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|The invention relates to |umnal endoprostheses for ramfications
(al so call ed branchings or bifurcations) of anatomi cal COﬂdUIES |nt
mammal s, especially humans. _ IThe endoprost hesis accordlng o]
the i nvention concerns nore especially the vascular system an hF e
cardi ovascul ar system where, at various sites, there are braﬂc_ln?s,
ram fications or bifurcations, the essential function of which is to

provi de a bal anced supply of blood 10 to the or gans, nmuscl e tissues ?Ed
connective tissues. » ) . f the“bl?oqc;nande
vessel s rai ses nunefot 3 el , |

due to the structure and, in general t he shape of these vesse si_ ]
Physi ol ogi sts and nor phol ogi st's geqerally accept that the disposi |oI
of the vessels is such tFhae timventian nmilattésnaebeashidt €6do FEBBEBEQQE Yy,

ss and that the surface of the wal adopts a
ﬁ]glghg?n1lev QﬁaraQﬁfléggf%ns Eg#ﬁ% e ra%%@b%g%sonebefurmhtmbnsmave

le tubu
Esflnndrl ca?eg?a%é&gﬁo%&nfn%érl: rare|1"91'l'é yl%ﬁ%ﬁ%f%ﬁf%ﬂﬁﬁéaaiy huSéBﬁ
! prost hesesgare descrlbedThﬁ[Eﬁd¢§¢$§ﬁhégl§h%cccrdﬁ&fuggmfhe s AvE3L 93152

-A-1 205 743.
and GB-A concerns more especially the vascular system and the

cardiovascular system where, at various sites, there are
branchings, ramifications or bifurcations, the essential
function of which is to provide a balanced supply of blood

10 to the organs, muscle tissues and connective tissues.

The circulation of the blood in the vessels
raises numerous problems associated with hydrodynamics and
due to the structure and, in general, the shape of these
vessels.

15 Physiologists and morphologists generally accept
that the disposition of the vessels is such that the
circulation necessitates, mechanically, a minimum level of
stress and that the surface of the walls adopts a minimum
value.

20 The luminal endoprostheses which have been
developed to date generally assume simple tubular or
cylindrical shapes or, more rarely, a hyperboloid shape.
Such prostheses are described in particular in the
documents WO-A-83/03752 and GB-A-1 205 743,

25 These prostheses include a tubular braided
structure for an arterial conduit or other conduit and are
put into place, after compression of their diameter, using

a tubular applicator. These prostheses are not intended for
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!25 - These prostheses include a tubular Dbraided
istructure f@jpagmiagat erial conduit or other conduit and are PCT/IHIBA0006NT O

ipl ace, after conpression of their diameter, using a tubul ar applicator.
These prostheses are not intended for

12 i mplantation in a bifurcated shaps. Attenpts have
1been made to devel op bifurcated shapes of prostheses. These
iessentlally concern the junction of the abdomi nal aorta, which is a
‘large vessel, 5 but investigations are in their infancy. A
bi furcated pro I conduit such as a bl ood
vessel is kno fﬁglf%h%%ét?é%u arg%ﬁdﬁ%%én?g%?%nt US- A- 4,994, 071.

Thi's prosthesis, nade up xftemits chavecbednneieade 40 dewn@sp kifpreatsd a
‘trunk formed by a first series of i nt er connect ed rlngs and at | east

‘one branch forabapey aof P§@@6h&5§§r|e§héﬁelnF@ﬁ&ﬁ%ﬁ&% cirGQEﬁ?rﬂheg@e

| east two seri s bei_ng ed t ot le I
el enent, fol ded“Ph éﬁBhog %3\7 8'1‘(?8 r%?%or?d P’gl t‘e%asﬁga{ fﬁg%gﬁ\%se%lt he
ranificatlggs bﬂtQEﬁﬁéégﬂgaE@éﬁé”Qréufﬁ @helr iRf@sépesis into place is

;extrenely drfficult, or even | mpossi bl e. US 5, 609, 605
.descrlbes a bi f ur cat ed edlopibubhested prostdesdst ﬁﬂrtmmpiangaglbalhaona

Flneprostheses oL 3t Bitchrotn sSEBTRod B ThoknBlae) ShooBeBbbblpe™
‘devi ces for pu%&bagpghgﬂgcggeﬂ gngg?rg§iheses i nto pl ace. These

‘endopr ost heses i ncl u mai n_ bod frunk) and two menbers (branches)
.extendlng fromthe main brigys prhedtiriedis, made up of interconnected metal

E 10 rings, comprises a trunk formed by a first series of
interconnected rings, and at least one branch formed by a
second series of interconnected rings, these at least two
series being connected to each other wvia a £flexible

element, folded in such a way as to correspond to the angle

1% between the ramifications in question. Putting such a

prosthesis into place is extremely difficult, or even

mmer et smacte e

impossible.
US 5,609,605 describes a bifurcated endoprothesis
made out of two single balloon endoprostheses of variable
20 diameter placed side-by-side in a bifurcated lumen.
Documents EP-A-0 539 237 and WO 96/34580 describe
devices for putting bifurcated endoprostheses into place.
These endoprostheses include a main body (trunk) and two
members (branches) extending from the main body; they are
25 made of woven, folded or pleated fibre. Placing such
endoprostheses in arterial bifurcations is a long and
delicate operation, especially on account of stringent
requirements in respect of orientation and positioning.
Furthermore, the angle provided by the two branches does

30 not necessarily correspond to the original angle between



25 nmade Qfg@éﬁwgrfol ded or pleated fibre. Placing such

endopr ost he terial bifurcations is a long and dePCEARI8/00067
operation, especially on account of stringent requirenents in respect
t+of orientation and positioning. Furthernore, the angle provided by the
{two branches does 30 not necessarily corre3pond to the original angle
1 bet ween 3 t he vessels.
 Docunent EP-A-0 461 791 illustrates the difficulties involved in
putting a bifyrcated prosthesis into place, even in the case of an
aneur ysm of t#&e ggﬁé%%ﬁ‘nal aorta, where the vessels are of a large

“di aneter. docpBt s @ S 5 9, 627/,and_US 5,639, 278
- descri be trouser-forn1engggﬁgﬁﬁgses wﬁtH§ad§b |e8§? mh%iﬁus ra%%ﬁen‘?%ﬁse

bl ood flow pedififilatilinies involved in plte ibid L&CBHEQECQ'EQ'desgﬁgéﬂ?ésié om
one person to ,10 the_next and from one popul ation to another. ey are
smal | er and néfECasPAREEri cBVeRn ime tdigledage haf i an angovpgar SEbjwed S.

. The bifurcati e [ sy tric in nmen than in wonen.
fCanarativg s%% |§%gﬁ§€8%§ﬁ8mga§ﬁﬁF E#% vessel A¥atPhR airree diameterics

are wider than in 15 CaugggéfnNgoc rgﬂyna ' q%sg t eaches
t hat the thicknesses of the a??%rrnl;%las\:/va %ss'dé#%e rﬁoﬁ% #1%n

ito anot hedescyiibr trbeser-falris endepeothitises wilthe adddd legs, which
| necessitated bg t he transgg&} of the blood increases. It is 20~ al so known
 t hat when the &

beyond what is necessar ro aneurysns (dil ation of
] the arterial wall). Thg%fﬁ;@%ﬁ%&c%nr%%ez%rgé%% %&%iqr& RN dow
|that it 210 wobed bexteeesbatyoho GPhopliadeshon of tag(&iﬂe‘fr.c%%@{} t 25t
ake | NTO" a n

O

§LoLEYEEBLGed £lgw pegdurbasden. of bl ood increases

each anatom cal site, and also that thris design nust

the differencE82hdeRechndi fMe¥enasymat mifcal ipopuhat | eDderbpt VEeEn e, and

wonen, betwee o . an the,elderly, etc. In practice, it is not
90598e¥ Eﬂgjeces. Thehbl urcat%éns are moég asymmetrical in

] possible to

men than in women. Comparative studies have shown that the
bifurcation angles in Asiatics are wider than in
1> Caucasians.

Hydrodynamics also teaches that the thicknesses
of the arterial walls differ from one population to
another. When these walls are thin, the effort
necessitated by the transport of the blood increases. It ig

20 also known that when the vessels are too large, the volume
of blood increases beyond what is necessary. These factors
promote aneurysms (dilation of the arterial wall) .
The considerations detailed above show that it
would be necessary to adapt the design of a bifurcation to
23 each anatomical site, and also that this design must take
into account the differences between different types of
populations, between men and women, between the young and

the elderly, etc. In practice, it is not possible to

provide bifurcations tailored to each patient. This would

30 in fact risk causing problems associated with waiting



provi de bifurcations tailored to each patient. This would 30 in fact risk

i r oBYQ#B31383soci ated with waiting /IBOS/00067
aUSIngpgriods and prohibitive costs. It has t%%re ore been
ought to develop a | um nal endopro?th33|s m?'ﬁ?;gfngﬁﬁﬁﬁftiQ“aﬁa s

[ ly all the ramfications of the anato
pgﬁffgﬁ?;ryto t hose of the vascul ar and cardlovascul Seﬂfﬁs ®ﬁ&ﬁhaﬁld be
Anot her obj ect of the invention is that this end the
easy to put into place. Anot her object 5|tes have
Pt ot b b cﬁpemiodﬂeaﬁﬁuprchﬂﬁitﬂma e@@Q@rgﬁ;hgzbfect of the |nvent|on S
' been i naccessible
glfnﬁ{hgl endopr ost h&§i Bag orhexgficme: beeonsotght eoadeve ey £ ARfHIna]

| e and 15 extendable

d at conpreSS|b _

Ittrjlgljralr ngt r uct&tfl %l CE olrrsri)r g‘gghat C3R  8dapke to %%tkﬁF@;rtllﬂlt mtm ng

a continuous mantiifikiardenet of Fhé%éﬁ%%%ﬁ{ﬁ}EsébﬂéJféénni Pnbﬁﬁrﬁ&58 ar
avity open at its

leﬁggr;l? dl:g%{)r |‘:é>e§cht<¥%i qu >pC|11§I yaseyient andr eawdibv&@b)glaﬂggﬁgleﬂ\?lne first
single _second ext endi ng

-igﬁt”?ﬂﬂat ?gg gf thg o?‘ﬂSFg 0%&5%& £ i &hP—y imomfidre dameclest Sthist he

5 ACEEN enln into the
?gﬁngﬁd?Lal cé€$¥§%§Fh?%§é?&nc??ghbge%aggn ?hB F|F§ °ZBla§§gnezteagg tﬂg
isecond segnent, the saneAnathérfbngEﬂ;%Snfo E@f@f&léﬁgfgééé§%+ P%
f the second se
;: ;i B?%F‘Zi‘?e ggﬁgsdﬁ%ht anmndoprosmemmemwe-; wh%hﬁ hbﬁréé hﬂééﬁ%ﬁ{’ Eg:
s-section than that of the second s
L?:EE%)h ccor%Qn ﬁpsékssggégg ‘preferred enbodi nent, the f:gsg aﬁ?gﬁnt
fand the second segnment ofh@nsubf&Er cb£ B 1nveﬁE§ﬁ§10f035 &ﬁinaf eI C
are practically identical.
| prosthesis for ramification of an anatomical conduit,

including at least one radially compressible and extendable
tubular structure which comprises at least one base element

12 comprising a continuous multifilament structure with N
filaments delimiting a longitudinal cavity open at its two
ends. This at least one base element comprises two flexible
segments, respectively a first segment and a second
segment, extending one in a continuation of the other,

20 substantially along the same axis in the absence of stress,
and at least one lumen opening into the longitudinal cavity
at the junction between the first segment and the second
segment, the same metal filaments forming the structure of
the first segment and of the second segment.

25 According to a first preferred embodiment, the
first element which forms a trunk has a greater cross-
section than that of the second segment which forms a
branch. According to a second preferred embodiment, the
first segment and the second segment of one base element

20 have cross-sections which are practically identical.

THIS SHEET HAS BEEN.
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) Thi s endoprostehesis generally conprises two base

el enents, i WOPR@II3| nter| ocked state, the respective f | PETIBIBGMASAL s of
ieach of these two base el enents being engaged one within the other, and
assuming, in this 5 position, cross-sections whi-ch—are—+h-essence

;i dentical, t he second segnment of one oB t he base el enments being
lengaged in a lunen of the other base el enen T‘SSheetHaSBeenReﬁlaced | east

one of t he base el enent s advantageousiﬂlﬂ sl eeve nade
‘of bioconpatible 10 material, such as a poly polyester

pol yur et hane or pol yet hyl ene type, or another type |oconpat|

mat eri al . The structure of each base elenent can be

.brai ded avant ageously usTRdSnBRECPEPPEheALS ganeraily gomprisesitwe baseoy
for medical e- [ f,i.l aments. The braid
:|s advant ageous y‘%ordbdpgg Egg20¥lv?o§§ﬁ$ REFRES Phy &aEhHof Bhese
filanents. two base eleﬂ@ﬁté'béin?eﬁﬁﬁéttafb@a%ﬁdggéd“bﬁdwhfgﬁfhZebe

‘el enents can conprise a part of greafer cross-section

Accor di ng 80 @thesnbatidrassuming,sévonliis poségment otoag-beasionsewhichhe
base el enents conprlses a %;%#R”t %%rgr ter cross-section. In the absence

of stress, ang, &% 9S8/ enRtie i 886ond Lﬁ%gm%‘ér%%c@n%toﬁntn@
- | d d t |
T o ory MR Ce14fiefifs BRInERARIRY A (D) 068h B8 che TGS K0S,

s equal to ateleasemit 4 tines that of its branch and/or a lumen of a
{base el enment has 30 a cross-section at |east equal to [err] that of the
Jtrunk or at | east eqfé&l leastheneopft hbebbasehelements advantagecunsky

LUt 111 ol ST S VT s of b ReqTi s hle qater tad vanras

{above, and Wﬂlachpéﬁymé?t bed wRMbsSpsst &, T bhgW-8n3RE" Y PSivethylene
type, or another type of biocompatible material.

The structure of each base element can be braided
avantageously using metal filaments made of a resilient
1> alloy for medical use or shape-memory filaments.
The braid is advantageously formed by the
crossing-over of 2 layers of N/2 filaments.
The first segment of each of the two base
elements can comprise a part of greater cross-section.

20 According to one embodiment, the second segment
of at least one of the base elements comprises a part of
greatef cross-section. In the absence of stress, the
filaments of the braided structure intersect at an angle
and a diameter which vary depending on the desired

25 application.

' In a preferred manner, the cross-section of the
trunk of a base element is equal to at least 4 times that
of its branch and/or a lumen of a base element has a cross-

section at least equal to ¥ that of the trunk or at least
320 equal to that of the branch.

THIS SHEET HAS BEEN |
REPLAGED |
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6 - braiding of filaments, nmade of a

bi oconpat i biwe wj3asBi c, superel astic or shape-nenory mat egTABYs/@oeUNd a
first mandrel, along the |ength and t he di ameter corresponding to the
pbranch of a base 5 elenent, - setting up at |east one
puxi | i ary mandr el parallel to the firg mandrel, the said auxiliary
mandr el including a first end and a second end, of cross-section
corresponding to those of a lunen, the said first end 10 being inserted in
a straight line with the braid in progress, upstream of the braiding
point, the second end bei ng pl aced downstream of the braiding point,

t he assenbly (first mandrel - auxiliary mandrel) having a

Cross-section correspondBngthert fubjedt of rahek ioveatiase ik5a eletiredt for
L continuing the braiding around the assenbly first mandrel-auxiliary
randred)  al SYRPUERCYR: RE br%b&?‘%sﬁ%‘ﬁr&?ﬁélﬁﬂe§ | 8EXRCtwERs offQtheapr unk

of a base | S n Dt ai 20
ar ound t he firé§é§§¥§%§ﬂ§%¥§!%%qu;gﬁggégngégﬁgk ngUg? =hd Qﬁ+§ﬁsh%§gﬁgd
ey addi ti gnaldomeeiged Shd ebllowilnd loperagionenati on: -
fcontinuing the braiding around the assenbly (first mandrel -

fauxi liary mandrel) al ong bzaidanghofstilemerdsnomadidey ofo aabiloeaspatibie

t hat of the trunk .of a base el enent, - Separating_the
second end of %ih?%&cdeﬁg?erefaﬁﬁkcaafiFP&P?'W&WHFM BELER Y He fREQENd a

mandrel , the s@ighe mﬁﬁ&?@i,e”%l%\éit NG CT PE5gERCT COEk‘iQSp&@gintQ%gtro

éhat 30 of a lunmen of a base el enent, - contrnuln

rai ding on theorresgondingreiuintie briameh afl anpabeardemetitanet er
porrespongng to the Oraoeling ap et Seant  one muxiliary mandeer O
parallel to the first mandrel, the said auxiliary mandrel
; including a first end and a second end, of cross-section
corresponding to those of a lumen, the said first end being
inserted in a straight line with the braid in progress,
1S  upstream of the braiding point, the assembly (first mandrel
- auxiliary mandrel) having a cross-section corresponding
to that of a trunk of a base element,
- continuing the braiding around the assembly

(first mandrel-auxiliary mandred) along a length

20 corresponding to at least that of the trunk of a base

element.
This method may comprise the following operation:
- continuing the braiding around the assembly
(first mandrel - auxiliary mandrel) along a length

25 corresponding to at least twice that of the trunk of a base
element,

- separating the second end of the at least one

auxiliary mandrel from the first mandrel, the said second

end having a cross-section'corresponding to that of a lumen

This Sheet Has Been Replaced
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7 Secog to be braided around the second end of the
auxiliary nanéaHpﬁg - di sengagenent of the obtRGTABSST 4 and

of t he mandrel s, - cutting the obtained braid into two 5 distinct
base el enents. When the auxiliary mandrel conprises at |east
one flexible part, the separation between the second end of the
auxiliary mandrel and the main nmandrel can be effected by fol ding down
the said second end on the braid 10 in progress. In

addi tion, at lgast g part can be pl aced on the said first
mandr el along ?ﬁ% P@y%\@rgmgh%drrespondlng to one of the future branches.

A w deni ng part, of d|anet@5ngiﬁaiﬁ?a%ﬁgnbgggd}§g aﬁsEEFl¥l %&lh?hdg?gdrel

- auxiliary mandrel) can b on this asse a gt h
cor r espondi ng aieng atlﬂnguhtﬁmﬁtauﬁkameﬁhw cnrhedpoﬁdﬂngutactnéebrgggh as
descri bed, ca gnprls t he |nsert|on of a single auxiliary

mandrel or e © Fyeﬁﬁndrels ) The invention al so
relates to a met hod for ai L fil.ament structures
for the = base el ement of &H %ﬁrost‘#ésag ‘%’?ﬁ %@5@1’* &gd of kdeein
above, which menhdedleonprises the foll ow ng operations: 25

- braiding of filanments, nade of bioconpatible el astic, superelastic or
shape-nmenory material, aro@uiiting the oidtaimedt draiad ohgtd hewbeagkhiand t he
di amet er ggggegﬁondln% to one of the segnents of the base el ement,

- setting xlliary mandrel 30 perpendicular to the first

rancrel e s 01 ehe NS RNA) LGRS SFEL 0 e, e
mandrel , ife $3edible paxt)ithy sepairatideivgvagerdrd saticone havek ehet he
braldlng p0|nt of the braid in progress,
Xiliary mandrel and the main mandrel can be effected by
folding down the said second end on the braid in progress.

In addition, at least one widening part can be
placed on the said first mandrel along the length

1> corresponding to one of the future branches.

A widening part, of diameter greater than the
assembly (first mandrel - auxiliary mandrel), can be placed
on this assembly along the length corresponding to the
future trunks. The method of manufacture, such as

20 described, can comprise the insertion of a single auxiliary
mandrel or of two auxiliary mandrels.

The invention also relates to a method for
manufacture of braided multifilament structures for the
base element of an endoprosthesis such as described herein

25 above, which method comprises the following operations:

- braiding of filaments, made of biocompatible
elastic, superelastic or shape-memory material, around a
first mandrel, along the length and the diameter

corresponding to one of the segments of the base element,

30 - setting up an auxiliary mandrel perpendicular

i




8 - continuing the braiding around the assenbly (first

mandrel - awo%¥3803 nandrel) along a length correspondi nCTaBISEUBET O
hat of the contact (first mandrel - auxiliary mandrel), , causing the
enbrasure of 5 a lunen to be braided around the end of the auxiliary
mandr el , - continuing the brgiding on the first mandr el ,
al ong a | ength corresponding to the other segnent of the base el ement,
10 - disengagement of the obtained braid and of the first
mandrel . The setting up of an auxiliary mandrel I s advant ageously
repeated duringottige bffrdt n@anfiréde the 64eAEALxLDig¥GhmANKWRE1ARaVINEOREM
several distinct |unens. When shape-nenory filanments are

used, the 15 c¥RS% 2pekien orerrespautiviettel thossecof hehentespeedt lamen
reqU|red for t

d I hape.
An advant age d?PtﬁggeﬁﬁbﬂrBgfﬁgoégég%%%?ﬁ?ﬁgeéﬁe Fﬁlahéuﬁﬁaéggggﬂa%§rﬁﬁat
it adapts to kaéi | {MsePiedYRE BHe Fbveldr }FCHHY pYiad ﬁbf : the
R I &

particularly arterial system and to any an

i rrespecti e braxﬂ iﬁmprqgres&tsex of the subject and the popuI$L|on to
fwhi ch the subject belongs; it is thus universal. e
devel oped endopr ost hesi s smﬁmiinp%ﬂgqﬁbe2braaﬁdng|@%MMnd the assembly

lvord the - GESEYERmBhaEeEl - it i fanyL el T ondbeng ang Tength '

adaptation to é&ﬂ@ﬁ%’@dir}g Ofatt hEeQétQ'ﬂ@' thaw fbgatt‘.l?é‘ conégcteac(lfirﬁﬁe

gﬁzjl)gp:)st heseshardrs i npusdikirry mandredn ,can

| 10 - continuing the braiding on the first mandrel,
along a length corresponding to the otheér segment of the
base element,

- disengagement of the obtained braid and of the
first mandrel. The setting up of an auxiliary mandrel is

1> advantageously repeated during the braiding of the element
in such a way as to form several distinct lumens.

When shape-memory filaments are used, the above
operations are completed by the thermal operations required
for the metal to memorize a predetermined nominal shape.

20 An advantage of the endoprosthesis according to
the invention is that it adapts to virtually any type of
branching or ramification, particularly of the arterial
system, and to any angle, and this irrespective of the age
and sex of the subject and the population to which the

25 subject belongs; it is thus universal.

The developed endoprosthesis shape is simple and
flexible, and it thus matches the anatomical site as it is,
by which means it is possible to avoid the problems of

positioning, migration, thrombosis and adaptation to the

30 geometry of the original ramification of each patient.

This Sheet Has Beenlliei)lliced
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be made MAINWB#5§&® S variations in terns of cross-section, | engt h,
|

nd angl e of ction of the filanents, and they cRCTBIHIET of

unmerous materi al s. The endoprost heses according to the

i nventi on can be made on machi nes currently used for obtaining

radi tional tubul ar endoprostheses. ? QG her features and
advant ages of the invention will be evident fromthe follow ng
description of various 10 enbodinents, applied here to the bl ood ;ysten]
W t h reference being,made.to the attached fjigures, of which:

- Fig. 1is a diagranmti he; eRAgPraEthsses aqqarding t9a§B?I§FV§?%%§:?§ﬁ;
' di RiaeR wit$ehl f ‘a6 I gurations ram fi . ,
I-nl(;:;f:“ggisaa égﬁeral Sgﬁﬁbgg??6gu§igﬁFé?t%§H£ by é%h&?o HOFHTT T on,

- Figs. 3 and 4dength,di agdasmeliec gr $neerb¥étion of @¥e OFiiWReRRSS an
elengnts (joined, then separated) of the endopr ost hesi s accprdlngc%o
t he invention,é%?y can be made qf qumprons; nehrespedis.ve cutaway vi ew of an

rosthegis placed in anewrvsm (,of the abdqn nal aorta),
?ng?g. 6 isia pgrspectiveég?egpg?g%9§ Qﬁﬁ?qg?q99§%1n9 Hﬁnﬁh%c%@ﬁ@ﬁﬁfonngfﬁzs
el ement struct @ees @édéhedﬁ“khaéﬁ&ﬂEQStEﬁ§k§Ptly US%dt)ggr |5W&Hinin9
a perspective view of an alternative manutacture of " ba e L
st ruct ures, traditional tubwliays erfiopubstirigadler spective vi ews during
and after mnufacture = respectively, of an alternative 30 o
embodi ment “of base el enenPEhEE ¢ taxgsprand edvantages of the invention

will be evident from the following description of various
10 embodiments, applied here to the blood system, with
reference being made to the attached figures, of which:

- Fig. 1 is a diagrammatic view of a part of the
vascular system inecluding a typical series of
configurations of ramifications,

18 - Fig. 2 is a general perspective view of an
anatomical ramification,

- Figs. 3 and 4 are diagrammatic perspective
views of two base elements (joined, then separated) of the

endoprosthesis according to the invention,

20 - Fig. 5 is a perspective cutaway view of an

endoprosthesis placed in an aneurysm (of the abdominal

aorta),

- Fig. 6 is a perspective view of a stage in the
manufacture of base element structures of the endo-

22 prosthesis,

- Fig. 7 is a perspective view of an alternative
manufacture of base element structures,

- Figs. 8 and 9 are perspective views during and
after manufacture, respectively, of an alternative

30 embodiment of base elements of the endoprosthesis,




|

10 - Figs. 10 and 11 are perspective views during,

&nd after meWX%861398e, respectively, of anot Eer. alternative PCT/IBS8/00067 .

; ' t of base el enents of the end-prosthesis, _ -
-gbﬁglgegerspective cutaway vi ew of an ~endoprost hesis according tpdthe
invention after it has been placed igpa bifurcation of the c?rotl 3

| Figs. 13 and 14 are perspective views during and after Fanu ?c g; ,
fespectively, of a third alternative enbodi ment of base el enents o

[ he end-prosihesis, and 10 - Figs. 15 and 16 are dlagran?avgf
th an end oi's Aceording Lo e ool arre, RELoBEELIYE Vi LRETRGL Kg' Y

| hesi s according to e pri . .
ghggpfgs?RggP;%E%hgﬁ&ﬁﬁgmﬁéufh@gvnefwwéspectively, of anothelr @ltérile¥se I N

[ [ ion, ,a 15 .site presenting typical
e o, HEESONER B ol el R s lBuenss,
' di stingui shes in pargijgul an the Si .consi sting of,
:ngﬂigatzzn o? t he main Ief'?EL ru%ﬁ L Sbgﬁﬁg?aélvﬁecP§PW4%rYﬁﬁWl%& 2?
jartery 4 anfl tlendaprosiches28 atebiding CvrbheifiehtIon after.%F Pg?tbeen

] [ branches, nanmely 7 (the descen@ing anteri

:kgfoﬁéﬁg 2}t2r§$a§ﬁ gn(ﬁhélﬁerpatlon efrthafbar¢t1doin t?g anhs;:g;t:gat

i level . forming a "[err]" ra i on.
éggronary arterngratthe Eagigg?gi§egpgs}4 ﬁm9%§£#ﬁPeQ$lwﬂoseews_dugl?gthe
i . O
o o1 otk A O G1 S, syl ELELER
] ies. The smaller the dia ,

?:Lée{Lgsgreateﬁmbﬁéiment pénbeseyebémehesavt et et nlepeaBrhbeskedang

! are_too large, the
#By contrasie when the Ves§e§§gs. 15 and 16 are diagrammatic perspective

i

; (cutaway) views of an aorto-iliac aneurysm, respectively
g with an endoprosthesis according to the prior art and with
i

E an endoprosthesis according to the invention.

Fig. 1 shows, in diagrammatic representation, a

13 site presenting typical ramifications, represented in
detail in Fig. 2.

The figure distinguishes in particular the site
2 consisting of the "y» bifurcation of the main left trunk

5 3 towards the left circumflex artery 4 and the anterior

| 20 left coronary artery S.

At the site 6, two branches, namely 7 (the
descending anterior left coronary artery) and 8 (the left
circumflex), join the anterior left coronary artery 5 at
the same level, forming a "W ramification.

25 For the small arteries, there is a close
relationship between the velocity of the blood and the
dimension of the arteries. The smaller the diameter, the
lower the velocity of the blood and the greater the
tendency of the artery to become blocked.

30 By contrast, when the vessels are tooc large, the




11 Vv, bl ood i ncreases to beyond what is necessary. This
pr o%ﬁﬁ“%@

fact or urysns (dilation of the arterial wall). PCTEBBRO0IETH ety
.of the various bifurcated forms influences the bl ood flow, especially
fat the site of the ramfication, by 5 slowng it down and by creating

.l ocal turbul ence. Resear chilindert aken by several
%investigators has denonstrated that there is a relationship between the
*hi gh velocity of the blood, the shear stress at the site of the

ram fication, and the appearance of sclerotic Iesions along 10 the
arterial wall.volume of blood imirpases) tichbeyshdwehaheist nesesgargs This
particul ar bi furcation, panely a zone of | ow shear 9 (Il ow

(frequency zone?égﬁgréégééét%?_7PENF¥§@%I( P IHiemeof fthe arterial wall). |t
el ow vel oci ThE gé ety (h Ak Nad RS chR e ForRy, LAERUEREYS ChE 1 °

ithe low velocity of the blood, can

lartery. It shobldodl §bowe especbaEllytintthe Sleerdy enbdi Lt sridie ool g, of
“branchi ng of the ram fications becomes snaller with age and as a’ resul t
ican form af at FEPEHRI 11t duensand byierveatibng chocabpourbwberfe.the iliac

arteries. Fiqures 3 and 4 show, in perspective, the
!structures of two base eFE%%%F§SEém@%r%ﬁ§ean§gpﬁsg? a4 snvestigaters s o
‘the invention demonstrated that!thddd is al - f these base
ielements 25 are still joi ned 12a&€2’b§ ?n%an%n{eéc&gl%!rpea?%hw%e%%&bgh
[ manuf acture whvelooity &f tieschblded, heieisidderstress at the site bf the

shows the structures of, these base el enents 12a and 12b separ at ed.
{ Each base el enEMP153CARM i ¥ £her arpearapcei of3ecleratiat 1esicws L Bondi ch

cdelinmits gd onghd udi-pal; Savihy1 14

: . Figure 2 thus shows the stress zones particular
i to a "¥" bifurcation, namely a zone of low shear 9 {(low
frequency zone) and a zone.of high shear 10 in the fork.
It is also known that the vibration of the artery
15 at low frequency, due to the low velocity of the blood, can
be highly destructive for the artery. It should also be
noted that in elderly subjects, the angle of branching of
the ramifications becomes smaller with age and as a result
can form an atheroma 11. The same phenomenon can appear on
20 the iliac arteries.
Figures 3 and 4 show, in perspective, the
structures of two base elements 12 of the endoprosthesis

according to the invention.
In Fig. 3, the structures of these base elements
25 are still joined (12a, 12b) in connection with a method of
manufacture which will be described hereinafter.

Fig. 4 shows the structures of these base

elements 12a and 12b separated.

Each base element 12 comprises a braided multi-

30 filament structure which delimits a longitudinal cavity 14




ase el enent
12 open at its two ends 16, 18. : Each b

12 is nmade u QI segnent s, re](‘jerre(r:lre';]?shg;elil B?;L%e@,fggg,%ﬁ%
" " 20 and second seg [
tsreg;]n;gt ;Ooirn H;nks 524 each have a greater cross-section than the

Alunmen 24 is forned in
' 22) . 12 Al !
Cor[]ef)gggdlalngnent 12b;ﬁgches o)pens into the | ongitudi naI22caV| ty 14 at the
ngel of the junction between the two segnents fzgr n'ed- by N brai ded
The structure of each base elenent 12 is here

i i d by N2 filanents).
' ' Esiteatwol eyds 16, 1Being forne
fr;]laagepitlsalrrgnt \é\sﬂe&%’ﬁe ¢ strﬁ%ture of each base el enent 12 extend

: i 5
Iwi t hout i nt errupti on ¥3¢mhare elementt ne dshmadélfp éﬁl)'%?gi %e erln'hsl,

24 thus being _
el ement agt ! gerSE‘Qi@éHr %oofhe%%%glggﬁré’;[‘ AfttEhest ssegmened wirt v urinks" 20
eac .

i o ' shape- nenory
T R T Ml o
filament; by applying to it an ) i ) 4L et er . bei ng
ja fraction F | ?se?%ll‘th%ﬂ'e SE: fgim;}lagfe:f E)drf:gzistsu-dsie%éath‘&grf Ot‘%{géar% irlzoﬁn%]?coazm?qg?q%rg
gfg'?gp?[“ °d bycﬂalr']a%%h?%{? uced, via an applicator known per se, through

. . : ; system at 25 the
fan incision and into the guhjgct ?ﬁclllﬁg lﬁﬁ%% Y.%é’%wﬁ@%elmﬂ 12 angay
appropriate site.

PRIDP I xS hé DesgDeedi i 'QE when the

iheh L E Itdﬂeﬂnfhe Ty arrejhts f%rmﬂf‘gl ?ﬁgé{:%he levglepE the
. | . ace, . . . .

Tt orsect to f oHRGALGm e waRre fHes tsuclseighiindd Jos, ¥, possible to obtain

] - ni cal
fa good conpgom se, fromt}f’ﬁemesct%cture ©f each base element 12 is here

formed by N braided filaments in two layers (each layer
being formed by N/2 filaments). The N filaments of the
structure of each bage element 12 extend without
interruption from one end to the other (16, 18) of this

15 element 12, the embrasure of each lumen 24 thys being
"braided" in each structure.

Each structure is braided with metal filaments
made of resilient alloy for medical use er shape-memory
filament; by applying to it an external stress, it can be

20 compressed to a fraction of jits initial diameter (the
reduction in the diameter being accompanied by a
Proportional longitudinal elongation), and in this state it
can be introduced, via an applicator known per se, through
an incision and into the subject's circulatory system, at

25 the appropriate site.

In the uncompressed state, that is to say before
the endoprosthesis has been put into place, or when the
endoprosthesis is in place, the filaments forming the two

layers intersect to form an angle which isg such that it ig

30 possible to obtain a good compromise, from the mechanical



' ' i stance to radial conpression
13 0 1305 ew, between the resis X
and the f{)emiﬁﬁ 'E?‘y of the endoprosthesis. . Grme ’3“%220\(/)\/?
:t he arrangenent of an endo- - prosthesis 25 placgd |? gnhapgragggbe °
! ( a
‘t he abdomi nal aorta 27. As indicate
i%ifst base el enent 12a is introduced }ﬁrough an incision into onefof
ithe iliac arteries 28. The applicator (not shown) is inserted as a[
"as the abdominal aorta 27, upstream of the aneurysm 26. The 10 applicator

| the trunk
o Sl Bkl sl aeniels ehachdonce ) SR Ahe LT
20a o I C nes
t he branch 22andnthbeflex1wﬂr%%yabEeEhezﬁndgﬁﬁgﬁﬁﬁbglget“een the trunk 20

iand the branch 22 of the base el enent 12a adapts automatically to 15

Civise 2 a he
: Peaghgflt glr ogl cal diver gERgeractaeEh I umﬁhggggﬁ?ﬁﬂéﬁ SZOfbagg elegﬁri%nt
;Hzg is i ?%Sgg&e'ﬁﬁlgﬁaEﬁ?ﬂe%hénmiﬂrﬁ%ﬁ“ﬁYﬁmoBﬁepﬁIth& abtiemynal )
29. 20 5 aortaPzgecond base elenment 12b is introduced via Lhe ot her
f|I|ac artery 29 and the lunen 24a in the trunk 20a. When t Sh . enaaged
oo i 1ot he. ot her plﬁksblhaﬁﬁhgggthé&éigagﬁﬁgnggkg%d :enen ?gggﬁPﬁ k
nc
?R? o\Mt Lgl |n| fgizgﬁ Qggmtszggduégd through an iheisdionbintehene?d# apd zifﬂac

‘ he angl e of the original physio-
bei ng fl exi bl pgpt apeous| y, assune t
| ogi cal ran1f?§5?¥6ﬁg 28.%8he"3p licakpr (ppt|shews) 2ia ineezueg dsspased

| oss
Opposite one as tB8OAB&SmiARL NSbrt LS W elhP W RGE Shefl? snhat! The

10 applicator is gradually withdrawn, leaving in place the

: element 12a, the trunk 20a of which lines the aorta 27 at
the level of the aneurysm 26, and the branch 22a in the
iliac artery 28. The angle between the trunk 20 and the
branch 22 of the base element 12a adapts automatically to

15 the physiological divergence between the abdominal aorta 27
and the iliac artery 28.

The lumen 24a of the first base element 12a is
disposed in line with the mouth of the other iliac artery
29.

20 A second base element 12b is introduced via the
other iliac artery 29 and the lumen 24a in the trunk 20a.
When the endoprosthesis is in place, the two trunks 20a and
20b are thus engaged one within the other, the branch 22b
of the second element reaching into the iliac artery 29.

25 The two branches 22a and 22b, being flexible,
spontaneously assume the angle of the original physio-
logical ramification.

The two lumens 24a and 24b, disposed opposite one
another, do not induce any turbulence or any relative loss

40 of pressure between the two blood vessels. The endo-




30 of pressure between the two bl ood vessels. The endo- .
pwosgsizeands thus fully assunes the sanme functions asc¥mB9s00067

14

heal t hy ram ficati on.

around t he _ ( ( abl
t hese | unens be crushed, even during inserii on inside the cat het her.

The base elenent 12a is lined internally by a
of bioconpatible polyner nateri al and intended to serve as a support
for regeneration of the 10 tissues. Because one of the two trunks 20a and

20b of the
i's sandw ched between the two structures, and this affords i ncreased
safety. The shegithy vamjdicatdon.he fil anents at the ends of each

Shipcture (ae 15 shoun byl S Setheel 3 MY S550L AR BISCLLSIE D e .

anchoring of the endopro

net hod al | ows

produced in aS&tH§

fconventi onal
il ayers,

in 25

The structure of the endoprosthesis
| umens 24a, 24b is strong and stabl et hereby avoi di ng t hat

promiessisenehts 12uiby cagagmdsontiide seinleer FaAetibhss #d eqve

jto the engagen®ifens 24@f 0I® ﬁ@os%&%%bsa%gasﬁgglggﬁherebg avoiding thh@: ©
illustrates a nmethod specially devel oped fa by

brai di ng, Bf Wdhesec|lomarns 30 strushed esedén ofiutimgendsprosbheinsids. thbi s

or the man cture,

wo base el ements of corresponding di mensions to be
Q§Qﬁberation. The method begins with a

braiding . gnePHAd iedb{d| SIENNS Ael LI AGEGID buos

opposite ections, around a first
sleeve (not shown) made of biocompatible polymer material

and intended to serve as a support for regeneration of the
tissues. Because one of the two trunks 20a and 20b of the
base elements 12 is engaged on the other one, this sleeve
is sandwiched between the two structures, and this affords
increased safety. The slight divergence of the filaments at
the ends of each structure (as is shown in Figure 3)
provides for an excellent anchoring of the endoprosthesis
in the body tissues and a stability due to the engagement
of the two trunks 20a and 20b.

Fig. 6 illustrates a method specially developed
for the manufacture, by braiding, of base element
structures 12 of the endoprosthesis 25. This method allows
two base elements of corresponding dimensions to be
produced in a single operation.

The method begins with a conventional braiding
operation: N filaments are interlaced in two layers, in
opposite directions, around a first cylindrical mandrel 30.
This braiding, at the diameter of a branch 22a of a base
element 12a, is continued along a length corresponding to
that of the desired branch 22a. An auxiliary mandrel 32 is
then arranged parallel to the first mandrel 30; one end 34

of the auxiliary mandrel 32, whose cross-section is in

sl eeve (not shown) nade

5



This braiding, at the diameter of a branch 22a of a base el enent 12a,

i s conti nueWIdH3%3 | ength corresponding to that of thePGBERMBOHr anch
{22a. An auxiliary mandrel 32 is then arranged parallel to the first
{mandrel 30; one end 34 30 of the auxiliary mandrel 32, whose cross-section

s in 15 15 relation to that of

the desired lunen 24, is placed agai nst the braid in progress.

The braiding of the N filanents is continued, this time around the

assenbl first mandrel 30 - auxiliary 5 nandrel 32), along a Iength
correspgnging ¥elatien tQ thah of thef deadredudinmer0as, 206 plabedecagd bnsnt s
12a, 12b. Wien the desired | ength has been reached, the end

36 of the auxiFQ%Ug;%%%dﬁ%Ipﬁﬁg¥§S%Tamm away fromthe first mandrel 30.
10 For the mandielpagiaidg of REESIP!L:i8nbAEsd i cofd fldA e
material or a bendable form in this case, the mandrel 1 s"dra y
by sinply fol dilmis tthime encb\ i ark assemblyt §£ibet bmahdred POOQrQﬁﬁiliar¥
The braiding is then continued on the first 15 nandrel 30 along a length
lcorresponditng Mandrat 32}« Helong a prepatth Torrgspinding atl beest ti@hthat

Lshown in fig. & THSTHHERITRER " Son oF AR cxtomedid Ean ieBin Fig. 4 to
{ be obtained. 20 Whenl 8eMBE Dl ERGHdIE Gae WilalS F}Q{E‘éﬁ%ﬁ\éa{hgté/ndn

t he shapes of the base el ements 12, and,” consequent )
endapr ost heses3frerie the muniliemnmapdseleBentat dradnasvay frodaphedfivst

jpractically althaﬁgleefn%‘cm cal sites.

10 For the mandrel 32, it is possible to use a
flexible material or a bendable form: in this case, the
mandrel is drawn away by simply folding this end 36 back
onto the braid in progress.

The braiding is then continued on the first

1> mandrel 30 along a length corresponding to that of the
branch 22b of the base element 12b.

After separation from the mandrels, the braid
presents the appearance shown in Fig. 3. It allows two
structures as represented in Fig. 4 to be obtained.

20 The method described permits great variety in the
shapes of the base elements 12, and, consequently, the
endoprostheses made with different base elements 12 are
adapted to practically all the anatomical sites.

It has to be stressed that the base elements are

25 formed in one single operation while known bifurcated

| stents have to be assembled.

The braid represented in Fig. 7 is made by using
two auxiliary mandrels 32 of the same iength. It is applied
in the case of ¥ ramifications (as shown at the site 6 in

30 Fig. 2) by combining two base elements 12 (see Fig. 4) with



It has to be stressed that the base elenents are 25 forned in one

singl e operwi iy l e known bifurcated _stents have tog@gmg@g@gpljtragi .
The braid represented in Fig. 7 is made by using t wo aUX|I|ar_yf_nantions
32 of the sane length. It is applied in the case of [err] ram |c:5112
(as shown at the site 6 in 30 Fig. 2) by cpgbining two baig el errentz 2

i g. with o
gf:ﬁeEL9384%aving two |unens 24. The superposition of the th{ee.la¥ers
of the trunks 20 of the base el enents mai ntains the pernmeability o

| ' Tl e s
the artery. a base elementFi3g hawl w1 Qluiing/ Ad Affh Dl o) ;)
describedy In this variant, use is nmade of a w dening part ounted

lon the first rdhdel® Bbreevdrywirsh ofh&heutiunksy 20 ofrarkl dad. e Tdwemhape

' ' ' 43, as can be
f the base el enent A2 thus obtai ned. .. resents a w dening :
geen in Fig. d,&‘a‘oﬁ}%ﬁ‘%h“- © p?r’é'ﬁﬂ%’ﬁ“?% %gs%}i‘%l%ﬂ%%orrpensate for a

[ i 10 of eclg o a ] eurysm
e W den ng part 40 can o be Sraled MtiE: WL e jrae R her
fup or | owek dolesdrtibed helrmwhis arsriant Ak o s 3aados rﬁfﬁéﬁﬁﬂ;}o}gaertw

1 Fi The use of an endoprosthesrs_enp oyl'ng a
Z: gmeﬁtl preserftd MPURKAA Prwitdhenifigst3mapdrieludor hevdliwith tie GaudifRe Of

] ts w deni ng 4 which is nade to cqincide
| ;[Mhtehb?ﬁg gl’;lI‘GOt | g slljeznlugzz'geﬁ%ne ta%‘l@pe or%bi rgéﬁﬁoﬁlﬁ‘f‘eﬂﬁé%ﬁh\?@dﬁ@nﬁﬂ,
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4 Fi g. 13 illustrates another varlanp . et i
::Isgobt ai ned byeangciity is@cs@ible tauxbhpangatanfefeh poddible Vﬁ%wi?g

' he desired | unen
cross-sectihon rooughl corresponds to that of t
: al nost peropferﬁjirge[ﬁ%roﬁ s h%b‘f‘?‘g A ARRETY ID- In :hehgase shown, 25
‘the first segment 20 andmiae ﬁ%&%&%@h@%gﬁeg ot Lh placed on the
f

first mandrel 30 higher up or lower down than the auxiliary
mandrel 32, as is represented in Fig. 11.

The use of an endoprosthesis employing a base

1> element presenting such a widening 43 is illustrated in

Fig. 12: one of the base elements 12 presents a widening 43

which is made to coincide with the carotid sinus 46 in the

! bifurcation of the common carotid artery 48 into the

internal carotid 50 and external carotid 52.

20 Fig. 13 illustrates another variant of the

method, which variant is obtained by placing another
auxiliary wmandrel 54, whose cross-section roughly
corresponds to that of the desired lumen 24, almost
perpendicular to the first mandrel 30. In the case shown,
25 the first segment 20 and the second segment 22 present the
same diameter, corresponding to that of the first mandrel
30. The embrasure of the lumen 24 is braided in the
structure of the base element 56. The auxiliary mandrel 54,

which is represented here as cylindrical, can assume

20 various shapes and cross-sections.



sane di aneter, corresponding to that of the first mandrel 30. The
enbrasure ofWOI98/31383en 24 is braided in the structure of RORABAS{ES67

el enent 56. The auxiliary mandrel 54, which is represented here as
cylindrical, can assune 30 various shapes and cross-sections.

17 A base el enent 58, pro%i’ded with two distinct

| umens 24 di sposed on the sane generating line, is represented in Fig.
14. A base el enent 56, 58 can be used in conbination with another base
el enent 12 (see Fig. 4) especially for vessel shunts, the trunk 20 of
t he base el enent 12 hAvPagea Q;r%tse%@toﬁrpﬁlﬂ@ﬂatwld?ht‘éWGnéléf-lM§

he b ,t h
Thar. as a. fundPRBRSer 2ing SLeBORER Py, KiPonoAPS! ISSREAL LB 1ikg . | 1o
variants of theespelhameld ofn NEf agd Ure sade o1 &RabE ngé Wshhcsﬁcne%%%

for production of conplex €endoprostheses.

ways of forni ndgnarcomisiopstoisirh esish anchher basaseetl:emta 1 Sy] ngbeebBSQ 4)
el enent 12, 56 are il lustrated in i g. Lﬁﬁ
conpari son, 5 Fi §spesisddae £o¥r gg,s[spgnaqhunts, oﬁbﬁatqlﬁljﬂ‘br 3Bedf etlmr ies

f
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and creating aseymentsOef thélbase: elemenﬁTh@qgh t he present endoprothe5|s
was described as sel f - expandi ng, i s obvious that the same principle
It goes w1thout saying that, as a function of the

configuration of the sites, the two variants of the method

10 of manufacture can be combined with each other for
production of complex endoprostheses.

Two other ways of forming an endoprosthesis, each
time using a single base element 12, 56, are illustrated in
Fig. 16.

15 By way of comparison, Fig. 15 shows a traditional
operating procedure for this type of lesion (aneurysm) 26
which involves using an endoprosthesis of the prior art
060, and shutting down the affected section of vessel 62
and creating a bypass 064.

20 Though the present endoprothesis was described as
self-expanding, it is obvious that the same principle
applies to plastically deformable endoprotheses as e.g.

endoprotheses associated with balloons.




applies to plastically deformabl e endoprotheses as e.g. endopr ot heses

associ at ed g dazessl oons. PCT/IBYS/A6H67

1. Lum nal endoprosthesis for ramfication of an 5 anatom cal
conduit, including at | east one radially conpressi bl e and extendabl e
tubul-ar structure (20), characterized 4 that it cganLses—ﬂﬂ%f%ﬁﬁT“
i nterl ocked state, at least two base elenents (12; 38; 56; 58)
conprising a continuous multi-filanent structure SS

| ongi tudi nal cavity (14) open at its two ends (16, 1 re
of each base el enment (12) consisticng, 8f 1 M g

segnents, respectively a single first segnment (20) and a S|ngle second
segnent (22), 15 extending one in -a--eerti-Rdation of the other,
substantially along the same axis in_the absence of stress,

- at least onédunmen (24) Bpeinay endeprpethesis for ramificpgignt ofi rax

(20) Yand ¢ nauatohtbel! Bofuig,  includion “woy leant s 4Re { iRy
forming the stddigdsudsbidhe fasst SesiPdidable  tubular (gé%\?dvﬂ.‘ the

second segnent (22), the respective first segnents (20a, each
gof these 25 eﬂamwseltm 1i3b) theitngitngaome bees widthi letblse opher base
and assumng, inh this 203|t|on cross-sections, which are i n essence

lidentical, theRRMd ddgment®( 2285 &f)orfPmRrisinghe M@Wntwl(tﬂza)

R oadager £ dubeRebedtladl qgnpllinfl 6" 0ARE,SREERE AR ) 7

gone base el enwjpfent Be fit$t two ends (16, 18), this at least one base

10 element (12) comprising

- two flexible segments, respectively a first
segment (20) and a second segment (22), extending one in a
continuation of the other, substantially along the same
axis in the absence of stress,

15 - at least one lumen (24) opening into the longi-
tudinal cavity (14) at the junction between the first
segment (20) and the second segment (22), the same
filaments forming the structure of the first segment (20)
and of the second segment (22).

20 2. Endoprosthegis according to Claim 1,
characterized in that the first segment (20), forming a
trunk has a greater cross-section than that of the second
segment (22), forming a branch.

3. Endoprosthesis according to Claim 1,

25 characterized in thaé the first segment (20) and the second
segment (22) of one of the base elements (56; 58) have
cross-sections which are in essence identical.

4. Luminal endoprosthesis according to any one of
the preceding claims, characterized in that it comprises

30 two base elements (12a, 12b), the respective first segments

h r ET HAS BEEN
RN A THIS SHEET EA8 B




i1 trunk) (20) has a greater cross-section than t hat
:of t he secgﬁ%ﬂégéﬁént-fﬁrwbraﬁchf~(22f*“- Endopr BSTHR${08067
§ according to Claim char ct rrzed in that the first segment

(20) and the 5 second E’TS : Eﬂg ne base el enent (56; 58) have
el i l
| it
[}

f cross-sections which ar ent il&al . 4. Lum nal

endoprost hesi s accordi ngll§ t he precedi ng clai ns,

characterized in that it conpri ses two base el enent (12a, 12b) in their

i nterl ockecd state, t he respectrve first segnent (20a, 20b) of each

of these t@@aelgﬁQﬂSPQJﬁﬁp 19h) thesegteagadenenhe Wilehin b being

ot her, and as n this Ition,.. Clross, sectjons which are in

essence i dent ?@?ﬁ g1tc‘né°rés e&%ﬁ)&es%g?%%t the gihgre and RESMAIOT| dient s

(12a) bei ng epgaged | u 2 he‘@% b e 2b) .
Endgg%ostﬁgﬁf?%igord?ﬁgs%oé§%§9éﬁ% of & £§%regédr%% c%ﬁ

char act eri zedidenthatalat thasrse@madbas@ment el(emant dﬂ20n§810§6th58)nase

conprises a sleeve nade bi oconpati bl e material. 20 5.

Endopr ost fRsi § S@GBFérﬁézﬁé kejngnengagerde in a jumeadi(24kdl sifiche other

characterized t ture of each base elenent (12, 38, 56)

I s braided. bégg Qﬁ%m&%ﬁ Eaé&%fosthesis according to claim?7, mherein

the structuresof each baBﬁd@bEBEﬂheb&sbré‘éé‘@f‘dﬂﬁgngtg‘atﬁgz%né'l

made of resilient alloy for nedical use dopr ost srs

accor di ng toPr€F§d¢n96ClalmSKﬁﬁh&namnanxzbdrumhahathatsuéuﬁtub@eOBa%%Ph

of the base ne 38, 56)_is braided using shape-nenory
filaments. 30 lgmen eri'Enégp 2§ hedd aCOBPTLFES: o2angleeee ofmade of

precedi ng ¢l abiBoomPakathel matd /it hat the first segment

6. Endoprosthesis according to. any one of the

ILI__'?*

preceding claims, characterized in that the structure of
each base element (12; 38; 56) is braided.
7. Endoprosthesis according to claim 6, wherein the
1> structure of each base element is braided using metal
filaments made of resilient alloy for medical use.
8. Endoprosthesis according to Claim 6,
characterized in that the structure of each of the base
elements (12; 38; 56) is braided using shape-memory
20 filaments.
9. Endoprosthesis according to any one of the
preceding claims, characterized in that the first segment
(20) of the base elements (12; 38) comprises a part of
greater cross-section (42).
25 10. Endoprosthesis according to any one of the
preceding claims, characterized in that the second segment
(22) of at least one of the base elements (12; 38)
comprises a part of greater cross-section (43).
11. Endoprosthesis according to Claim 2,

iQ‘ characterized in that the cross-section of the trunk of a

(RN " A




fof filanents, nade of a nat

20 (20) of the base elenents (12 38) conprises a part of greater
Cross-sect i wo ¢ski303 9. Endopr.ost hesi s accordi ng t?d‘ﬂt@s%&?o‘c

t he precedi ng clains, characteri zed in that the second 5 segnent (22)
of at |east one of the brasehceimmsexial 38) conprises a part of

greater cross-section (43 J#dopr ost hesi s accordi ng to
Caim 2, characteri

e cross-section of the trunk (20)
of a base el enment (12 38 equal to at least 4 times 10 that of its

branch (22). Endopr osthesis according to either of C ains

2 and 10, charcaz:terbaee il et a(13mesg 2&)5 as eLeent
%& ﬁa EoftS Eisz

56) has a cross-section at |east equal € trun
or at |east edddt taf tite hofarich (22) branch (22) Met hod
for manuf act ur e of brai ded . mul tifilanent structures for an

lendopr ost hesi 21ccor di ngEndoprg S3%e aAcding pot sithercpdr éiﬂtaemszéaj in

that it CPY i §¢S téﬁa;&éé@%“ﬁ'@docq{ ath9 som g-,!ﬁg}?@ (24}, % &? i di ng

osen I1r

el astic, sBperedensiitc (12, 3u) FEP R D d BedBi S | A Sle@éd@%ﬁ fﬁJ st

mandr el (30), alon the | ength and the dianeter corresponding to

fthe branch (22§ Wt dfasthe| trenk (20) 88) at2deast equal to tdmt o) e at
{1 east one aux'ﬂx‘aﬁ'{q\ﬁ Wrel (32) parallel to the first mandrel (30),
| a

1the said

d (34, 36), 10f, cross-sgether %WH%%SR&%! 1P 449585 24) ,
j '?Ee'gal d f|2st1gend (34) gel ng inserted | n‘%gJ < j{]ral glhci ‘?r“h‘bl‘tﬁ (t 6
{braid in progrséts:slcttm@ts e oén enddplr@simrrmsﬁm&mmlng hgosgﬁ9n@n@n(gf_(3 )

mandrel (32) including a first end and a second

bei ng pl a dovvnst ream of the braiding point, the assenbly (first

121 dré:lla(% i +7 ar FhaFREtETiZes | inakihad aitr oomprises the

following operations:

- braiding of filaments, made of a material
chosen from among the biocompatible elastic, superelastic
and shape-memory alloy materials, around a first mandrel

12 (30), along the length and the diameter corresponding to
the branch (22) of a base element (12; 38),

- setting up at least one auxiliary mandrel (32)
parallel to the €first mandrel (30), the said auxiliary
mandrel (32) including a first end and a second end (34,

20 36), of cross-section corresponding to those of a lumen
(24), the said first end (34) being inserted in a straight
line with the braid in progress, upstream of the braiding
point, the assembly {first mandrel (30) - auxiliary mandrel
(32)} having a cross-section corresponding to that of a

23 trunk (20) of a base element (12; 38).,

- continuing the braiding around the assembly
{first mandrel (30) - auxiliary mandrel (32)} along a

length corresponding to at least that of the trunk (20) of
a base element (12; 38).

QNS S SNEIRL LN W il

30 1a. Method of manufacture according to Claim 13,
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[ ' V | ement (12;
onding to that of a trunk (20) of a base e
| :s),g;:t on qu%%s&ms” : continuiRg——the— brai ding around th@®Cca/IB98/00067

uxiliary mandrel (32)}, causi ng the

Petesiie y{fi1[3t Fand;nel(g‘ Beer g Bl d around the first end (34) of
fﬂgrgﬁﬂ{ﬁ gryarrazg'rsel ' ﬁm uﬂi@T cortli nui ng the braiding around the

i ' K b J { _ . . 10
assenbl y rel (30) auxi | iary mandrel

(32)} along a length corresponding to a]t (12 38) | east t hat of t he
k (20) of bas . , el enen - . .

Ijr ggngége%rent cgf‘rﬁﬁgegﬁlzgflnedlﬁr ai'thdhd df compzimgadr etlse ( 3C£o]32>)w,1n]_:_§0b
- engagi ng Oneo}S’éEB{:ﬂohB‘? ot her the respec;tNlhyeh first ﬁe?merslt ;S)ogiz'([)?bn )
of two of these elenents (12a, 12b), which assune, i . ,
cross-sections whi ch- acentdnedingnaché dpphidhg (418 OEHES%%SI)%?‘@(Y%?
of one of the base el ements (12a) being engaged in a 20 [umen—( '
other base el éfdREL(Mandrel (3003 - auxilMathpd meindveriuf aghyye &Ly digng

[ aracterized.in that it additionally conprises the
Fol I ovi ng opetSPFERCBEEEb8REing £0 5 ladetiriam e hataiad ripen ok e
assenbl y a(bhssteMBRERE! - auxiliary mandrel) along a Iength t
corresponding to at |east twice that of thec’aardu%;é)f a " iIb?Z(ra el err:gpel,,
- i the second emskfaifgt itlg tdie Hectth @8 andr.
(BZ)ep?:gH ?ﬁe first ndr el . (390 , the said secon& engx(;?be) %agﬁﬁ‘ﬁ a

| cross-secti or®he auxiliary mandrel 1 2) nf:[rom thelzf)irst Frdndrel C(QF(JT)?SEﬁgdi ng
| cont i nuing hﬁyﬂ?g.séfgé)g‘dgtﬁ“?hg‘%fiﬁr?}ﬁe%ﬂjfmcrizsr%E?Fieanoﬁggﬁfbeygg;insnd a
. - n ,
o e e G (£ ESh 8 SR el v e o
(30), along a length and a diameter corresponding to the
branch (22) of a base element (12),
- disengagement of the obtained braid and of the
15 mandrels (30, 32),

- cutting the obtained braid into two base

elements‘ (12a, 12b).

1s5. Method of manufacture according to Claim 13,

characterized in that the auxiliary mandrel (32) compriges
20 at least one flexible part, the separation between the

second end (36) of the auxiliary mandrel (32) and the main

mandrel (30) being effected by folding down the said second

end (32) on the braid in progress.

16. Method of manufacture according to any one of
23 Claims 13 to 15, characterized in that at 1least one

widening part (40) is placed on the said first mandrel (30)

along the 1length corresponding to one of the future

branches (22) of a base element (12; 38).

17, Method of manufacture according to any one of

30 Claims 13 to 16, characterized in that a widening part
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. mandrel (30) -"auxi

i 32) along ghejlgength cor di ture trunks (20) of the
ba)se el em&*ints1 12, 38). ﬂgéﬁa& ot Aéh‘#é%% 1%fr%f ﬁﬁﬁﬁfiégﬁurt@ a?:‘?)%)rﬂpﬁgc’tfo

' 3 1g  inser

- 12 to 16, cha cterlzed t it co

" two auxili aryﬂgéndrel S (xg%ﬁé‘é ot éna actm h8gcordipg toreany acner ef

. of br ai dedChaimsl ti¥ i t&MENt HHAIGHAN %nf%i,gte'f‘{mgﬂ,a gg%%gf fgg -
a| s 0 i i

¢ endoprosthesis according to any one of

|
the auxiliary mandrel (32) - di sengagenent of the obtained

{ braid and owo9si313be nandrels (30, 32), 10 - cut
{ obtained braid into two base el enents (12a, 12b). E&%smﬂfgt hod

of manufacture accor di NEstsRecGABEN Replaced  Characteri zed in that t he

auxiliary mandrel (32) e‘azzt one flexible part, the
| separation 15 between tHHlE % E[EBW(%) f the auxiliary mandrel (32)

tand the main nmandrel (30 ed by foI di ng down the said

: second end (36) on the braid in progress. Met hod of

. manuf acture aqa@)di BF 99 s} 3" 0 racterl zed in
that at | east one 20 w dening %I%fat(esz)t(qagip ace oeﬁ'&?ﬂrY nafdrel

mandr el ((30) al amgiiieryengndreqrr di r
braches (22) of a base ;I eneﬂr)l?ﬁg‘ 2, 38)(@%(}n i ﬁl%mﬁeﬂﬂgs afLétslé"{:f)]'y

manuf act ure adédrdi Ag t@%ﬁﬂgo eoflengthdmmé;ﬁoﬁdhﬂgl tehatnet eyrggd i n

that a w deni (4 d| arreter greater than the assenbly {first
2t |(é§°)) @1 hegs el“éeffﬂ%c@c?'orﬁ&h-l s assenmbly (30,

any one of 30C m$s 1P to 16 Odlﬁmcitﬁéril@é'd' Ant Rat 11 €O08BMb¢Ees "t he
insertion of a_single au>%| | i ary mandrel (32).
SaRGR ac Bud Licanr aiangizted afB2)ane of C ai s
|ses t he I nsertion of at ‘| east

" fhat it iQomppesEsiophef asl leastgtwo anpdildtirgnmandrels (32). -

- bi oconpati bl e eI astic,

i

;;

' to one of the first and second segnments

brai ding of fihanents, d@{1 (ﬁ g material 10 chosen from anong the
superet ake¥ cranutaghurpapé- praddpdramudtifilameneund

a first mandrgtr(3dhres fo ORJ paie l@f&ﬁ%}x@ngéwzg gq.rrr?t %rg (éggrggi ggglsng

according to any one of Claims 3 to 10, characterized in
that it comprises the following operations:

is - braiding of filaments, made of a material
chosen from among the biocompatible elastic, superelastic
and shape-memory materials, around a first mandrel (32),
along the length and the diameter corresponding to one of
the first and second segments (20, 22) of the base element

20 (56),

- setting up an auxiliary mandrel (54) in essence
perpendicular to the first mandrel (30), the said auxiliary
mandrel (54) having a cross-section corresponding to those
of the desired lumen (24) of the said base element (56),

22 the said auxiliary mandrel being inserted at the level of
the braiding point,

- continuing the braiding around the assembly
{first mandrel (30) - auxiliary mandrel (54)) along a

length corresponding at least to that of the contact {first
30 mandrel (30) - auxiliary mandrel (54)},
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N e

fway as to forg&severa

{ el ement (56), 15 - setting up an auxiliary mandrel (54) in
Y essence perWOMBBEBar to the first mandrel (30), the said  PCRERISIODESTy

§ mandr el (54) havi ng a cross-section correspondi ng to those of
the desired lunen (24) of the sai d base el enent (56), the said
auxiliary mandrel being 20 inserted at the | evel of the braiding point,
- continuing the braiding around the assenbly (first mandrel (30) -
tauxiliary mandrel (54)} along a | ength corresponding at | east to that
of the contact {first mandrel (30) - auxiliary mandrel (54)}, causing

25 the enbrasure of a |-une<nnt2n§11ng hhebmaiﬂiﬁ.@ Ommdthheflrstemﬁrﬁfrélhe

auxiliary man

- conti nui ng ?ﬁg br Z10°%% dnieREth corrasrending tps@bamuqﬁgtae|@n¢mn
correspondlngsggmgﬁgt(gg tQS)OB?eEhF bﬁggh 3&9%2 Q) of the base el enent
nt o

| (56) 5 agene aine rai d and of t he
first mandrel (30). QCHlsengagé\&ﬁﬂwa@ftH@'BHt?&ith& B Ut de0 el M
19, characterized in that the setting up of an auxiliary 5

(54) is ré%eaﬁéésﬁumaﬁgrehe(ﬁﬂéld|ng of the base 10 el enent (58) |n such a

qﬁ | ungns (24).
etho of manuracture according to Claim 20,

characterized in that the setting up of an auxiliary
mandrel (54) is repeated during the braiding of the bése

element (58) in such a way as to form several distinct
10 lumens (24) .
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