqtﬂcemdefmtmyeaﬁmm dodRsat least one wire
may extend beyond the distal end of the first cat het er; and a wire having a

distal end att 0, t fi.r st het rein

t he proxi mal ﬁ%ﬁe ?mﬁ‘;'ell %00 e fEni u?rgtgﬁ‘?t hﬁ"@‘tﬁﬁﬁgra\.’qs&r% 2k e

wire to fommeal Iddthoegh Faall ahowmeoﬂgmamatca:nmzercurvtemesubm@ataebmgoca&eel e
The retrieval device of

of gragpin e |es Wi, t hi at i

claim g fur ar&g gfoﬁﬁna&e 6'3988&?4:8 4@6%1?’?16%%@3{3@0%0 Oéec‘g&l@lsm\khq #hn
the |unen mmmbenaﬁt Eﬂdnfj distlogya| thdtemeemqﬁa;chalpmfgrammmmrkubétgtaet&@l &9
system co irst an eni the .first opening being
spaced frﬁfﬂis}me&tﬂ%ﬂm@ﬁ* {I})@P%Bﬂ%qﬂf‘?eéé%%p@posbtydgeqtliopst di stance, the
second openi ng being spaced from the distal end of the first catheter by a
second 20 di st ahltepgh beridvat devieenth ﬁﬁp(bedoﬁfﬁ@&éﬂnﬁﬁé?s eeien@e Bl BSA1BHe i vRkdels or

Formed nadiyt Bl Yo of apebord Gl diraiony Chera gl tmyarivs o

S. The rteb lbemﬁabf thésvdisstosafe, Hatitis teasontable Ebrn Mﬂ@oh%&'ﬁﬁl OBMELE KBS SED 2
single lu q Eher tl’l€%/8.| vice,of ¢l aj wherein.the first
cat heter i ea KB pdoreien body g tetd| S‘%Té’tﬂ"@él g ‘tfl“é(? Af e prgseRtartroYah devieaten

system conqhaﬂ ae&oaﬁgmcsmﬂhm&eamz@ 30 &&CRPAHd] HIMBRallR e e RIRet By e St
| umen i s contli to accﬂgﬁ&) at |l east gne wre such that the at | east one

wire may € cﬁli’Bh‘éait’P aiA1e PEEomyed viithinsg vesselfsdwpinalgorgan with ardiametery al
devi ce of @ﬂlessrthdn, abwﬁlﬂr &h e, ghﬁuefrmﬁ&bl ﬁéatt%ﬁﬂpéﬂd%ﬁa%l M prbfided witdire 40
segrrer]%s co ne et her g 4 JUL 2004 9. The retrieval device of
claim %%@)%’Pﬁ%ﬁlaé ?\Q’Hiﬂ of GRQEtEHCh Hay he aﬁ?@lﬂh@i toayiee 4thsvcdi thait he
handl e mymbmmwr prinat&di n (lesc? otlb%p B@Whéﬁ%&ﬂ 50 RSP, Tyt &m}gfaﬁ&ﬂ%h

t he openi ng syst mand form'the capab ras |ng or el odi es
wi thin t he®BATERgut 7gnmo A tﬁéerrre?&evexﬂam%iéw&e ‘é‘F witier applicatioas, and may

CoMpri si NGbePpro@idad Gtk iviiee 48 féﬁif&’&!n%'locﬁpﬂ%ﬁh% wihéhh ay'bd Gitad t'»bﬁ‘e 42“6”

the proximal end of the wire is nmanipulated to form Loop, at [ east

portion of Suchdbat S diameteajon demlongh LHEIGeBhebloop g, ivdep loapt 8¢ isadpen may Thee

retri ggal Mé&%bgﬁt%&;gwt%ml n the reinforcing |oop material
conprises PTFE. 10 12. The .retrl eval device of claim 10, wherein the

rei nforcing | oaq material 'conprises stai-nless steel. 1 s 13. The
retrieval devi cePestzeof #isn40mayyast ascerditgdo Fbélgh‘fe@raeplﬁf@ﬁp@offpfﬁlmserﬁnat retrieval

conpri ses &Hvideﬁ‘%re Mma}_fi‘&tg"e% 5128 \Rm S0t 6 90#f toCAb%hm o8> (W}g&%au&{%% 0047,

rei nforci n(g | oop naterial rises tungsten or platinum

retrieval @03 @@d 810087 )annd IPa aippdectors ifsel. sﬁomgnealargpenehfeaalcdewgeqoméo may

mat eri al Cﬁa?eeﬁzts% ﬁo@n atkb%t viob®> tarae%htr@étﬁz”t(& cRERNld g?b oﬁf‘d 0Qos* ot IEe10+6-

The retrieva claimlI5, wherein'the reirnforcin pusher “materi al:

conpr i%es PV reed 0. 012”) and may be made from nitinol. It will be understood to those of skill in the
art, with the benefit of this d1sclosure that wire 40 may be la:ger or smaller than the sizes

encompassed Wlthm these exemplary ranges.

The smaller retrieval device should be provided with a catheter 20 possessing the
smallest feasible outer diameter Accordingly, it will be understood to those of skill in the art,
30 with the benefit of this chsclosure, that the catheter useful in the smaller retrieval dewce may
have an outer diameter of, for example, 2-F, 3-F, or 4-F. The inner diameters of such catheters
may range, for example, from 0.012” to 0.018”. '
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zs 17. The retrieval device of claiml|5, wherein the reinforcing pusher

.material conprises stainless steel. 18. The retrieval devide dOLWM mis,

wherein the reinforcing pusher material' is a second 30 catheter, and
wher ei n t he Q¥G4cat het er may be manipul ated to cause t BEVESHOPBA of the

o e o p?ss . bod tHGGanglaﬁnhﬁgalSd@ioesntﬁélﬁizé efﬂaetd‘l&ri)l/ 5&“:%84 Jglet&ﬁ1’f()21r(l)04
grasping fo n bodies within. t

PCT/ US01/ ﬂifg‘éff%i?i m%g S ok PHampley Qﬁ‘e@ c&T ng cPétP?fFflz‘bmai’ be Pravid e& "SERg a
fi <r:| st henpgteas6 hM&:hg/e 1mm1ea@h1ﬁe of@cdeb@xgbrﬂioﬁbmgﬂﬂreﬂfo tv&llgnfvv?{e&ﬁ) ﬁaiehﬂregr

and a sec 3s g C nne t e djstal end of the secon

cat het er. Q@L%Q%Bgll Iaé??t Oad}ﬁ \7‘? e LE"T%EH% austxerfxgqterwépﬂ sBsrgssed prigwAn

si de-a@ m g;daairaf &étmnmaﬁﬁgfaﬂduteﬂdf@ﬂeteﬂbﬁﬁ@h aBAH 015t Reatold §b2at BedcBEq; albhg The
retrieval tﬁ ﬁle ngdmngg ~furt her gonprising a | ocking device connéct ed

to the si d&¢ oior o QU8 et ri eval device of claim21, further
conprising a henDstaS|s val ve connected to the | ocking device. . . , 23. A
retrieval deV| Eﬁ‘thet; Wtteh Sisstgwit Bitleer i:hersﬁiallétadrh@gafreﬁfwalr&vi%e Catiibiat 26 Bdy bd
pr oxi mal | unen s stem cogg< %ﬁred t o, acdé%)t at d%st one wire such
that the Biv&es, Py ROTHERS ek PERRIeTh Aping dafteram, ouderodiametelse Joj prg; such

cat heter, eﬁb&lmantp@ﬁmtdigﬁ ?%ﬁﬁe&wﬂ PIMESCIT catheRADWARY o HeQhdiB Frondttkl I St
wire onflgatuﬂrmg cﬁg gl ace t({)%fn t he: |unmen system and_éxtend beyond

ei t helV endf £ Qg ing; ditferant opter fagesicsn rliffeingasheneg totheicatefersend
and a proxfefek rd’dﬂﬂi) such @hafl 'dﬁst@'en&m oPbathdi WGEA6e WiriSd BB piRld ﬁcahgﬂhett& the

first catheter; glreln t he, proxi mal end of the second wre my

mani pul at &ftheg oulsydamstep it 1156Wa%?f thansthe.outer digreeten Orféhqmeosagsatbﬁw&mw

openi ng S?ﬁixﬁﬂala:ﬁﬁl 24QhaY Be kRIRA.C aME Wit cgih@t%f’gfégesfﬂlﬁ}ebg Roikogsinad dsftigh @
patient. 4. The retrieval device of claim2 wher'ei n"t he openi ng

system co Nfﬂ’l'r QWD ferhnigiRs il as Belding eastingordbalike, 80 pytodem ot intearst catheien20he
di st aj5 enda@h Tah%laﬁbél? tsnfb%iﬂ”'ﬁ‘ﬁfs'iﬂonzéea ird ! pifk lcoﬂfevﬂog&hﬁ'f . ﬁin‘ﬂiaﬁ'yzﬁxe '

wherein the, fornmed has an open osiTIon
subst ant i &itfegeng Plreefiﬁ |°£ﬂlfquﬁ§#¥a9p7@d catheterpiraayr bet aryapges soOPé\w effectively danat patheter

wherein thg byl %Ys%&leeﬁh%rﬁ? Ip'rc?ﬁcfedaonsb%ﬁlcg oklé%&e b fn-gpqxa(r@ys gﬁéﬂ @&V' ce

of claim 23, wherein the system ¢ ri ses a I'rs umen. an
second | u#@ﬁleteaﬁan\mﬁéroéfh? mlﬁ@ cfflqagrptev\pm @/hnob m@nmalgmdeu tscprwedqdl eatlabteni 20hi n

the first ;lUARE bBBEruded or otherwise manufactured so as to be tapered externally or internally (i.e.,
20  such that it has, for example a smgle lumen that is tapered)

In this regard, as used herein, a “tapered’ catheter means a catheter that has either (a) an
outer sprface having a first cross-sectional area defined by the outer surface at a first location
that differs from a second cross-sectional area defined by the outer surface at a second location,
or (b) an inner surface (whlch defines lumen system 26 as used herein) having at least a first

25  cross-sectional area defined by the inner surface at a first locatmn that differs from a second
‘cross-sectional area defined by the inner surface at a second location. The aforementioned cross-
sectxonal areas are to be understood as having been taken at an angle that is perpendxcular toa
long1tudma1 axis of the catheter (e.g. axis 31 shown in FIG. SA) A tapered catheter 20 that
satisfies both (2) and (b) is illustrated in FIG. 18.

30 The size and conﬁguratlon of Jumen system 26 of catheter 20 may also vary according to
the ¢ glven application. As described above, if lumen system 26 includes only a single lumen, the
inner diameter of catheter 20 (i.e., the diameter of lumen system 26) may range in size from

about 0.010” to about 0.052”. Catheters or pieces of catheters that are assembled to form
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-35 1 4 JUL 2004 WO 01/56484 PCT/US01/03724 extend beyond either end of
the first catheter, and the second wire is placed within the second | unen.
28. The retrieval device of claim23, wherein the first cathptdt 2084
tapered. 5 200 oiffvesaretrieval device of claim 23, wherein thgddolgincat heter

conpri ses {,Ss _connect ed toget her 0. The retrieval

devi ce of c%f)eat?ljn?g%%y \%\% F%&We L&t B °§’§mc gglg{lefg_re&gn@g,_w%éo and/or
retrieval gdédewice30may|taihvu@d, Iumdnheste@MEsT GitHegr 20NFREE SmEIRRREELRI dtQcd he
second w L&

rei.n_the handl e nmay . he mani pul ated to cause the portion
of the seco?{&%&g?é p?f)e%pl nﬁlher’oau&aﬁfettﬁe%gé’@ﬁgﬂﬁ &Rt Hsefigition oh @ trRsags
ca|toa_bl e Ft%t@ﬂm’t fo]gh fallrm;eb gdmﬂ@u?ﬂef ﬁweptm ghideireBaithAm about 6:6134o ?Jéa?o.ow
retrieval ,device of .claim ur r conprising a reinforcing | oop
mat er i%al Foﬁ’r%%@’daﬁdoa tHE i(géﬁﬂﬁg\ﬁi 1ameter Rt ?‘PRHtQQA?% torabopt Bﬁgﬁ’r’ato whithof
t he secontkinbroing josp rtdrfalioat(@dedseedl Wildw LRAE ilthReRed & FIESS12 dnd Qfé)t ﬁ%\%o%n the
loop material. 20 33. The retrieva

l oop is adj acent to the reinforcin )

devi ce of 045?%%%1@%{ ngag?'t’tﬁe(irlra&%%%“?g‘?'ﬂbs as #tehfdor ci ng pusher materi al

connected to the second wire proxi nate the proximl end of the second wire:
34. The ret ritewglbedesitabl intertdinbpplBatins Wik Rh%R th@@xsh%miy%%@gmw& Er

mat eri al isag 1\zeco d,cat heter con%i ﬂgﬁrﬁ%g_to accept the first wwre, and.

wher ei n t RS Sl B P2 de3abls to rrdiica,the Rassblity thebwrire 40 mpydénis er huslde paloop 6A inf

the skicondpaned eThio nag 8 atdonlightdbyeprOReRE Rre YOS féﬂﬁ‘ofcﬁ% Tl%grrla&?i}al. As

capable of grasping foreign bodies within the patient. 3 retrieval
devi ce of “‘?gé’lefﬁ%é&, TenfPTORE PUShETateE]al ois any material batgnas attagkedd\os comnented ted

to the di siel40eRchngfashh b ifbase BhGHRI t 3¢
connect ed.fﬂggt hee‘igt?set1 al enpd ofa330 t he gsesc?r}%ygsae?ﬁgﬁy.‘bggg& ﬁé%ﬁéié?e\ﬁ?}seval

devi ce of UMEaHRFeRiorcing pysher myerial60; he sesylt 96 atrokingdaipfercing prsher matbriab6 he

di stal enth wire 4016 thitHisd oeadttahAY easilyBbkert oh / A
PCT/ US01/ 03724 I%r 7. Theoljréet ri e%?as(fgviegg gl%ghgogci%?ngémgp ur@ﬁﬁelsﬁﬁlgo(ﬁ%sr@ grlldng a

| ockilng dBAPXERALY @YAnected to the side-arm adapter. 3 8. The retrieval
device of claim37, further conprising a henostasis valve connected to the

5 | ocki ng devi Aeshod® inFIGS, hpd4f i@loné @bb@ieMofae iyl @O Qg,yrelfnfo%ﬂig 8usher

patient, copprising.,inserti a jdewire i-nto the patient; nmaneuvering
the gui deffif va%@ ’a%/ b pPEES P&%&@ 8‘351& & thix regpud; theteetyldubiag may be made from

nitinol that possesses superelastic qualities. Such nitinol tubing is available from Shape Memory

Applications (Santa Clara, CA) with pre-programmed superelasticity, and may possess about 55
20  to 56 % Nickel, and about 45 to 44 % Titam'uin. Other materials such as sfainless steel tubing, or

nitinol or stainless steel wire may also be used for reinforcing pusher material 60, |

L

In one 'embod'iment in which reihforcing pusher material 60 is made from metal tu‘bing,
the tubing may be slipped over proximal end 44 of wire 40 and aﬁacﬁed using one of the means
described below, as shown in FIG. 14. In another cnibodiment in which reinforciﬁg pusher

25  material 60 is made from metal tubing, the tubing may be placed beside some segmenf of wire
' 40.adjacent proximal end 44 thereof, as shown in FIGS. 12 and 13 (wire 40 is shown as being
covered by reinforcing loob material 90, discussed below), and attached using one of the means

described below. In this embodiment, the tubing may be configured to accept guidewire 30, as
illustrated in FIG. 12 and 13,

30 Reinforcing pusher material 60 may be attached td wire 40 using any suitable means. For
example, the two may be attached via soldering or welding of any suitable style. The length
~along which the two may be attached may be any length suitable for achieving a reliable
attachment between the two. In one embodiment, the length may be at least 1 cm or longer. One
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10 advancing a first catheter over the guidewire, the first catheter having
.a distal .end, a proxinmal end, an opening system through which a | oop nmay be
f or med, and a wire attachedthereto the wire being capablkg g yng a

| oop; mani pwioakliseug4t he wire to capture t he forei gn body V\p<t; é’m@wop, and

i t hd d b t t
body 1 1 ort e peidhbte: 66 BehEe ) AR PeRal & LS RibudSncnihdl o
system c owpmegm fcir resamahll mg¥ be peovidedrin ngsformmpﬁshexsmatepﬁrﬁ()n gnﬂaei()rtgass paced

openi ng. bhrs ' S g of Bive/ B GEMIKED 8% Ry PoBL SR & S B8R ong

20 di st an’@gethetrhdnfaddmpn,am §2 A0 12) snaarrbbepladmdmvgr ward Bt ﬁﬂtremfdrging@uaier 41.

posi t ron_ Prae Uy MRS OF P iR G end2ed, 38 S e o8 P

cl ai m 39, attablengthe twoetogéthet Riag S8tneay iompde Myastuthtﬁa&tatérm a8@ i HeSused
connected ,to eth 3 The thod of claim39, further conprising a

rei nform?}& 00 &‘ma 5??%?r%3%§%cted to the wire such that when the wire is
mani pul ated ‘to formthe | oop, at | east a portion of the |loop is 30 adjacent
to the reinf orlbimmigg taohp lengthe of wire 401and r¥inéoreing padienhatetialicn) Bide 40 sholliete at

conpri sin f e onn | mat e

P b ot af <8 Bl UL A\ B EE L o8 SINESH Bl Bl DE S IREORL TR S,

wher €ion tklmuhdenaiﬁdmhe ggibws Herattaditent gt beﬁwansﬁmmmahhﬁn&ﬁg ptﬁH& oidiexiagi N

t he mani ) I pul ati.n he . cat het er ca tur t he,

foreign B%? Ij\lem&? r&?ﬁ% hgggxa{%&@ 15 yed- 8@% g‘t"p%ﬂaﬁ PrPe&‘Sre”tfﬁ‘ictnﬁé? terial 60

]E:orrprl Si ngxoaldfemtentidﬂ'mm]sat pﬁnﬁatm%&e:td@ﬁmhjﬁcecb tvire t4i0eto Heorid thﬁlﬁfbgpiaro&h@al 1 g
irst cat a,se is val ve cC ecte e distal en

of the seg‘%ﬁ%’l 3‘? Al caihfter‘?ﬁzwfétasf RSyt VEgQBFPIEtP‘ng@ 17heY &1 frtetie

| umen sysficienrip ra]l@ve§or&nimptﬂitmhwfeﬂnﬁi’dingﬂp\is@eﬁlﬁ@@ﬂﬂ dmtﬁ&ﬁdera@tﬂormmtr &lel the

first, Junen i ur ed ept | east dewi re such that the
Ul deki 1 e TR e EBHHBE Siteraf 6B Ro Rirdor e A SiehabS Hrabnibos s e pyion

% re sui E ﬁﬁwtre 40 Qhaﬂvﬁtg etxtsadlfamp ]fhsé:B encg hf thrShgH %‘:Sﬁ'sg)(ii@\ﬁe9flndi%e ?ﬁ&t Prokimal

erein stem nfigured to_accept at |eas a) a

gui dewi re tgﬁ}%“ﬂg’?’tt‘gﬁx o °@‘h?t8"e£ﬂ g‘hﬁ’?"%ﬂ‘@‘ﬂf”b Pl Eor mapipulatign of progimal; st
cat het er, erii mwuawm Ordetitd Remlaa Jpeh Bpdsd. NAAkiASRAlIy2Bsth the diaReR} ey & t he
| umen sys&e& 8’-“'? urecL&to acagga the gui dewire such that the gui dewi re
my exten ;Pgrf & {PUSDSF makarah PO fpay ‘?fi Fhaser 50 196 tte deava ghe Als'tabﬂ)lal'“@%ﬂf
devi o CoBalietdri20Geasdndbly flappy dndifleidld\leRby BaNIitAhoAhd istedlel Eﬂe péitRnihg

end, - an openi ng, system t hrough which a | oop may be forhed, the openi ng
syst em po¥isvaifiedicedfveen the distal end and the proxinal end, and a | unen
system configured to accept at |east (a) a guidew re such that t he

gui dewi re may 'metpmiammymidm&l 4mﬁfayQ.lbd 1 intlegsell iy SitilEalone tkred 3L, (1) ths
wire suited to g the lumen system having. anZSoenlng

separate fqg@,r,c}1 e‘fﬁ\“ﬂ% Fray Bg}ﬁdﬁéogf nifigel, mﬁ@ﬁves%,gxp@ﬁqer of,
confi gur eéxatnpleammm (Ldm”,g@w@!aey\bf ®0GO7Ci0r tHadmallBerethbvaCaivicd AR Y.005%, 67>,

Rl SUIE N A W e O

pr oxi mal qmplrosatman B 4 Lo gy vifes BRP Al Rieshubly £ HAGdn Ritdehe? fo Mout D@2 r e
to forma,3 ﬁle rnal of the first” catheter, the | oop being capable
3 %rveﬁlg

of graspi refiqvR} fevices and afeut 0.035” for use with the larger retrieval
devices. The portion of wire 40 that forms loop 50 may possess a consistent diameter, or may be

tapered. As used herein, a “tapered” wire or a “tapered” portion of a wire means a wire or a
30  portion of a wire that has a first cross-sectional area defined by the outer surface of the wire or
portion of the wire at a first location that differs from a second cross-sectional area defined by
the outer surface of the wire or portion of the wire at a second location. The aforementioned
cross-sectional areas are to be understood as having been taken at an angle that is perpendicular

toa longitud;'nal axis running through the wire or portion of the wire.
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used herein, a “reinforcing loop material” is any material that may be attached or connected to
wire 40 so as tb increase the stiffness of some or all of the portion of wire 40 that may form open
loop 50. Depending on the material used, reinforcing loop material 90 may be (either “naturally”

10 or after being treated in some fashion) rougher than wire 40, such ‘that the friction between the

foreign body and loop 50 may be increased relative to the friction between wire 40 and foreign
body.

Remforcmg loop material 90 may be made of any smtably ngld yet elastic material that is

‘ smtably biocompatible. For example reinforcing loop material 90 may be made of stainless

15  steel, nitinol, TEFLON, NYLON, or PTFE. These materials may be prov1ded in a tubular form
such that they may be fitted over wire 40, prov1ded they are sufficient flexible to allow for the
formation of loop 50. Reinforcing loop material 90 may also be provided in wrappmg wire form

such that reinforcing loop material 90 is a hollow 0011 having an inner and outer diameter that

may be fitted over wire 40. When remforcmg loop material 90 is provided either as a tube or a

20  hollow coil, the inner diameter thereof is determined by the diameter of wire 40 and, in this
regard, is generally only slightly greater than the diameter of wire 40. The outer diameter of
reinforcing loop material 90 depends on the material that is used. In this regard, reinforcing loop
material 90 with an outer diameter of 0.018” is suitable for use with larger retrieval devices,

while an outer diameter of 0.012” is suitable for use with smaller retrieval devices.

25 In another embodiment, reinfdrcing loop material 90 xﬁay take the form of a wiréiﬁat is
manually wrapped around wire 40. Such a wire may be made from nitinol and possess 55 to 56
% Nickel, and about 45 to 44 % Titanium (Shape Memory Applications). Additionally,
reinforcing loop material 90 may be provided with a radiopaque material such as tungsten or
platinum. In this regard, reinforcing loop material 90 may be made exclusively from the highly

30  radiopaque material, such as tungsten or platinum, or may be formed from a mixture of a highly
radiopaque material and a less radiopaque material such as stainless steel or nitinol.

Reinforcing loop material 90 may be attached to wire 40 using any suitable means, such

as through the use of welding of any suitable style, soldering or gluing. In this regard, both ends
-25-
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especially usmg glue. Prior to or after a suitable attachment has been made, if reinforcing loop
material 90 is made of a suitable material, such as nitinol, it and wire 40‘ may be annealed
together as described above. Regardiess of the form of reinforcing loop material 90, once the
same is attached to wire 40, when the proximal end of the wire 40 is manipulated to open or

close loop 50, at least a portion of loop 50 will be understood to be adjacent to reinforcing loop
material 90. - ' '

In certain applications, such- as superselective positions in the pulmonary arteries,
catheter 20 should have a low profile so as to maximize trackability. Accordingly, in the case of
the larger retrieval devices, catheter 20 may be provided with an outer diameter of 6-F, wire 40
may be provided with a diameter of 0.009”, and reinforcing loop material 90, if used, may be
provided with an outer diameter of 0.018”. In this same fegard, in the case of the smaller
retrieval devices, catheter 20 may be provided with an outer diameter of 3-F, wire 40 may be
proﬁded with a diameter of 0.005”, and reihforcing loop material 90, if used, mayl be provided
with an outer diameter of 0.012”. As a result, both the smaller and retrieval devices provided
with such dimensions will likeiy be able to easily negoﬁate tortuous sections of the vasculature

or other luminal organs, and/or acute angles in either, following guidewire 30.

Turning to FIG. 15, catheter 20 may be equipped with lock system 110 and handle 120.
Lock system 110 may include catheter adapter 112, which is capable of connecting catheter 20 to
side-arm adapter 114 in the manner described above. Guidewire 30 (not shown) may be
introduced through side-arm adapter 114. In this regard, catheter 20 may also be positioned and
advanced over a guidewire that is already in place, as described in greater detail below. The
lumen of side-arm adapter 114 may be configured to direct a guidewire entering the adapter from -
the distal end thereof—such as if catheter 20 were advanced over an already-positioned'

guidewire 30—to arm 77. This may be achieved by a divider within the lumen of the side-arm
adapter 114, or the like.

Also illustrated in FIG. 15, lock system 110 may also include locking device 116, which
is shown as being connected to side-arm adapter 114, and which may be used to secure
reinforcing pusher material 60 or wire 40 (not shown) relaﬁ;re to catheter 20. When the two are
secured in this manner, neither reinforcing pusher material 60 (or wire 40) nor catheter 20 will be

able to move axially relative to the other. Suitable locking devices 116 include the

-26-
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As shown in FIG. 15, handle 120 may be attached directly to reinforcing pusher material
60 or wire 40 (not shown). Using handle 120, an operator may 'push or pull wire 40 as necessary
to open or close loop 50. Although not shown, it will be understood to those of skill in the art,
10  with the benefit of this disclosure, that finger pieces 122 may be attached dlrecﬂy to reinforcing
pusher material 60 or wire 40. Further, thumb piece 124 may be connected to lock system 110
-and ﬁnger pleces 122 may be shdably moved relative to stationary thumb piece 124. Any
suitable device may be attached to the proximal end of reinforcing pusher material 60 or wire 40

(not shown) for the purpose of facilitating the mampulanon of either.

15 ~ It will be understood to those of skill in the art, with the benefit of this disclosure, that

any of the present retrieval devices 10 may be used with or without lock system 110 or handle
120.

Another embodlment of locking system 110is deplcted in FIG. 17. Asshown, the lumen

system of catheter 20 includes two lumens. Wire 40 is housed in one of the lumens, and:

20 gmdewue 30 is housed in the other lumen. Prox1ma1 end 24 (hidden) of catheter 20 is provided

_ with catheter bub 71, which is configured as a femal_e Luer connection piece, Catheter hub 71

may be glued or otherwise attached to catheter 20 at proﬁmal end 24. Catheter hub 71 may also

be formed integrally with catheter 20 (not shown). As shown, cafﬁeter 20 may be attached to

side-arm adapter 114 by virtue of the male Luer connection piece 73 engaging catheter hub 71.

25  Hemostasis valve 25 may be attached to arm 77 of side-arm adapter 114, to serve at least the
function of preventing blood loss around guidewire 30. |

Also shown in FIG. 17, locking system 110 may include locldng device 116, which may
be any of the devices descnbed above with reference to FIG. 15. Locking device 116 may be
connected to side-arm adapter 114 using a Luer lock. Further, locking device 116 may be

30  attached to hemostasis valve 25. Hemostasis valve 25 may be provided with side arm 27,
through which any suitable fluid may be inj jected into lumen system 26, just as any suitable fluid
may be inj ecfed through arm 77 upon removal of hemostasis valve 25. To better ensure that a

suitable fluid may be forced through both lumens of a multi-lumen lumen system 26, the lumens

27-
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direct a guidewire entering the adapter from the distal end thereof—such as if catheter 20 were
advanced over an already-positioned guidewire 30—to arm 77. This may be achieved by a
divider within the lumen of the side-arm adapter 114, or the like. Additionally, were guidewire
30 inserted into side-arm adapter 114 through arm 77, the lumen of lumen system 26 in which

15  wire 40 is housed may be narrowed in any suitable fashion at proximal end 24 of catheter 20 in
order to better ensure that guidewire 30 advances through the other Jumen of lumen system 26.
This narrowing may be achieved by any suitable insert (not shown), such as an elastic ring or the
like, that can be friction-fitted, glued, extruded or otherwise integrally-formed, efc., within the
proximal end of the lumen so as to allow the Jeast amount of free space to surround wire 40 (or
20  reinforcing pusher material 60, not shown) once wire 40 is in place. By doing so, guidewire 30
is less likely to be mistakénly inserted into fhe lumen of lumen of lumen system 26 occupied by
wire 40, should the lumen of side-arm adapter 114 not be provided with a divider or other
element for properly directing guidewire 30. However, it will be understood to those of skill in
the art, with the benefit of this disclosure, that careful manipulation of guidewire 30 will likely
25  ensure the proper placement thereof even absent a divider within the lumen of side-arm adapter

114 or a narrowing insert in the appiopriate lumen of lumen system 26.

The present retrieval devices may be used in a variety of applications for retrieving
fofeign bodies of virtually any size. In most cases, the present retrieval devices may be inserted
into patients by way of a single percutaneous insertion. In this regard, the access vessel or

30  luminal organ may be punctured through the skin with an appropriate needle. Guidewire 30 may
be inserted into the body through the lumen of the needle and the needle mayvbe removed. The
guidewire may then be maneuvered through the patient until it reaches an appropriate location,

such as one proximate the foreign body. Once guidewire 30 has been positioned in a suitable
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may attempt to grasp the foreign body w1th it. In doing so, locking device 116 may.be
temporarily unlocked, and handle 120 may be manipuiated so as to open loop 50. .Locking
device 116 may then be re-locked. Loop 50 may theﬁ be maneuvered so as to surround the
foreign body; locking device 116 may be temporarily unlocked; handle 120 may be manipulated

10 until the foreign body is firmly connected between loop 50.and catheter 20;.and locking device

116 may be re-locked. The retrieval device, along with the foreign body, may then be withdrawn
-and removed from the patient.

An introducer sheath may be used during the interventiori if doing 50 is in the ‘best

interest of the patient. Introducer sheaths are normally used if the access site is expected to be

15 used several times, which normally occurs when catheters or other devices are exchanged.

Usually, the use of one of the present retrieval devices may be necessary to remedfr an undesired

complication that occurs during an intervention. Because such an intervention may have

involved the use of an introducer sheath, the present retrieval device may also be inserted

- through that introducer sheath. If an initial introducer sheath does not seem suitable for safe-

20 removal of the given foreign body, the operator may exchange it for an appropriately-sized one

before starting the retrieval process. One advantage of utilizing an introducer sheath is the

reduction in the possibility that the foreign body may cause damage to the access site during
removal. ' ‘ |

'If the. present retrieval device used in an intervention is not used with guidewire 30,

25  access to the vessel or luminal organ may be established as just described. A guidewire may

then be maneuvered through the patient until it reaches the approximate location of the foreign

body. An appropriately-sized catheter (i.e, a guiding catheter or the like that will fit over

. catheter 20) may then be advanced over the guidewire to the target location. The guidewire may

be withdrawn, and catheter 20 may be advanced to the target locéﬁon within the appropriately-

30 sized catheter. The appropriately-sized catheter may then be partially withdrawn to allow the
operator to manipulate the retrieval device in an unfettered manner.

It may be desirable in some cases to utilize the appropriately-sized- catheter to help
capture or firmly hold the foreign body. In such cases, the tip of the appropriately-sized catheter
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the appropriately-sized cathc?ter plays no role in the retrieval process, it may be positioned so as
5  to allow the free operation of the retrieval device, and may then be fixedly secured to catheter 20

using a device similar to one that may Serve as locking device 116.

When loop 50 is being opened or closed through the manipulation of either wire 40 or
reinforcing pusher material 60, whether or not handle 120 is utilized, it will be understood to
those of skill in the art, with the benefit of this disclosure, that depending on its orientation, the

10  target foreign body may be approached from its proximal end or its distal end. In either case,
once loop 50 has been appropriately positioned around the target foreign body, loop 50 may be
manipulated so that the foreign body is secured against the outside of catheter 20. In some éases,
in order to best orient the foreign body longitudinally such that the axis, if any, of the foreign
body is as parallel to axis 31 of catheter 20 as possible, loop 50 may be loosened and retightened

15  one or more times. Once the target foreign body has been secured in this manner, the retrieval
device and the fofeign .body may be withdrawn togéther and removed from the body. As
indicated above, an access sheath may be used to minimize the potential for damage to the access
site during removal. | '

It will be understood to those of skill in the art, with the benefit of this disclosure, that the

20  present retrieval devices can also be surgically inserted into a patient.

The present retrieval devices may also be utilized to retrieve varioﬁs stents, such as the
Palmaz-Schatz stent, the Wallstent® or the Gianturco-Rbubin stent. As shown in FIG. 16, to
retrieve such a stent, a guidewire 130 may be placed into the lumen of the stent 132. Next, a
sheath or guiding catheter 134 may be advanced over guidewire 130 until positioned proximally

25  of stent 132. Retrieval device 10 may then be advanced within the sheath or guiding catheter
until it is appropriately positioned either distally or proximally of the stent. Once loop S0 has
been 6pened and oriented appropriately around the stent to be retrieved, guidewire 30 may be
completely withdrawn, loop 50 may be closed around the stent by manipulating proximal end 44
of wire 40 (not shown) through the use of handle 120 (not shown), and retrieval device 10 and

30 the secured stent 132 may be simultaneously withdrawn over guidewire 130 into guiding catheter
134 and out of the patient’s body.

All of the present retrieval devices disclosed and claimed herein can be made and

executed without undue experimentation in light of the present disclosure. While the techniques
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suitable adhesive.
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l;hf&g aying a d1sta1 end, a proximal end, a lumen system configured to accept
at least one wire such that the at least one ere may extend beyond either end of
the first catheter, and an opening system through which a loop may be formed,
the opening system positioned between the distal end and the proximal end, the
lumen system having an opening separate from the opening system, the opening
of the lumen system configured to accept the at least one wire such that the at
least one wire may extend beyond the distal end of the first catheter; and ‘

a wire having a distal end attached to the first catheter, and a proximal end;

wherein the proximal end of the wire may be manipulated to cause a portion of the wire to form a

loop external of the first catheter, the loop being capable of grasping foreign bodies within a
patient.

2. The retrieval device of claim 1, further comprising a guidewire configured to be placed
within the lumen system.

'3_ The retrieval device of claim 1, wherein the opéning system comprises first and second
openings, the first opening being spaced from -the distal end of the first catheter by =z first
distance, the second opening being sﬁaced from the distal end of the first catheter by a second
distance, the first and second distances being substantially equal.

4, The retrieval device of claim 1, wherein the loop that may be formed has.an open
position that is substantially circular in shape.

‘s, The retrieval device of claim 1, wherein the lumen system comprises a single lumen.

6. The retrieval device of claim 1, wherein the first catheter is tapered.

7. The retrieval device of claim 1, wherein the lumen system comprises a first lumen and a
second lumen, and wherein the first lumen is configured to accept at least one wire such that the

at least one wire may extend beyond either end of the first catheter.

8. The retrieval device of claim 1, wherein the first catheter comprises at [east two segments
con_nected together,
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FA 0! & () 10. F /%c'x)e %e al devm /dfo {& 0 further comprising a reinforcing loop material connected
to the wire such that when the proximal end of the wire is manipulated to form the loop, at least a

portion of the loop is adjacent to the teinforeing loop material.

11. The retrieval device of claim 10, wherein the reinforcing loop material comprises PTFE.

10
12.  The retrieval device of claim 10, wherein the reinforcing loop. material comprises
stainless steel.

15 13.  The retrieval device of claim 10, wherein the reinforcing loop material comprises nitinol.

14.  The retrieval device of claim 10, wherein the reirforcing loop material comprises
tungsten or platinum.

20 15.  The retrieval device of claim 1, further comprising a reinforcing pusher material

connected to the wire proximate the proximal end of the wire,

16.  The retrieval device of claim 15, wherein the reinforcing pusher ‘material comprises
nitinol.
25

17.  The retrieval device of claim 15, wherein the reinforcing pusher material comprises
stainless steel.

18.  The retrieval device of claim 15, wherein the reinforcing pusher material is a second
30 catheter, and wherein the second catheter may be manipulated to cause the portion of the wire to

pass through the opening system and form the loop capable of grasping foreign bodies within the
patient.
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21.  The retrieval device of claim 20, further comprising a locking device connected to the
side-arm adapter.
10
22. . The retrieval device.of claim 21, further comprising a hemqstasis valve connected to the
locking device.

23.  Aretrieval device comprising: _ '

15 a first catheter having a distal end, a proximal end, a lumen system configured to accept
at least one wire such that the at least one wire may extend beyond either end of
the first catheter, and an opening system through which a loop may be formed,

a first wire configured to be placed within the: lumen system and extend beyond either
end of the first catheter; and

20 a second wire having a distal end and a proximal end, the distal end of the second wire
being attached to the first catheter;

wherein the proximal end of the second wire may be manipulated to cause a portion of

- the second wire to pass through the opening system and form a loop capable of
grasping foreign bodies within a patient.
25

24.  The retrieval device of claim 23, wherein the opening system comprises two openings
oriented substantially equidistant from the distal end of the first catheter.

25.  The retrieval device of claim 23, wherein the loop that may be formed has an- open
30 position that is substantially circular in shape.

26. . The retrieval device of claim 23, Wherein the lumen system comprises a single lumen.

27.  The retrieval device of claim 23, wherein the lumen system comprises a first lumen and a

35 second lumen, and wherein the first wire is configured to be placed within the first lumen and
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O 29, e retrieval device of claim 23, wherein the first catheter comprises at least two

segments connected together.

30.  The retrieval device of claim 23, wherein the second wire is tapered.

10
31.  The retrieval device of claim 23, further comprising a handle connected to the second
wire, and wherein the handle may be manipulated to cause the portion of the second wire to pass
through the opening system and form the loop capable of grasping foreign bodies within the
patient.

15

32.  The retrieval device of claim 23, further comprising a reinforcing loop material
connected to the second wire such that when the proximal end of the second wire is manipulated

to form the loop, at least a portion of the loop is adjacent to the reinforcing loop material.

20 33.  The retrieval device of claim 32, further comprising a reinforcing pusher material

connected to the second wire proximate the proximal end of the second wire. .

34.  The retrieval device of claim:33, wherein the reinforcing pusher material is a second
catheter configured to accept the first wire, and wherein the second catheter may be manipulated

25 to cause the portion of the second wire to pass through the opening system and form the loop
capable of grasping foreign bodies within the patient. '

35,  The retrieval device of claim 34, further comprising a first hemostasis valve connected to
the distal end of the first catheter, and a second hemostasis valve connected to the distal end of

30 the second catheter.

36.. The retrieval device of claim 23, further comprising a side-arm adapter connected to the
distal end of the first catheter,
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-inserting a guidewire into the patient;

maneuvering the guidewire to an appropriate location within the patient;

10 advancing a first catheter over the guidewire, the first catheter having a distal end, a
proximal end, an opening system through which a loop may be formed, and a
wire attached thereto, the wire being capable of forming a loop;

manipulating the wire to capture the foreign body with the loop; and
withdrawing the first catheter and foreign body to retrieve the foreign body from the
15 patient.

40. The method of claim 39, wherein the opening system comprises first and second

openings, the first opening being spaced from the distal end of the first catheter by a first

distance, the second opening being spaced from the distal end of the first cathefcer by a second
20 distance, the first and second distances being substantially equal.

41.  The method of claim 39, wherein the loop that may be formed has an open position that
is substantially circular in shape.

25 . 42. The method of claim 39, wherein the first catheter comprises at least two segments
connected together, ’

43.  The method of claim 39, further comprising a reinforcing loop material connected to the
wire such that when the wire is manipulated to form the loop, at least a portion of the loop is
30 adjacent to the reinforcing loop material.

44.  The method of claim 39, further comprising a reinforcing pusher material connected to
the wire proximate the proximal end of the wire.
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47, The retrieval device of claim 1, wherein the lumen system comprises a first lumen and a
second lumen, and wherein the first lumen is configured to accept at least (a) a guidewire such
that the guidewire may extend beyond either end of the first catheter, and (b) a wire suited to

forming the loop.

48, The retrieval device of claim 1, wherein the lumen system is configured to accept at least
(a) a guidewire such that the guidewire may extend beyond either end of the first catheter, and (b)
a wire suited to forming the loop, and the opening of the lumen system is configured to accept the

guidewire such that the guidewire may extend beyond the distal end of the first catheter.

49. A retrieval device comprising:
 a first catheter having a distal end, a proximal end, an opening system through which a
loop may be formed, the opening system positioned between the distal end and
the proximal end, and a lumen system cbnﬁgured to accept at least (a) a
guidewire such that the guidewire may extend beyond either end of the first
catheter, and (b) a wire suited to forming the loop, the lumen system having an
opening separate from the opening system, the opening of the lumen system
configured to accept the guidewire such that the guidewire may extend beyoﬁd
the distal end of the first catheter; and - |
a wire héving a distal end attached to the first catheter, and a proximal end;
wherein the proximal end of the wire may be manipulated to cause a portion of the wiré to form a
loop external of the first catheter, the loop being capable of grasping foreign bodies within a

patient.
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