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BACKGROUND OF THE INVENTION 1. Field of the Invention . The present

i nventi onwigeliadk@s generally to the field of nedical instry@mngsihong
retrieving foreign articles frompatients. Mre particularly, it concerns
an apparatus for use as a snare orﬂﬁ&ﬂ@ﬁn body retrieval device that
i's guidew re-conpatible and includes a continuously- adjustable,

| aterally-oriented | oop. 2. Description of Related Art During nedical
procedures which utilize catheters, guidew res, pacemaker |eads, or other
medi cal devices, a portion of the deV| ce can sorretl nmes break off and be
left within the patient.FOIS ¥ B i Al d¢H hen travel within
the patient's vascul ar system and cone to rest |n a lum nal organ, vein or
artery, and usually at a branching point or in the heart. Leaving these
foreign bodies within the patient can be quite harnful, and may result in
conplications |like sepsis, perforation, thronbosis, arrhythm as,

nyogardi al necrosis, or eBROCKEROUNDREF GHE ENVENTION necessary and urgent
to renove the foreign body fromthe patient. 20 Ssmlarly, several

i nterventional radiological procedures involve inplantation of different
devices within the body. Recently, enbolization coils, stents and vena cava
filters, anong others, have been frequently used. M splacenent and/or

di sl odgrrent pf t%@ﬁmﬁbgﬁ&m result in serious consequences and
necessitate their removal (Galal et al., Eur. Heart J, 1997; Ing and

Bi erman, Cardiovasc. Intervent. Radiol., 1995; Siegel and Robertson, JVIR,
1993; Li pt onlhejweRnt 1rwsnn@9&)latesrg@emélyct9tthm ﬁglqlsofrrend;vdlmmum@ts‘efog metbl@wjmes
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Neck" snare, commercially available from M crovena Corporation of Wite
Bear Laiddustaiie, laterallyrorigmfes johe nost popul ar snare. Described in U.S.
Patent No. 5,171,233 to Anplatz et al. (1992), the Anplatz snare consists

of a superelqasti in half. The two wire segnents created
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as a result ‘of gether to elimnate

During medical procedures which utilize catheters, guidewires, pacemaker leads, or other

medical devices, a portion of the device can sometimes break off and be left within the patient.

15 The detached portion may then travel within the patient’s vascular system and come to rest in a
luminal organ, vein or artery, and usually at a branching point or in the heart. Leaving these
foreign bodies within the patient can be quite harmful, and may result in complications like
sepsis, perforation, thrombosis, arrhythmias, myocardial necrosis, or even death. vTherefore, it is

necessary and urgent to remove the foreign body from the patient.

20 Similarly, several interventional radiological procedures involve implantation of different
devices within the body. Recently, embolization coils, stents and vena cava filters, among
others, have been frequently used. Misblacement and/or dislodgment of these devices may result
in serious consequences and necessitate their removal (Galal ef al., Eur. Heart J., 1997; Ing and
Bierman, Cardiovasc. Intervent. Radiol., 1995; Siegel and Robertson, JVIR, 1993; Lipton, JVIR,

25 1995).

The percutaneous 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.



5 the possibility of noving the segnents relative to each other. Aloop is
fashioned at the |ocation of the bend. The |oop is bent at its proxi mal

end (i.e.wgdhasegad of the |oop closest to the operator) sahgdoas72ihe | oop
is oriented gt an angl.e to.the bonded wire, segnents. .Because the wire .
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be achifésedd by hol ding the catheter steady and w t hdrawi ng the bonded wire
segnents, or both may be 20 mani pul ated at once. The snhare may then be

reyoved from.t ' it I ||l Y= . Ord f ] . A
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nature of the [oop of the Anplatz snare, however, poses certain

shor t cdeyogdthe tipof thxeatipdter, tHedeeniwil tehwinedapnitsaifiddend, usklass. ng only one or
two snare sizes may not be feasible to efficiently renove foreign bodies
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The vessel, or structure could be traumatized by the pressure the | oop would
exe?t Jpanipgated at once. The snare may then be removed froim the patient along with the laterally-

oriented foreign body.

A purported advantage of the bonded wire segments and fixed loop of the Amplatz snare
is that the operator need only utilize one hand to form the loop, in contrast to other snares in
which the relative movement of the two wire halves may be required in order to form a useful

25 loop. (See, e.g., the snare disclosed in Bett et al., Med. J. Aust., 1971)

The fixed nature of the loop of the Amplatz snare, however, poses certain shortcomings.

For example, because the loop is fixed, having only one or two snare sizes may not be feasible to
efficiently remove foreign bodies of all sizes in the least disruptive manner to the patient.
Obviously, while having a snare with a relatively large loop may be useful for retrieving

30 correspondingly large foreign bodies in sufficiently sized vessels or structures, a patient could be
traumatized by retrieving a more diminutively-sized foreign body with the same snare.
Specifically, it would not be beneficial to the patient to retrieve a small foreign body lodged in a

small vessel or structure with an Amplatz snare having a loop that is larger than the size of the

-



wal | thereof during the procedure. As a result, it is not possible to
feasibly utilize one or two Anplatz snares for the retrieval of foreign
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Welter et al. (1994) {(commercially avail from Cook I'nc.; Bl oom ngton,
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helically wapped around the el ongated nenber, and thr eade§ back into the
metfber RIATABEIYAY evkreauR PSRk IemoNel eby forming a col | apsed, stainless
steel helical snare | oop external of the nenber. The distal end of the

stainl ess steglansther shortcoming of the Amplatz snare is that it is not guidewire compatible. The

use of a guidewire is neither disclosed nor suggested by the Amplatz patent. Thus, the catheter
in which the folded wire is housed must be used to guide the snare to its desired location.
Further, the use of a guidewire with the Amplatz snare would only add to its bulk since a larger
25 delivery catheter would be needed in order to accommodate the two twisted wire segments

bonded together and the guidewire.

The surgical snare disclosed in U.S. Patent No. 5,342,371 to Welter et al. (1994)
(commercially available from Cook Inc., Bloomington, IN) (the “Welter snare™) suffers from
some of the same shortcomings as the Amplatz snare, but addresses one of them. The Welter

30  consists of an elongated member in which two longitudinally spaced-apart ports are provided. A
stainless steel wire is threaded out of one of the ports, helically wrapped around the elongated
member, and threaded back into the member through the other port, thereby forming a collapsed,

stainless steel helical snare loop external of the member. The distal end of the stainless steel
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-3 WD 01/56484 PCT/US01/03724 wire is attached to the distal end of the
menber. The stainless steel helical snare | oop may be opened and cl osed by

mani pul at wiedn1&efdsi di ng handl e affixed to the proxi mal end pefr/tdagosmgber .
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steel loop may be formed and operated without it being laterally deformed or kinked. In this
regard, the Welter patent recognizes the shortcomings of loops that may kink during use, and
appears to address this problem by ensuring the formation of a helical snare loop (i.e., one that is
not laterally deformed) through the longitudinal spacing of the ports in the member and the

25 orientation of the stainless steel wire between the ports.

A shortcoming of this design, however, is the fact that the stainless steel wire occupies
space around the circumference of the member during its introduction into and movement
throughout the body of the patient. As a result, the stainless steel wire could disrupt fluid flow,
or even cause damage to the vessel or luminal organ in which it is placed if, for example, the

30  vessel or luminal organ is irregular in shape due to the presence of plaque, efc. Additionally, as
the stainless steel helical snare loop is opened, utilized, and closed, it occupies space within the
patient along the entire length of the member located between the two ports. Consequently, the

vessel or luminal structure in which the Welter snare is utilized is subject to the potential damage
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the stainless steel helical snare loop is opened, utilized, and closed, it
occupi es space within the patient along the entire I ength of the nenber
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line is that if the position of the |oop fornmed was disrupted by either
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that if the position of the loop formed was disrupted by either the foreign body or a portion of the

is

patient’s anatomy, the lack of rigidity of the nylon line could prevent the operator from readily

re-achieving an operable configuration of the misshapen loop.

25 The problems pointed out with the foregoing snares are not intended to be exhaustive but
rather are among many that tend to impair the effectiveness 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 satisfactory,
particularly in providing a simply-constructed snare that is easily-maneuverable and capable of

30  grasping articles in a reliable and minimally-invasive fashion.
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patient. The retrieval device may also include, but is not limited to, 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 reinforcing loop material. The reinforcing
loop material may be made from TEFLON, NYLON or PTFE. The reinforcing loop material
25  may be made from stainless 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 limited to, a reinforcing pusher material connected to the wire proximate the
proximal end of the wire. The reinforcing pusher material may be made from nitinol or stainless
steel, for example. The reinforcing pusher material may be a second catheter, and the second
30 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. 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 hemostasis 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
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proxi mal end of the wire. The reinforcing pusher material may be made from
nitinol or stainless steel, for exanple. The reinforcing pusher materi al
may be a w@rgmgaat heter, and the second 30 cat het er nmay lpe- @i psthat ed to

causeth i.on of the reto ssthro openi ng yst m anpd form
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cat het etb paﬂsﬂhﬂigh phoxperihg Sisttndbnd frenseopaapatie ofraysiiag fewigatodies dvitiin a
cause a portion of the second wire to pass through the opening system and

form a R%8Y- capabl e of grasping foreign bodies within a patient. The
openi ng system may i nclude two openings oriented substantially equidistant

fromthe diplalpepng s%teﬁﬂﬁa}f in'bﬁfde &R B?érﬁﬁgs &%téd%@stﬁlﬁﬁﬂly%ﬁldﬂ@arﬁ ?fo'ﬂ?ﬂle may

have an open position’that 5 substantially circular T n shape.
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and t hQn&ﬁﬁQﬁQieV& fifst Maven BEd Bl Re&H Winidhl the Rt S\@&Oﬂﬂg?’ loe rgRRfigdBe tb ibeStlaced
catheter may be tapered. The first cat het er @Tégstl ncl ude at | east two

segnment \§1ﬂ@o threlirselymesgadiesiend baponseaithatiend ofdh pethetep and the sppndagire may
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the | oop capable of grasping foreign hodies within the patient. The
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| oop ”%ﬁrth@harf&?@{}ﬁ?tb%drngﬁpulated 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. The
retrieval device may also include, but is not limited to, a reinforcing loop material connected to
the second wire such that when the proximal end of the second wire is manipulated to form the
25  loop, at least a portion of the loop is adjacent to the reinforcing loop material. The retrieval
device may also include, but is not limited to, a reinforcing pusher material connected to the
second wire proximate the proximal end of the second wire. The reinforcing pusher material
may be a second catheter configured to accept the first wire, and the second catheter may be
manipulated to cause the portion of the second wire to pass through the opening system and form
30  the loop capable of grasping foreign bodies 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 hemostasis valve connected to the distal end of the second catheter. The
retrieval device may also include, but is not limited to, a side-arm adapter connected to the distal

end of the first catheter. The retrieval device may also include, but is not limited to, a locking
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guidewire to.a ro Qcat ko i e ien a Lst
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substantially circular in shape. The first catheter nay include at | east

two segweimdsoftbe boprieedjecknt tgthe heinforcihg lavpthasekiatay al so i ncl ude, but is not
limted to, areinforcing loop material connected to the wire such that

when the wire is manip a portion of the
| oop is adjacent to thl’ﬁlﬁ f ..Pla.gg .@T@@g(’.m DESCRI PTI ON OF THE

DRAW NGS The foll owi ng drawi ngs form part of the pr esent specification and
are i ncl udedriedfoflowinpedrawings form part of the present specification and are included to further

20  demonstrate certain aspects of the present retrieval device. The present retrieval device may be
better understood by reference to one or more of these drawings in combination with the

description of illustrative embodiments presented herein.
FIG. 1 is a perspective view of one embodiment of the present retrieval device.

FIG. 2 is a front, cross-sectional view of one embodiment of the catheter of the present

25 retrieval device.

FIG. 3 is a top view of another embodiment of the catheter of the present retrieval

device.

FIG. 4 is a perspective view of a portion proximate the distal end of one embodiment of
the present retrieval device, which shows one manner in which the wire that forms the loop of

30  the present retrieval device may be connected to the catheter.
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20 denonstrate certain aspects of the present retrieval device. The present
retrieval device may be better understood by reference to one or nore of
these dragwig\H%eigd conbination with the description of illggtydhhyBs

enbodi nents _presented_herein. 1 is a perspective vjew of_ one

FI G
enbodi nent  dAGr R 18 ackenviews of thesathegantdle prepent rotripyal flepjcgnvhich shows one
Cross- %ﬁﬁ)g%lt oi"ih%}%a@ﬁig@?gst&ml?ﬂjer@ﬁfete?.f the catheter of the present 25

retrieval devlce. a top view of another enbodi ment of the
catheter of the present retrieval device. FIG 4 is a perspective view of
a portion pHG. a8t 4 fientivevalof ¢d cathetenef dlnb prisensntetrzfval tieaceg relsielntshows
retrieval ,device,. shows one mnqﬁf‘recalﬁﬁ which the wire that forns the

whi
| oop ofAROtBEr FRROgImERQfith QRpqning Sypte §°he connected to the catheter.
-8 WD 01/56484 PCT/US01/03724 FIG 5A is a front view of the catheter of

t hes present pref. Giaeal pdgiectis vithi sHbns Rewsdiiéht of o880 tetAbval devies amhitl
systemin the catheter. FIG 5B is a front view of the catheter of the

pr esentshews thedgeq indanvdpea posilibeh shows anot her enbodi nent of the opening
systemin the catheter. 5 FIG 6A is a perspective view of one enbodi nent

of the pres ratrjeval j Wi t I.0:.an.ap posi_t L on.
Pl oe 1o a8, i ol Sl B, reliay S B RO e P RBoPAE e
one erchtddimsit of thdepliesertrigval rdesival odapylig alec upyiteyy thtngd eddbmstthe

di stance algng the circunference of the catheter between the openings

t her ei Fircumiorense of thescagheterbelyreenitheorsnags ereile enbodi nent of the present
retrieval device, which shows a foreign body secured between the catheter

anth t he | oogrr;hGs aEﬁJé.Cr;?pegti{r@PieW M6 eRPSIRRROGH R PreRht IdieRl ﬁ?ﬁ?éﬁewhich

retrieval device. Is a top view of another "enbodi nent o

pr esentshows o f@emn bddy iseairedheBredOthe satheter ant thel@p. of one enbodi ment of the
present retrieval device in which the 15 loop resides in a plane that is

substanti al | r.oendi cul ar. to a Xi S, running throu the catheter. FIG
P n | R SRR G oh shBafiicn bt B bhet R Ve T eve hovi G 1 n
which a longitudinal axis that is curved passes through the loop. FIG 12

I's a perspedIiG(® ivheyy vitwTensfiboshb®Rihetfoftieppsens attievabtictieyal device,
whi ch shows henpstasis val ves connected to both the catheter and the
rei nforcing lpusher, mat eri al . ) . . .

1G. 10 is a front view of one embodiment of the present retrieval device in which the

15  loop resides in a plane that is substantially perpendicular to an axis running through the catheter.

FIG. 11 is a front view of another embodiment of the present retrieval device in which a

longitudinal axis that is curved passes through the loop.

FIG. 12 is a perspective view of one embodiment of the present retrieval device, which

shows hemostasis valves connected to both the catheter and the reinforcing pusher material.

20 FIG. 13 is a partial perspective view of one embodiment of the present retrieval device in
which both a reinforcing loop material and a reinforcing pusher material are attached to the wire

forming the loop.

FIG. 14 is a is a partial perspective view of another embodiment of the present retrieval

device in which only a reinforcing pusher material is attached to the wire forming the loop.

25 FIG. 15 is a partial perspective view of one embodiment of the present retrieval device,
which shows a locking system attached to the distal end of the catheter and a handle attached to

the distal end of the reinforcing pusher material.



20 FIG 13 is a partial perspective view of one enbodi nent of the present
retrieval device in which both a reinforcing |loop material and a
rei nforciwe ausi|r material are attached to the wire formdigudonesheop.

FIG 14 is i partial .perspective vjew of another enbadi nent of t.he

b esent r ot UGS 16 Taa il BRSRRTH "o hoingion GRiteRin SR anes vt reffeyal

at t ache@vic ir 1he pbdeSs bPleRtha Mol@Rent25 FIG 15 is a partial perspective
vi ew of one enbddi nent of the present retrieval device, which shows a

| ocking system attached to the distal end of the catheter and a _handle
attached t o FIGfe 1diis & aprtichpersfective viewi ¢ffae cihydiuest of thespresankietriewyl Yygyice,

01/ 56484 . 0 . I | al ectilve Vi i;ng,one
enbodi Qnélﬁﬁlc%oﬁaéé‘gﬁéééﬁ ﬂleﬁr ?};esgeg fh g\%%%ltg{e?’na Eﬁgﬁgrsgétgglsa%F Eérﬁeﬁ%ﬁ%m\%sﬁ% a
wovEn sheof theFafBster bid b haadlpattidhall t@eie gl tend &f tHeemir@thabReme taodopent  of
the present retrieval device, which shows a dual-lunmen |unmen systemin the
cat heter, a_l ocking s¥stem attached to the distal . 5 end of the catheter
and a handl &1 d§dRegliest crssdpdionpl ¥isw of arthd \gorkodiment 9fothgecathster| Qfothe
FIG 18.i t3.£0.0SS-sectional view of a third enbodi nrent of the

cat het rré%?tarteﬁ%%pc}egg%ht retrieval device. DESCRI PTI ON OF | LLUSTRATI VE
EMBODI MENTS Snares or retrieval devices for retrieving foreign bodies such
as fragnment ed cat héDESERIPTIONOHdNIESTRA TENEHMBODIMENTS or stents,
filters or occlusive devices such as enbolization coils should be

configured to be easil d.safely naneuvered thr.ough.a patient’

vascul at ur e SPSRar e g fir oy IHEE R fasn Poe” Phgpa refeue potbelspi ng
t heo f orgRidawviles @i pocenitkdl (ba@s @i RInBS filtbistdr& ccRFiE BedisePaRE! Blctrblitdtion dole
vascul ature or lumnal organ so as to reduce to a mninumthe potential
for trabeldde canfjsuwrdip becasily agdsafelyrmpneyversd thrapgh p aptignt’ stvsecudvies oflred
to tra 1 p Litl i .
vascul AEnia! shdlfie PiRAD B SrTshin SERHRE B2 Srkieb RaRSRE bt i s,
shoul d sbececanpogibleshithin @ vazclhiatue® ot Tvntidkb bigaddjouss btcducand acapahing Bk
grasping foreirgn bodies of virtual I%; al | sizes such that, only one or two

appr opricigngipl fog trauma of apy Kindas agewltelitsyse; Hmdlainttbe deverpeddo drapgnast e

b f i.bl [ ZE 1 t ' '

okl oo BnRRE B0 LEoitly ™R LA UBRE R I ikl ahilE P L ERER orb L 1 WP NLEE
snar es,Addlitidnadly, thellagk slafuldybe denfigueed sovpsatol i tarttiuowslp hdjdstable hargincapelsls idfy

and reliabl ni pul abl e L oop for graspin he target foreign body. .
Addi t cﬁﬁap}rfg, forpgh L&P?ﬁ%seﬂﬁ V}rﬁehx A 87eb i tBtsnp oy o8 cal Spbapid et siged
resul t refridvARRYIASvill ddghte HRIaRsE a $HRIBDHod9 R ¥ny possible size.

Advantageously, the present retrieval devices achieve these desirable traits and overcome

20  the problems with previous snares, such as a lack of guidewire compatibility coupled with an
easily and reliably manipulable loop for grasping the target foreign body. Additionally, the
present loops are continuously adjustable and, as a result, in contrast to the Amplatz snares, only

one or two appropriately-sized retrieval devices according to the present disclosure need be kept

on hand in order to safely and efficiently retrieve virtually any-sized foreign body resting within

25  the vasculature or luminal organ of a patient. In further contrast to the Amplatz snare, both the
catheter and the lqop of the present retrieval devices are designed to occupy as little space within

the vasculature or luminal organs of the patient as possible. Moreover, if a guidewire is not
utilized with one of the present retrieval devices, given that one end of the wire forming the loop

is attached to the catheter such that the catheter need only be large enough to accommodate a

30  single wire segment, the size of the catheters of the present retrieval devices may be as small as

possible and, accordingly, so may the access sites for the interventions utilizing the present
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one or two appropriately-sized retrieval devices according to the present
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the formof 1 oop 50, di sc ssed bel o greater detai.l het er,, 20 _has
di st al SRR A %r ‘Rathoigha aasebhpRE: élilaywcglrigdnﬁa%awﬁ@?é%e;%w fiole as

T {yist rateey kd ek il@ate %116@@0&&[? &shtfde BF{h@ 1ca@16tef? %h&’? hef melf oAy, hol | ow tube or

cover that may be placed around objects such as wres, including
gui dewi res, and whi ch may encl ose such object(s) and prevent contact
bet ween t he lobjnecinils)diment, funeeny systeah 26rmayt beiot umgle ilmn@l,vasilﬂhsttalt@ incBYGek.er

i | a cat het er,, ". use ere al s e

it hi n 50 engg S AR Bl wird Ry HRF Be AShSing Bp¥iels Syt S ol fnt, ¥ ATRREC,
such asn FIGeY alln Bicthé: erhbddentS SHRAEH METG. 3| Witkdh S¥RhET8 by MfuRRawd I1§ikas,e
lumen, as illustrated in FIG 2. Bothu%‘lgl dewi re 30 and vvlre 40 may be

housed cagdfopaichmeasnbe RFFHPigskby iguisiowine e and ke piher of wﬁxl@umayﬁlops@mm 44.n

anpy herFu?ﬁIfQP%ngEo'}tsmlﬁ howe 46{;“51'1 Gnddst ghgy”@ﬂgﬁ b&0t 2?6 é&ﬂ]sﬂ%et nguld

| unens one occupre ewre e ot

whi ch mehmo%ﬁﬁn§@rovéﬁsd?u]r%haﬁ appiivation oftke kdtrieval ﬂbﬁcano Iwikh system 26
understand, with the benefit of this disclosure, that should rore than two
| umens Oéﬁé%teﬁ%frﬁ‘ly@&OnﬁﬁmﬁéﬁF‘i(’é@PE}dﬂ of the retrieval device 10, |unen
system 26 of catheter 20 may be configured accordingly. As shown in FIG

1, wire 40 has it 3 read 14%memﬁ Gls 'dgtah'e%q% te%»ﬁn@l@wﬁfdﬁén %9 cafafkr 4U, Oxplimel

end 44. Distal end 42 of wre attached to cathete in any
sui t ablpeoxig@l leod a4 oPistsli eyl 421y>f5\mr¢ 40| mayrba regtacliolr toezahgibe 20 dn sing| sugtable 42

{Ta?% be ,a %&ﬁ% rlg?rg: ag)tycﬁhtgglt&%{lgq;ns rog)é:lzfgt% yg}gﬁatl %lpil ggﬁa%zpfzbg fattgc eg %ct) %Eltheter Zhn
proximate distal end 22 of catheter 20. In this regard, distal end 42 of wire 40 may be attached
to either the outside or the inside (i.e., within lumen system 26) of catheter 20 proximate distal
end 22 of catheter 20. Further, distal end 42 of wire 40 may be attached to catheter 20 either
closer to distal end 22 than is the hole or opening (each discussed in greater detail below)

25  through which it is threaded, or farther from distal end 22 than is that hole or opening.

Distal end 42 may be attached to catheter 20 using any of a number of suitable means.
For example, when catheter 20 is made from a metal (discussed below), such as nitinol, distal
end 42 may be attached directly to catheter 20 by soldering, welding of any suitable style, an
appropriate adhesive, or the like. When catheter 20 is made from a polymer (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 example. It will be understood to those of skill in the art, with the
benefit of this disclosure, that the amount of wire 40 that may be attached to catheter 20 may

vary depending upon the application to which the retrieval device will likely be put.
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to either the outside or the inside (i.e., within |[unen system 26) of
catheter 20 proximate distal end 22 of catheter 20. Further, distal end 42
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40 may Iﬁgdﬁ?ﬁ%tﬁ@uéﬂgﬂi&ﬁnﬁ-ﬂ'@%}ﬁ fkeW re 40 may be wound in one or
nore coils (distal end 42 nmay be anong then), which may be sol dered or

wel ded, for exanple, to ring 45. Further still, ring 45 may be hollow, and
di stal end 4By ataching gigal qud veire 4Q toecaglreter @, wirs dPireay lof mewiphigtedfinwides 40

within ring 45.. The .por ti of ., Wi 40.that, i 5 attached.to 10 ring.45 may
pel oy iR i IO 458 £ 5ot biodCinothiet Be @ik QA0GHY od dabd " auis, )
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sui tabl e nmeans, such as by using_ any suitable adhesive (e.g., glue), by
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devices do not suffer from these shortcomings because, as a result of attaching distal end 42 to
catheter 20, loop 50 is continuously adjustable. Moreover, because of the continuous
adjustability of loop 50, loop 50 occupies as little space within the vasculature or luminal organ
25  of the patient as possible during the manipulation and operation of the retrieval device. And
unlike the Amplatz snares, it is feasible for an operator to retain only one or two of the present

retrieval devices in order to accommodate the retrieval of virtually any-sized foreign body.

Because wire 40 of the present retrieval devices may be attached to catheter 20 so that no

two portions of wire 40 overlap each other (i.e., distal end 42 of wire 40 may be attached to

30 catheter 20 nearer distal end 22 than is the hole or opening through which it is threaded, as
illustrated in FIG. 4), and because the present retrieval devices are guidewire compatible, the
present retrieval devices afford operators certain advantages not available with the Amplatz,

Welter and Australian snares.
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fromthe shortcom ngs 20 descri bed above (such as the limted useful ness of

a given Aﬁ;@(ﬁys%mgnare size), which stemfrom the bonded sramgWs:ANd
correspondi fixed nature of the Anplatz |oop. The present retrjeval

devi ces do ot eX@mples the Wipltensaase smmmlb ﬁphggldﬁwa&@mpafa@ea Ak githough the

att achi i I

) st b st L KBMe e b o SRR el it ORI LU MBHE opucpl of the

| oop SGnanbatpifele Weltet thdre vipace odetdtomutilizes gaidewlraB0reittothel cnsiofizhe priegei 25

of the pati S possi bl e dyring . the mani pyl ati on and operation of the
ret ri eveFey \ﬂte&?es Angay B?IPPSI@&’I? ﬁ% h&ﬁk&eéf%g‘g#%&ééﬂeﬁefﬁ ﬁ'eé”q“’ég vigedo iy taggpt
at t I
oPr T Bl 805 2Ll onlt AR GELLLRURL ARGE S
Becaus esnwmierte thkOtarget fdreigp rbeéﬁ htonT e shme dbcatlen. ¢bs isrtye bensiddriag Hied gutdewues
catheter 20 so that no port| ?)?s ?OfL wiere 40_overl a eacg at hg{l téi g
di st al EHGFAS BIWE e%’ﬁr (Pep & Praidh getheierss oF TatHoiRle 28deEL s Pl
end 22 ﬂrmaed§/1thla%le§m1@a&]ecp@l§n| ng through which it is threaded, as
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of the nenber of the Welter snare, when an operator utilizes ?w dewi re 30

with t HAMBlE Brreshd op example, ingthts sitagtion, geipg @ak of the thesp dsicsp st Bleationsd, 2
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more easi oma glven ion fhan i nt her
Vel ter acsasramedﬁte thééWeltargeiard or thegnadvankedf dmmthélguahmel oCOmt¢ alnis c’EﬂjeBauls

e L WL N A KU
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a torelgn

retrieval devices to retrieve | ocation that is
i naccegbé¢ bfogemerttiooed smpsgﬂ{mbamm af ws‘.hdh‘awung‘ mm@mcmxmpsandaye biep tofi lhdvarcmg the

achi ev e desired esult th on resent retrieval. devices t

ot e W e vier hpngted. A i GedCsess SipahstEb Hontiohrd ceheishef on,
usi ng anyy B advafcddv@eglavivize30 ko ik teﬂ%@ttdr&{‘ﬁﬂd 1R re@félvﬂ%ée@s gy dbitgfked to
the target location. Ih the case of the Welter snare, catheter sized to

accommpdate the Welter snare is then advanced over the guidewre. Once this
cathet er is Ingbeenase Hbitle Howiatz snferl oneh theaviidiavirer is i positiemdr calicter vaafiguede

Vel ter 3 13L& fh% fglldgg %&qre\%vftﬂ i folas and bonded segments of the Amplatz snare is advanced

over the guidewire to the target location. The guidewire is then withdrawn and replaced with the

folded wire. In contrast, using the present retrieval device in the manner described above, the

aforementioned step of withdrawing the guidewire is eliminated.

25 By eliminating various steps taken using the Amplatz and Welter snares, the retrieval of
foreign bodies using the present retrieval devices will take less time than a comparable retrieval
using the Amplatz or Welter snares. This time savings translates into a reduction of the potential
for any complications, and thus benefits the patient. Further, as less time of the operator is
required, he/she benefits as well. These time savings benefits are especially advantageous to all

30  involved (i.e., patient, operator and assisting personnel) because it reduces radiation-exposure
time, the effects of which are cumulative. Fluoroscopic X-ray guidance is normally the means
by which the manipulation of retrieval devices is monitored. As a result, in order to protect

him/herself, an operator may choose to perform a foreign body retrieval while wearing heavy
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cat heter and advanced to the target |ocation. In contrast, using the
present retrieval device two of the aforenentioned steps the step of
wi t hdr awi (g §1g4Qui dewi re and the step of advancing the Welitdyi15534€e-are
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o soatrared o bifle sONRE o i PORA Bondi e Ehishy obliiohiohe uEHRACE
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performthe retrieval .in conparison to the use of either the Anplatz or
Vel er 187588 aceeis Qplireaterset pFatiopebeshyss ol JRITEYSEgs VeSShle SRASEY iPheFXIsting

physi Caénhé{théli%rd%hﬂ 09 ligagprotection, and all individuals involved in the
interventron-frompatient to assistant will be exposed to | ess radiation.

A further advantage afforded by the present retrieval devices utilizing
gui dewi re 3(Furthermdérat werie déwi catheter axfs theo Arhiplatzasgare modiicdoty rwy ghidewire

conti nuousl! y, mai.nt ai.ned the operator ..atte o capture . .the.fqgreign
body w DHRDBE: SovoudferRotisomiaani+ siddit e ToforERit el b et Ean
when t Rfe f19621@NthE Ofiplasz isfard $lfdd Bathe sdtin®m®s aRC BESdedt gt N IBYordtRE i ihe a
| engthy series of manipul ations. Loss of quidewire access to an adjacent

| 02t | cmbiodimentanpitles plesent Hetricsdledviaendn Witieh o 44 oy ublized; witkqut apinforpingt z
or Vel tlg{)p Hafrfal 96 %(],hgcggge% lgeli]c)e{v)f & r%ir&grcﬁl%%sﬁé}qnaterial 60 (discussed below) attached

thereto, catheter 20 of the present retrieval devices needs only accommodate guidewire 30 (if it

is used) and a single segment of wire 40 since distal end 42 of wire 40 is attached to catheter 20.
Thus, catheter 20 of the present retrieval devices would take up comparatively less space in a
25 patient’s vessel or luminal organ than would either an Amplatz snare modified to accommodate a
guidewire, or the Australian snare, the catheter of which must also be sized to accommodate the
folded nylon line and a guidewire. Advantageously, therefore, the present retrieval devices are
less likely to obstruct the flow of any passing fluids, and the risk of complications resulting from

any such obstruction may be reduced.

30 Another benefit of the present retrieval devices is that when guidewire 30 is not utilized,
the outer diameter of catheter 20 may be reduced to a size such as 2-F since lumen system 26
need only accommodate wire 40, or wire 40 attached to either or both of reinforcing pusher

material 60 (discussed below) and reinforcing loop material 90 (discussed below).
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PCT/ USQEASst aijstdg’lb@(se@'ﬁ‘ldﬁ BBG hereQREMoRGs fYSERERPositldn) OH e shbieh d{sgdhl@% g&e may

be formed. In the enbodinment of opening system 27 depicted in F

opthi ngFléyséAmbere theclappets i1 ragt opesp ppsitief)2Betaisan swenmgs AfeandP232longothk of
whi ch ar. i ded: f .} nC 0 ox] mat e Iy St L ELESt
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f rom dimsk ahcieslorZt wiapped heusd ciBeteBY, i vigtaaniol tht telatRashigios tiadtainleks steel
meant that the distance between distal end 22 and first opening 28 along a

line t Hieticalssyseq dpqrefo the mamabesofatg WekicriraaranceherpBraetat s Bty avite 49
and_SecpRih@RRIL) $oddnyh Aitflintll ahfdfnt Hlbal SRR toaitllr 36 fuifd pBBYIOREE of

equal, or t nce 1 n those di'stances nmay be such
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an a e?(ltjerior to caet éteere fO }((V)Ir a gi{feenslg(afaﬁ d}s?angc)a( Ifr%m axis 31 running through lumen system 26

of catheter 20 than does the helical snare loop of Welter’s snare.

The holes may be positioned at any suitable distances from distal end 22 of catheter 20.

For the larger retrieval devices (defined below), the distances from distal end 22 of both first

25 opening 28 and second opening 32 may be between about 0.5 cm and about 1.0 cm. For the

smaller retrieval devices (defined below), the distances from distal end 22 of both first opening

28 and second opening 32 may be about 0.5 cm. The diameters of the holes may be slightly

larger than the chosen diameter of wire 40. For example, if the diameter of reinforcing loop

material 90 (which may surround wire 40 and is discussed below) is about 0.015” to about

30 0.018,” the holes may have diameters of about 0.020” to about 0.025.” As used herein, ”
represents inches. Thus, 0.015” is 0.015 inches.

Further, the angle of the holes with respect to axis 31 may also be adjusted. In this

regard, first opening 28 and second opening 32 may each be oriented at an angle of about 90°
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10 While first opening 28 and second opening 32 are | ocated substantially
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20 position.

Another benefit resulting from the orientation of first opening 28 and second opening 32, -
or wide opening 33, is that no space distal of catheter 20 need exist within the patient in order to
safely position loop 50 around the target foreign body when approaching the foreign body from a
position distal of the foreign body. This is in contrast to the fixed loop of the Amplatz snare,
25  which must be longitudinally extended (i.e., extended along the axis of the catheter of the
Amplatz snare) beyond the end of the catheter in which it is housed before it can return to its
unconstrained position. Thus, as a result of the configuration of loop 50, the present retrieval
device may be used in locations such as branches or bifurcations to retrieve foreign bodies from
a distal approach, which could not be feasibly accessed by the Amplatz snare using such an
30  approach.

Yet another benefit of the orientation of first opening 28 and second opening 32, or wide
opening 33, of catheter 20 will be apparent in contrast to the configuration of the fixed loop of

the Amplatz snare. Specifically, when the target foreign body is either straight or slightly bent, it
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desired pattern into the wire.

Catheter 20 may be made from any suitably flexible and biocompatible material. For

example, catheter 20 may be made from TEFLON. Such catheters are commercially available

25  from Cook, Inc. (Bloomington, IN). Catheter 20 may also be made from NYLON. Such
catheters are also commercially available from Cook, Inc. (Bloomington, IN). It will be
understood to those of skill in the art, with the benefit of this disclosure, that material that is less
flexible or firmer than either TEFLON or NYLON may also be used to form catheter 20. For
example, catheter 20 may be made from metal tubing, such as nitinol microtubing, which is

30  commercially available from Shape Memory Applications (Santa Clara, CA).

Depending upon whether retrieval device 10 is to be utilized with guidewire 30, the outer
diameter of catheter 20 may range from 2 French (2-F) to 6-F. Accordingly, the outer diameter
of catheter 20 may, for example, be 2-F, 3-F, 4-F, 5-F or 6-F. It will be understood to those of
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al so be used to form cat heter For exanple 20 may
from rretfahysublcwgpatablchodmsqdescnbbdh@rcmot ubing, which is 30 comercially
avail abl e from Shape Menory Applications (Santa Cara, CA). Depending upon

whet h ' d 10 b d. d h
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regard, other alloys that may be used include FePt, FePd, and FeNiCoTi. These alloys may be
heat treated to exhibit thermoelastic martensitic transformation and, therefore, good shape
memory. Other alloys such as FeNiC, FeMnSi, and FeMnSiCrNi do not possess long-range
order and undergo nonthermoelastic transformation, yet exhibit good shape memory, and, thus,
25  may also be used. Additionally, some iron-based alloys may also be used. Nitinol wires of the
type that may be used successfully as wire 40 include those that are commercially available from

Shape Memory Applications (Santa Clara, CA). Among these are nitinol wires possessing about
55 to 56 % Nickel, and about 45 to 44 % Titanium.

Advantageously, shape memory metals such as nitinol may be programmed with either

30  thermal shape memory or superelastic shape memory. To program a nitinol wire with
superelasticity, the wire should be restrained on a template in the desired shape (i.e., with the

final size of loop 50) and annealed for 5 to 15 minutes at 500° C. To program a nitinol wire with

thermal shape memory, the wire should be restrained in the same fashion and annealed for at
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skill in the art, with the benefit of this disclosure, that catheter 20 may
be configured to be either smaller in outer dianmeter than 2-F, such as
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W res posseSS| ng about 55 to 56 % Nickel, and about 45 to 44 % Titani um
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like the elliptical shape depicted in FIG. 8, this spatial arrangement between the plane containing
loop 50 and axis 31 of catheter 20 may be achieved as soon as loop 50 extends to about 6 to
about 12 percent of the total disténce 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
dimensions, the portion of loop 50 that is exterior to catheter 20 at any given 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 benefit of this disclosure, that .
30  loop 50 may be programmed with superelasticity or thermal shape memory so 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
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t hdd i debrasntalaet ampyanskehouhdd ewhar to axis 31 of cat heter 20. It will be
understood to those of skill in the art, with the benefit of this

di sclosure, #af,e of wire 40 may vary according to the given application. For the smaller retrieval
devices, wire 40 may range in size from about 0.004” to about 0.006” (which includes 0.004”,

0.005” and 0.006”), and may be made from nitinol. For the larger retrieval devices, wire 40 may

range in size from about 0.007” to about 0.012” (which includes 0.007”, 0.008”, 0.009”, 0.0107,

25  0.011” and 0.012”), and may be made from nitinol. It will be understood to those of skill in the
art, with the benefit of this disclosure, that wire 40 may be larger or smaller than the sizes

encompassed within 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 disclosure, that the catheter useful in the smaller retrieval device 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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according to the given application. For ‘the smaller retrieval ces,

wire 4cilmeChr thagdistal enidz&2 iy previded um @ pia’ oftqat@bm'dham@méiaw whingdler petardes
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0.012"), and may be nmade fromnitinol. It wll be understood to those of

sk?01 isuch that ltél% Toygxample @ sgheluimendhatiniagergilscl osure, that wire 40 may be
| arger or smaller than the sizes enconpassed within these exenplary

ranges. In this regard, as used herein, a “tapered” catheter means a catheter that has either (a) an

outer surface 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 (which defines lumen system 26 as used herein) having at least a first

25 cross-sectional area defined by the inner surface at a first location that differs from a second
cross-sectional area defined by the inner surface at a second location. The aforementioned cross-
sectional areas are to be understood as having been taken at an angle that is perpendicular to a
longituciinal axis of the catheter (e.g. axis 31 shown in FIG. 5A). A tapered catheter 20 that
satisfies both (a) and (b) is illustrated in FIG. 18.

30 The size and configuration of lumen system 26 of catheter 20 may also vary according to
the given 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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SSmlarly, the different pieces of differently-sized catheters nmay

ar r anged vdte 4sistthat $id epsritoempy aplrexeritcheugr for@oto machwirh 40 dmt@bfaﬂpush)dmdz
row ded A0 &, iece of catheter that may have a smaller outer dianeter

th%n t AP Yﬁ% gi ece of catheter on which proximal end 24 is provided.

Catheter 20 nmay al so be extruded or otherw se manufactured so as to be

tapered ext exfgdowh @IFIGS.e2ABY, lily ofié e@bodimft stiEdkidvabtevite tla&emf&émg@mfe
a single lumen that is tapered In this regard, as used herein,
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S econd nitinol or stainless steel wire may also be used for reinforcing pusher material 60.

In one embodiment in which reinforcing pusher material 60 is made from metal tubing,
the tubing may be slipped over proximal end 44 of wire 40 and attached using one of the means
described below, as shown in FIG. 14. In another embodiment in which reinforcing pusher

25  material 60 is made from metal tubing, the tubing may be placed beside some segment of wire
40 adjacent proximal end 44 thereof, as shown in FIGS. 12 and 13 (wire 40 is shown as being
covered by reinforcing loop 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
llustrated in FIG. 12 and 13.

30 Reinforcing pusher material 60 may be attached to 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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The pushability of wire 40 may also be increased by utilizing a tapered wire. In this
regard, the distal end of wire 40, which may be made from nitinol, may have a diameter of, for
example, 0.003”, 0.004”, 0.005”, or 0.006” for the smaller retrieval device and 0.006”, 0.007”,

25 0.008”, 0.009”, 0.010”, 0.011”, or 0.012” for the larger retrieval device. The proximal end — that
is, proximal end 44 — of such wires may then be gradually increased in diameter to about 0.020”
for use with the smaller retrieval devices and about 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

to a longitudinal axis running through the wire or portion of the wire.
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di et emhedimentien tighterjng sarwmesohbaiemi (ngt Povmrwineh stilizes agomprgssibée, e¢pdlicnth so
as to lrlenagvt%att vr\]fgulgitisgth%n :Prglrlrtld ﬁQxegfproximal end 24 when the mechanism was engaged with
valve 25, may be utilized instead of catheter adapter 112, and may be configured to allow for
side arm 27 to be attached to hemostasis valve 25. Glue may be used to further reinforce the
connection between catheter 20 and hemostasis valve 25, regardless of the means of connection
25  utilized. Also shown in FIG. 12, reinforcing pusher material 60 may be provided with

hemostasis valve 25

As illustrated in FIGS. 12 and 13, reinforcing pusher material 60, which is a tube, has a
lumen configured to accept guidewire 30. This lumen may be sized so as to accept a variety of
differently-sized guidewires 30. For example, the lumen may be sized to accept a guidewire 30

30  having a diameter of 0.018”. Although a guidewire 30 having a diameter of 0.018” may provide
sufficient rigidity and excellent maneuverability in most cases for either the larger or smaller
retrieval devices, the lumen of reinforcing pusher material 60 may be configured to accept

smaller guidewires 30, such as those having a diameter of 0.014” in the case of the smaller
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as hemggfAgi 8 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, reinforcing loop material 90 may take the form of a wire that 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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body and | oop 50 may be increased relative to the friction between wire 40

ango Foreign Tu%i%é 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

25 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

30  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) relative 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
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reinforcing loop material 90, especially using glue. Prior to or after a

sui t abl®@0at t achnent has been nmade, if reinforcing loop 5 material 90 is
made of a suitable material, such as nitinol, it and wire 40 may be

anneal ed 't O&?otﬂeqrr odﬁﬁ?rﬁ é):g ?ocﬂm%bsgl\t{ﬁ%m ﬁ%qgﬁgﬂlgt%(z F?g%(&g@ fgg gﬁo% H}Ji lu%ﬁ%n

rei nforcing Iooprraer a saire 'S towre”

the praybteml ofBstheitr ROenviutdes &0 ilememni Wikauods tHousddeth ohe ofIths eulh@n'sp ah@,

at least _a portion of |oop 50 will be understood to be adjacent to
r e20f or@ugsyvireodhis hopped méﬁe gther lumen. Proximal end 24 (hidden) of catheter 20 is provided

with catheter hub 71, which is configured as a female Luer connection piece. Catheter hub 71
may be glued or otherwise attached to catheter 20 at proximal end 24. Catheter hub 71 may also
be formed integrally with catheter 20 (not shown). As shown, catheter 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 locking device 116, which may
be any of the devices described 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 injected into lumen system 26, just as any suitable fluid
may be injected 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
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10 In certain applications, such as superselective positions in the
pul mronary arteries, catheter 20 should have a |low profile so as to

maxi m ze Wamkaiyl ity. Accordingly, in the case of the | q;cggsﬁsomyzheval
devices, catheter 20 may be provided with an outer dianeter of 6-F, wire 40

may be P#0RS Hr@aldﬁﬁmﬂaa@f ke mgansepfregmuneatiop ehyesnctheg. ﬁ%pﬁsmems af

90, if t by
sare 1 Sy05 mTEYpREngPLONE A a0t SimEhETR B ot B bl bl B
may be poransi c[émle shoulhd e tadoat drovebiver e guardfagﬁnﬁ configeriagDiureep slyetempm)mi ede;dy

with a |arre of 0.005", and rei.nfo n 00 terial u

be. br odFIStPu iRt op theatest iehepost thol Bigeiadb 5ol dnistakenin Gegiedte”
sneq | erth@@goﬂgqﬁﬁlleﬁuaﬁngg&rm provided wth such di mensions will Iikel y be
able to easily negotiate tortuous sections of the vasculature or other

| um nal organs, and/or acute angles in either, follow ng guidewire 30. 20
Turning to AGIlusBated dn ﬂ“dﬂer172(handaly 128, émwxpp%helmgtaﬁtachﬂdktosyfgeel& prbgireatd

handl e 120. d t het
capabi oronimgh AL hIVECHG Pl B o' e Bhas T HheffolihushR s rnnlr
descri hedclpayehe %Ux‘iilﬁ &1 SOwWB L) SheWRdrciBYpRBer ﬂnﬂieh@ﬁ@@ eabttRERUY For the

si de-arm adapt er In this regard, catheter 20 nmay al so be positioned
and amwmeaffwéﬁatalgghe@”@mméatton@ieﬂheral ready in place, as described in
greater detail below. The 25 Iurren of side-arm adapter 114 may be.

copfigured t I ?g r ty t:he. di nd
t hgjr eof - sucr}ﬁgg %a?%]ag(?”téjﬁ% vvér e veg%)cfeg%over aﬁ{erﬁ!ri‘gglc? l%ocm F%%g&g
gui dewidirci3d gmde‘arrmeﬁ%rm'g'hhes adapyer tfﬁ)mc:l’m diviabeRlytharedt-isader asniftchihstet 26 Wdteen

of the side-arm adapter 114, or th i k Al so |IIu trated in FIG 15,
| ock sféff%rme@ ReHEY ieady-phssiioned $‘B§W1FF‘939“\FP Qa1 s By bsoashicver e as

bei ng Qﬁﬁﬁ%ﬁﬁﬁ%ﬂe Rlgier G iR 3ARRLR a4 %t%r 1%%&@ .rgudlﬁsnagﬁ%wg&a i€

rei nforcing pus materla 60 or W r relati’'ve to-cat heter
20. W& inketetivintoaide-ase edapset 114 thivugh ramnrfﬁr, ,themelntehe]f lumlenfsmtcmrﬂj mus]hleh

| 4 t het i bl t ]
TeIEL | T 0 tsioudtd By e el i iy i lr i SRRl SOd a Ot catheB 2l
01/ 5648448263 e ldRaé 2 at @l@e%é S 6B MESTPRIRE Bihky @Y dARhRn fsiaBm 26.

Medi t ech/ Bost on Scientifi rp., Watertown, - MA), a tightening sCrew
mechani’Bns narmiviag pms/lbemhteacd h}é@mﬁamﬂ@hie msm (@xiashoiv), sGclhas an elastic ring or the

siml arnl cti n|n e sed. as | ocki ng deV| 1

oo A IR EL BE BN HEE TR ko 0% RIS St R e B BB co
116. Jymbxiasl ancLbuemellmkn B&Ys REalbsE thell04st anahﬁtaﬁfﬁd&gpa@r@sguﬁ@uﬁd Wide\gd @p tO
| ocki ng deV| ce 116, so may one be used as the connecting nechanism for

at 2hchitpiglareiar phghen anaierial ﬁﬂsn@tcﬁhgwmsowm 4P dsin place. By doing so, guidewire 30
is less likely to be mistakenly inserted into the 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 appropriate lumen of lumen system 26.

The present retrieval devices may be used in a variety of applications for retrieving
foreign 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 may be 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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As shown in FIG 15, handle 120 may be attached directly to reinforcing
pusher material 60 or wire 40 (not shown). Using handl e 120, an operator

may push wro(n;ngkswvi re 40 as necessary to open or close | aga/&d1/0#24hough
not shown

e understood to those of ki | in the rt 10. Wi t
benef i 30‘6‘?10 eaqrszi’)' ?Qfes?nﬁaff‘ lrevﬂg‘ger”mﬁi“é%ye C%‘?‘nﬁ%fbo‘ffét § udREie ‘irl]]e’ét |y
to rei @;%yﬁ'(}ﬂﬁtel?ﬁééﬁﬁf)né@és%élpl 60 or wire 40. Further, thunb piece 124 may
be connecte ock system 110, and finger pieces 122 may be sl i dabl y

noved relative to stati onaréethurrb pi ece 124. Any suitable device ma

attached tolf the rptri@whéftvi@m ing ufibizet 1§rprbw§ecbmﬂhelpclﬁaysé¢mallﬂ B0 ndlg 29 40
(not 's %%\é\g])[}hf Orgf;eva d Vlf: ?1% (r)es%]éh&f ﬁqelsti%}g%f 'arn J%cﬁm }P \%/Jﬁlr ?r%#y?rhnoé()f voq %frﬁga]r 15

[t will WA

this dinsgliggatiods dffpatdenarty300ind b&haélemodpes(r Ry de Idaﬁpala&dleﬂdrmy op&atésed
with or without |ock system 110 or handle _120. Anot her enmbodi nent of

| ocki ngnayy gttt o gra§p dhglfelteegﬁ badyvath ity Imgodgodm, lqcmg deaee 14§ dnaimbef

cat het c I I

and - 20eBbaly pOg; Mg ARG S0kl vl ol BNER 45T Tock iR YRR )
of cat hie{ueé 126 m$y ﬂreﬁ\hedledouketdh Cedph60 emal llli)en?ﬁf; mfadnemwecs seanto guk@mhdage a
femal e Luer connection piece. Catheter hub 71 nmay gl ued or ot hervm se

at t achdereies Rogyhlacking s vige 136 anavikg tempgrapily u@aelff‘és é@nddfa 28 mayhe mgrapplatgd
fofgred E gﬁ{ 3 %1'. %&J‘ls%ﬁ%ﬁ§%8ﬁne%%f(lﬁ}ﬁlg§,e?l\*}§§§ue aﬁ§ ca %P roﬁ{d‘ﬁfcﬁi&lg%gvﬁéy

be attac de-"arrm adapt er mal @ Luer connecti on
pi ece A36emyan mdodatihdhenethiotal déviceSlddemosi ﬁ&ifsreu@i hceiyzmaymhen&m withdradad
to arm 7% of si armada ter 114, to serve at |east the function of

pr eventPAGEBIEIF g?%ﬁ“ﬁ fnd guidewire 30. Also shown in FIG 17, |ocking
system 110 may |ncI ude | ocking device 116, which may be any of the devices

described abgy@iwduber &fcaenss BeouddQurk: theOptdrthtids Vif R idsl fo MR R best

connected to side-arm adapter” 114 using a Luer |ock. Further, |ocking
devi ce m@@sm@thb@aamtaﬂna@mr sheathsrase narsiadlyvused &f ths acegsssife isemeviall Ve b25

V|de with s arm t hro any..suitable flui
"o aBed SR, B0 FhEE e/ acp b U0 MBI B YOG ol WhshallRg 08
t hr oughUsuay, tid usensioneToNpreSint @B dsviSesuahyBe Aéresshey RetehRly ansHd&ided at
a swtable fluid may be forced through both lunmens of a multi-lunmen | unen

syst emegawligaiion theepscursduring an /iBEreatineT/ Begyso sedy aﬁaylt%éerﬁwavmaﬁlet h
any suitafl & FRANS 8{ ﬁﬁq c(éfatsh 1, f g"iﬁ@&% 'i?eecflbva‘i gl Smtafs{”a%o' e 18%31"{6 ne

or nore openings 1 n tlon umens. S regar

partit itm@uglwhd*nentr@hrcaushea@r ¥ shotiad 1h@odmkemeaﬂnd@asaﬁqt s‘e@mgslm&wb‘ie dogakarst

COélf ! g%rlng\gallo'%rtrl?englier? tfoerg}g%(Sboldg, t%eV\ol%%lrator 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 location 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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t hat woul d pronote or increase the |ikelihood that guidewre 30 could
m stakenly be directed to 5 the wong |unmen during operation. As
iIIustratWij)dlys654G 17, handl e 120, shown as being attachqxtﬁ/@gowi)gﬁ440

t i 4 of 40, ma a si.ngle.rin
P onr 0 may P %Veaﬂvrefé%ﬁézﬁeﬁﬁe appaitasah BaRehara pRding i T Seiptat 40
or rei REQER Wi AIUSHE or BRlR] et Q0 nﬁie &ﬁmﬂe EQr oft 18 apPrpRASK-Red catheter

facilitating the mani pul ation of either. 10 Wth further regard to F 17,
t he | urmeay thﬁnbﬁch@e@mnﬁad@p@@re chhthchrbgiwisen wmfﬁﬂgtheefdreugn bolly, end cathejer Zﬁavﬁfre

enteri t he ad ter fro he,di st al .e suc s i f. catheter

vere ot aneel BBl GMddyssdel R (SRR i bh PoTors 8 Hmy
be achitgwBgwhNe Bee 6{3&@&{ ofthé RétAetal GetibéRnd @haytthén Bé BRcdy ReagaPlo&athbid 2007
the like., Additionally, were guidewre 30 inserted into side-arin adapt er

114 t hrusingre davimersiniletie ang dhah el servives legjineedavis 116. which 15 wire 40 is
housed may be narrowed in any suitable fashion at proximl end 24 of

catheter 20 iien Qsiekn LOnBEL bBlATSUIReh T B LACHEE S AR0AUANESS, ALGUE"
Eone A doudh B g iR ipl of il

the ot her |unen o urren r OW Tig

sui t ablreinfais®@ipt pushat msﬂecmhm whetherag @n ahdlst1i20 1vsluwzai it h&ll bbldfﬁerstdtbattocan
be friction-fitted, glued, extruded or otherw se integrally-formed, etc.

wi t hi n these ofiskkinnthe Sn il the REnati, AE s GiSEIOSWS, Lt dupenies] BdttOTIRAO: %rﬁ«
free Sp&%‘ét %o‘?elgﬂ rbg?gy Dhhd g‘;fp‘}QacﬁaQ%ﬁ%gao thgp(;)gﬁlgl B BURH ﬁfséég%h&r 'Ifl'i‘ leitBQ: (i

shown) ce w is’in ace uidewre ess
to be nmmst Mﬁ@hamlmnta@ﬂrapnamly pesitianed rrafnd| thmeargerffofaugrebocgymmmﬁlay be

occupi ed ouI d, t he | unen, of SI -ar 4_not be
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30. HoviRVfder tbibedf MlentPQhéJﬂﬂ ffgﬁtbgeﬁ 16t Ry Qhctsttat thel dkis tlhﬁndsarotf ’thé"’férglghhe

benefit of this disclosure, tThat careful manl pul ati on of 'guidewire 30 w |

li kel y @yensipazalidldo pmoﬁérof pithetenhes pdssibés loapahmaip e inosenadi apid detightérteti n
the.l unen of si ear rr,omi ng insert.in the pra rlate
| ufen PR e AR ai RS repr heiaft vl R “Hebrd B bngrabt SRR ARY

vari et ydeRfceasiel t}féafdr@gﬁ Hodty they rbeemmﬁawﬁ%gétﬁé} hetir@sordd bt ﬂh@'ﬁdﬂyan)ﬂ&s
size. In nost cases, the present retrieval devices nmay be inserted "into

pat i entigdisgtedalost alaa@eﬁﬁgﬂh@atbén@meawg@ temitigeze the iﬁotenhaltfm damaggde the achess
access S | um nal organ may be punctured through the skin with an
appr oprs:{gtdzlﬂﬁ%?%?éx%l'eji dewire 30 may be inserted into the body through the
| umen of the needle and the needle nay be renoved. The guidewire may then
be maneuver ddwilhbeugdersibed mathbendf skiil inlthe art,r\eﬁlo: tieshensfitagfithio pischisere| thasgheon,
su gh as one proxiate the for% gn bogy. Onc ui dewi re 30 has been
0't | oreten freval s san 2lse bppigials imserietnle soatens 724
The present retrieval devices may also be utilized to retrieve various stents, such as the
Palmaz-Schatz stent, the Wallstent® or the Gianturco-Roubin 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 50 has
been opened 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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| ocation, catheter 20 of the present retrieval device may be advanced over
the guidewire until it 1is appropriately positioned as well. If the
retrieval“mﬂMkﬁﬁmbeing utiIized is provided with | ock syshanw@ﬁ@mgnm handle

120, t.he retriev VIC as. reac ed et area-which na
oy ot dPRBIPY oK Beer e P TBRET Speciih aERpTican. S s Arthatnt 1o
20- | OORKRR JTeskiiPen Eﬁénérp %ﬂa@ﬁvﬁﬁ'atﬁﬂﬂ Iﬁsﬂﬁbé) BEPIRII00. tH@Spré’skﬁteféﬁievhpd&ﬁ&%pm'&ﬁtﬁn

foreign body with it. In doing so, l'ocking device may be tenporarily
unl ockelgparding ﬂ*tmm(@heecomqotnmmb@mpp of drecdvendioas Ftom ewaplel alb thes@nne@isios ng

N L B e g RN R e g R

hargll e ahaqoaaﬁ% ia@vﬂaarma Wepiced HOFI®S] 15 bhe 170r8hPRe b@ﬂyorb&i fdingrolec ORRGGT ed
bet ween | oop 50 and catheter 20; and | ocking device 116 may be re-I|ocked.

The retspiteblepdipsiviecce, along with the foreign body, may then be withdrawn
and renmoved fromthe patient. An introducer sheath may be used during the
intervention if doing so is in the best interest of the patient.

I ntroducer sheaths are normally used if the access site is expected to be
15 used several tines, which normally occurs when catheters or other

devi ces are exchanged. Usually, the use of one of the present retrieval

devi ces may be necessary to renedy an undesired conplication that occurs
during an intervention. Because such an intervention may have involved the
use of an introducer sheath, the present retrieval device may al so be
inserted through that introducer sheath. If an initial introducer sheath
does not seemsuitable for safe. 20 renoval 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 nay cause danage to
the access site during renoval. If the present retrieval device used in an
intervention is not used with guidewire 30, 25 access to the vessel or

| um nal organ may be established as just described. A guidewire may then
be maneuvered through the patient until it reaches the approxi mate | ocati on
of the foreign body. An appropriately-sized catheter (i.e., a guiding
catheter or the like that will fit over catheter 20) nmay then be advanced
over the guidewire to the target |location. The guidewire may be w thdrawn,
and catheter 20 nay be advanced to the target |ocation 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 sonme cases to
utilize the appropriately-sized catheter to help
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capture or firmy hold the foreign body. In such cases, the tip of the
appropriatel y-sized catheter -29 WO 01/56484 PCT/ US01/ 03724 nmay be
advanced anar/skka retrieval device to openings 28 and 32 gicvwsd¢o9pgni ng
33, the point at which wire 40 exi| §rs catheter 20. The rimof the
end of the appropriately-sized caﬁgéﬁgﬁimﬁgé—then be used to reinforce the
contact between | oop 50, the foreign body, and catheter 20. If the
appropri at el Mt&foﬂ@dur%a t&tlﬁfes pcbeme eﬁt@n{ Bkethed phdrBdd e;témﬁx@t prB&QReE Dr diflerMBY
be positioned so as to allow the free operation of the retrieval device,
and maydethlsisuplemptad ty taase setdfarth dersa, e specifivalliisicomporateiblidrein byireferaace.t o
one that may serve as | ocking deV|ce 116. When |oop 50 is being opened or

cl osed h n !

at or | Attt sl B et BbBfee? o et B s (nRaps OE PSR RHENE:

tos those oﬂu&mjtymmmt®@4s5¢J9m4th the benefit of this dlsclosure that

dependlng on its orientation, the 10 target foreign body nmay be approached

from i tBlopmégidmmalhenensreical sctipwal of igragardias fereclgtbgo%%e an igp@atipnsd suyey.has

been appropr a target foreign body, |oop 50 may

be nanlpuI5?%%92§afﬁ§%%%9ﬂﬁgot£?;%p%% y is secured against the outside of

cat het eBalZl0er din) ‘Posidenas@sountérad aiudmg ingotwsionosfi Gidntdrbe doils ebgmrabadyheter

| ongi tudi nal Iy such that t he aX|s i of the forei body is as
Eﬁbé@ﬂ

n
paral | el to felusionpfdhe paten atetial ?GCTas HJe 18I'Q¥ép6@@??r%z/ be | oosened and
reg ghtlﬁ‘g &d Eg’erﬁﬁﬁ PerdiRireold Hﬁ%ca’tﬁ&@lec&lh@cch%fcﬂt c]; tﬂﬁ%ﬁb&rﬂugﬁtg lég@x?jésug %ﬁfé
secured his manner, the retrieval device an foreign

wi t hdrawn t dgeﬂahentuaﬂdnmentﬁmhelf mbsﬁrvlahenda’bdyrdzmmsmlmthrmeﬂmébbvkﬁ 2%226
access sheatﬂ)gay be used to mnimze the potential for danage to the
access site ring renoval. It wll be understood to those of skill in the

art, Wi Aeredrtdtaiiont %tﬁe@dl F 108 W B stéht@ndbBstheds RF S Y hdaB thrbBYRb

devi ces can al so be sur gi cal y inserted into a patient. The present

retri eval deﬂmg’leslgﬁk\yshﬁtaﬂe”%ﬁmt46|9zde7@,ﬂ%95r etrieve various stents, such as

st ent 1 he walls ent turco oLIDI tent
A5 shonioRd B Rl “paap it < R hdel ool o G AR g4 e
pl aced i nt o GRenfidl0Eiepivith A8 Ashslatz ¢ 1.)32@ nd¥@X%hare JTSREAEH5-668,d9p8li ng cat het er
134 may be advanced over guidew re 130 unti | p05|t|oned prOX|naIIy 25 of

stent 132. Retrieval device 10 may then be advanced within the sheath or
guiding catheter wuntil it is appropriately positioned either distally or
proximally of the stent. Once |oop 50 has been opened and oriented
appropriately around the stent to be retrieved, guidewire 30 may be
conpletely wthdrawn, |oop 50 may be cl osed around the stent by
mani pul ati ng proximal end 44 of wire 40 (not shown) through the use of
handl e 120 (not shown), and retrieval device 10 and
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30 the secured stent 132 may be sinultaneously w thdrawn over guidewire 130
into guiding catheter 134 and out of the patient's body. Al of the
present reaigigi@éals devi ces disclosed and cl ai med herei n carpdigusmds2and
execut | Kperinentation in light of the present disclosure.
Wi | e Wiggﬁq@ﬁﬁ%& WO 01/ 56484 PCT/ US01/ 03724 of this invention have

been descri bdetiibvdl @E¥TBe éﬁmﬁﬂ@ﬁﬁé;fi c enbodinents, it will be apparent to
those of skill in the art that variations may be applied to the present

retrieval deviisseeathdteisaving aldisial endgp prosimalteadco huegt systspi contfigurdl woaspeptof
the invention. For ;ex l e, all, t,he.,connections. between the elenents .that
my be §ncl uded 1 ESERRng e et e B A E! 8 Sirad R TR T
| ogki ng device 1lkfe dieRiGiiRebr] tdh eI%\%gamexﬂhr@sa Rehidteh N6y Bag besfoRfed;
gl ue, or any suitable adhesive. -3 01/ 56484 PCT/ US01/ 03724 REFERENCES
The foll owi ng refa@fences, to the extent that they provide exenplary
procedural o . I I t t 0 set forth.herein, are
speci ficall yg‘fvﬁ%:gg‘é%% g? }e%hﬁgcrié#%%g%@?ﬁréﬁg%e{e?ﬁé t* %%)Xlérfa.l ,egd’PI astic
cat het er enbehdrsimth®pioRénali gldtofhB@ireandyebdiadipalatdd focausdls gotiah JfeROwalk,
5 Med. J. ofAust., 854-856, 1971. Bloonfield, "The nonsurgical retrieval of
i ntracardi ac fordPdArmadioar extezpaliofthe Hatticatgier.sibie Jegp beinggpprble of grasping

di ovasc. D ag 4134 ) | et al., "Problens encountered
cciﬁgi ng i ntroduct {fgﬁlé}%&}%nﬁv@r%é%p@m t‘;‘ for transcatheter occlusion of the
patent artertal duct," Eur. Heart J., 18:625-630, 1997. 10 Ing and Biernman,
" Per cut aneo transcat heter_coil ogcclusion of the patent dyctus arteriosus
ai ded by C hEherweftieve) d<sice o Cigkp th G CRDATFASUIIRAFSBPRLES 1 heGHaReH
Radi ol .tk 182l Gysterh 995. Lipton et al., "Percutaneous retrieval of two
Wal | stent endopr ost%eses fromthe hear through a single jugular sheath,”
JVIR, 6:469-472, 1995. 15 Siegel and Robertson, "Percutaneous transfenoral
r(g%riev' | of..a f{ee-f oatin T.it%mi pm. heenfi.eld filter wth_.an Asrirpl até
gbdse meck sHErETeva\feyice,ologlaink fawhaigigisthe opsnifg, syytemacomprisesfifss§3 65°P5:

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 catheter by a second

distance, the first and second distances being substantially equal.

20 4. The retrieval device of claim 1, wherein the loop that may be formed has an open

position that is substantially circular in shape.

5. The retrieval device of claim 1, wherein the lumen system comprises a single lumen.
25 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 wire is configured to be placed within the first lumen and extend
beyond either end of the first catheter.

30
8. The retrieval device of claim 1, wherein the first catheter comprises at least two segments

connected together.
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WHAT IS CLAIMED IS: 1. Aretrieval device conprising: a first catheter
having a distal end, a proximl end, a |unmen system configured to accept

at | east e 1wedsa such that the at | east one wire may ext ged/ieyosdqeit her
end of (5t first catheter, .an n,openi ng.systemthrough which a | oo
mmy e % or e el Rt dohd: BTPLCAnD iR BHPAUECaTRa RS (i Pt 200
cat het gfher@h Gh@ hREQX IRl b& RehnipMIREL KD chld8 RE ?RSM&' ofefid Wire thPad thougBYhbe
mani pul ated to cause a portion of the wire o forma | oop external of the
first cwehisgeystem hed fgoptheddarcapalplalol erasping fersiginriydies Gvithim Biegatibdi es
within a patient. 2. The retrieval device of claim1, further conprising a
guidewire configured to be placed within the |unmen system 15 3. The
rejrievi@ dereGstrielalCdediod of .claMher, Finfthdr REnPRSIAE RGBS BIY 16 99 Riatesi@B cdrnksted and
second openings, the first opening being spaced fromthe distal end of the
first datlhfevie sunh thatfwhestthe gioxiraslead of Hie wise ridanipidplied éo Beinibe neacetdedst am
the distal e of t Lrst. catheter .by, a on di stance, the first and
second]??éraﬂgggkg8?§a£é%%£ygﬁ ?aFﬁvng%Egpiﬁgﬁmil The retrieval device of
claim1l1, wherein the |oop that may be fornmed has an open position that is
substantially circular_in shape. 5. The retrieval device of claiml1,
wher ei ntlt he Thentsiriexpd tdeicgopb cladis 1@ whegine thay seipforcipg lgop Tratendt pqrantiges

deyi ce i A the first catheter is tapered. 7. The retrieval
dggice'§§F¥§@$#ﬂY%Fn§ﬁ€?gF§'the | umen system conprises a first lunen and a
second lunmen, and wherein the wire is configured to be placed within the
first lumen and extend, beyond either end of the first catheter. 30 8. The
retrievith deicEetasval deviferor wHEReit FREH i Te OREing rlogR ipPEdls CRPTEa st
two segBAaLS st&pnnected together. -33 WO 01/56484 PCT/US01/03724 9. The
retrieval device of claim1, further conprising a handle connected to the
wire, and wherein the handl e nay be manipul ated to cause the portion of

e 416 RS DU P RS R SRR BT 20B 53R 5.

claim1l1, further conprising a reinforcing | oop material connected

14.  The retrieval device of claim 10, wherein the reinforcing 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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to the wre such that when the proximal end of the wire is manipulated to
formthe loop, at least a portion of the loop is adjacent to the

rei nf orciwg)dlmn;mat erial. 11. The retrieval device of cl adgwddioyaerein
the reinforcing | oo terla es 10.TEFL NYLON .or PTFE. 1 The
otr eVt Caeedetr B JeRichof Slaigy BirbeE puiine 6T GO kG ppected ©
conpri SRS diskl 8hdbeaR Bkeethetdd adBa sddddd rlﬁhfobﬁéﬁ@'vaﬁz%vdoﬁﬁe&éd ol 1 Wistdd end of
wherein the reinforcing loop material conprises nitinol 14. The retrieval
devi ce th¢ sesbed pathgfer.wherei n the reinforcing | oop naterlal conpri ses
tungsten or platinum 20 15. The retrieval device of claim1l1, further
conprising a reinforcing pusher material connected to the wire proximte
the proy malTeNduwRial & bfclaikb 1, ider 86mpedAE adeld &t Adaptdr dofhekted Wh@eei n
the reinforcin pusher mat eri al conprlses nitinol. 25 17. The retrieval
devi ce dftalendi irst@péliad¢tn t he reinforcing pusher material conprises

st ai nl ess steel. 18. The retrieval device of claim15, wherein the

rei nforcing pusher material is a second 30 catheter, and wherein the
second xat hetlerretriyabéevignvpolaih €0, finthends@piisige RAbLEiAR defict kRenwdcrerl foothe
pass through the opening systemand formthe | oop capabl e of grasping

f or ei grildsodmeddagierhi n the patient. -34 WO 01/56484 PCT/US01/03724 19. The
regrieval device of claim 18, further conprising a first henostasis valve
connected to the distal end of the first catheter, and a second henobstasis
val ve mnneC]ﬂ&detriEthwﬁasdfaﬂaiﬁﬂﬁl, dlirthdr kempeisinp d leaidsekBrvalve cdnectdéteto the
retrieval che of claim1, further conprising a side-arm adapter
connecﬂ@ﬂﬂ?% THe distal end of the first catheter. 21. The retrieval
device of claim 20, further conprising a |ocking device connected to the

si de-arm adapter. 10 22. The retrieval device of claim21, further

conpri A3ng oA herivsdl devise vathpesicginnected to the | ocki ng devi ce.

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 theA 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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23. Aretrieval device conprising: 15 a first catheter having a distal end,
a proximal end, a lunen systemconfigured to accept at |east one wire such
that the wlodi128ss one wire may extend beyond either end ofpctrit@isnst

cat heter d an, apenin stemthrough which a Loap may be farned, a first
it conert prud BUEE B sT 5 G Frthehant dherecSpd Pl el wiinas ftgnd

ei ther jyge¢l 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 proximl end of the second wire may be

opent ngtsystRrER T SRR b G En3ES B i/ PaBEEn nodi e wi thin a

pagient. 25 24. The retrieval device of claim 23, wherein the opening
system conprises two openings oriented substantially equidistant fromthe
di stal 28nd dfhet teirievial sievieattetlaim 235 whenin rtbe rfiist sptheieyicompaisesc pailensR &yo
wher ei n th%tl ggl e&h?té?gré?}ér.be formed has an open 30 position that is

subst afnt¥a §/ P N 'shape. 26. The retrieval device of claim 23,

wherein the |unmen system conprises a single lunmen. 27. The retrieval device

of claim 23, wherein the lunen system conprises a first lumen and a 35

second 3Punertheapigicvpllerics of plaim izgs‘ﬁ’h%lﬁléh‘F seceBh PGS B@cted- be pl aced within

the first lumen and -35 WO 01/56484 PCT/ US01/03724 extend beyond either

end of the first catheter, and the second wire is placed within the second

| umen. 328. Tre mweeievikedalicddel tlain @B, Girthiemc@@priving rachandldheorfriettet t6 akdredodndi S
9., The retrieval device of claim23, wherein the fjirst

tapered.., 5

cat het é¥i'% aﬂ% Phgredn the hapdle masks manighisied o caiidbe Bertipp @éﬂweﬁes:or@owerﬁépass
retri evgloude Vi S@fing Sk 234 HHSTE! o @pISEWchrtigify ESelAPRIRE: withd 82-
The retl?dlogglgl dg}i)/i crclag:oy?s‘tcl gﬁﬁm 23, ?éurtok’er Pcorrpri r?ér%ﬁga %gfr%gl e convr?ect elﬁ to
t he segahent. wire, and wherein the handl e nay be mani pul ated to cause the
pgsrti on of the second wire to pass through the opening systemand formthe
| btop capabl e of grasping foreign bodies within the

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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patient. 15 32. The retrieval device of claim23, further conprising a
reinforcing | oop material connected to the second wire such that when the
proxi mal awd18ksgshe second wire is mani pulated to formthetoeposal | east
a porti of .the loop.is adjacent t he rei nforci loop material. 20 33.
The et evaTicqeyial Fvies 8 ARas.0r rie CoORBHERE i EKRE By HE SPERTHEpser
mat eri afide-aRMRRGIed to the second wire proximate the proximal end of the
second wire. 34. The retrieval device of claim33, wherein the reinforcing
pusher material is a second catheter configured to accept the first wre,

o vhoet 1 CRGTAN SISk, B G LR o R0 R, BRSO

capabl goefin®gased. ng foreign bodies within the patient. 35. The retrieval
device of claim 34, further conprising a first henpstasis val ve connected
to the distal end of the first catheter, and a second henostasis val ve

connect to, t istal .end of. 30.,the.second.catheter. 36. The retrieval
devi ce 3?19 cl%i mﬁ?%,f% ﬂert]il?lvel?g%g%lr%nslﬁonﬁfrgn%&llagéhe ?’r%o 5151[n§r connected to the
di stal end dhseriige 4 pliigewhatihietiespatied® WO 01/ 56484 PCT/ US01/ 03724 37. The
retrieval device of claim36, further conprising a | ocking device connected

to the sidengioyverigiheguidgyiretean pprrppiaata locgion withirthe paient:37, furt her
CRPPY i SI N0 B,daaimes 8%k YahUe: GOINGE At B aR| ARINDARY £ Bistd%nd s
method for retrieving a rorelgn body Troma’patient, conprising: i nser fi ng
a gui dew re into groeinphtenénin oparieg ¥estém ghiolngh guliickewl Ibep htayabe &ppledpandine

| ocation within the patient; 10 advancing a first catheter over the
guidewire, the fiVs¢a ﬁ%#@re‘%&g?wge cHiESPRIOle AHIOTRING 9Pl end, an

openi N9 SYSEMib AR WILOR GphROR TR hb9TRkne J0d, g Ui 1 © ol f ached

thereto, the wre belng capab of formng a’loop; ating the wire to

capt ure t he withdragimghthdyfirgd tdthetbreand tpeigarsbdyi tbhatreene e foreighi bty framhteer

ﬁgg forei gn body t? retrieve the foreign body fromthe 15 patient. 40. The
hod of claim 3 Hherein the opening system conprises first and second

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 catheter 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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openings, the first opening being spaced fromthe distal end of the first
catheter by a first distance, the second openi ng being spaced fromthe
di stal enggafi/seda first catheter by a second 20 di stance,pdmoﬁ,i)gﬁn and

second di stances being substantially equal. 41.. The nethod of ¢l aim 39,
wherei it ne TR RRGPPHRE B sk o dle S g s S Sr ERgS ¢ acepnd p@holes Bnd
subst aniieéihthe ichih@htidd) cSHpRRs Biffdatidd) e BcBRE Bihefet @b Map@re YREFREBNE he
first catheter conprises at |east two segnents connected together. 43. The
met hod hedy ¢tithi the 3®p. f urt her conprising a reinforcing | oop materia

connected to the wre such that when the wire is manipulated to formthe

| oop, at | east a portion of the loop is 30 adjacent to the reinforcing

| 0pp nefeer i athe AdthodNg drEkhAs, Rikthet sdiipdng hUikhBEMEAREY V8vE Godndcidndboihei Ny
pusher material connected to the wire proxinmate the proximl end of the

wire. -Bstahgpdoyi/tbefigd cpbreuspd/gron hanoshss valvheennssted tathe distal eiseelctha
t he reug%gﬁﬁkﬂgmgusher material is a second catheter, and wherein the
mani pulating conpri ses mani pul ating the second catheter to capture the
foreign body with the loop. 5 46. The nethod of claim45, further
conprising a first henostasis valve connected to the distal end of the
first catheter, and a second henostasis val ve connected to the distal end
of the second catheter. -38
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