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REPGCSI TI ONABLE AND RE' CAPTURABLE VASCULAR STENT/ GRAFT 1. FIELD OF THE

| N\VENTI ON The present invention relgpdendgeasrahly to a device and minimally
i nvasi ve procedure for treating a | ?I |.zed abnormal dilation of a |umen
and nore pa¥Y@PEURHrly, the 5 present” i nVentlon rel ates tBCHUBBR B ofil e
stent suitable for use as a synthetic graft for the non-surgical treatnent
of an aneurysm fistula, legion or the like in certain blood vessels and
internal organs. The device nade in accordance with the invention is
retrievable and includes markers spaced about the ends of the device

al l owi ng an enRPROSITIONABLEAND RECAPTHRABLE NMANCURARISTENTRAPE. The
device is particularly well suited for delivery through 10 a catheter or
the like to a renote location in the patient's intravenous systemor in
anal ogous veksel IBELBrQYARHEINVENEION patient's body. 11. BACKGROUND OF THE
I NVENTI ON A wi de variety of stents and grafts have been used in various
medi cal procedur eBre presght igyention wlates geperally fp davicerad miwimellpinesiye cal  and
synt hetic gr t el S L.stula

Topi cal 'y, "t Qe 1o EeRE R IR o biten of RS 1A pir ST S

del i ver ab§ e piesentiphersion atlited ora low profilp etenf suftable fatusoas adyhthietic grapabi @t . The

catheter may be used to reach a selecte essel within the vascul ar system
wherei n st enf‘?l}ﬁﬁfr%?aipﬁm’é@ép a?%ﬂ%éﬁﬂ@@ﬁ&l% ‘IH”E? hl‘FﬂaH‘é?ﬂta‘NBlPOS vesalso55

i ssued to SpifdifiefHal GgAls. The aévice‘alnéc;eexﬂtag @dntbe Gfth theSHY nti?ﬁ( ?str@ﬂebg‘ol and
descri bed, wherein the graft 1s preferably constructed of a polyester
fabric and 2ixchmgs rhekdre bmicedabootsthe ends ofithedexicaiallewing ag enlefhcabderatiinioal

stent designs. Al th h i,ri.digliozzi et al. recognizes_the need for a
retrievabl e 9fthe ?r,‘e"?#gQ 08*3?9‘“8%% 8*1} V&em“éﬂaﬂw&qi %“é‘effgrth'é‘(Fébﬂ’éo%bd

Wi t hdr awng Wha gatiidrlok Blellike EEPIeORM0cAIRMGS thel (ARER siiStrveAGRSydtah oftin 97 af t that
is retrievable even after full deploynent. When a graft is delivered, it is
al so desi r abtnalogeusisasel erorganevithin the patiewfs hode. graft 25 after hill

depl oynment. Al though markers capabl e of fluoroscopic detection have been

attached to gt entgackbROANE OFtiE INOENTIENENDS Of these stents renains
difficult to determne when viewi ng the device in two di mensions. Lonbardi

et al. in U'S. Pa4eide Vieictyf Serdts @A gradle heve tees usd ileRHohy FeARhl jRoQRLRES eS

havi ng position indicating nmarkers on the prostheses,
For example, stents and grafts (both biological and synthetic grafts) have been used to treat

15  aneurysms and fistulas. Typically, the stent has a right circular cylindrical shape and is
deliverable through a catheter to a specific location within a patient. The catheter may be
used to reach a selected vessel within the vascular system wherein stenting of the vessel is
desired. In U.S. Patent No. 5,824,055 issued to Spiridigliozzi et al. a stent graft delivery
system is described, wherein the graft is preferably constructed of a polyester fabric and

20 may be held in position with a wide range of conventional stent designs. Although
Spiridigliozzi et al. recognizes the need for a retrievable graft, they only describe a device
that is retrievable and withdrawﬂ when partially deployed. Hence, there is a need for a
graft that is retrievable even after full deployment.

When a graft is delivered, it is also desirable to monitor the position of the graft

25  after full deployment. Although markers capable of fluoroscopic detection have been
attached to stents, the orientation of the ends of these stents remains difficult to determine
when viewing the device in two dimensions. Lombardi et al. in U.S. Patent No. 5,824,042
describes an endoluminal prostheses having position indicating markers on the prostheses,

however, use of the markers to determine a rotational orientation of the ends is not
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however, use of the markers to determne a rotational orientation of the
ends is not ~~lll~~~1IH~ TLELErr rererer reerer eeer reererr reer e
Il *166166* *ACTI ON* WD 01/ 72240 PCT[USO /07763 -2 described, Thus, there
is a need for a stent having markers that indicate the ro |

orientati onVOPPHY stent, whether or not the device is vilté(\?\-lte gllqiri\}l’?%/\o or
three di nensions. The present invention addresses these and ot her needs
that will beconme apparent to those skillzd in the art froma review of the
description of the present invention. 5 SUMVARY OF THE INVENTION It is thus
an obj ect ofddstrébedr &hay)theraid @mbeédofor b steptr lavingenakerethat imdzbteehe dotatropalof i | e,
sel f-expandi ng stent. The device of the present invention is preferably

formed from erienidanPhthsaent wae 6507 RLIE AOVIFSS ViFYRBI Riston TS GiTBfsicas. |
cont | gur at! Oftye A0dknt AGLIAIR 346t AM Resc! B bR hat {h?{wﬁfﬁe@%gﬁgﬁaré?ﬁ 1d figsdievi ce
to an end of & ‘dellvery device or guide wre o Cal'l ow ng recovery o? t he

devi ce aft erskilitydl in et from kievidveofithe teycriptiorestibedpesnt invédion. device is
constructed froma netal fabric having a plurality of woven netal strands.

The device has a proxinmal en ' | anps or neans for
securing the netal fabric atg‘ﬂ]}gﬁﬁt‘fg@mﬁgﬁ%ﬂ@ﬂgﬁl anps inhibit
unraveling of the metal fabric..The configuration of the .oreferr

embodi ment has a SUUECHRRet 5 B PRRA FOSr P Rtk bf i S derife

i ncludi ng a RASGPERNEGYstBRT WEE Bevidd tipreseesinvaitioh i sireferuply fotthédiroran

i ntended, the specific shape of the device of the present inventjon is
parti cul ar | yeandnpousduula datirisy hasagelaxsddowrpratile spylgprationanddadudes clapps e
enbodi nent o e ' td.0 o1 Ast of a
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end, eachoendillbaitigngeri@ryaiftitaadeeite biia@rdeplvymesty.clnrtheprefopretl embbdiatent deur es t he

woven strands together at_ each end,., fhereby inhibiting unravelin f the
fabric. The @Rqecscensgueied g?ﬁmtéé%%%vy{géﬁl?ﬁw ot yPVerhA] Fnds .
wherein the pelaxed,oyddiRdididahd £@8hi Y Ald QRnpd GIiABS TR sRARRA SRR al
extendi ng through a central portion between each end of the device. The end

portions of fabtieatiehedty cash enddThe clampsningibit unrayelingef theanetabifebdal Theai n body

portion of t Qoen 1g€u\f/alti%§ of the'preferred embodiment has a substantially cylindrical relaxed

15 configuration including a passageway between the two ends. Without any limitation
intencied, the specific shape of the device of the present invention is particularly well
suited for treating an aneurysm of a vessel.

In one embodiment of the present invention, the device is constructed of a plurality
of woven strands. The device has a proximal end and a distal end, each end having

20 attached thereto a securing member that secures the woven strands together at each end,
thereby inhibiting unraveling of the fabric. The device has a relaxed generally cylindrical
configuration, wherein the relaxed cylindrical configuration includes a paSsageway
extending through a central portion between each end of the device. The end portions of
the device extend at an angle from the cylindrical main body portion of the device,

25  wherein a plane of at least one end intersects a longitudinal axis of the cylindrical portion
at an angle of at least one of acute and obtuse. The device further has a collapsed
configuration for delivery through a catheter and channel in a patient’s body.

Additionally, at least one end of the device includes markers spaced a
predetermined distance around an outer perimeter edge of the end. Also, the securing

30  member is attachable to a delivery device. The pitch and pick of the woven strands are



25 wherein a plane of at |east one end intersects a |ongitudinal axis of
the cylindrical portion at an angle of at |east one of acute and obtuse.
The device further has a collapsed configuration for delivery through a
catheter and chanpel in a patient's body. Additionally, a e end of
the devi ce WA&Y#4¥s markers spaced a predeterm ned di stair’\%tfﬁgrﬁ}gaﬁg an
outer perineter edge of the end. Also, the securing 30 nenber is
attachable to a delivery device. The pitcf#i-and pick of the woven strands
are WD 01/ 72240 PCT[USO /07763 -3 such that the wire mesh is inherently

t hr ombogeni c,suphthatthe wireingogk is ivlieréritlyrthrombogamic, heteirea layer dfdibeindbrntshan the
device. In anptfher ¢ nmbodi ment of the present invention, the ends of the
device are fIHF&¥° a?ﬁrf&lygle'n awidth of the ends is greater than a

m dsection of the jA8yitR® embbdivRht GRS PedenbinPEHRSA] B Bhds gtﬁenfevicg\éfenﬁ%@?,’ an
aperture is forined in the mdsection of the device, and I's adapte or
recei vi ng an veeing width ofithe edds/is geeatst thah e npdsesténmt ofithedavideoin yétransthiet |

th nbodi t of.th t i ti L i ndri [ i body i
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en

pul I ed through the aperture of a second graft o 10 this enbodi nent.
the first greambodineat oithepresent inysutinm, the sylinsirigalavkin body iybesttand inclides anf i r st

and second grafts together forma "Y' .shaped af.t. W form png. t hese
i nt ravascul gra%ﬁé'%ff’io ef ?%%llga?galma}%l?ﬂdyf’gﬂq@g hebta %?’@t 35‘1‘1{” OE i i ent
strands or wichft®daidat PEPYE setchewahdipdriialy ited trdighiie é@hmf@xewnaiﬁmg{]t he

resilient strands to create a resilient material. Ile strands or wires have
mermory 15 0pr dpiéembedimgpty When the sk praf)isallpaved tofeseme ity tebansd configurationatheal | oy

of known s;ingﬂglagdS&ggéklrﬁagtgggg@?rftghggag;,gﬁpe%aﬁ portion of one or both of

the outer I nner per y be encl osed by a
bi oconpat i bl e mat éVheal fornving thesd inerayastularideeitésdion atesiiibadfabiibe plupalitg efrpat i bl e

material may copnprise . a sujtable known .fapric¢c nanufactured by Gore, Inc.
of Del awar e. r%lq%)“ﬁsqaﬁgs B‘r‘@‘f‘?rat“éﬂ"@ﬁﬁ&ndww ?{‘af’ﬂgg?ﬂ:‘% ‘H@Gd % brdiding thegef or med
to general |y 6@ 5tiANtOto RediPd FisiigntSHitéRE e TR stAndPd ARG HaleBRbrand the
braided fabric is heat treated in contact wth the surface of tthe noldin

el ement df -arpreneeies tediare drgierpkly mrade offhbioggmpatiblganetal alloy of known suitable "
construction. Either all or a portion of one or both of the outer and inner perimeter of the

graft may be enclosed by a biocompatible material. Without any limitation intended, the
biocompatible material may comprise a suitable known fabric manufactured by Gore, Inc.

of Delaware.

20 In the preferred embodiment the braided fabric is deformed to generally conform to
a molding surface of a molding element and the braided fabric is heat treated in contact
with the surface of the molding element at an elevated temperature. The time and
temperature of the heat treatment is selected to substantially set the braided fabric in its
deformed state. After the heat treatment, the fabric is removed from contact with the

25  molding element and will substantially retain its shape in the deformed state. The braided
fabric so treated defines a relaxed state of a medical device which can be stretched or
expanded and deployed through a catheter into a channel in a patient’s body. Those
skilled in the art will appreciate that the cavities of the molds must mirror the desired
shape of the device. Additionally, the mold includes cores and/or cams to adequately form

30  the desired openings in each end of the device.



tenperature of the heat treatnent is selected to substantially set the
braided fabric inits deforned state. After the heat treatnent, the fabric
is renoved fromcontact with the 25 nolding elenent and will substantially
retainits in the deformed state. The braided fabrj ted
defines a r‘i$§Q§54()state of a nedi cal device which can be ‘éﬁ@?"éf?@ E?or
expanded and depl oyed through a catheter into a channel in a patient's
body. Those skilled in the art will apprdeiate. that the cavities of the
nol ds must mirror the desired shape of the device. Additionally, the nold

i ncl udes cores antfee, cguide tatheatdspaitongd fiot sdvad@dtime pateeat’s botlyoymel ity shel n
each end of the deyice. 01/72240 P USO /07763 -4 In use, a_guide
catheter is rﬁlbsg"}l chi;ﬂgtge %V@t%fﬁ/% aept § %ﬁe HEqImRRY sie fRy diratingphysiplogieal
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treating a physiological condition. The nedical delvfgchéca)% elt%he %r}g‘?eeﬁst

i nventi on haviengtretcndegdtivsertedint thi hpeeni of the daghetst Toe dhact iamged taeugtethei Nt 0

t he lumen_of the catheter...The device is urged through the 5 catheter and
out the d P st §?£%tﬁ’band\%§e§‘8 Lﬁlb%aﬁ ,en‘g 8PP 9“381 i3 %‘W 6‘9¥e&“&? AeStpr eset
confi gur at i oRenfiguratioh) it WANEnl & ﬁﬂﬁkﬁtgdg&'é&hw‘to'iﬁ'rél%dlts%té& okl Fr?zﬁxz)teﬁtt e

adj acent the treatment site. Once t evice 1s fully deployed,
physi ci an or sii&ePnagdlie dayideiis fullydepleyed, thephysiciem br vser may bonfanii prgpeaphs,
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Figure | is a gersgecti ve view of a retrievable sel -expancing vascul ar
stent grdft éfthen wicagsddrom theicammandgemoysdgure 2 is a back side el evati onal
view of the vascular stent graft of the type 15 shown in Figure 1; Figure

3is afront side elevati WEFEEWTme?ﬁﬁﬁRAWGQN graft of the
e na

type shown in Figure 1; Figure 4 is an en evatio vi ew of the

vascul ar stent g Figaaf1is@fpetspectivi PRwSITQWBLriePabld$cliié:@arding hsEil iidht RrafSof®

top plan view of the vascular stent graft of the type shown in Figure 1;
the present invention;

Figure 2 is a back side elevational view of the vascular stent graft of the type
15 shownin Figure 1; |
Figure 3 is a front side elevational view of the vascular stent graft of the type
shown in Figure 1;
Figure 4 is an end elevational view of the vascular stent graft of the type shown in
Figure 1;
20 Figure 5 is a top plan view of the vascular stent graft of the type shown in Figure 1;
Figure 6 is a bottom plan view of the vascular stent graft of the type shown in
Figure 1;
Figure 7 is a side elevational view of another embodiment of the present invention,
Figure 8 is a side elevational view of yet another embodiment of the present
25 invention;
Figure 9 is a top plan view of the device of the type shown in Figure 8;
Figure 10 is a side elevational view of still another embodiment of the present
invention;
Figure 11 shows the device of the type shown in Figure 10 extending from an

30  aperture of the device of the type shown in Figures 8 and 9;




Figure 6 is a bottom plan view of the vascular stent graft of the type

shown in Figure 1; Figure 7 is a side elevational view of another

enbodi ment of the present invention; Figure 8 is a side elevational view

of yet another enbodi nent of the present 25 invention; Fi %gso%jlﬁsa top
gure '

pl an vi ew YO PHE*Hevi ce of the type shown in Figure 8; Fi 'S a side
el evational view of still another enbo inment of the present invention;

Figure | | shows the device of the type shown in Figure 10 extending from
an 30 aperture of the device of the type shown in Figures 8 and 9; WD
01/ 72240 PCT/ USO1FREIFSR a Fogeteratichabview ofitnother embodimeht ofithepredenainotitivn,

enbodi nent of the_present inventiaqn; . Fi e 13 is,a back clevational view
of a device of tthgtuﬁepgan’§ﬁ(Wﬁ“?qﬁva§?%ly§“g ;ade¥ﬁ8°€'ih§@fp85liﬂw?§‘%g‘ﬁfﬁdﬁi

el evational yhgw of a first device of the type shown in Figure 5 12
partially extending fToma second device of the type shown in Figure 12.
DETAI LED DESCRI PTFighireOH i¥ bifroRRECERRED vienBoinl (MBNEviEh of the ity pevshongn ieFigiteed
descriptign t he, preferred enbodi pent, i n.conjunction with _the

e company Sng LY SRR o gecwed Orrigar BobE HE P SRS i oh 1| ke
nunerals in the several views refer to corresponding parts. The present

i nvention repr esemErANEN DESTRIPIPONCEP THE PREFEFIRND EMBOPAMENYPaNdi ng

vascul ar stent graft devices. The enbodi nents detailed herein are intended
to be taken as refhesdhivig deailod desepiunvtheirefeheb@nbollimbiitéicdphction with

| nprovenents of the in,venf Lon may bhe inpcorporated and are not I ntended to
be limting. MERSCHRRARLINE clapeandidmripsssrsibss the pupptinndn abish lika pymerals in the
directed sel f; | | t : s }.C y
Nl | syl o Porrac el & LORNBUIMEhRR A0 plosdl ibRioh JuftBlchisCHHoRl

t ubul ar dénempplicable yinprosernerds torsalfexpradingpasduiap stedtprafh devdeeyl &te embodimiehisons

14 and 16. The | ndri cal rtion 12 includes.a passageway. .18 extending

bet ween end t&ﬁ%q }beﬁ"_:smirf_"étﬁ‘g&f%? geﬁﬁ%ensﬁsé?ﬂr_esﬁ?tﬁwe cff)@x?rg}%ﬁrryé%g}o%{nw e r om

a tubul ar nmeg@probahédtsof the Givediongnay Helikdodpdrit¥d &id HON&NNERIAI0 BE iR A

clanp 24 is attached to each outer end of netal fabric, thereb%/ I nhi biting
-

unravel i ng of t heThetragseqtaiprengion mrovidessa peiatapgous isatheten diyectedy self-expanding
retrievable stent graft 10 that is particularly well suited for treating an aneurysm. The stent
15  graft 10 includes a tubular generally cylindrical main body portion 12 and angled end portions
14 and 16. The cylindrical portion 12 includes a passageway 18 extending between end
portions 14 and 16. The stent graft 10 is preferably made from a tubular metal fabric
including a plurality of woven metal strands. A clamp 24 is attached to each outer end of
metal fabric, thereby inhibiting unraveling of the metal fabric. At least one of the clamps 24
20  is adapted for coupling to the end of a guidewire or catheter for delivery to a pre-selected site
within the patient.

The tubular “fabric” is formed from a plur;:tlity of wire strands having a
predetermined relative orientation between the strands. Those skilled in the art will
appreciate that the pick and pitch of the braided wires may be varied depending upon the

25  desired density of the fabric. The tubular fabric has metal strands which define two sets of
essentially parallel generally spiraling and overlapping strands, with the strands of one set
having a “hand”, i.e, a direction of rotation, opposite that of the other set. This tubular
fabric is known in the fabric industry as a tubular braid.

The pitch of the wire strands (i.e. the angle defined between the turns of the wire

30  and the axis of the braid) and the pick of the fabric (i.e. the number of turns per unit



20 i s adapted for coupling to the end of a guidewire or catheter for
delivery to a pre-selected site wthin the patient. The tubular "fabric"
is formed froma plurality of wire strands having a predeterm ned relative

orientation b enthe strands. Those skilled in the art_ reciate
t hat the pi%‘lﬁ‘éﬁ% pitch of the braided wires may be vari ela&mé!%’)oé/r?%%g upon

the 25 desired density of the fabric. The tubular fabric has netal strands
whi ch define two sets of essentially par@|lel generally spiraling and
overlapping strands, with the strands of one set having a "hand", i.e. a
direction of lengthans wnll appmusother fachas, sodh dshiee minktear of wires diiployédinul t&bulaf abric
S knO\Anlntbhefabrlcmdustr ul.ar id. . The pitch of the wre
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called shape memory alloys. A device may be manufactured from a shape memory alloy,

wherein the shape of the device may be dependant on temperature or may be manufactured
to be independent of temperature. When manufacturing a device from shape memory

20  alloys to be independent of temperature changes, a preferred configuration can be fixed by
heating the material above a certain phase change transition temperature to induce a
change in the phase of the material. When the alloy is cooled back down, the alloy will
“remember” the shape it was in during the heat treatment and will tend to assume that
configuration independent of temperatures less than the heat treatment temperature, unless

25  constrained from so doing.

Without any limitation intended, suitable wire strand materials may include a
cobalt-based low thermal expansion alloy referred to in the field as ELGELOY, nickel-
based high temperature high-strength “superalloys” (including nitinol) commercially
available from, for example, Haynes International under the trade name HASTELLOY,

30 nickel-based heat treatable alloys sold under the name INCOLOY by International Nickel,

and a number of different grades of stainless steel. The important factor in choosing a



wherein the shape of the device nmay be dependant on tenperature or may be
manuf actured to be independent of tenperature. When manufacturing a device
from shape nmenory 20 alloys to be independent of tenperature changes, a
preferred eanhirgeyoati on can be fixed by heating the natepialiscahonve a
certain phase change transition tenperature to induce a change in the
phase of the material. Wen the alloy is cpol ed back down, the alloy wll
"renmenber” the shape it was in during the heat treatnent and will tend to
assune t hat fii i i en rat.ures.. Less than.the heat
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preferred, at least in part, because they are commercially available and
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al  oys. NiTi de@%@gﬁ_ are also very elastic and are said to be "super
“pseudo e

el astic" or | astic". This elasticity allows a device of the
i nvention to retuMWhdndoanipg esetlicelodeivicglim a¢cioataned with the present invention, an

appropriately sized piece of tubular metal fabric is inserted into a mold, whereby the fabric

deforms to generally conform to the shape of the cavities and cores within the mold. The
shape of the cavities are such that the metal fabric deforms into substantially the shape of

20  the desired medical device. Cores within the cavities are used to further form the shape of
the fabric within the cavities. The ends of the wire strands of the tubular metal fabric
should be secured to prevent the metal fabric from unraveling. A clamp 24, welding, or
other suitable fastening device may be used to secure the ends of the wire strands. Further,
it is to be understood that other suitable fastening means may be attached to the ends in

25  other ways, such as by soldering, brazing, use of biocompatible cementious material or in
any other suitable fashion.

During the molding procedure, a molding element may be positioned within the
lumen of the tubular braid prior to insertion into the mold to thereby further define the
molding surface. If the ends of the tubular metal fabric have already been fixed by a

30 clamp or welding, the molding elerﬁent may be inserted into the lumen by manually

moving the wire strands of the fabric apart and inserting the molding element into the
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the encl d8ur analéing plsmeetican be fismpd of Ajemperatire twaistant plasic resinimhigh i capebie of an
be formed of b@m@%&s%lb@d wfﬂb qulﬁlﬂﬁotpgamc solvent. :In this instance, the metal fabric and the

molding element can be subjected to a heat treatment to substantially set the shape of the

fabric in conformance with the mold cavity and molding element, whereupon the molding

clement and the metal fabric can be immersed in the solvent. Once the molding element is
20  substantially dissolved, the metal fabric can be removed from the solvent.

Care should be taken to ensure that the materials selected to form the molding
element are capable of withstanding the heat treatment without losing its shape, at least
until the shape of the fabric has been set. For example, the molding element could be
formed of a material having a melting point above the temperature necessary to set the

25  shape of the wire strands, but below the melting point of the metal forming the strands.
The molding element and metal fabric could then be heat treated to set the shape of the
metal fabric, whereupon the temperature would be increased to substantially completely
melt the molding element, thereby removing the molding element from within the metal
fabric.

30 Those skilled in the art will appreciate that the specific shape of the molding

element produces a specific shape of the molded device. If a more complex shape is



chem cally dissolved, or otherw se broken down, by a chem cal agent, which
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resi st ant astic resin which is capable of being dissol |

sui tabl e -&(b%ﬂﬁlzyosm vent. ~ In this instance, the netal ?(2:2}}3}9&%?3% t he

nol di ng el enent can be subjected to a heat treatnent to substantially set

t he shape of the fabric in confornmance v#-th the nold cavity and nol di ng

el ement, whereupon the nolding element and the netal fabric can be

i mersed in ﬂdméred;dhanankﬁng@imnthdnndﬂaﬁayglaw edditlinnal parts 2ficledilgs 4 entuingdg y

di ssol ved, the netal I ¢ can be r d fro soI ent Care sgehgld be
taken to ensHFEEFRER ‘i‘ﬁé‘r hRPBIET ShpEe 1 BFiDE fermedot & IR gt

are capabl e W Boch B \BRAhd SRBLIBH ER@H hfn&i hape, at
| east until 9& rbﬁgpe 0 tﬁel&?) bric hasﬁieen Ossglp Foirngeef(kiét‘l;tgtlgd SE nmol di ng
el ement coul ehthdy bl tirershepeodt the desireh medicdh deviogtoavhnet the ng:tqb(ﬁahnm veill @ererhliye
tenperatu e &F?nsary to set the 25 shape of the wire strands, but bel ow
the nelti of the metal formng the strands. The nol d| ng el ement
and netal fabrI C Wah mett&tﬁmlselm@ftexarhﬁete%Itypr%%rmtsénfelaééaae&lmgurétmﬂ thget al
fabric, whereupon the tenperature woul be increased to substanti al ly
conpl etely wokstrande foroiing the tubhlenemid, wrﬂlﬁwewebﬁrsrt predetermgineduelative diiergatedne nent
fromwlthlnt fabric. 30, T ed in the art w, I, appreciate
that the sped r%?’p%‘ii QEGIOYRT ARdhey B]ar @f%}éﬁ?mmﬁasaﬁelggg Is aXjs.dhe E’gnghape
of the nol degdifiRMd fBflart butkwaP mnﬁemxﬁemﬁmﬂﬁ%t&mmagééﬁt%amwm&?ﬁy 07763
ma

-9 desired, the nolding el enent and nol ave additional parts

i ncl udi ng0a Eenierisrg deformedthe relative opemtatian of tae wisk sirandh afe imetdd &abaig Wibr med,
the mold may, and the
shapes of thoﬁs%gpa%s W I"?&%lszgg%mtb%ta e 8 e?Jl %ﬁcw}g@nﬁ%lg} gﬁ]ng;qég%pe of the
desired nedi selditgesurfaee dfahaintesibr d:ahﬁy.rrAﬁaﬂ uxfdatgron@tméﬂapegmambai prycess thonf or m
When t he tubul al{ braid, for ' rel.axed

| e, f fo
confi gur at i offsulipgmediegldeyice ’ﬁd’g}) ‘Fsg? ﬁ"a?iﬁfl ‘?‘Wléigf‘ B’i?%?‘{ao?oi]?aseﬁnof prgiched a

first predet giffighRfoR f#hhialSwothb BEVIEL th BB pai¥ed ﬁué@gﬁﬁ% efePoP&ﬁel%ﬂﬁﬂat}er As
the tubular braid is co%essedaonglts axi s fabric tend to

fl are ouls andsliveryaleviche Thkielaxehermbgwration m@enwellismed by ﬂlersbammf éhc fabier t he

‘when it is deformed to generally to conform to the molding surface of the mold.

Once the tubular fabric is properly positioned within a preselected mold with the
fabric generally conforming to the molding surface of the cavities therein, the fabric can be
subjected to a heat treatment while it remains in contact with the molding surface.

20  Suitable heat treatment processing of nitinol wire to set a desired shape are well known in
the art. Spirally wound nitinol coils, for example, are used in a number of medical
devices, such as in forming the coils commonly carried around distal links of guide wires.
A wide body of knowledge exists for forming nitinol in such devices, so there is no need
to go into great detail here on the parameters of a heat treatment for the nitinol fabric

25  preferred for use in the present invention. Briefly, though, it has been found that holding a
nitinol fabric at about 500 degrees centigrade to about 550 degrees centigrade for a period
of about 1 to 30 minutes, depending upon the sofiness or hardness of the device to be
made will tend to set the fabric in its deformed state, i.e., wherein it conforms to the
molding surface of the mold cavities. At lower temperatures, the heat treatment time will

30  tend to be greater (c.g., about 1 hour at about 350 degrees centigrade) and at higher

temperatures the time will tend to be shorter (e.g., about 30 seconds at about 900 degrees



10 fabric is so deforned the relative orientation of the wire strands of
the netal fabric will change. When the nold is assenbled, the netal fabric
will generally conformto the nolding surface of the interior cavity.
After undergoing the shape nenory process, the resulting nmedical device
has a presetongizaed configuration and a col |l apsed or strREEH¥I/07763
configuration which allows the device to be passed through a catheter or
other simlar 15 delivery device. The relgxed configuration is generally
defined by the shape of the fabric when it is deformed to generally to
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this can be  ,yisesto thereby define a medical device having a desired shape. After the heat
treatment, the fabric is removed from contact with the molding cavity and will
substantially retain its shape in a deformed state. If a molding element is used, this
20  molding element can be removed as described above,

The time required for the heat treating process will depend in large part upon the
material of which the wire strands of the metal fabric are formed and mass of the mold, but
the time and temperature of the heat treatment should be selected to substantially set the
fabric in its deformed state, i.e., wherein the wire strands are in their reoriented relative

25  configuration and the fabric generally conforms to the molding surface. The required time
and temperature of the heat treatment can vary greatly depending upon the material used in
forming the wire strands. As noted above, one preferred class of materials for forming the
wire strands are shape memory alloys, with nitinol, a nickel titanium alloy, being
particularly preferred. If nitinol is used in making the wire strands of the fabric, the wire

30 strands will tend to be very elastic when the metal is in its austenitic phase; this very

clastic phase is frequently referred to as a super elastic or pseudo elastic phase. By heating



acconpl i shed by, for exanple, connecting electrodes to each end of the
nmetal fabric. The wre can then be heated by resistance heating of the
wires in order to achieve the desired heat treatnment, which will tend to
elimnate the need to heat the entire nold to the desired %prgiﬁ}gm&reatl ng
tenperat ur &AW Gfler to heat the metal fabric to the desi Fed T enper at ure.
The materials, nolding el ements and net hods of nolding a nedical device
froma tubular or planar netal fabric ariB-further described in U S. Patent
No. 5,725,552. Heat treating the netal fabric at tenperatures ranging
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device may b%etlélsn?lged that the device is not properly positioned. A threaded clamp attached to the
medical device allows the operator to control the manner in which the medical device is
20  deployed out the distal end of the catheter. When the device exits the catheter, it will tend
to resiliently return to a preferred relaxed shape. When the device springs back into this
shape, it may tend to act against the distal end of the catheter effectively urging itself
forward beyond the end of the catheter. Since the threaded clamp can enable the operator
to maintain a hold on the device during deployment, the spring action of the device can be
25  controlled by the operator to ensure proper positioning during deployment.

The medical device can be stretched into its collapsed configuration and inserted
into the lumen of the catheter. The collapsed configuration of the device may be of any
shape suitable for easy passage through the lumen of a catheter and proper deployment out
the distal end of the catheter. For example, the device may have a relatively elongated

30 collapsed configuration wherein the device is stretched along its longitudinal axis. This

collapsed configuration can be achieved simply by stretching the device generally along its



5 to treat a physiological condition of a patient. A nmedical device
suitable for treating the condition is selected. Once the appropriate
nmedi cal device is selected, a catheter or other suitable delivery device

may be posig i Wi thin a channel in a patient's body to tpe distal
end of the W@%roy devi ce adjacent the desired treat rrentp‘%/?%ﬁm%'he

del i very device (not shown) can take any suitable shape, but desirably
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will tend t Oand angled end portions 14 and 16. The cylindrical portion 12 includes a passageway 18
extending between end portions 14 and 16 (seé Figures 1 and 4). Without any limitation
20  intended, during the formation of the device 10, the end of each woven strand is attached
to a clamp 24. The ends of the woven strands deform about the perimeter to create an
open end and angle towards the clamp 24. Markers 22 are attached to the perimeter of one
or both open ends 14 and 16 and the shape of the ends in combination with the position of
the markers 22 allow for an accurate determination of the orientation of the ends 14 and
25 16. Those skilled in the art will appreciate that the device of the preferred embodiment is
well suited for the non-surgical treatment of an aneurysm, fistula, legion or the like in
certain blood vessels and internal organs.
The clamps 24 tying together the wire strands at corresponding ends serve to
connect the device 10 to a delivery system. In the embodiment shown, at least one of the

30  clamps 24 is generally cylindrical in shape and has a threaded bore suitable for receiving a

threaded end of a guidewire. The clamps 24 receive the ends of the woven strands of the



col | apse the rel axed generally cylindrical portion of the device inwardly
toward the device's axis. Loading such a device into a catheter nay be
done at the tine of inplantation and does not require pre-loading of the
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strand is attac hegﬁﬁ{cfg%aaﬂg Sﬁ%\v Qﬁﬁﬁggg%%%&o%%%bﬁéﬁg’ﬁv%&?gﬁgEpé(%{e?"}‘%rg(r)n
about t hé0peis forbekinttie midsedtion afithe dpeve. dfigura bl siauvwgl aaotherembstelihdre of thenmp 24.

Mar kers 22 are attached to the rinmeter of one or both ope nds 14 and
16 and the sH%aYB’é“QS’fWIE%%‘“é*P‘Foeé‘H? ﬁgw"ﬂa‘(ﬁw RraieR %’ﬁ%‘e'p‘ﬁgf‘t gfdﬁe g‘?“cecaﬁéhe

mar kers 22 abhRWp : rﬂ,&.@' - Of I i t he
ends 14 and gg&lgﬁﬂﬁggsé}%gﬁ%ﬁcﬁwgﬁrtﬁﬁe ar %‘?WF‘?‘%‘%?Q%”E@@H@%&% devi ce
of the pref eppasitirettbeithedeviceof thotepd showntieHightss 8 ahd 9ndhe Buredembl2 inhibits nent
of an aneury J la. .| eqi i I cent ai | ogd, vessel s and

i nternal or gghrr?sd.etqf% tgggllalglr%agggz) Htt (%ﬂr]l%g}f%g{guleet% ﬁ'e ;rﬂ?sr?es %’\}\}eﬁlenntg ? rmg%‘c% dat

cor r espondli ngombidsticherf\tiee. émbodirmennestithd presedemivention @s stowa i Eliguver lyissystem I n

T TN N RN
threaded end A@brtigdH, ARVMILEd dMIR sBORHRSFigdre 1B SN Be LR 16 BElRt, Fhr diFpIOYEN
strands of the
PDA.
In still another embodiment of the present invention shown in Figures 12-14, the
20  cylindrical main body 12 is bent and includes an aperture 36 formed in cylindrical main
body 12 proximate the bend. The cylindrical main body has a first portion having a larger
diameter which is sized to fit within, for example, the abdominal aorta and a second
portion having a smaller diameter sized to fit within, for example, the iliac artery. Without
limitation, in the preferred embodimen"t the length of the first portion exceeds the length of
25  the second portion. Figure 14 shows a first graft identified as numeral 40 stretched and
partially pulled through the aperture 36 of a second graft identified as numeral 42. When
the first graft 40 is allowed to resume its relaxed configuration, the first and second grafts
40 and 42 together form a “Y” shaped graft. In use, the second graft 42 is delivered by
known techniques to the desired portion in the “Y” branch of a vessel. A second delivery

30  device then extends into an end of the second branch and out the aperture 36. The first

graft 40 is then partially released and simultaneously the delivery device is withdrawn



WO 01/ 72240 PCTIUSO /07763 -13 netal fabric to substantially prevent the
wires fromnoving relative to one another, Those skilled in the art wll
appreciate that the device 10 is sized in proportion to the aneurysmto be
treated. Referring next to Figure 7 an alternate preferre Jrent of

t he pr esent’ 8! 'i”r?%/‘g’nti on is shown, The end portions of thep%l@g?)ce extend at
an angle fromthe cylindrical main body portion 12 of the device, wherein
a plane of at least one end intersects a-l4ongitudinal axis of the
cylindrical portion at an angle of at |east one of acute and obtuse, but
wher ei n t he antl epdrigonnaditheaBrstigrald 4 ¢s mit'mhcdmithintlﬁi gyoorel graft A2 gustesviBinand 9

show anot her enbo nt“ f th e wherein erture 30 01is
formed in thé 1%%@49 (?Paﬁeﬁ@%b’? E sl i o Sl’ﬁglgﬂlgﬁgah%ac‘ﬁws@éﬁ@’%nt
of the i ”Ve'l'édgx&fbr‘mﬁlﬂ&'xﬂat“‘?e sRip8 Eﬁmref fRERAln BlHoWRESkels O F6F sgater

wi dth of the device at the ends. ure I shows the device f t e type
shown in Fi gukidedd thoarewdl am)retcmt@thghht ﬁ\é” slmpedr graft enFOeghrtichlarlgenefobasd t he

type sho in.Fi The .inhibits the device from
m grati n\é\@out g&ﬁé"ﬁ&é&?&’f@‘eﬁpm ‘g‘lﬁ“P‘I‘ I?t}°r?I‘F‘F¥¥5rﬁTt that a 15
corbi nati on of th%s%%%d‘ﬁ@‘b@ex@desérhﬁdBét%ﬁﬁﬁboﬁﬁﬁé%ﬂlé ®haibi o?@a%cbrﬂpgﬂ gur e

Il I is particularly well suited for grafting or stenting, for exanp
pul nonary br avidithe Posgnt Statuied and|tg provide thdsasleﬂedjm\lh@m with the inforfatgon neetied .
coul d be use to sﬁtﬂunt er enmhodi nent of

Che. present  (HURAL TR0 h B FEER § o Giany yod i diones Ok P BrFERIF Sha

body 12 is begfuiraddHbvslet) dEiS to’ilbb @iderstodt thaBthefidVeiBeh tdn e\ohirRdlouEBy Mai N
body 12 proxi mate the bend. cgl indrical main body has a first portion

havi ng a lPar gescificgilndiffercpt %W@ﬁam thafj vaeigus odifieatigng ernrbe acenmplicheh ithowthe
abdom nal aor ?aﬁ%dﬁ g a smaller dianeter sized to
fit wthin, de exa a?%%gﬂ%(ff%éb%??g%éthhout limtation, in the
preferred embodi miWiat islekithedhigt h of the first portion exceeds t he | engt h of
25 the second portion. Figure 14 shows a first graft identified as numneral
40 stretched and partially pulled through the aperture 36 of a second
graft identified as nuneral 42. When the first graft 40 is allowed to
resune its relaxed configuration, the first and second grafts 40 and 42
together forma "Y' shaped graft, In use, the second graft 42 is delivered

by




known techniques to the desired portion in the "Y' branch of a vessel. A
second delivery 30 device then extends into an end of the second branch and
out the aperture 36. The first grail 40 is then partially rel eased and
simul taneous|y the delivery device is w thdrawm WO 01/ 7224 /07763
-14 unti | é&%gVP?wn of the first graft 40 i s positioned mf&ﬂﬁ%ﬁbkgglecond
graft 42 as shown in Figure 14. The "Y" shaped graft may be used to
non-surgically treat an aneurysm fistulal5- legion or the like in a "Y"
shaped juncture of certain blood vessels. For exanple, those skilled in
the art will appreciate that the "Y' shaped graft may be particularly
useful as a 5 triple A (AAA) graft for Glha&lM8pair of an abdominal aortic
aneurysm This invention has been described herein in considerabl e detai
in order to comply- wi Arrotlppsitbemedicaldesictiicempapiag 8 dabsicdnslading mobealitypf | ed

o const ruct "R REB0BRAQEER RS Frd sAPRIS S0R A Ron i Bl o7 7T

is to be undeftsdhe@thetdidnchiteor @ity thewedéh @@n@s@ﬂfef@?_hﬂﬁﬁiﬁihg’uﬂ;@velm of the
specifically different devices and that various nodifications can ge

acconpl i sHed fatirichesid deviregwing adelpred pylipdricabegniigumtion evherpin said wipxed sel f .

cor | apsi ol o MedEi Y PRdar AR bt pdcktndm gl Bt oon 1, o

woven st rand$etwian daciemd,oehdiéi ia piine opatdedshdle et dntevsettta Mingitwlinad ags ofsid end
having attached theregg neans for seggg%gg)the woven strands, thereby

i nhi bi ting ufy4¥cRlfanEEurpien 2 an apgle el e peie A/ iEse asackieyies further
cylindrical gopf QHBI%ﬁs&f‘conWQ\%‘é%r{‘fo?aélﬁ'e : acﬁéﬂn‘eﬁﬂra'ﬁﬁﬂ ntGHLy 9ur at i on

i ncl udes a passageway extending throug entral portio et weeh each
end, wherl®in a plane of at |east one end intersects a |ongitudinal axis of

said cylindrical ,configuration at. an angl f at |.east one .of acute and
obt use, sai d devi ?:_e fu %givweﬁ’ﬁ?ﬁralﬁgéo @8’?’? g’ﬁ@?&”&&ﬂﬁ%ﬂ?“a‘ﬂ%ﬂwf%ﬁ “Efélfqr%e_ry
through a chappel apfedeteRBinkb@ BktaicelPslhd ahRdge of AR Vi Ce according to claim
1, wherein at |east one end includes nmarkers

3. The device according to claim 1, wherein both ends include markers spaced

15  apredetermined distance around an edge of each of said ends.

4. The device according to claim 1, wherein said means for securing includes

means for attachment to a delivery device.

20 5. The device according to claim 1, wherein said device is formed from a

metal fabric consisting of a plurality of woven metal strands.

6. The device according to claim 1, wherein said means for securing is aligned

on an outer edge of each of said ends.

7. A collapsible medical device, comprising a fabric including woven strands,
said device having a proximal end and a distal end, each end having a securing member
attached to said woven strands to inhibit unraveling of the fabric, said device having a
relaxed at least partially cylindrical configuration, wherein said relaxed configuration

30 includes a passageway extending between the proximal end and distal end and said




spaced a predeterm ned di stance around an edge of said end. 3. The device
according to claim1l, wherein both ends include markers spaced 15 a
predet ermi ned di stance around an edge of each of said ends. 4. The device
according to claim1, wherein said nmeans for securing inc ns for
att achment Y®"4%4¥1 i very device. 20 5. The device accor dié\%ﬁqﬁ%@@?m 1,
wherein said device is formed froma netal fabric consisting of a
plurality of woven netal strands. 6. The-l#evice according to' claimi1,
wherein said neans for securing is aligned on an outer edge of each of
sai d ends. 25ecarindmealbbais poiitiencdpdixirastc dpuiimeter afGaidrrelakeint deaktomrtially

i ncl udi ng woven strands, said, device having a proxinal end and_ a di stal
end, each en&ywﬁwﬁgw I@g@tﬂwgéj insdprives s bollepsedontiguatnn ©f FHEY t o
i nhi bi t unravghidit Qfanddi$h § fifch€s b@l d device having a rel axed at | east
partially cylindrical configuration, wherein said relaxed configuration 30

i ncl udes a passageway extendi ng between the proxinmal end and distal end and
said WD 01/72240 PCT/ US01/07763 -.16 securjng nmenber is positioned

proxi mat e’a peri mter ORC EYicq apcardingtp 02‘1“1’1 ’eél‘g‘FreB’a"rtﬁ‘?aéq g en Wé‘ﬁ@? aghers
configurati OQpacE@Lgrqu%}nﬁﬁeJ&Et&ﬁl?crardiﬁ&iaﬂgdg% #kihapsed configuration for

delivery through channel 1n a patient' s body. 5 8. The device according
to claim7, wherein at |east one end includes markers spaced a

predet erm ned di stance..around an ed f. id end. 9. The device according
to claim7, wher e?n bo?ﬁe ‘%%CS af’??é‘ﬁﬂgg’ ﬁiﬂ?nksgrwg‘exgﬁbd@ fyends "ﬂﬁl\é‘ﬁé{l%rgﬁtﬁ ﬁ%@eg

di stance ar ouhteRRrRREE dRfaneAFHurdian®dofRAESef s3id ch@s, The device according
to claim7, wherein said securing nenbers include neans for attachnent to

a delivery device. 11. The device according to claim?7, wherein a plane of

at |east one end % th he &&Je%t:@c%(ﬁg% ﬁ)taﬁléiﬁlaf thggfnt §afd ex?,rgfé]ati)'(x%gﬂérg lude

configuration intersects a Ilongl tu axi’s of sal conriguration
at an angl e ofeans fok erhmeneao aldelda devived obt use.

11.  The device according to claim 7, wherein a plane of at least one end of the
15  relaxed at least partially cylindrical configuration intersects a longitudinal axis of said

relaxed configuration at an angle of at least one of acute and obtuse. -

12.  The device according to claim 7, wherein said securing member is aligned
on an outer edge of each of said ends.
20
13. A collapsible medical device, comprising a metal fabric having a plurality
of woven metal strands, each strand having a proximal end and a distal end, each end of
said strand attached to securing members to thereby inhibit unraveling of the metal fabric,
said device having a relaxed configuration, wherein said relaxed configuration includes a
25 passageway extending between each end, wherein a plane of at least one end intersects a
longitudinal axis of said configuration at an angle of at least one of acute and obtuse, said
device further having a collapsed configuration for delivery through a channel in a
patient’s body.

30 14.  The device according to claim 13, wherein at least one end includes

markers spaced a predetermined distance around an edge of said end.



12. The device according to claim7, wherein said securing nmenber is
aligned on an outer edge of each of said ends. 20 13. A collapsible

nmedi cal device, conprising a netal fabric having a plurality of woven
metal strands, each strand having a proximal end and a diﬁé SOefmgl7(3each end
of said stYARE™a"% ached to securing members to thereby inhi'bit untaveling
of the nmetal fabric, said device having a relaxed configuration, wherein
said rel axed configuration includes a 25-lyassageway extendi ng between each
end, wherein a plane of at |east one end intersects a |ongitudinal axis of
said configuration at an angle of at |east one of acute and obtuse, said

devi ce further haying col | apsed,.configuration faor deljvery through a
channel in a pat;{%nt'ghﬁo%ﬂy?a%r%%tm@"ﬁg\nggemm @“‘il'dfiegfpgi(FFF_lS,
wherein at | ggaty QEI%d&&%ih&Fdié{Q‘Fc%ardﬁﬁH‘{tﬁE ePeGhRaiARELt er m ned di stance
around an edge of said end. WO 01/72240 PCTIUSO /07763 -17 15. The device

according to claim 13, wherein both ends include markers spaced a

predet erm_ned di stance around an edge of, each. of. sajd ends. 5 16.,6 The

v ce. accor di ng. 16 o BRATSE seaubar Qairg Bbfri B ARG REr b e ans
for attachmemneahOfopatthehm¥Rniy a 88WehEdeviké: The device according to claim 13,
wherein said securing nenbers are” aligned on an outer edge of each of said

ends. 10 18. A coll apsi bl e nedical device, conprising a fabric including
woven strands, said dﬁ%ﬂfe.havin a pHOXiﬁPl end agf a distalbend, each
end having means fbr sGREHAVIFG Acqondiee grclam Iy, phgensad e g merBbesie woven
strands to i @h'g&atonlaﬁba&gédgegf@jchrohgaia 8misi c, said device having a rel axed
configuration, wherein said relaxed configuration includes a 15 passageway

extendindpbetmeen_the proxinal end and distal end and said neans for _
Sai d devi ce "rurt by rAG MR fe el SELEE L Shping it RO, FORNRE, L on
a channel i nsadgdeticetriving dypoyimalléhd afith e dileal iend; eachoamd diavigg heeand for Bechifing
wherein at | %g stof 22913 feﬁ)?icci: aitt'gc%lcél tdoessaid woven strands to inhibit unraveling of the fabric, said
device having a relaxed configuration, wherein said relaxed configuration includés a
15  passageway cxtending between the proximal end and distal end and said means for
securing is positioned proximate a perimeter of said relaxed configuration, said device

further having a collapsed configuration for delivery through a channel in a patient’s body.

19.  The device according to claim 18, wherein at least one end includes

20  markers spaced a predetermined distance around an edge of said end.

20. The device according to claim 18, wherein both ends include markers

spaced a predetermined distance around an edge of each of said ends.

25 21.  The device according to claim 18, wherein said means for secuting includes

means for attachment to a delivery device.

22.  The device according to claim 18, wherein a plane defined by at ieast one
end of the relaxed configuration intersects a longitudinal axis of said relaxed configuration

30 ofaat least one of an acute and obtuse angle.



20 markers spaced a predeterm ned di stance around an edge of said end. 20.
The devi ce according to claim 18, wherein both ends include markers spaced
a predeterm ned di stance around an edge of each of said ends. 25 21. The
device according.to claim18, wherein said neans for secufj ' des
means for ﬂ?&‘éﬁﬁﬁ’nt to a delivery device. 22. The devi ce“é@g%dr'@i%r?g to
claim 18, wherein a plane defined by at | east one end of the rel axed
configuration intersects a |ongitudinal alds of said relaxed configuration
30 of at least one of an acute and obtuse angle. WO 01/72240 PCTI US01/07763
-18 23. The devi cé3-accdraidavipermecording ta dgm L avhetein spid meansdersseewingsecur i ng

is aligned gpn Q edge of h..of said ends, 24. A collapsible

medi cal devi 8@%"%@8}-}%%%@}%8&3 O?S%EIiogb?lﬁfP%di ng a plurality of 5 woven
strands, said device having a proximal end and a distal end, each end
having attached thereto means for securing the woven strands, thereb

i nhi biting unravel4ng Ofcollansible mpdiral devige. gomprisinga Fbyic derludinga pluadity o
configuratio i i L e nt | ti.on.. .l.ncludes a, .passageway
ext endi ngt seahSERE B8 dEH RS BRI U Aot s W 8 o RIS

i ncl udi ng anagdued theftd Mt dor sBoRingitliewP@tsh@ndsPtheieb @ inh@difixeshraveling of the
configuration, said device 10 further having a collapsed configuration for
del i very t hr &AbgiK. siddexiss davipg a zelped configusationgyhereipsaid yplaxedeopnfigurationor di ng

to claim 24, . j 1d. i.ncl h

pr edet er m neﬁ@%fgﬁ%ﬁg%ﬁgﬁﬁe@rﬁ@g@%‘? %Sfé*?ag?’%’r?g.ﬂ b e,gli g&%%ﬁg’ agcel\]/ﬁfr(t:hee r
accor di ng t oimthafing @dapemive fered i bide poksion bEihe delaxedickrfiguratioppeddidevice
predet er mi ned di stance arounﬂ an edg%,e of each of E&i’d ends. 27. The device
accor di nd%t o fwihsr hgving a gallepsep o iondpideligery duweush #ehanpel i, g aatienha hody. f or
attachnment to a delivery device. 20 28. The device according to claim 24,
wherein said device is formed froma mnetal fabric consisting of a
plurality of wove®s.net dhe davicgndeordiagtio cibim 2fe whewireat denstionegnd tchidas m 24,
wherein said ans for seg&thi ngﬂeid%iStZS al i aendecf)ggo?gaiggrtlde_r edge of each of

said ends markers spaced a predeterm ance aro
15 :26.  The device according to claim 24, wherein both ends include markers
spaced a predetermined distance around an edge of each of said ends.
27.  The device according to claim 24, wherein said means for securing includes
means for attachment to a delivery device.
20

28.  The device according to claim 24, wherein said device is formed from a

metal fabric consisting of a plurality of woven metal strands.

29.  The device according to claim 24, wherein said means for securing is

25 aligned on an outer edge of each of said ends.

30.  The device as recited in claim 24, wherein said relaxed configuration is in a

bent shape.

30 31.  Acollapsible medical device, comprising a fabric including a plurality of

woven strands, said device having a proximal end and a distal end, each end having



30. The device as recited in claim24, wherein said relaxed configuration
isin a bentshape. 30 31. A collapsible nedical device, conprising a
fabric including a plurality of woven strands, said device having a

proxi mal e g distal end, each end haVing WO 01/ 7224 /07763
-19 attachggnﬁﬂgf@to means for securing the woven strands?%?ﬁégégég

inhibiting unraveling of the fabric, said device having a rel axed
configuration, wherein said relaxed confilgurati on includes a passageway
extending through a central portion between each end, and further wherein
at | east one adabedthercio neans| faxssourognid weveatsirandshthsrehy wihihitingjureateling ofihe t he

idth of 5 a.cent tion of .th d fi.qurat | .d devi
Furt her - havi A w8 4™ bl ohmidin: Wik s AR SR RE & nner i n
a patient's hegyes 33assdgttvay @eS@n@MEIH Renttad p6rtidh Befvken WRBIRE MndludiRASt

one end includes markers spaced a predeterm ned di stance around an edge of
said end. 10 vagreimyideageanecad o sad widred eanfigheation Basia wigttegretter thart the evidih of

i ncl ude rkers ed redet.er m ned. di st ance und an ed of, each of
o - ends > 54 ol BREGH o uBe SRR or PG e i iR £ Rndin, o o1
securing i ncleogisiratibh foEdNivery irogdht AhaRNin 4 gatidnebddyer y device. 35. The
devi ce according to claim3 1, wherein said device is fornmed froma netal

fabric consisting of a plurality of woven netal strands. 20 36. The device
according to claim3 1 : €l I f curing. i al { aned on an
outer edge of eac Eﬁ.o ¢ Pé| ec% éxgc.:&@ihgtor@zﬁﬂl%l,%er%% a1 1da9%rnie 2nd fHichdls
markers spaced a predetermined distance around an edge of said end.
10
33.  The device according to claim 31, wherein both ends include markers

spaced a predetermined distance around an edge of each of said ends.

34.  The device according to claim 31, wherein said means for securing includes

15 means for attachment to a delivery device.

35, The device according to claim 31, wherein said device is formed from a

metal fabric consisting of a plurality of woven metal strands.

20 36. The device according to claim 31, wherein said means for securing is

aligned on an outer edge of each of said ends.




