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" SELF- EXPANDI NG ENDOPRCSTHES | S Description: 5 The

i nvention W F ga%z to radially expandabl e | um nal endoprg Fﬁfg,?
nor € partrl C y to vascul ar. endopr ost heses, and especi al

Since the work done by C. DIDCOIT on the dilation 10 and the support of
anatom cal conduits, the concept of di | at abl e endopr ost heses has

enj oyed gre END gﬁ? eEwthe nost renarkabl e breakthroughs
in this aﬁsﬁ‘llfc COI’lCle)IIlI’\lIg I'n OPR?lsc ar cardi ovascul ar surgery,

especi al | y Desard@donsn of aneurysns and the opening of 15 stenoses.
A consegygence of the general rate of success of t hese net hods has been
i ncreasi ng denmands on the part  of practitioners, hoth as regards the

quality of the pSdudIYeRtd@gnt XSRS Sshe toar K@diaddy alexpandablease of

20 use. luminal erfadpro@th@rsletserarm imokdi paregentlargl gde vdidliah
rati o between fhe di of .t he_endo ostgar1 sinits contracted

shape and i % r’ﬁor‘? e&legl’na?g?i ?ﬁﬂggﬁg glﬁ S+ state), but also the
flexibility of this Shimdmpribet hegiks dazfe bphit:h DARCQOTIE cablthe dliriiatgon

i nserti op, aqlé Oéﬁ@ abaaeesof axggesﬁféaw I:Bauhﬁtgereay Cegﬁgggtkio%i ng.

Furthernore, uch rostnesis
must éiﬂﬁéiarbdlee endOPF?@§ﬁhﬁ$§§l has e@h@lfﬁ@t @If?@tl %@ccgﬁpat ible with

{Eose of ht he vetssel on) o@eﬁ&? ﬁéé%et tEﬁmaﬁHleétBBéthﬁréﬁbﬁst anvv'ﬁrﬁ%t and
e crus , Stresses generated by the _anbi ent pressure an

presence of HElsem s. in  particul aﬁes&i‘rré%qvﬁ‘lsﬂué-lalry f%éi?ﬁii"i n
particul ar @spdciedly theessehurtdions raf | aneulryemk ughdathbr epehlihgmngth
remai ns be done in the field of vessels of very small dianeter

. and, by %ontsr 5SS anatonical conduits of | ar ge di aneter.
Treating thoracic ar:Pd cdmisequeariceanefir §bes gemesal ratsmudf esuthesss®hf

Chochuys! InSIRA AR AP Shen Olnéfoadly iliingd 3R LARIRAE WA,
practltloners, both as regards the quality of the
products brought onto the market, and also their ease of

20 use. ' '

' Crucial criteria in this regard include the high
ratio between the diameter of the endoprosthesis in its
contracted shape and its nominal diameter (unconstrained
state), but also the flexibility of this endoprosthesis,

25 which must be able, during insertion, to follow sinuous
courses without thereby causing kinking.
Furthermore, when it is in place, such an
endoprostheéis must demonstrate mechanical
_ characteristics compatible with those of the vessels
30 being treated, and it must be able to withstand the crush
stresses generated by the ambient pressure and by the
presence of adjacent organs.
Research initially focused in particular on blood
vessels of small and medium calibre, but much remains to
35 be done in the field of vessels of very small diameter
and, by contrast, in anatomical conduits of large
diameter.
Treating thoracic and abdominal aneurysms thus
requires the use of endoprostheses of large diameter: of
40 the order of 35 to 45 mm for thoracic aﬁeurysms, and of
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-2- the order of 22 to 33 mm for abdom nal aneurysns. None

of the endoprostheses avail able on the market in this dianeter range
entirely satisfies the expectations of practitioners at the present
time, 5 eswmb¥/s8762/ because they are unable to fulfil their POTMBES8/00076

|l ong-term they are not easy to use, or-epse because the material s used
are not suitable. The endoprostheses used to repair the

anat om cal c tg«C S [ ch is often 10

provi ded w tﬁhe §§§?f 8t Qgﬁ%be'ﬁ%%oﬁéﬁeé%%ns# \ﬁgr}lg YSIS -5 ) g y of a

framewor k bear the nh‘@@e"spint ‘the endoprosthasagsg avaibableal by t thet ypes
of framewor kgatREt J.nSttEHltsS) d@.%mbﬁ’:%rmif:gﬁ&e rﬁlf@;iry?l'j a@%‘ﬁ%&%ﬁe‘é’m {:_Heare

dilated by inflatable balloagns, and self-eXxpan wor ks. wh

conprise br aFHEGcBFtﬁﬁB?al 8éd gr,ag@t:n.@,a@gers at ‘the RISt hbiws, are _

known vmls:h asseftiialbypbaeause the¢ areermaisdid aicedfuiﬂl thei ¥ rooai nal
di amet er nt rodgﬁt ion_of an inflatable ball
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bl ood fl ow amdtehtallsmeasdoase afot suitlaiolearremor k. The bal | oon
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di amet eryof 8ro¥dded &wiath 18 ndBatilng.s MPRECSSAL xtd?sﬂ!ﬁfse% conBigesHge of
up to 5to 1 S indicated in S- 4 022?

sphere a
The bal | oon ﬁﬂg?gghgfe?ozﬁg%%w‘&k rReRT yERE MARE Sfﬂ:e%l-ch entails probl ens

as regards di aneter. There are baﬁtfathﬁy newe, tivbekS oTOlFOGSIdNIGs t Qok I eat
| ong | esi not ed t hat

this t [t ld b
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Endoprostheses are known which are put in place

and then dilated to their nominal diameter by
introduction of an inflatable balloon. ’

Particular disadvantages of this technique are

20 the interruption in the blood flow and the dimensions of
the framework.

The balloon stents can only be used for treating
lesions in arteries of small calibre (at most 12 mm). The
reason for this is simple: for a stent with, for example,

25 an initial diameter of 3 mm to be dilated up to a
diameter of 8, 10 or even 12 mm, it is necessary to use a
pressure of up to 5 to 10 atmospheres (as indicated in
Us-4,950,227).

The balloon must therefore be extremely strong,

30 which entails problems as regards diameter.

Furthermore, -it is not possible to treat 1long
lesions using this technique.

It should be noted that an intervention performed
on an abdominal aneurysm can last for 6 to 8 hours when

35 using a femoral or iliac surgical approach (compared to
an average duration of 2 hours for treatment by a direct
surgical route).



- 3- ' As regards the sel f-expanding stents, these do not
require balloons: they are generally stretched out | engt hwi se and

i nt roducegyg égsafezshape with a reduced di aneter, into anpePREbEGIePE
consistirg of a tubular 5 catheter equigped with a pusher. The whole

assenbly is I ntroduced, particularly by the fenoral or iliac route,

as far as the depl oynent S|te wher e thg endopr ost hesi s I s rel eased.
Al t hough they have ER adde FELLveRmRdingogératsy seresexpgendi ng

stents al SOnlb%VQ:TéftItﬁh Lifé)ebam.oons |I1mdyit aﬁésgelr@lgll:l@gaé’dﬁétd@g%d out
i nsur mount ahl e eir s not generally excee mm

The br ai ded 1PEHPEIRE: haré%bd‘lntﬁr‘?%’l?& legm-%msgapeal YoUR & eFeMeRCerr] or

PHYNOX[ er r | diaheteyxer , ipko nidn diapmitieatots can;xaglngomﬂ ram tab®3amm or -
even 50 t 1%?#}: h t hesi s,

initial Igrm Egtgglgggctaée(ﬁﬁg? ovr'{l% [ on p narrovm ng o ng&Qggﬁe?% :
aut omat | cal ll}atmdweds |na§trml4mlyml%mtb¢ femoral or ilhecfroutebrai ded

endopr ost heggs Qfr {4 Sth¥Peied o‘{ﬁéﬁt”%iﬁteby whe®d DERE T endoprosthesis

FR-1, 602, 513 di scl oses -endoprosfheses provi ded wth a rigid framework
which is f olFedeppashter weavi ng metal filaments into a braid. This

document describes althyuhdsthayi ﬁm\ﬂél F0flee alvantegesrt ithe [ethb}mof
bet ween_45 Zgﬁﬁnd 9 bet we n the f |Iaman5_s of, two dlfferent ers

't Goes i« AORELBayhy SEir SKEARRLPE, SYSTY nBLso” HAYS i camisn |
view, a bralldma&altsbsscruﬁmgg | esggarded ef dgct inshymouhtabbee trThehn:al ded

filaments frcﬁ@myﬂ (}h Btes not §eﬁgk5§.19€¥k Qdfﬁgnﬁuﬁ quasi - annul ar

structure, iTch, corresponding to an

angl e as cl ose éiglq)o labliédt oS’Qe{lbﬁ]Wl\r@ atqob@htdmlq:ézeé%célr@mwme
brai d angl ea(l'I%?’Q' ”&ﬁdﬁoﬁ‘%? @Hl?ﬁbmn fid k@%]:t S %ermlﬁh@lilaﬁe'%%r@s cl ose

as p055| ble to 180[err] O[err].CQ (as_ described

in FR- 2] %33V§§?)1-n93§r?ﬁ‘ezsﬁﬁl' F@rhghﬁ“@ aﬁg?ﬁentﬁg TR kO ¢ R T3St he braid

resi sts crushing. Upon ' release, the endoprosthesis, initially
subjected to elongation, with narrowing of its diameter,
automatically recovers its nominal diameter.
The first ‘braided endoprostheses of this type
20 were made by C. DIDCOTT. '
FR-1,602,513 discloses endoprostheses provided
with a rigid framework which is formed by interweaving
metal filaments into a braid. This document describes
braids having an angle of intersection ¢ of between 45
25 and 90° between the filaments of two different layers.

It goes without saying that, strictly from the
mechanical point of view, a braid resists crushing less
effectively, the more the braided filaments from which it
is built deviate from a quasi-annular structure, namely a

30 spiral of very small pitch, corresponding to an angle as

close as possible to 90° relative to the axis of the
braid angle (meaning that angle g between filaments
should be as close as possible to 180°C i.e. actually

around 120°C) (as described in FR-2,333,487).
35 The smaller this angle, the less effectively the braid
resists crushing.



-4- Pat ent US-5, 061, 275 descri bes an endoprosthesis with a
brai ded framework in which the angle of inter- section [err] is obtuse.
In this case, the coefficient of el ongation of the prosthesis is high,
whi ch ent aW%935537f¥r obl ens when it is being put into place. (ReHBEPH9MO7SR of
el ongation is defined as the ratio of thelaxial extension of such a
prosthesis in its stressed shape, hence with reduced di aneter, and in
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85[err],

pressure which is 50%
di &ﬁﬁPéFeSalﬂi’& RERCHLGROWS St HRtnpointging, 1f i déffieult

rable

n of

tain a
nce to

r]

1@ braid wtRg %%a%llharrq{ﬂl% pE?%?QB% %ﬂ&%ﬁis’ﬁf@ﬁ {9 theré?gkél

i denti cal

responds

er “than a anment

740 928 descr bes ab alged endo r ost

cobal t/ ni ckelt EhFBW?B

seliSaff 9as?ﬂem%hen?ﬂpr°s‘?%?ﬁ%? F*PRCTRAR

to (thel @ndephbsthesiBl @ndgoe’dl ddryidkid®dle shortening ERtA-0
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anen maki n
Research workers who have set themselves the task

Sucﬁ&??#ﬁnéﬁ Sﬁ%dué@@%&éﬁbéﬁﬁré¥¥¥§%§iiken up in the applic

of solving the problems associated with the use of self-
expanding prosthesés with mechanical action have come up
against dquestions relating to the angle, thickness and
composition of the filaments, without managing to obtain
a prosthesis bringing together all the quality criteria:
it has not been possible to obtain a prosthesis combining
a low angle of intersection and good resistance to
crushing.

It will also be noted that for a same angle g =

85°, a braid with 32 filaments presents a resistance to
radial pressure which is 50% higher than a braid with 24

ator.

filaments of identical diameter, a fact which shows that

such a struicture responds to relatively complex
relationships.

EP-A-0 740 928 describes a braided endoprosthesis
made of cobalt/nickel/chromium-based alloy, in which, in
order to increase the resistance to radial compression, a
doubled filament has been used, which poses a problem as
regards the space taken up in the applicator.

The use of such filaments for making medical



- 5- brai ds should in principle give good results. However, the limt
of resistance to rupturing of the col d-hanmered filament is situated at
about 200 r] and, after thermal treatnent, th '

reaches '\% uéeyégﬁ%f 5 resistance to rupture of 2500 to 2708“@‘59 g@?}f

whi ch makes the filanment rigid and bTittle; they prove relatively
difficult to wind up and braid on account of their i nherent el asticity.
Frequent br baikiidg oFhowkd f inamuinciple sgéves gapdareseltar Howeysirndl es of

} P\eagg??: gﬁ%hﬁhmgﬁﬁﬂgé%r?g%ﬁggaﬁ%bgg:ogg al | i?;@?b‘fd tﬁ%é‘?&la? ;:ongl:ietdi ons
where the stiid@BeRtonisheShEvat n%r eaé) al?Ré’r'%// I%;aaﬂ (N/H° 36k natter |
aneur %/sn% th?afrma& fOt%u‘thﬁri_(B’ﬁt, thee Fidamentadedddies heeﬁlﬁééan@fts ﬁged'
rapidly ef f.ects of .fatjgue). gue. tests, have shown the
sane resul tgegf:.tsglance 8 rﬁ)‘}%;{:t&érae 1Bhot?0%i K E?éh‘pﬁg‘g’l bnwmiaaﬁ‘a ffi val ent
period of fithe nbhlament rigid andt Heritild; etpendiprpendoelattivedys _
described f ofs £ i RSt 8PCE1 A4 ar 382309 oANhodbint 5a¥0thbiy are

characterized by nenory al [ oy part havi ng a cylindrica ‘ackglt-shaped
out er cont odirhepenti tastdeitiztkeFreauant ukbreakipp @f theh fadarenitsol [ err]

may be usedgpoils in pardifchAl@NttIsdaEsnALEs kPWBhe akReALSY wWhGhed 25
cylinders, helical ,structures, ngsh gtru&tgﬁres, rol | ed-up net al sheets
and thelfjk@re subjected {ig-ACCRIGTREERLAPRETHBEF I Rperature, they tend

to adopt a radially Jxpeddictiahapehehi abed poay-besm, espeedblkyt foas
rel oasi ng. sTPECRg, o pignt e [Ehel SeREsBesY off MG mifell AR |
therefore veryertergi| yengcesbdopinelcapleurysss) enddprwess hégusdatihasr
5,07 a7, e | BEdHeE mde M ErdhCEfeclt FilAMIAy aHER rAALY oo
i s cool 88 t hedifgisdst of fa{tﬁgugb acenent phase by a ice-cool ed physiol ogic
sal i ne. Wien t herfieifieeded9iss t havel shoRacha ddife f reuudtscadiery
simulated 1longitudinal compression for an equivalent
period of five months.
Other self-expanding endoprostheses described for
20 instance in US 5,354,309 and USs 5,540,713 are
characterized by memory alloy part having a cylindrical
jacket~shaped outer contour. For instance nickel/titanium
alloys such as Nitinol® may be used. '
Different shapes are  known : truncated incised
25 cylinders, helical structures, mesh structures, rolled-up
metal sheets and the like. _
When they reach the body temperature, they tend
to adopt a radially expanded shape which a previous
treatment has forced them to memorize. If they are not
30 quickly brought up to the releasing site, they tend to
pop up to their nominal diameter. It 1is therefore
generally necessary to cool these endoprostheses and/or
the applicator in which they are placed, as is also
described in US 5,037,427. 1In this document, the
35 applicator of a memory-alloy stent is cooled throughout
the placement phase by a ice-cooled physiologic saline.
When the desired position is reached, the flow of cooling



- 6- fluid is stopped and the stent, gradually warnmed by the body
heat, expands. According to this nmet hod, it would be
theoretically possible to renove the stent by cooling it 5 again, so that
it coul d bWO8&8T6¢ brought back to its reduced ori gi nal HFHBELSA0076

The truncated incised cylinders and the ®esh structures generally |ack
flexibility, are rigid and ki nk excessively. There is thus a high risk
that they daphgfyl19s theppell andl e yesse Sgralifa pigi i Yep@ke up
consi der abl e space in thgwiantroducer. $9 al’hielghghg{chgfi Esﬂyre.uctét’jr es
(or coils). thedfer@Pands .y the nere change of phase do not open the
a[teries _ SUfILCiﬂﬁbbrdftli@ ar'@oitﬂetfr\il\ﬁﬁlti\meﬁlfbhd,he tieat %ﬁl&}‘l-hge '
st enoses, sipce the) not _coxer e whole o e arter wal l ..

Fur t her nor e,&%%eet%qa s%oﬁfé%pei‘ 059 hEgRave y{-)}ég Ste_n%aﬁ?%’bé:q.%]éd‘q mt
arteriessof agaire cabi et it could Wébrfpesely biroughtedessiar yot dits
anticipate t Q%§ﬁ# |41 T34 he stress force generated by the phase
transition o?&fhﬁ%e%a er %’Asl f%ir&#%ﬁ'he_ framework is not sufficient to
. overcone the pressur8hduerungatedmincised cylpaderbctand. thet meskase,
there is a highiétsledlgddrally Qraiﬂ@rﬂ%ﬁ%'i'ﬁfﬁiﬁt 2 WA Ldd Eaptoy. 25

The operator nust antjcl p%{ﬁe t he poisi bili til?/ of ~, subsequent | ntroduction

of an infl atS¥FeSHe 6N THERR geF thus; @ fighy Fhekehhadpr eqamage i t s

nom Ral 1 aln‘eﬁ@r wallliss of ttma:hlviequelef.h"mr %tﬂ:i_.'iﬁ&id(.’lgni el eqiuaet I?)%pl eads,

in the ong_ 1er 0 reacti,on .the arganism (in particul ar

ti ssue prol i?%r?%%cf%%pfe space i %%é}:gaoégge& the inventionis to

devel op an endopThet heticsalhsthuekurest dohi goifllsexivwhdn ttriygersdits

i ntroductio b | i | I i g i e i ng.
"oy Ditheiél | Bnahbl G Bhbse0fl h8E YfllfCne AL

35 Anot her Jls‘le crnvention 1S
endopr ost hesf3fElpiantly gaod saudi |ingLiactie siine She treapnemk atdfon.

15 stenoses, since they do not cover the whole of the artery
wall. '

Furthermore, none of these endoprostheses types
can be used in arteries of large calibre.

Moreover, it is necessary to anticipate the

20 possibility that the stress force generated by the phase
transition of the materials forming the framework is not
sufficient to overcome the pressure due to the wall and
the friction. In this case, there is a high risk of the
endoprosthesis not being able to deploy.

25 The operator must anti-cipaté the possibility of
subsequent introduction of an inflatable balloon in order
to bring the endoprosthesis to its nominal diameter. This
technique of "forced" widening frequently leads, in the
long term, to reactions by the organism (in particular

30 tissue proliferation).

The object of the invention is to develop an
endoprosthesis which exhibits high flexibility during its
infroduction, but which in situ exhibits good resistance
to crushing.

35 Another object of the invention is that the
endoprosthesis exhibits good stability at the site of
implantation.

4
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7 Another object of the invention is to develop an
endoprost hesi s which covers a wide range of dianeters and which can in

particul ar be inplanted in anatom cal conduits of |arge di

The subj eXO¥5¥%% invention is a lunminal endo- prosthesi s?@@g%?qog? ng

a self-expandabl e mul tifilament braited framework, radiall y expandabl e
to a given nomnal, dianeter, nade up of braided netal filanments of a

shape- nenory all O)Ano\mheu:ebbjblmt forﬁartﬂmrim’rautmmrmstd»ldetrelap anduced
dianeter fcr_.intro 0 t D S
spont aneous 4 8585?@8&19 ep eng 8 ?ﬂ&é raﬁ S gk EELEQ nd

sur oun nperature, the
sai d non1nathchnecen mn|cpar§écﬂé§ponb§ s&@@ﬂéﬁtﬁdlI}ntoanﬁ§omi§ﬁéter of .

an anat om C?:hndﬁ?iigubgf i9 gg aiglﬁé@élr the. bral ded filanents form

bet ween eac he brald d amewqr k |ts'noﬁina

di ameterS an angl ghe [f'é"lbqe% °%eFVcEe&nV§Et18Hd isg ef\n}u.na 1 a/gdo-

?d?/ant a?eouﬁk}bsthebi@ertom singnda &Q{lamﬂl,lardétm 1E4 ded O rambRork
ilanents 1S e u nSi Sti

oot made,pon ot Brasnre] shaselberRsiRieh khda,sisgnefeg,satbh,

framework i fraheabrkr clodredb stot hepontenemislly efloptal |inddgendedtanofit s

undergoes. AsErvRLELSmANtl °kaNpEraRARRE 4! 33VEh' Hodiidi0) Bahlbrbiom 2

gl ven ri gl ater equa or
| ower 10 harthet hmetalenqaér &her ef@amtemrk ohgam@ﬁlmonen ghesuifakle t he

ambi ent te@&% %h\é g coﬁ%rﬁhepww Wi 8f temsraéukan‘&ahge i s

ngle a var al on (en t h. of e braid.

preferably gqe astic B
The inventi (]5114 ¥o tBPAt e§mpée§tnef:ﬁ5'éeFBF ﬁﬁnu?gét utPH ran tBABcpFYSt hesi s
as describedmpakatare WECha waaRAPloSEsd td¥ydrtldmowi Ry epeuetuead

state transition bringing it from a given rigidity to a

15 greater rigidity.
The braid is made up of braided filaments which
intersect at an angle ¢ when the framework is at its
nominal diameter. This angle ‘can vary along the length of

the braid. These filaments preferably form an angle ¢ of

20 between 30 and 95°, and advantageously between 50 and 380°
along at least a section of the framework.

The metal is preferably superelastic, a property
allowing it to deform reversibly by several percent. The
filaments -forming the brald are advantageously made of

25 biocompatible metal, and are chosen from the
nickel/titanium alloys and the nickel/titanium/cobalt
alloys. The alloy preferably comprises between 52 and 56%

" by weight of nickel.

The invention also relates to a method for

30 manufacturing an endoprosthesis as described hereinabove,
comprising the following operations:

- producing filaments made of an elastic metal on
which it is possible to confer a reversible transition of
atomic structure, causing it to change from a given

35 rigidity to a greater rigidity,

- braiding these filaments around a mandrel in
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the nickel/titanium cobalt alloys and conprising bet ween 52 and .

56% by wei ght of nickel, - producing filanments of this al |oy,

- braiding these filanents around a nmandrel in such a way as to
obtain a byaisgisefek a nom nal di aneter - correspondi ngcavEIBANGA all Y-
to the dianmeter of an anatom cap _conduit to be treated, the
filaments form ng between each other an angle [err] of between

3 O[err] and 95[err]. - subjecting sections of this braid, at

thi s nom nalSUGh afetd@y aso tq ohfipdtheR BFaidmaft 2esyi¥en smomgnad
conpl ete anri axetleire phase transition causing the netal thereof to

change froma given Ity.to a reat e | dit

tenperature equal to 881) ﬁgf‘nghaﬁ?q ng eﬁ%erqf]g"r i’5%5"fihe at “their _

pl acing an opmimadl diemetey,ontéhe tdemndlr altm;trment establishimgtang the
sectionsgof d Pfy ﬁ@;{/ ef fect ed
usi ng cold a@e ﬂ’%‘%ﬁﬂ%%% ke(?lyL ani um ﬂgalne%%] ?rggqhefg'h?w‘&

and the Wéﬁ”rﬁlempetrla@b}ﬂfﬁeﬁi actiﬁt}i?“rbégodﬁdl enganb#mw, heating operation in
a_zone between 400[ er rdiG & rtd;r@ﬁ@[@;sﬁ&napréé@fﬁ%yoﬁt thaOgheqr ]f@amfeof 10

m nut es and air cool I ng. he brarding is preferably carried so that
angle [err] WPEkres  al ong the length of the braid. Var i ous adv

antages of the invem&mgariﬁuet@@étmﬁ@ end5pa D3t hABLS sREMBhtE oF

greatly, reduc coeficient of elongation, is very flexible inits
~cont ract8d ér]r'(i‘s:?bl §- Eprone to kinking and fully resists crushing

after it has been The bmaddihgceis advantageously effected using
' cold-hammered nickel/titanium filaments straight from the
die, and the thermal treatment comprises at least one

heating phase in a 'zone between 450 and 600°C,

15 advantageously at 500°C, for 10 minutes, and air cooling. -
The braiding is advantageously carried out so
that the filaments form between each other, at least

along a section of the braid, a value of angle g between

30 and 95ec. _ . _

20 Various advantages of the invention are that the
endoprosthesis permits a greatly reduced coefficient of
elongation, is very flexible in its contracted shape, is
not prone to kinking and fully resists crushing after it
has been put into place.

25 Another advantage is that below its transition
temperature, the endoprosthesis. is very easy to
manipulate, so that it can readily be set to the right
(nominal) dimension, brought to its reduced diameter and
introduced into an applicator without fear of damage.

30 Other features and advantages of the invention
will be evident from the description of particular
embodiments, with reference being made to the attached
f:Lgures, of which:

Figures 1 and 2 are diagrammatic representations

35 of two stages in positioning an endoprosthesis according
to the invention in an anatomical conduit.
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8a - Anot her advant age Is that below its transition

tenperature, the endoprosthesis is very easy to manipulate, so that it

can read'k"l,d9 /Qﬁsz set to the right (nomnal) dinmension, potmitdfibees® itsS -

reddced diraneter and introduced into an @gpplicator wthout fear of damage.

O her features and advan ages of the invention will be evident fromthe

descrpation of particular enbodi nents, wth reference bei ng made to the
&

attached figures, offigwsech3 is a 9rpghreshowind Ihe erailafienfbiPc
representations of twq, é?geaf' ?nﬂ&?ﬁ%b%bﬂ%@ﬁwé@ﬂoﬂﬁsEﬁliéinénEECBEd' ng to
the inventi n ‘andt om cal condui t. -

-9 ~a sEegt) e #@nd s thegr apiishonforce he(mmsmmiqg topetheen a
(angl e of '%‘é&ég%b@ SELVERD L¥ank 'E‘HE'"!E?%ﬁl préssiedl ) taBdebly, radi al
force (correspon |.ng to the resi stance of the Stent to radial pressure
thereof )5 5estabBisbrddfpsraabsrifaddsierht ageebdinggteoothfestpbecods -

the art and¢h@r a2tShBAL £86CAT oS t Acebedimy e ithe invention. Figure 1
shows the general a&pear ange ﬁfQ a %?’T\éi/ce lised foregosi tifoni E\g an _
endopr ost hesi s accortdiffFe ¢ SHEWS TUhR SFTESA: BBPSRRBNESKR o EFYFFEy of
the dr awi ngsisedn! ol Opbéiet fomireyoak Endbprbstbedbpr estdwasiing sto ephesent ed
here. O couyrse, ,what pe I | . LNC an
ext er nal an&f‘greqtﬁp&ni‘lgrc%&sel rr%kee aéf%fémﬁh‘gf %ﬁen%?wl?g%é h’ggg up of
a brai diof the i firemtwork ret aif f theneapdopugsthesis ifnerepiesenbesr

feature of e QR hesd ARGOHHMY 49 4 heikpyenttent! m@y i N the
design of | tl?se%' O?r]amewor 3 %%aftcr?pipnvpl ves the eff,ec%slsof a brai deg,
natural |y elizsivgesenyertpsnainandier parteEadhrColyREal properties of

the filaments from wHeh fidameworgde1 2@ scomaigeedupi t bfa phabeatigansifti on
effect. interlacégh%eEghagETgﬁeL gving the braided framevork are
15 The particular feature of the endoprosthesis
according to the invention lies in the design of its
framework, which involves the effects of a braided,
naturally elastic structure, and the particular physical
properties of the filaments from which it is made,
20 combined with a phase transition effect.

The filaments forming the braided framework are
made from a specific alloy (in this case a Ni/Ti alloy)
which, by virtue of a suitable treatment which is
described hereinafter, undergoes, at a predetermined

25 temperature, close to that of a warm-blooded organism, a
reversible transition of its crystal structure, entailing
a radical change in its mechanical characteristics.

The metal of the framework 1 in its initial state

(that is to say, below its phase transition temperature)
30 appears perfectly ductile.

' Under these conditions, the operator can very
easily manipulate the endoprosthesis without fear of
damaging it, breaking up the structure or disrupting the
arrangement of the filaments. He can in particular set

35 the endoprosthesis to the appropriate dimension by
cutting it and compressing it radially (the effect of
which is to bring the filaments up close to one another,



made froma specific alloy (in this case a N/Ti alloy) whi ch, by

virtue of a suitable treatnent which is described hereinafter
undergoes, at a predeterm ned 25 tenperature, close to that of a

war m bl 0o 9863shi sm a reversible transition of its cPEI(BRISN00076
structure, entailing a radi cal changd® i-n its nechani cal
characteristics. The netal of the framework 1 in its initia
state %B@&F'Sgh 1éayofbehﬁWék%§cEEBﬁe Eéﬁﬁ§h IoatteEHﬁéatMBﬁL ng0
appears perfect u condi t1ons € operator

can very t°@&§@§yanﬁﬁgbh9hPEetﬁélﬁﬂd6b9%§tﬁ%s¥%FQﬁ{hout fear of

damagi ng it, breaki mg_tmp tﬁ}&_ sténmjpgcagtg{esi§r WH | nehide stata) raggenent of
the fil anents. Hﬁ can Hé;ular set 35.th g en gg rosthe%is to_t he

appr opri at e °Bef8 gFoﬁaBy ceh LtRASY Tt 9RECGher 894RY i1 i aF 1 §P(t he

ef fect of appthahors betWeengat henfitrammatdsipgctibsed4t andna pushber

- 10 - Shly Se oo LB UPSHLOD hERIANS \Blye NidralORD'

towards a negllgl ue cloSe t
endopr ost hesndoprosithesisatin Hece bypesiactiay edti |§o passradishto the

hol | ow rod 3p3bs8D AraPRLECALAGe PEEVREME AOGTIGAEL ising tip 4 and a

pusher 5, and de onto if an outer ch hol ds_t he

endoprosthesis in pﬁ&@@xﬁy]suﬁ?gﬁﬁlﬁﬁe Flﬁgaé 5@ At thegpppddcager:pjs
st age vmtuadfit)erne;@la diddter has been iftgodecddspersutéreshsiqpl ingd of the

applicator 10 aft the Iatte as_been introduced percytaneously. into
an anatom c 4]’&%‘ 6{/\/a§/nassut(]5l bq'l‘ﬂﬁyt i) to %’F}Jorb rsjé‘?hesi S

to the siteehdobeoSthaSed ﬁo the site toAbettmeattsd dhi when the oper at or

rel eases the ©  engproginesiedit shhdbnaidieosheath: 2 hARgscrLhe 15

radi al stress ceases to ply, tue o erent
elasticity e@ﬂopf:ﬁéthssam@v §t1|idéPGr ethet |gheath {2 ahagkvardsdi | Bhes to

its nomgal rdiapet eétré!\é% cl&easescowe%wlqﬁ smstamyl abiyche @t ¢pk the

anat om cal condui t thernDre st al tructure
transition inhergn |oﬁ%?%£iﬁﬁ§¥xxﬁﬁs ﬁﬁ@n gﬁ?%ﬂ%ﬁMH%ﬁ{H%gﬁﬁe¢he

framewor k 1 freametveskt hat dfilahesor gani 44s nominal diameter, which
corresponds substantially to that of the anatomical
conduit 6.

20 Furthermore, the crystal structure transition
mentioned above occurs when the temperature of the
framework 1 reaches that of the organism.

This change exerts its effects at the moment when
the framework 1 deploys, this corresponding to an

25 increase in the wvalue of the angle of intersection
between the filaments.

The filaments thus participate in two ways in the
opening out of the braided structure: there is an
important synergistic effect between the deployment of

30 the braided structure of the framework and the
rigidification of the filaments due to their state
transition. ' '

The endoprosthesis which, until the moment of
release, exhibited very great flexibility, perfectly

35 adapted for its insertion into the sinuosities of
anatomical conduits, is thus rigidified and, quasi-
instantaneously, perfectly capable not on}y of exerting



This change exerts its effects at the nonment when the framework 1

depl oys, this corresponding to an 25 increase in the value of the angle of
i ntersection bet ween the filanents. The fil agﬁpéi {]m
par ti ci pat@ 98537%0 ways in the openi ng out of the braid &)

there is an i nportant synergistiT d&f ect between the depl oyment  of 30

the braided structure of the framework and the rigidification of
the filameghsadequbtet peeksaket en thel rimnsdd iwdll of the anatdi@cal

endopr ost heS| eas exhi bjted very great
flexibilit§ §'é¥‘\£e§t I 9u§5 %ép?gd ggggtggdfﬁge{fﬁ?oﬁxgﬁf a¥h§£§ﬁﬁﬁﬁ§l ties of
anat oni cal whichdthis, anasomi¢ak condyhil {6 evmllamhcesrgmuy suffer. -

I nstant aneously, p%ﬁee%bé( mh‘édnoéff@éﬂs()f(uﬁ?&‘ﬂa?x ansio

-11 - ~an adequate gpessure on I nner e anat oM Ca

condui t5 6, cguplaqismt)h em@hnmagd%ﬁéczlmemhares@f@%%seach qfnhe:n this

anat om cal of@NHerm{ Wal | cagsRSER eEc}ba%léfJ.Bﬁr of the endopJTBgtELAQ:LGOnb' ned
effects (nmeg¢ ﬁnl cal . expansi on 5_cou

idification)
reinforce WaEROBEheFr2 aandapef'?rﬂ: a” gb%l e{"é eﬁlﬁ%nsiﬁﬁ Joftere 1s
endopr ost hpeheficiaWhi tbotle patiem. a fact which in the long term

S benefi ci al the I.ent For equi ent r mances,
t he nunber of the %‘gr f??‘gﬂéan %ﬁ OP%rﬁfar{nﬁnc?§a 5t k™ ﬁ’? Lﬁ
endoprust hEdilements c fiorbdnge dleedf ramework i dnald yl;hetenelopnestbeelso use
filaments ghnSil | £Ladbade! 8k, { At idhd ey b dbdad epdasip1e RPShEgseS

according to the prror act st ant i reducti on

in the di afdlamentst pd sﬁn@ri’clel% digmetRr c’éh%@eé§edﬁr@t aﬁl’eal% eRda-of the

appl i cat _Orﬁrégﬂheses' @L@E@@&Qﬁgt% fiexi pribtYart, whlch fadthi $ed8si gn al so
brings with it other cia

anf ag rt arI for the
posi ti oni n§°i & tHPS t %t%dﬁltghﬁf %Ilé‘F‘Eg 9:1"”9 §5en11:
If it is deai thd compressebesitate, Wwaneh tharse of the g@ylwaw,onaﬁ@us,
then, w tgncgﬁgggéoéﬁgefﬁmﬂﬂf%g conventional - sel f-expandi ng
Ssible

frarreworks at the expense of a technol ogy
whi ch can be d8%4si lg\edlqa Qﬂaéﬂobglngﬁewéthra‘meﬂbhﬁs éhphedigkeleo be

advantages, particularly for the positioning in the

anatomical conduits of large diameter.- _

20 If it is desired to treat lesions which are
highly atheromatous, then, with éndoprostheses using
conventional self-expanding frameworks, this is only
possible at the expense of a technology which can be
described as onerous: these frameworks then have to be

25 provided with strengthening elements which take up a
. large amount of space (relatively thick metal, large
number of filaments and/or filaments of large diameter).
Even in their radially contracted shape, such endo-
prostheses present a high diameter and length. '

30 Using the endoprosthesis according to the
invention, not only is the framework made light (hence a
reduction of the diameter in the applicator), but in
addition the 1risk of radial non-deployment of the
endoprosthesis is considerably reduced.

35 Figure 2 shows the final angle ¢ formed between

the braided filaments when the framework is deployed
radially.



25 ©provided with strengthening elenents which take up a | ar ge anount

of space (relatively thick netal, l|arge nunber of filanments and/ or
filaments of |arge dianeter). Even in their radially contracted shape,
such endo-wo 9s/spepst heses present a high dianeter and | engt rcT35k98/00076

Using the endoprosthesis according- §@ -the i nvention, not only is 5
the framework nade |ight (hence a reduction of the dianmeter in the p

andoprostnesis is caRS JERE TR, tropractied a PRSP oRieT Tt 1 1°
final angl eresulls,f andegebdentéy of tiee walaiedenf fthanehvsemhanglbee
framewor k '%’r‘iﬁ&'soyﬁﬁve %érﬂ&'x dted .excellent adaptation of the

-12 - e endoprosthesrs In practice affor X '

resul ts, inebgdepdestheses afeovding &p the dnvsehliengl especiaXiyaforhave
denonstrate |l ent a ' ofy ot oEn 0s e coyding to

t he inve%tig’r?iﬁggpggqé’fIgfl%g:{gg&\}a?gegﬁo 9a5 of e’vveééﬁ@%ialﬁ/ccf _Q%l?eﬁr],
and, opti maldangei No@ 50 t&ngeoof St t ard@| erahgel Notehi snpaegs otnangl es,
t he difference in | ength, between the conpr %ssed endo- prost hesi s
(see Fi gur 81TFprengg e jengegbetngg  they, PRESSSqd ce®RAfTre 2)
iﬁ progorti@m@bthesﬁal!wsaé Figuredll)wﬁbhdbeﬂngext?iéﬁsémel?habeter of
t he endo- rost hesi.s (repr n . here as_quasi. i ndri cal) can

vary al ong L Sltglﬁéf"ﬁ, (Qﬁé ﬁ;gﬁ%gs&g %gngg%%ﬁ%emf%fy St le [err] can
al so vaky dependi ng Idn wilel pze t notéedr thett itbe diamsgfterheofntiopr entbesis. 15
A | ow val ue S | ]%Déssé t @ nedu i : _ RArtdHuUlan th
phenonena opgfors?gtg?gﬁ ay:? e no%e% %er% g?el aassela 1ttﬂo é%tle)r gaxalpt t he
endopr ost hedag¥t caloRrg - itshi berghani éad chhabic@s i 8t ieansguanceaankheni cal

condui ts. gle g ganhA%lsWa%arg[nﬁjei‘%%ﬁgﬁghSﬁeitﬁgb§¥%gsig{sﬂgr E%@:‘E&Eﬁ” 20

phenonena, Wi characteristic endopro aving a high
coef fici ent odf tbeorgdbpoasthedisn fact limt up to now the treatnent
possibilities to | esjaons. of spal | _axi al .extensi.on. .1n
Bddi ti of° the posi t PbriGth TbEI%: Pone EREeRndé Possible to reduce in

particular the phenomena of friction at the moment of
release and to better adapt the endoprosthesis to -the
biomechanical Characteristics of the anatomical conduits.
As was indicated hereinabove, the friction
20 phenomena, which are charaéteristic of the endoprostheses
having a high coefficient of elongation, did in fact
limit up to now the treatment possibilities to lesions of
small axial extension.
In addition, the positioning operations are made
25 easier because of the enhanced flexibility, precision of

positioning and reliability of the release manoeuvre.
Even in the case of a small angle of intersection

o between the filaments, the clinical trials reveal what
is at first sight a paradoxical effect: the
30 endoprosthesis does not tend to migrate along the axis of
the conduit, as the practitioner might expect it to do.
The manufacture of the framework of the
endoprosthesis according to the invention involves a
limited number of operations, which has favourable
35 repercussions on the production costs.
Even after thermal treatment dgtermining the



25 easier because of the enhanced flexibility, precision of

positioning and reliability of the rel ease nmanoeuvre. Even in

t he case q& ?g# angl e of intersection [err] betwee filaments,
the clinitc Pa%’% s reveal what is at first sight r}(‘érr)nms/ooms '
par adoxi cal effect: the 30 endopros@ﬁ%5|s does not tend to mgrate

al ong the axis of - the conduit, as the practitioner m ght expect it to
do. tempe‘fla&ur&armli ashich bthe tstmate f tagAvOtkonofshdul®l take

endoprosthe cthgl%geggnkhshggéegghgg @gglvgétoﬁepﬁénsrgé nber of

oper ati ons, has vour ab repercussi o ﬁ costs.
Even after ﬁ%@#nﬂ?eﬁréﬁﬂheﬁKhébtérrﬁh#ru;ngmﬁlty of a tradltlonally

- 13 - coRieR ek 8huke akh%éﬁﬁeﬁBﬁySta'fﬁlEﬁléﬁE” ' OEtshoa'tﬁaE%e

pl ace, the present shape nennr¥ nment _remal ns g} and d8es not
exhi bi t T he LESgSEPRFeoFOaTYPEY ?lBFaPP§91Y 1%%%d¥@mbned shape menor y

filament: it attd\HéS manuiaé@arétanég tOtl{élpt fo%z&fwotﬁre' >bf150Qn
N mi err] manuf.act ur

endopr ost he?P?°P58E8P8FP1§ PRS0 tne  inmenF iR ocpaRpiivae ¢ he

foll owi ng opemptriises: the following-opepatioms: fi |l aments nade of

cpl d- hammered 10 ni (:_Mk{%ﬂﬂ&g\ afjl.féhents madet ?ﬁeb(r??ggl Hg hesg net al

filaments around_a mandr f'ore anneal ing a
- cuttihy tmacked/§itanbuseallevis, _ subjecting sections of

braid, at their nomnalra}5idAWREeE meRad ‘eheLiBhe L SRLARA! a°ALARKLENI NG a

phase % sition of the netal at, a te erature equa _
t han t he tekﬁ PReuPBRBRlLiRG 3F gbAesdie outlet, The origin of the shape
nmenory i s the.exi stencﬁttlngoi:ha beaeasnhte seysighsghange which takes

pl ace during 20 cycl es_of. atln t he, speci ngn.,In the case of
netal s, the high- tenpé?gpﬁp Bﬁé Qé)Qﬁnﬁﬁﬁﬁ e ?EnghelEhBPQéF% i zed by
a unit vélId@ambtgh,swnnearthermal Unaanmeat aegtabl bshimg ure phaseut mass
transfer). -'t_QSnsmlEHW&P”EﬁéatﬂrEfaPh%ste Q::ekn%‘%r%%: n&&&alh s a, cel |l of

25 | esser ﬁnnetré occuples a mnimu Bhase
may appear iLAWSEY hgn p@glgﬁmgerature of the organism.

The origin of the shape memory is the existence

of a reversible crystal change which takes place during
20 cycles of heating/cooling of the specimen. In the case of

metals, the high-temperature phase called austenite is

characterized by a unit cell of high symmetry (it

occupies a greater volume without mass transfer). The

low-temperature phase, called martensite, has a cell of
25 lesser symmetry and occupies a minimum volume.

This phase may appear in several variants.

In order to obtain the change—~over from one to
the other of these two states in a perfectly reproducible
manner, it is necessary to force the martensite in single

30 of several equivalent wvariants, in such a way as to
obtain the appropriate rigidity of the metal contributing
to the physical structure of the braid forming the
framework. '

The composition of the alloy (in which the nickel

35 is present in a proportion varying between 52 and 56% by
weight) plays an important role in determining the
optimum parameters.



In order to obtain yheshangBsp¥Eliactd OM one to the other of these two

states in a perfectl manner, it is necessary to force the
‘martensite in singl eylmﬂﬁ H ll
obt ai n t h&wO98a3?q2r i at

equi val ent variants, in such a way as to ~
the metal contributing PCI/BESS{00876 '
physi cal structure of the braid form ngathe f ramewor k. The
conposi tion of the alloy (in which the nickel 35 is present in a proportion
varying between 52 gnq,a6%0un routl Yial P 2¢Ing" JaMYULHAN 1! Enk"
determning the =~ oplinum paraneters.
14 compopithas ipesnfficiemt taaphifttbyyseverahtdegreea thhe
CONposi ti Ok elpetdihirel @F the Ldaltmints HIAsa1801RESORERin { §TReGaRUr e of
the treatment necessary to gbtain.a given narténsitic transformtion. For

exanpl e, aPPELERSTSACO L IFNEHOTBR ThOPghtFQJt X IRRE ! ofit a‘fﬂ%lata’j%r Pation of
15C ins theqsgt PSS JH o€fni&i§§1 eheamats 4 Falffon of 15% fherefore

]
expedient to |00k er he nposition as we treatnents
when ai m n§heo tepperatureepy phectbermadt nsatient: r Bhsiar kherefiore '

tenper at ur xpRdishabli®, efdSEt Sfter the cfodit@idifdast LeghurLs i snarepared
by fixing it on a netal bar wth a dianeter_in relation to the nom nal
di amet er of-TEREMERESpr dtSesi AIMHRI by Tont r Thg Bt iYMe PReR&FPow
moul d. Themslrgkeastinder goezansfbenasdiohr eatempérature bet yge¢n 4068basd
600[er£%c eff? an appropriate length of tine (generally of the order of
10 m nut es), Whi-€h operation is followed by air cooling. The
martensitic transfiemiadded séwpeturer ési prepenedi bvafigihgt keon30 and
40C. By way qf X PP} €4 5O {4 2% i gkel c 3 red to
40% a treét.rreer}:taelti me o?’lti% r?i ﬁit}tag[{séﬁagtﬁs\é% [grér f%:%/?)@ %%pl?%%,ﬁgﬁéﬂsﬂyﬁe
maxi num st GAPBRERE | 8f olthe neadapsaRghests, or by Agtzodusdnrgcnibf the
di aneter ofinshael | 4 amRNNBWISRGM1AENE THEr FRb1Er aMdEBfodiNa | £haPREOPT i at e,
be repeated in order to elimnate the residual nartensite.

15 treatment at between 400 and 600°C for an appropriate

length of time (generally of the order of 10 minutes),
which operation is followed by air cooling. The
martensitic transformation temperature is then situated
between 30 and 40°C. By way of example, for an alloy with
20 55.7% nickel, cold-hammered to 40%, a treatment time of

10 minutes at 500°C is applied, and the maximum

stiffening is obtained around 37¢C.
As a function of the diameter of the filaments
used, the thermal treatment can, 'iIf appropriate, be
25 repeated in order to eliminate the residual austenite.
By way of comparison, the thermal treatment of
ELGILOY® alloys used for classical braided stents must be

carried out under vacuum at 550°C and lasts * 4 hours.
As stated above, the present stent is also able
30 to withstand very high radial solicitations.

Table 1 hereinbelow permits comparison of the
resistance to radial pressure of various endoprosthesis
frameworks.

The best known and easiest method is carried out

35 with the aid of an INSTRON® extensometer apparatus.
The specimens are brought to  a temperature of

THIS SHEET HAS BEEN
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By way of conparison, ., the thermal treatnment of ELGQ LOY[err] alloys

used for classical brai ded stents nust be carried out under vacuum at 550C

and | asts As stated above t he present Stﬁgﬁt i 0
able' to wivtv stang very high radial scli ations. a /Beﬁﬁfg}ﬂ%

her ei nbel ow permts conparison of t'h g€sistance to radial pressure
of various endoprosthesis frameworks.
14a The beSfegpowitied easingst nehénmosSatid I baghousr Wakil .t e fiedhyof an

| NSTRON[ err ]..ext onet er appar at us e eci ns are brought to
a terrpegat u}f D& TR Ei: 3 4 approx1mately 0. IB mal in f .1Lgmeter, lsg

37[err] C, eiwbluad ursiumg aadter fivaewoxk babheoendi rof Ath/ﬁ yfllaméhﬂels
filament, r @xi e [ und.ro ach

f r amewor k. 1?:@8 ?ié tehlbésg ?3 mgm:3 Qgg %&gﬁl EBdt 3hFh8w§§§e18f %P'ngg

appar at us aﬁ@ tthé YPRer Parti Qﬁdtbet@PPm;atm@ewhp@htls)frermapﬂ:mI at us whi ch
is removable. - This ubPet P& é@dé]as&onsdfts Ofaroﬁe PLBRE&, Which

si mul taneousl,\t;lbl measur e the force exerte éci mens -and the
cor r espondi FTYLEFRELBALYt s measures  theThdforag) Eﬁgrtadue ans d§her ni ned

(in Newt on) spectimeng andotiRdt €srpPeeesRding displacements. _
The resulting value is determined (in Newton)
10 using a computer program.
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stents the invention (37[err] Q) Val ue of
32.5[err] . 35[err] 45[ err] 55[err] 53[err] angle -~
[err]/2 WOEIR h 80 mMm 80 mMm 80 mMm  BOT/BEPS/@O76m. -
Initial 8.1 30.1 - 36l5 8.2 30.5 di anet er
(nn@ Radi al Force D aneter under stress (M) N 0
_ 30.1 8. 15 8.2 30.5 0, 20 8.1

30 1 7.5 7.98 30.5 0, 40 8.1 30.1
7.2 7.91 30.2 0, 60 8 1 30.1 . 8.95 7.3
29.8 vaelv =S S
1, 00 8 Sfemts accorsilstg to 6|2 Copalssalloy stedts
7.99 29. 6 B 1,40 7.98
29.3 20 4ot F,@eﬁug%gs%’_t) 7.97 29.1 -
2.5 3. Pvaiuébosb . 8b 7- 96 287P 2t 3.2
12.6 _ Tﬁgéf§b|e cIehPP§ shows .ﬁg?'the é?%nts gégordin; 5
to the i nvpANP4A efdy clpse to theirf noninal di et ers undpr radi al
constraint-igggtﬁ+ent—%0 stent SOt Re—+6 gﬁ—ﬁﬁ&rg—e#—Phe
art, alnost_to goIIaDse.—Eauﬁﬁ P Wl be Hgt th e 0" mm
ni ckel /titpAndgial fil apBrls used af 80cdvered, | BollBow h§.2he pBosént
thermal 10§ 4 ?ﬁ atgent, Wth a layer pf titaniun)oxide wnich enpures t he
passi vati op the netal | (by way of fonparison,|the nmetal purfaces pf
cobal t allaﬁm§ ructures pust be passi vat ed py subsepuent tjeatnment ith
nitric or Radial Force Diameter under stress (mm)

N

0 8.1 30.1 8.15 8.2 30.5

0,20 8.1 30.1 7.5 7.98 30.5

0,40 8.1 30.1 7.2 7.91 30.2

0,60 8.1 30.1 8.95 7.3 29.8

0,80 8.1 30.1 6.3 |6.98 26.1

1,00 8 29.9 5.5 6.2 23.54

1,20 7.99 29.6 4.2 5.7 20.05

1,40 7.98 29.3 3.1 4.9 19.4

1,60 . 7.97 29.1 2.5 3.9 16.36

1,80 7.96 28.9 2.1 3.2 12.6

The table clearly shows that the stents according

5 to the invention stay close to their nominal diameters

under radial constraint sufficient to cause stents
according to the state of the art, almost to collapse.

It 'will Dbe noted that the nickel/titanium

filaments used are covered, following the present thermal

10 treatment, with a layer of titanium oxide which ensures

the péssivation of the metal (by way of comparison, the

metal surfaces of cobalt alloy structures must be

passivated by subsequent treatment with nitric or



- 17 - " phosphoric acid). The ends of conventional alloy

frameworks are sharp and aggressi ve because of the rigidity of the
fil anentsw§§§,g§,69f perforation of arteries or of the 5 shegk/Broéosone
appl icatdr are not uncommon. 17 By contrast, the endoprostheses
provided with a framewor k accor dif ng to the |nvent|on are
non-traumati zin and SI nple to trim which nmakes it easy to adjust
their Fgmﬁ 9%igmagtdicase to another, if necessary at the 10 actual

atheho; anI i nter vemn@nenggaréfng:dﬂmtsﬁgmh nt a1vby kfra‘:?@mﬁﬂtsii zae | en]gt h,
the  endoprBiiosand BgEERRLTe o pecaude “or " BRGUHIGGIR RE (A *' 5
di spl ays tfidamantsss Casesbodl rneerfyratebwur pifig axrtrerms oxt emf ortdeer the
val ues ' : f e d e F (reS|stance ' to
radi al pressure; Q%egttﬂggta??%”l )é g g%gdn??e{rlglr:\ bt pi tches %err] < ac<
130[err]) respecti®®l 901'113?%%'-: clthesiangdoprosthessgist MQW%r‘GlF udve A)

and from nigdAHwodK addoHdMBg o BhedS dventiSnP a8%e Hor-H4Rtinia®3 2aheer
par aneters remmi J’ll E‘?nﬁg nst an st ent di arret er = 8mn

wire diddifht B l‘i‘mnﬂg}cﬁf g‘\ﬁ?‘ﬁé‘slt £Asy to adjust theigecones
directly appraigti Erom tdre geaph, to anultherA s;tm\/\ﬁeeé‘ssaryl ratialdne | i near

| at hi et 25 .fo
Lot SRS R £ O AR il S5 pognencen o
coef fi ci entst@Endangdigsd clengthhewbieht fac:Ll:Ltates thas pacbagmgemfe t he
gr actiti On%héﬂasfkgmgggf enf‘eﬂ‘E%ronéﬁ& We ” opt %nd%é:x%sgk&x\é%'é gval ue of

30 on t e contrary, ex s a virtaall const ant
val ue of F ‘Hheam&adives00 and 90[err] (flat segrrent of t he curve)

significantly aboven;éne gedpres pendi APgiBé ues dldﬁﬂafvﬂwﬁwé heRred
oSty Tgenslan el uS Betbeh 9BLTLL et ke SSatues
(expressed in Newton) of the radial force F (resistance
to radial pressure) of stents braided at different
pitches (300 <a < 1309) respectively from classical
cobalt alloy wire (curve A) and from nitinol wire (curve
20 B) as in the present invention other parameters remaining
constant (i.e. stent diameter = 8mm, . wire
diameter = 0,17mm, number of wires = 24).
| As Dbecomes directly apparent from the graph,
curve A shows off a virtually linear relationship between
25 angle ¢ and the radial force F.

As discussed above, the higher the value of g,
the higher the coefficient of elongaition of the stent.
As a consequence, the practitioner has to make a

compromise when he opts for a given value of ¢.
30 Curve B, on the contrary, exhibits a wvirtually

constant value of F between 60° and 90° (flat segment of
the curve), significantly above the corresponding values
on curve A, then a slightly increasing value between 90°
and 104e,

35 Above 105°, the mechanical effect of the geometry



- 18 - . of the braided structure beconmes predom nant with respect

to the thermal effect. "The practitioner thus has at his

di sposal a stent t hat sinmultaneously exhibits a high resistance to

radi al 5 WO and a | ow | ength decrease when rel eased |FCT/BESHOOF6 - -
Moreover, clinical studies on the presed -stent brought out a

particul arly advant ageous property thereof: its hysterisis cycle is

ast oni shi ngly @idMdHided e uRitrk) et RSEsRIntinait Witk ddsgetconpl y
with the variation of dianeter of the vessels according to the hearth
pul sati ons,to th%é'i’t?ﬁ’&‘«%‘}yieﬁ ect. {hem in their .

contraction-dil at atTioe pyadteitioner thus haheatprieizerlispoaall tahwstemtm cs an

the ¢ Cpoudi | simartanec iy, (oUib ' 4, hEYR, et offnch, BT RRANITCR, o
Anot her spr quezssatheantage as ldwt ldngidt edlecreaseenwhes eneleasast [iong terns

close to itﬁl nnal 20 dianmeter while classical braided stents are known
to have a tendency to distend the walls of the vessels, causin as
a counter-reacti on MoE@eE®Hh elinkeaddjsiugiessan | Bhe presgntt identieries.
19 brought out a particule®@Iy i sdvdhtagedbus SHdpePRAIRHRE:

framework (1), radial]y expandabl e .to.a given nonmnal dianmeter, nade
Lpoor b o Jete drakeridis BRLEN S asroni tRiAa Py Rlnd TRFBp Tha O
char actieri sefl the tvedsels, alldwimd rizmebwrdonfpll)y inslthp riee ssd il at ifomsa

oloase | OF hiamenen 8, tiho USSR, Bhdafalls FOMHE ARG

t enper at ur eulsatisaisy noni nakccempapyang whi chthemr esponids their
subst anti al LdiefdiaEiatieh aycaraton cal conduit to be treated
t he brai dedé(%[rlnf aments form betlwee%@’each ot her, when the

The present stent thus mimics an active component
15 of the circulatory system. As a consequence, the
possibilities of rejections and other side-effects are
lowered.
Another proved advantage is that the stent
remains even over Jlong terms close to its nominal
20 diameter while classical braided stents are known to have
a tendency to distend the walls of the vessels, causing
as a counter-reaction a stretch of the adjacent sections
of the arteries. ' '



brai ded framework has its nom nal dianeter, an angle a of between
30 and 95[err] the netal of the filanments is chosen from a

group og/6@pSi sting of the nickel/titanium alloys pemrBEs/b®dT6 .
ni ckel /tl"t an| un1 cobalt alloys, with a_njgkel proportion __ __of between

52 and 56% by wei ght, - the framework is heat o that “the
netal of all the filanents undergoes ME m l Hﬂ bI e
phase EEBRBtion bringing it froma glven r|g|

rigidity at a tenperature equal or Jlower than the terrperat_ure

of the organi sm but_hi gher t t ature, s 2.
Endopr ost h(aagi's accoHﬂ“ﬁBa{i‘o %ﬁ%ohgﬁfﬁg%gigcterl ?ecsf%%%r Jf?i%{'a:H% angl e .
ais bet vveeexﬁ@néafdl@O[ﬁra:}tework (B, Erage osuthesdE ahx:mdleahg metahy one
of G2l LelPafents £ a1 N erbliRhorkhe (ib‘ape GEgR'Y ¢4l 1 oy

of the ts is superel astic. rost he5| S accord| ng

to any one sporhengewedyli ngdopt, @F@ﬁ?@ndGﬁ*ér a@tferlfébﬁj i purreEndiRgangl e a

varies al Onﬁei‘nﬁératureI 3n$lhréﬂf Adti B diameter OFkhel fdt3PAFSHRthg
20 Net hod f or R:gac ur i n oS n eﬂgo rost hesi s accord| n to

any one of ’FP@ fridARentF P aving undergong | dwj ng

operations suitable treatmessd ect:bngeamat;astmpbxs han.e;,rrerrwﬁyhahl oyaf rom
t he

the ni kel EPPRRTARAES AN | Byohin shag (iigrts | LeBRURRBLLO TR0 o
and 56% by hewght thiannrthleeltemperature of a wazpu-:hjhmda;i forgamism, of this

al | oy, structural statd AkEEDAiEheRC pEINGIRGL Sic Ao 8 nBRdes! 1N
such a way as ta a bra | anet e
corr espondi K§gsdbtyahei al 91994’@91‘{ Helghdefer of an anat om caI condui t

t]9 Bettreat %g, the i»:hgle 58&%&95.51 ng BekwedingacCn to cxifer ampangle a

o .

© V\:/{asen chL:e:aracr: ng[.lze [frrlr]that at its nominal diameter, the
framework is made up of braided filaments forming between

each other,” along at least a section of the braid, an

angle o between 30 and 95e°.
3. " Endoprosthesis according to any one of Claims 1

20 and 2, characterized in that the angle ¢ is between 50

and 90e.

4, Endoprosthesis according to any one of Claims 1
to 3, characterized in that the metal of the filaments is
superelastic. '

25 5. Endoprosthesis according to any one of Claims 1
to 4, characterised in that the metal of the filaments is
chosen from the group consisting in the nickel/titanium
alloys and the nickel/titanium/cobalt alloys.

6. Endoprosthesis according to Claim 5,

30 characterized in that the alloy comprises between 52 and
56% by weight of nickel. '

7. Endoprosthesis according to any one of the

preceding Claims, characterised in that the angle ¢
varies along the length of the braid.

35 8. Method for manufacturing an endoprosthesis
according to any one of the preceding Claims, comprising
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- suj ect ing sections mnnmrlmmlﬂﬂ at this nom nal di anet
er, to a thermal treat conplete and stable

phase transition causing "tHe rfetdl ° t hereof to change from a
given riywop$§37620 a greater rigidity, at a tenpET/BENRC0T€quUal~ "
to or lower than the t enperaggre of the organi sm

- placing an optional <coating on the said frane- wor K,

- cutting ' into segnents of sui tabl e

| engt h. EﬂgGigiibQ%?h%e%%%%% hg to Caim5, characterised in th at

- the braiding is pspfuciad ﬁ%lﬁ@en‘é&maﬁanﬂﬁr@d elastiqimgealtorani um
filaments fhﬂﬁbhhf.itd' §s %@sh.ﬁlbhaéo confer a trans:.{:i‘@n tdlerﬁ%mc

t reat nent ngrl ses | east heat 1 ng, . operat i on
in a zoneStB FHBER/ %Hfé?g] 1Bn&° change from a givgp[Elgidtwntcair
cooling.s a gréatdkthedgiarepsding to Caim 5, char acterl sed |n that t he
thermal treatnent is Gard rjé%%gou{:hat 5 for.10 i nut

KI RKPATRI CK Sse "Lilgmepty anh ﬂgm*tné’re&nymone of
claims 5 such7,a way as tohmbiainri sedraidhapft he lgaaneahl ngomEnadrri ed
so t hat dlametei‘f‘gl e [err] varies along the |length of the braid.
- subjecting sections of this braid, at their
10 nominal diameter, to a thermal treatment establishing a
phase transition at a temperature equal to or lower than
the temperature of a warm-blooded organism,
- placing an optional coating on the said frame-
work, '
15 - cutting the sections of braid into segments of
' suitable length. '
9. Method according to Claim 8, wherein
- the braiding is effected using cold-hammered
nickel/titanium filaments from the die, and in that
20 ~ the thermal treatment comprises at least one
heating operation in a zone between 4005 and 600°C, and
air cooling. _
10. Method according to Claim 9, wherein the thermal
treatment is carried out at 500°C for 10 minutes.
25 11, Method according to any one of claims 8 to 10,
'~ wherein the braiding is carried so that the filaments
form between each other at leas't-along a seétion of the

braid, an angle g of between 30° and 95e.
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