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Descri ption "Endol um nal Prosthesis” [0001] . Form ng
the object of the present invention is an endol um na

w@e@siihsss s, or stent, for use in passages or PBUDIR0@000216

l'iving bodies, above all the human body. Such
endol um nal prosthesis can be used, for exanple, for
restoring the passage in bl ood vessels reduced or
obstructed by pathol ogi cal phehonena such as a
stenosis . Such endol um nal prosthesis can al so be

used in bile ducts or othgegsi{ptfisn Organs. [0002]
The present invention refers to a type of endol um na

prosthesis which isa QEH_ ipodthadiakl v
contracted state insi e selected duct. Once in

Eﬂn@&ﬁ.i g h%ﬂrgﬁ{gegﬁé bﬁ% @%gusbt that grééeﬁedgﬁv%h%‘j_%n is

reac Sul e size for the

P SR L B o
#ﬁe |a¥er|or:ﬁ%ﬁg%qyfg§§%¥gﬁ?§ébéﬁg;gi pp |e§B§omsuCh
fnaﬁn glr?E‘g?xtbe'sz.%al l‘,glq ki?é | us%' Ch %Fanéple, )

radiall'y expan nmeans of the |nsert|on

proé%ﬂﬂéisseﬁg né%ggé%or §HChb Bé&loggsgéﬁgndéghﬁced or

s are exanp W th stalnless stee

5Esg%déké&”ﬁwﬁpaEﬁgfgﬁlééioﬁﬁenomena such as a stenosis.

Such endoluminal prosthesis can also be used in bile
ducts or other similar organs.

[0002]. The present invention refers to ‘a type of
endoluminal prosthesis which is positioned in a radially
contracted state inside the selected duct. Once in place,
the prosthesis is brought into expanded state, until it
reaches the suitable size for the auct.

[0003]. For some types of endoluminal prostheses called
“balloon-expandable”, the expansion step 1is wusually
completed by applying a radial pressure from the
interior. Such pressure is generally applied by means of
an element, called ball, which can be radially expanded
by means of the insertion of a fluid under pressure.
[0004]. Such “balloon-expandable” prosthese; are made,
for example, with stainless steel or with chrome-cobalt
alloys.

[0005]. Other endoluminal prosthesis types called
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wo aK08/101318n expanded confi gurati on.

[0005] . Other endol um nal prosthesis types

call ed"self -expandable", are nmade so to spontaneously
The expansPONTRDEN00216
is usually conpleted by releasing the prosthesis from
a radial constriction . [0006] . Such "self

- expandabl e" prosthesis are nade, for exanple, of
superel astic materials or with2shape nenory nmaterial s,
such as Nitinol . [0007] . The known endol um na

WA RESRRab1 e NS Arfadenghally JpidRGhddnsly take on
succession of bands arranged next to each other in

a1 Ap SHIKE L 1 é&rmﬁ.ct'ﬁ%t&cﬁ@ml&{ hetepyigeaBEally
abf b#?dges : Thé' ands are radially contracf?ble and

iRl eyl Nrbyelsihfe Bhé dgeso IR Ald eFrehAskl Crhfial
thé axial and circunferential direction. [0008] . Due

dddissSignuct ure, above all thanks to the radially
contracti bl e and expandabl e bands, the stent is

ARl & fididd v Qi1 ASYERGIA LORkbached i §0RkEONEAR], Ofor
and an expanded confi gurati on. reover the stent, due

: &l lofoghBeret astie Rhikd9es1kn drheybd abhapd memory
circunferential direction, is capable of follow ng al

e e PV e $2Rd tdabar.mati ons of the vessel during
Its operation life. [0009] . These endol um na

I RPENes eSpndhibh §in$ abh§6BGhORY1 | HL5: PR $1 8R0BREALS, are
In particular for their great flexibility and

Flidstd O Yoot EhpPeMduccession of bands arranged next

to each other in axial direction and connected to each
other by means of bridges. The bands are radially
contractible and expandable. In turn, the bridges are
often elastic in the axial and circumferential direction.
[0008]. Due to this structure, above all thanks to the
radially contractible and expandable bands, the stent is
capable firstly of assuming a contracted configuration
and an expanded configuration. Moreover the stent, due
above all to the elastic bridges in the axial and
circumferential direction, is capable of following all of
the movements and deformations of the vessel during its
operation life.

fo009]. These endoluminal prostheses, while
satisfactory from many standpoints, in particular for
their great flexibility and elasticity, which permit

easily slipping the prosthesis in contracted state into
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easily slipping the prosthesis in contracted state

i ntonarrow and tortuous passages, are in turn not
wagadoBiicizent | y adapted, in the operating |ife, POF/IT2007/000216

supporting the continuous stress applied by the vesse

wal l's. [0010] . In particular, the stresses which are
nost dangerous for the prosthesis are the "fatigue”
stresses, i.e. those stresses #%hich derive from| oads

whi ch can vary over tine. Such stresses translate into
ndr3Af € ghast rebPe@sed | | dhiskagreoundaps aviel ageuydl Uenot
[0011] . In general, the fatigue stresses can lead a
SABEFNNiGR1 DI e58aped Ai | 4he athdr eafergrifyen liffe, for
during the operation life a strain peak is never

joritarRd ¥hé Clropxgaadast e res | gpPleeki by |dhB8 t veksel
the piece itself . [0012] . In the specific case of
waha endol um nal prostheses or stents, the fatigue
stresses becone particularly dangerous for the bridges
WO1D] J oi T hedanidmibeget bre. £006dS¢es which are most
Not wi t hst andi ng the severe tests to which the stents
daijetoiss ubpectiedl brostilesis oabe thed“fattibaecCaserekses,
human patients, it is unfortunately possible that a
ihrd .dgehbseaks iy sxeaur shiltle derfiatel gitcom [ Q024 .whHith can
bri dge breaking originates two stunps and two fracture
v aceer Theet wSushumtsesses |tmmgwlatenniediceda state of

strain oscillating around an average value.

[0011]. In general, the fatigue stresses can lead a
mechanical piece to failure or breaking, even if during
the operation life a strain peak 1is never registered

which exceeds the static breaking limit of the piece

itself.
[0012]. In the specific case of the endoluminal
prostheses or stents, the fatigue stresses become

particularly dangerous for the bridges which join the
bands together.

[0013]. Notwithstanding the severe tests to which the
stents must be subjected in order to be used in the care
of human patients, it is unfortunately possible that a
bridge breaking occurs due to fatigue.

[0014]. The bridge breaking originates two stumps and
two fracture surface. The two stumps, no longer connected

with each other, are much less flexible than the entire
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wi th each other, are much | ess flexible than the
entirebridge and are |l ess adapted to follow the

waledosnnmis ons of the vessel walls on which thepCi/iE007/000216

[0015] . In addition, the two fracture surfaces do not
have the characteristics of the other stent surfaces,
suitably treated in the production step to cone into
contact with the vessel walls.4Oten, noreover, the
fracture surface have sharp, if not cutting edges.

dOR] and tade s ef r?cle‘a ey fdlabwt RO RRAEEBE of

a simlar fracture tra ates into a dangerous stress

e s saosplL eIy WHIRH thegosibs dangerous since it

could soon lead, in the worst cases, to the

fgyrati on Oédabglesﬁl | £hbN th2S St SRIANS §@85ced Nabhaot
ong term it could lead to a local thickening of the

wild . tHBdobRgrd beeef derds Wairche hiad Jhaer ostdhpaldurfaces,
i nt ended by installing the stent . [0017] . Stents of

bty perbaresa furtder preghemod hesdeypl aat ddn@ @hto
the stent represents an acute step of stress of the

yesspdt Watilth Wiheh tekel or @alegui rescen gr edrsdiRRor t the
A stent of traditional type, devel oped for optimsing

e tSuRp Gy fHEd Nt ishafdp, St faavtecatepngt 8&gesl sks

not ensuring good behavi our during the subsequent

Doosli £ StEp. isntheebfstepcléarf ahht the neceastahye of a
support is wdely reduced and an excessive quantity of
siElar nSrdettihe wassadlatesksintepr asetdrigerausconstans of
the vessel wall. Such stress is dangerous since it could
soon 1éad, in the worst cases, to the perforation of the
wall. In less serious cases, in the long term, it could
lead to a local thickening of the wall, undoing the
effect which had been originally intended by installing
the stent.

fo017]. Stents of known type have a further problem.
The implant time of the stent represents an acute step of
stress of the vessel wall, which therefore requires a
great support. A stent of traditional type, developed for
optimising the support during this first acute step, then
risks not ensuring good behaviour during the subsequent
chronic step. In such step, in fact, the necessary
support is widely reduced and an excessive quantity of

metal inside the wvessel risks representing a constant

stress factor for the wall.
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stress factor for the wall.[0018] . The known stents,
above all of "sel fexpandable" type finally have one

wordenipidbl em During the rel ease step insi dePCTEr2007/000216

vessel , when the sheath which provides the radi al

constriction is pulled back, there is an el ongation of

the stent . Such elongation can cause on the one hand

a longitudinal stress of the vessel , and on the other
hand an actual junp ahead of the stent along the

[}b‘?ﬁl | . Thed umpahgad & ent $pavRI 9 Probl ¢yp fokgar -
he§§orrect pogg?ioning %%gﬁib steny itself. [0019]8?
%farf?ﬂ?ﬁﬁ%t"ort | CP; G111 e8a0U! JrRe SRRIALHLEHEEN. | Burin

9 ct be fooléﬁﬁ%y %h?s %arg-to-predict behavi our of g

e ARYse ST:IE% SeRHCR ¥hd RRsERNT eGheRO8hEl GREAGNOLhich

e

the stent can made futile by the latter' s junp

e dile RNt hdde Jebaase. F[l@@%@] backh€there is

object of the present invention is that of proposing

A ensidamidinloProst hestse . WBheR Basnght U6k Ueah aBfse on
functional characteristics so to at |east partially

eI SEBhdhe Af D6R§atEa thanbaekssgest | eredvektll, and on
reference to the prior art . [0021] . In particular, a
dias Kobhet hBapfeSRNtadilyENt Gip| Shikhat oFf §HO&Peseny along
endol um nal prosthesis which permts providing a
tHeat€ssSLUPPOhé Himpdiaticaldy wifgisddte iapbagt pgdbdlem for
slowy reducing i1t during the operation life. [0022]

e pEgdteit Posikiloaskgoloft kBepeesnnt itsyEnti on

[0019]. The operator which carries out the operation
can in fact be fooled by this hard-to-predict behaviour
of the stent. The search of the correct positioning of
the stent can be made futile by the latter’s jump ahead
at the moment of the release.

[0020]. The object of the present invention is that of
proposing an endoluminal prosthesis, which has structural
and functional characteristics so to at least partially
overcome the aforesaid drawbacks mentioned with reference
to the prior art.

[0021]. In particular, a task of the present invention
is that of proposing an endoluminal prosthesis which
permits providing a greater support immediately after the
implant and slowly reducing it during the operation life.
[0022]. In particular, a task of the present invention

is that of proposing an endoluminal prosthesis, which



is that of proposing an endol um nal prosthesis,
whi chdrastically reduces the fatigue breaking. [0023]
WO 2008/1pB1t i col are, a task of the present i nvenPCDIT2067/000216

that of proposing an endol um nal prosthesis which

resol ves the problemderiving fromthe el ongati on and
fromthe consequent junp which occurs during the

rel ease step. [0024] . Such obpect and such tasks are
attai ned by nmeans of an endol um nal prosthesis of the

dueRs esery bRt R ledlMeb ed gli@0BBkakifyr ther
enbodi nent’s are described in the dependent clains .

[R0R26]. - Foi there Lheradd erd Hdhs and i yd2ees iokehite on

prosthesis according to the invention résult fromthe

! ltQeng otespropds Dy Ofar t enpbehRingl epROsiHEdS, which
given as indicative and non-limting, with reference

tdsdhreat taehegh-db ot ederabengi NErdWOZ2Ak . eTbgiteidn and
schematically illustrate a stent in accordance with
5  fide | EN€NtbABeqh&R28fump FvBEER 3dceahRemauiréall ¥he release

illustrate another stent in accordance with the
gtwgention; [0029] . Figure 3 schematically illustrate
anot her stent in accordance with the invention; [0030]
[0024ur e 4sscheradjieal | ¥ndl | s15¢H attaskizot Aee dtetdined by
accordance with the invention;
means of an endoluminal prosthesis of the type described
in claim 1.
10 [0025]. Further embodiments are described in the
dependent claims.
[0026] . Further characteristics and advantages of the
prosthesis according to the invention result from the
following description of its preferred embodiments, given
15 as indicative and non-limiting, with reference to the
attached figures, wherein:
[0027] . Figure 1 schematically illustrate a stent in
accordance with the invention;
[0028]. Figure 2 schematically illustrate another stent
20 in accordance with the invention;
[0029]. Figure 3 schematically illustrate another stent
in accordance with the invention;
[0030]. Figure 4 schematically illustrate another stent

in accordance with the invention;

25 [0031]. Figure 5 schematically illustrate another stent
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[0031] . Figure 5 schematically illustrate another
stentin accordance with the invention; [0032] . Figure

we2eshemseti cally illustrate another stent in aPCDITRaM®0216

with the invention; [0033] . Figure 7 illustrate, in
perspective view, the central part of a stent simlar
to that of figure 1 ; [0034] . Figure 8 illustrates,
in perspective view, the centrdl part of another stent
in accordance with the invention; [0035] . Figure 9

id ldsddiffca weliidnofinkkatrsbant of figure 7 or 8
[0036] . Figure 10 illustrate, in perspective view,

tdeszent r abi paré Of sehshfitcsi1g lan daddied fotheduist ent
2 ; [0037] . Figure 11 illustrates, in perspective

Mh e cardhes Wwiehttid iaseatdance W th the invention;
[0038] .- Figures 12. a - 12. g schematically illustrate

[oo3iEt Al | BOFBreMhOdiIMRtT a0k, t ith SpePspaseDVdi et the
the present 1 nvention; [0039] . Figure 13

Seheral gttt Yof |4 usidrd eSmidadetal khaknbfaEiyarthe;

detail indicated with XIIl in figure 1 ; [0040] .
Foegs k. 14 Biyenat Bcdllllystihtss | aiias pargpeicatitreofrite the
detail of figure 13 . [0041]] . Wth reference to the
dmreshi hafntgupés, arstlendokbanhhal ipr esicdeesiancer wiemt the
Is indicated overall with 1 . The stent 1 can be
vémriaf; "bal | oon- expandabl e" or

[0035]. Figure 9 illustrates a detail of the stent of
figure 7 or 8;

[0036]. Figure 10 illustrate, in perspective view, the
central part of a stent similar to that of figure 2;
[0037]. Figure 11 illustrates, in perspective view,
another stent in accordance with the invention;

[0038]. Figures 12.a - 12.g schematically illustrate in
detail some embodiments of the stent according to the
present invention;

[0039]. Figure 13 schematically illustrates, a detail
similar to the detail indicated with XIII in figure 1;
[0040]. Figure 14 schematically illustrates a variant
of the detail of figure 13.

[0041]. With reference to the aforesaid figures, an
endoluminal prosthesis or stent is indicated overall with

1. The stent 1 can be either of “balloon-expandable” or

“self-expandable” type.
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"sel f -expandabl e" type.[0042] . In accordance with a
general formof the present invention, the endol um nal

wee@stihssi s 1 , conprises a tubular body 10 adeqir/Ertoer000216

bring itself froma contracted condition to an
expanded or partially expanded condition. [0043] .
Wth the term"contracted condition"” it is intended a
radial |y- conpressed state of 8the stent 1 , so to
have a | ower outer dianeter and a | ower radial size

foddelrespent tocédden® useh [D04Enherafor RYATPLE, the
the stent 1 is arranged in contracted condition when
presentr ecdinweshtdiorgr r anged osnd@oltimiispbrt prusktilmgdiant 1,
device (catheter) suitable to go through a duct or
aagsel sap 4 ottibelaonbollp be tdepted. tb0®43hg. ikeelf from
exanpl e, a stent of self -expandable type is arranged
an comatdeteat amshditiant aicnedn n esdpeaidedihicrh, dayrtially
radially conpressing the stent, keeps it in the
exqrandest exbrsiiatieon [ 0046] . A stent of ball oon-
expandabl e type is arranged in contracted
EOM3gur atWbph onclidhe tobedl attednbabtbed ofomdtwtdet erit is
0047]. Wth the term "expanded condition", it is
mieidRd a coddefilyncomprhssédt Beaseetf thes stehal Ly so
enl arged, and in use cones into contact with the inner
trhave &f ldwemabttenf daadeteromndesselower radial size

with respect to those of use.

[0044]. For example, the stent 1 is arranged in
contracted condition when it is received or arranged on a
transport and implant device (catheter) suitable to go
through a duct or vessel up to the zone to be treated.
[0045]. For example, a stent of self-expandable type is
arranggd on a catheter and is contained in sheath which,
by radially compressing the stent, keeps it in the
contracted state.

[0046] . A stent of balloon-expandable type is arranged
in contracted configuration on the deflated balloon of a
catheter.

[0047]. With the term ‘“expanded condition”, it is
intended a condition iﬁ which the stent 1 is radially
enlarged, and in use comes into contact with the inner
surface of the walls of a duct or vessel.

[0048]. For example, the stent 1 is arranged in an
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[0048]. For exanple, the stent 1 is arranged in
anexpanded condition when it is definitively placed in

wWob@saorest o be treated of a duct or vessel . PODIRP07/000216
For exanple, in the case of a self -expandable stent,
once the stent 1 is brought into place by neans of the
catheter, the sheath which ragially conpresses it is
renoved and the stent 1 spontaneously passes to its
expanded condition. [0050] . In the case of_ a ball oon-

exparsedasiandtden, Wheh He othedefantt 1vhee Rirced ek Bhe
is brought into place by neans of the catheter, the

za5 Iteope $reptedt ed. apgdupEe’%i igSFadi al ly on the

inside of the stent 1 , the balloon brings_the stent 1
[AG#3T-s o CRERTEOMRN { LBn LHEOGESE OFfhe BEAErSrPaBHghle
10 of the stent 1 is devel oped_al gng a iongi udi na
Stelite YKe (S5 BENON S GRUEPARRYP RIPSE PY fgans of
i ntended for exanple a synmetr xis, of a cylindrical .
thedPighettie dxial SeRTaet VBHCHT TRRT FLt BaPOBRE SREFOnLbf 19
a tubul ar body. [005%1 .. Every direction parallel_ to,
remved xand st%? t e orle 38??‘5%8‘3?&5%\% AT 2cti%ntte

0054]. . A s .schematically indicated in figure 1 , the
e%RﬁRﬂ%ﬂ QRﬂﬁ;?ﬁﬁnconprises a plurality of bands 11. a ,
930D o ot oG ST BUPSR LA RAS, ML £
t -reg p(g&?eejp thea(.jnc{ ’n gnhcee actk{eacsh:eeq'ltf i19 l'Jl_rse%’rovl\lll?g%rl]: tirlll%os %ﬁg.tcel by
means bf the catheter, the balloon is inflated. By
pressing radially on the inside of the stent 1, the
balloon brings the stent 1 to its expanded condition.
[0051]. The tubular body 10 of the stent 1 is developed
along a longitudinal axis X—X.

[0052]1. With “longitudinal axis” it is intended for
example a symmetry axis of a cylindrical body or the
axial direction of principal extension of a tubular body.
[0053]. Every direction parallel to the X-X axis of
therefore defined as axial direction.

[0054]. As schematically indicated in figure 1, the
tubular body 10 comprises a plurality of bands 1l.a,
11.b, 11l.c, etc. Such bands define paths which are
preferably closed on each other. In the embodiments

represented in the attached figures, when the stent 1 is

in expanded condition, the bands 11 are developed along a
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i n expanded condition, the bands 11 are devel oped
al ong asubstantially circunferential direction
w@eoditested with Cin figure 1 ) . [0055] . MoPEDYE20(7/000216
in the stent 1 of the attached figures, the bands 11

assune serpentine form [0056] . Wth "serpentine
band" it is intended a band which extends according to
a zigzag course or backwardf orWard path around a
preval ent extension direction. In the case of the

sﬁE%EQBEEQQ193e§§cﬁﬁ589eﬁ9i£1t@fréé@ﬂénl(Iﬁ&EééﬁéﬂEWHEW c
the attached figures, the prevalent direction is that

16l FqUOkerepti al C around which the zigzag progression
ext ends . FOOS?] . Each of said serpentine bands 11

[OOBBH . Ses MyHBRRLL | ORS, @hedl BBeAlO, 1andfl 0OBRe attached
portions, or |loops 111, which connect two successive

fagiEeklOthe banhast he aBandersdpdatine [QHH8] . In
accordance with the enbodi ment schematically

[lo®Begsent e i féGtfentlihe t Benar netllds aidtended a band
substantially rectilinear and the | oops 111 are

whidlsi anttaldy @cebrditqr t6r awkigpeiorcoldb%r backward-
accordance .with another enbodi ment, the arns 110 are

feliapad abarly arcunded lpmsallmt exarmpiseich 'dihapeibn. In
[0060] . At |east one thread 13 connects at |east two
thendsgsd oof exhapkerpent ddgabentisbamdshs fedrmastle . skent 1

;2;1esented in the attached figures, the prevalent
direction is that circumferential C around which the
zigzag progression extends.

[0057]. Each of said serpentine bands 11 comprises arm
portions, or arms 110, and loop portions, or loops 111,
which connect two successive arms 110 to form the
meandering path.

[0058]. In accordance with the embodiment schematically
represented in figure 13, the arms 110 are substantially
rectilinear and the loops 111 are substantially a
circular crown sector.

[0059]. In accordance with another .embodiment, the arms
110 are shaped along a curved line, for example 'S’
shaped.

[0060]; At least one thread 13 connects af least two
bands, for example two adjacent bands such as 1l.a and

11.b, or two non-adjacent bands like 11.a and 1l.c.
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11. b, or two non-adjacent bands like 11. a and 11. c
.[0061] . Wth "thread" it is intended an el ongated
war@saxiienel y flexible elenent. Defining a prPEBIT28X/®0216

of the thread, the characteristic dinensions of any
cross section perpendicular to the proper axis are in
general negligible with respect to the third di nensi on
along the axis. The thread is ténposed of a single
filament or, preferably, by a plurality of filanments
bl ed aaet Rerred¥er ext har g rteriidd Wl elynghted and
filaments, they can be intertwi ned or tw sted together

S& M 187 @S 1eshendgebbginifbe at bropercanial 86 the
conpri se an outer covering . [0062] . In general, the

tRed cath&hacpstget &ti s d stdimaessomnd streagyh) cabss
the thread are such to permt the sane to react in a

Sd@idr cpetpERaneilan! yowehd pespest d:x0is dracihogeneral
force along its axis. On the other hand, the reactions
g titei Bl ealklar eespe@e nes athaeghi giblemehthoneapeny the
to the other possible stresses: conpression, tw sting,
dstiexi othe[ MM63ad The compeerdskof | ad simdgllee fAilament or,
understand fromthe foregoing the differences between
prefdduldad, asbgeseri heldimald tot heof el dngamedtst r ackembd.ed
(bars, rods, staffs and the |ike) of conparable
hgmtrisionsWhe0864hereFrisma heldwwakioy ngf iftilemsnbe, they
deduced, for exanple, how the thread is an el enent

cArar &t efinsedthyingd or twisted together so to remain
assembled together. The thread can also comprise an outer
covering.

[0062]. In general, the mechanical characteristics
(stiffness and strength) of the thread are such to permit
the same to react in a significant manner only with
respect to a traction force along its axis. On the other
hand, the reactions of the thread are in general
negligible with respect to the other possible stresses:
compression, twisting, flexion.

[0063]. The person skilled in the art will understand
from the foregoing the differences between the thread as
described and other elongated structures (bars, rods,
staffs and the like) of comparable dimensions.

[0064] . From the foregoing, it can be deduced, for

example, how the thread is an element characterised by a

good knotting behaviour.
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good knotting behavi our.[0065] . The knotting
behavi our can for exanple be expressed as a ratio

wheisaersis he i nner di aneter of a knot made wi t PCT/EE2007/000216

thread, nonmentarily subjected to a determ nate

traction force, and the nom nal dianeter of the thread
itself . Alowratio indicates a thread which is easy

to knot (the knot closes well aRd easily holds) . A
thread with high ratio will be harder to manage (it is
Bé0d51 r) el Widte PrefuassHegicuhicehh arfereashkxeimple be
undo. [0066] . In accordance with the enbodi nents of
éfered o als sChemmiod addwedre pirs diined idiamee efd @fr @s knot
1-3 and 5-6, the thread 13 has an extension oriented
madea swbshanthal | ychwdaal, dinemdntysilsubssaniedtey to a
parallel to the axis X-X. [0067] . In accordance with

de thermiardiad i beacsioh ofoexanplaad hdie repniasaeht ddameter of
schematically in figure 4 , the thread 13 has a

ey ethpomdt iosetft ed, liow ackliico ohndicates he &hrabd which
direction, also in the circunferential direction, so

i® edswi noakheti dahepkagtesibernsalvend tined seeriflyl holds) .
[0068] . In accordance with other enbodi nents of the

At ehtedd aeton dhight vathe wniénbeohatfler &ramghnegehdit is
enbodi nents represented in figures 1-2 and 4-6) , two
orifire smdperilineotuths dneotsomhdéchedrai easéachtot hedo.
by nmeans of a single thread portion 13 .

[0066] . In accordance with the embodiments of the stent

1 schematically represented in the figures 1-3 and 5-6,
the thread 13 has an extension oriented in a
substantially axial direction, substantially parallel to
the axis X-X.

[0067]. In accordance with other embodiments, for

example that represented schematically in figure 4, the

‘thread 13 has a development oriented, in addition to in

the axial direction, also 1in the circumferential
direction, so to obtain a helical progression along the
stent 1.

[oo068]. In accordance with other embodiments of the
stent 1 according to the invention (for example the
embodiments represented in figures 1-2 and 4-6), two or
more serpentine bands are connected with each other by
means of a single thread portion 13.

[0069]. In accordance with several embodiments, the
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[0069] . In accordance with several enbodi nents,

thethread 13 is prevalently arranged on the outer
waeBacs1df the stent 1 . In other words, whenPCh&2007/000216

stent is situated inside a duct, nost of the |ength of

the thread 13 conmes into contact with the inner wal

of the duct itself. [0070] . In accordance with

several enbodinents (see for é?@anple figure 2 ) , the

bands 11 of the stent 1 are exclusively connected wth
tBAEHA 01 el s Byrd i Paasl Y arrdiisd]on the duttegadsirfaazarmt

connect two ‘adj oi ni ng serpentine bands, for exanple
tAd. s8eafd111.1D oty tWOrde} | whexni ahel ytadioiis ngituated

serpentine bands, for exanple 11. a and 11. c¢ . [0072]
insh8eagcaundancrovtt brsener dlengihodifmiites tsmad dr3 comes

exanple figures 1 , 3-6) , the bands 11 of the stent 1
ifte 66nDeEt edlitly ashimiderwdiyl krfi dies di2t. ikteels]. .

The bridges 12, in a known manner, connect the | oops
[00700f twonadiebrdagcsewpeht saeebahdspbdédimexteepl(sed 1for

a and 11. b . [0074] . There are sone inportant
estefnbgeentbgulket @@en the Wramies 112 efd the thepdd 13 are

First , the bridges 12 are integral and nade in one
epicdceivell tbensetpédnvivie demviisotlier iy Ithuasds HBead

I s subsequently attached to the stent. [0075] . _
[vo7adver , Thiee tthreadsi s 3 exddsl e ePnneet capabl eadjoining
resisting only the traction forces applied along the

serpentine bands, for example 1l.a and 1l.b, or two not -
immediately adjoining serpentine bands, for example 1ll.a
and 1i.c.

[0072]. In accordance with several embodiments (see for
example figures 1, 3-6), the bands 11 of the stent 1 are
connected to each other by bridges 12.

[0073]. The bridges 12, in a known manner, connect the
loops 111 of two adjoining serpentine bands, for example
1l.a and 11.b.

[0074]. There are some important differences between
the bridges 12 and the thread 13. First, the bridges 12
are integral and made in one piece with the serpentine
bands 11, while the thread is subsequently attached to
the stent.

[0075]. Moreover, the thread is flexible and is capable
of résisting only the traction forces applied along the

X-X axis. On the other hand, the bridges are relatively
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X-X axis. On the other hand, the bridges are
relativelyrigid and are capable of offering resistance
wo 000al1k73tHhe forces (both traction and conpressPORIT2007/000216
applied along the X-X axis. [0076] . Finally, the
thread 13 is made with a different material than that
enpl oyed for nmaking the serpentjne bands 11. On the
ot her hand, the bridges 12 aré‘%ecessarily made with
the sane material . [0077] . The materials enpl oyed
rigidt heddisffeereanakster uzh upEter bagdresissanpentpn@ll the
bands 11, bridges 12 and thread 13) will| be described
foncgst dbptbeltéWCtFLOG?a}ld cRpaessdos) s lapplietwedipng the
adj acent serpentine bands, for exanple 11. a and 11. b
X-Xaapisral ity of threads 13 is provided. [0079] . In
accordance with the enbodi nent represented in figure 7
[0026kry sFABRELYoophe1thbeadydd yigimele wirpentdhiferent
band, for exanple 11. b , is connected to the )
m?‘é%ﬁééih @%“Ehm pkueddfatetakicipetbpnesympntine
for exanple 11. a or 11. c¢ . The connecti ons between
b%{ijiﬁceﬁrt'L | 08Ps EBR bOtHSTai hedShy s ridgesnrded are
gortlon 13 or by neans of a bridge 12. [0080] . In
EEEFORHLE WRER Yh: drftso dtafsh i &Priedent ed in figure 4

[0P7ATr ecplBe | datee lieal el @fi,y FoX ofttene Cubipupac
sgruXturesTQEagéigegy %gr%]:an gget Ea%%% 11?i,| %ridges 12 and
thread 13) will be described in detail below.

[0078]. Advantageously, between adjacent serpentine
bands, for example 1l1.a and 11.b, a plurality of threads
13 is provided.

[0079]. In accordance with the embodiment represented
in figure 7, every single loop 111 of every single
serpentine band, for example 11.b, is connected to the
respective loop 111 of the adjacent serpentine band, for
example 1l.a or 1l.c. The connections between adjacent
loops. can be obtained by means of a thread portion 13 or
by means of a bridge 12.

[ooso]. In accordance with the embodiment represented
in figure 4, the thread portion has a slightly tilted
direction with respect to the axial direction X-X of the

tubular body 10. The direction of the thread 13 is for

example tilted an angle equal to :a with respect to the



exanple tilted an angle equal to a with respect to
theaxial direction X-X. [0081] . Preferably, all of
wo b@stimends 13 bet ween two adj acent ser penti nBCEF2067/000216
11 are parallel to each other. [0082] . In accordance
with the enbodi nent schematically represented in
"figure 5, the bridges 12 also have a slightly tilted
direction with respect to the &Xial direction X-X of
t he tubul ar body 10. The direction of the bridges 12
axd aflodieeatilon -ikt.ed an angle equal to b with respect
to the axial direction X-X. [0083] . In particular, in
o8 ldnbodimmyfieraiblf,guilel S5of takl eMm@gdsherstiggtwden two
| ongi tudinally, for exanple going froma first
aorjecemt sempentiacskendd disaat patadiel heo SdH ,other.
there are bridges 12 which are alternated with
[0r82dt.i onsLrhaadamrdappes iwtiehs lthee erfbodd peati vehygmabiaally
- b) with respect to the axial direction X-X [0084]
> repuesgoteddahoe ‘iguran Senbolk neonigeienaki calsy have a
represented in figure 3, the stent conprises sections
slightdupr itdilgdi ndivent Sewerel tiserpasgdate handshpoi arflal
together, in a known manner, by bridges 12. The
@@ﬁqtém BX ohf ithe dlmlatranldedw @ O0exhesi detgetion of
connected to each by threads 13 and not by bridges 12
the bagsiges i1z tike fear exempare &iboednent asghenaguakdton:
f ure 3, one can identify three sections 120, each
EETRECE kg the §§F9énﬂ{hecbéQUSX-Xn accor dance

vvlth ot her .
10 [0083]. In particular, in the embodiment of figure 5,

following the stent 1 longitudinally, for example going
from a first proximal end to a second distal end of the
stent, there are bridges 12 which are alternated with
directions having opposite slopes (respectively +B8 and -
15 B) with respect to the axial direction X-X.
[o084]. In accordance with an embodiment schematically
represented in figure 3, the stent comprises sections 120
comprising in turn several serpentine bands joined
together, in a known manner, by bridges 12. The sections
20 120, on the other hand, are exclusively connected to each
by threads 13 and not by bridges 12.
[0085]. In the particular embodiment schematised in
figure 3, one can identify three sections 120, each one
comprising two serpentine bands. In accordance with other

25 possible embodiments, the number of sectiong 120 and/or
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possi bl e enbodi ments, the nunber of sections 120
and/ orserpenti ne bands for each section can be chosen
waledoBarsmi | y, in consideration of specific neeprGI/IT2007/000216
[0086] . For exanple, the nunber of serpentine bands
11 for each section 120 can increase along the axis
X-X fromthe proximal end towards the centre of the
stent.1 . Once the maxi num numdfer of serpentine bands
11 is reached in the central section 120, the nunber
sefrpeatpret i tadndstbpr each sesddtoiorcancance begai chosen
decrease along the X-X axis fromthe centre of the
dsffeEairehobg; dént bendidépht bowl. of 0GRHifid medds ..
particul ar enbodi mrent schematised in figure 6 , it can
[loesébser vEdrt kadantdie,t isadandEratafcdetpent e lsandg 11
1 have different lengths. Each thread is applied so to
foavenchheecthbnall2pocbnonnofethe sleng the axighKsX from
manner one obtains a quantity of threads 13 which
tihec peasdamnadl emgl tdmwvaandss theX derdme haf pilexi sieentent. Once
towards the centre of the stent 1 . Once the maxi num
thas nzedmune avigee nof heerpant dhe pbapien 11t Hes nopdrdredf in
threads 13 once again decreases along the X-X axis
theommarieradenseet bpn t halst she mowbeds QtheserRert inpdbands
[0088] . In the particular enbodi ment schemati sed in
floryeach 1sertienn Ba ohieg vedeihaderheaganddwg te X-X
stent are conposed of curls 11' of a single, |ong
Sxdls Eaoms shgerenksehafid the3stent t pwardg the (fiistal end.
i&ﬁ; ression of the serpentine band 113 does _not

Il-at e I olfhg gparticular embodiment schematised in
figure 6, it can be observed that the threads 13 attached
to the stent 1 have different lengths. Each thread is
applied so to cover the central portion of the stent 1.
In this manner one obtains a quantity of threads 13 which
increases along the axis X-X from the proximal end
towards the centre of the stent 1. Once the maximum has
been reached in the central portion, the number of
threads 13 once again decreases along the X-X axis from
the centre of the stent towards the distal end.

[0088]. In the particular embodiment schematised in
figure 11, it can be observed that the bands of the stent
are composed of curls 11’ of a single, long helical
serpentine band 113. In this case, the progression of the
serpentine band 113 does not oscillate around a

circumferential direction closed on itself but around a
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circunferential direction closed on itself but around
ahel i x, for exanple cylindrical, which runs through
wo b@san3is e body 10 of the stent 1 . The curl sPAQWIT2007/000216
created by the helical serpentine band 113 diverge
little fromthe progression of the serpentine bands 11
descri bed above and thus they substantially maintain
the circunferential direction,1l8waying little fromit.
[0089] . In accordance with the enbodi ment of figure
bkhid her&Hr kkahpleofcdiindialdal wei@entkune baebudd the
are not connected with each other by bridges 12 but
MDY ddY epsiSod 3thel Brageondamar WidiHther gpsstdlieby
enbodi nents, the curls 11' can be al so connected wth
2 el hed1 byeppésigbse 1Band[ QA20]divdrgeaciddanceramt Bhe
t he enbodi nent of the stent 1 according to the
proidgdion epf esaat askiperdt g ebdAds atlll edsdcsilved obbove
the |l oops 111 to which a thread 13 is associ at ed,
aAPEhse ghegpstidseahabaely habntdbe ghaspiitgumferential
enhancers 115 are geonetric alterations of the |oop
diiactestsieort, 0 shaydngoile tsdkl dramdisecure graspi ng of the
thread 13 on the loop 111. [0091] . In accordance with
i a8 EHnbodi Irerdcampteasentveitli ntid gmbedidenthefgifagpivegll,
enhancers 115 conprise a slot 116 in which the thread
I8 i cumbslell’o pAsshe[ DOB2tal Fhepgnhipe ngardhahdepse not
115 are therefore intended to give place to a form
couptc¢treyl betibereadie other by bridges 12 but only by

threads 13. In accordance with other possible
embodiments, the curls 11’ can be also connected with
each other by bridges 12.

[0090]. In accordance with the embodiment of the stent
1 according to the invention represented in figure 14, at
least some of the loops 111 to which a thread 13 is
assocliated, comprise grasping enhancers 115. The grasping
enhancers 115 are geometfic alterations of the loop made
so to have more solid and secure grasping of the thread
13 on the loop 111.

[oo91]. In accordance with the embodiment represented
in figure 14, the grasping enhancers 115 comprise a slot
116 in which the thread 13 is made to pass.

[0092]. The grasping enhancers 115 are therefore
intended to give place to a form coupling between the

loop 111 and the respective thread 13.
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| oop 111 and the respective thread 13.[0093] . The
form coupling can be obtained on a nacroscopic scal e,
w@gomn1he exanpl es |isted above, or on a nor ePCEHUROEHN00216
scale. The form coupling can be obtained for exanple
by means of surface grooves of the |oop 111 or by
nmeans of a high porosity of the sane. This coul d be
useful for gluing the thread. 18094] . The form
coupling therefore ensures that the grasping of the
fooead 13 19 t henser pedlpEndandanl be Mubtedifedct iore a
and reliable. [0095] . Advantageously, the serpentine
mbrdschbbiandchhe, bekdgas the, ewhrpleai Uisteat abovs, 0br on
sel f -expandabl e type, are in superelastic materia

al s ordaneed Wsthl 8. dirhkerferin erdigdiimgntcart Hee obtained
serpentine bands 11 and the bridges 12 are in a

fhar depat s avdomehnst b€ Eak€acal grdo@e6lof Hhe ordep 111
words, it is possible to use a material which is in
causdemdars ffatee HMight parosdnpedt the came. Thibasoald be
hi gh tenperature of end transformation into austenite
wlefulefor kRgmihgCrhehehraadeal ed, to which a

sufficient hardening treatnent followed, for exanple
[posatler t Hetee 3G&¢mwhiccipliergm theheliong anselcest itthat the

deformation recovery of 3% 4% or greater. Preferably,
grasriceni of theattneerd sSllapphi Heemeatpent i58baFey 11 is
simplicity, the above identified material wll be

magfee refdtb ato viseloomd@ wietlhabRe .expr essi on "superel asti ¢
[0095]. Advantageously, the serpentine bands 11 and the
bridges 12, when said stent 1 is of self-expandable type,
are in superelastic material. In accordance with a
different embodiment, the serpentine bands 11 and the
bridges 12 are in a hardened pseudo-elastic material.
[0096]. In other words, it is possible to use a
material which is in austenitic state at room temperature
(i.e. it has a high temperature of end transformation
into austenite Af: less than 15°C) when annealed, to
which a sufficient hardening treatment followed, for
example greater than 30%, which permits having an elastic
deformation recovery of 3%-4% or greater. Preferably, a
hardening treatment 1is applied equal to 50%. For
simplicity, the above identified material will be
referred to below with the expression “superelastic

material”.
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material” .[0097] . In accordance with one enbodi nent,
sai d serpentine bands 11 and said bridges 12 are in a

wgaomalilsds shape nenory material. [0098] . PCT/IT2007/000216

Advant ageously, said serpentine bands 11 and said
bridges 12 are in Nitinol, or N ckel and Titanium -
based all oy, for exanple with nom nal percentage by
wei ght of Nickel of 55.8% [0099] . For exanple, it is
possible to use a material having austenite-nmartensite

vasA transi ti eedorahiceh, @it n anseal @tbedingdtet chedid
state, during a heating thereof, the high tenperature

éérgaﬁiitrfeangaﬁagmlilonahat %ad@StEﬁi%gieé\_f 1bs a®wssihhan so-
150C . For sinplicity, the above identified alloy wll

heL 18] U eRehoWaldriafihe expression "Nitinol " .
[00100] . Advantageously, the serpentine bands 11 and

tdwdy. doesadantadesusiay d sheat dsrpgdntine bands 11 and
bal | oon- expandabl e type, are in stainless steel.

$0H At idgd®riexanel én Nitifoppssibieckelespboyiganium —
stainless steel of the type classified as AISI 316 L
el digid dyo t st axdaplle ofvithe dominahn demrerdnadge by
Steel Institute. This alloy of stainless steel has the
el dlow offYy Meitckedlaral Aterdscal wei ght conposition: Carbon

0. 035% Phosphorus 0.04% Sul phur 0.03% Mnganese 2%
B09%on 0.F&8) efhmpiheumit6-ik8%oddiidklel t19-158¢ a material
Mol ybdenum

having austenite-martensite phase transition in which, if
in annealed or stretched state, during a heating thereof,
the high temperature of end transformation into austenite
Af 1is less than 15°C. For simplicity, the above
identified alloy will be referred to below with the
expression “Nitinol”.

[00100] . Advantageously, the serpentine bands 11 and the
bridges 12, when said stent is of balloon-expandable
type, are in stainless steel.

[00101]. For example, it is ©possible to employ a
stainless steel of the type classified as AISI 316 L
according to the standards of the American Iron and Steel
Institute. This alloy of stainless steel has the
following standard chemical weight composition: Carbon
0.035%, Phosphorus 0.04%, Sulphur 0.03%, Manganese 2%,
Silicon 0.75%, Chromium 16-18%, Nickel 10-15%, Molybdenum

2-3% and Iron to balance. For simplicity, the above
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2-3% and Iron to balance. For sinplicity, the

aboveidentified alloy will be referred to below with
w0 b@saxpiessi on "stainless steel” . [00102] . PCT/IT2007/000216

Advant ageously, the serpentine bands 11 and the

bridges 12 , when said stent is of ball oon-expandabl e

type, are in a non-magnetic alloy of Ni ckel-Cobalt-

Chr om um Mol ybdenum for surgica® inplants . [00103]

For exanple, it is possible to enploy an alloy of the

ilaepe 1¢hiaasi £1 edyasyidNS RR003&rageendity teildhe Witkhi eghe

Nunmbering System for Metals and Al loys. Such alloy has

e cbak bawhBaashasdar dreerposi tion: Carbon nmaxi num
0.025% Phosphorus max 0.015% Sul phur max 0.01%

fedn@anese AarRaleBusdhl, i €08 BB¥pEntbfe ©BAERI UM and the
19-21% Nickel 33-37% Mol ybdenum 9-11% Titani um max

bEagear on2 Mxyife®1%aild oatenx 16 art Chhallbohoexpandable
bal ance. [00104] . An alloy of this type is

tSpaTer giral | $ad Wi tHoh headeeeid Calient ebMPRINkedhTobalt -
is a trademark of SPS Technol ogi es, Inc. For

CHrigRliugi-Mpl ybdenahoYer depgitaedimplaytai |1 be

referred to below with the expression "Chrom um Cobalt
Fd1eg] .. [F0l08lample, attcotslapoesivld ooeempbodi aentlloy
the serpentine bands 11 and the bridges of said stent

df atkeolttypieneclédsohfidd ast tUiNgg R30@35 ubwicanrddhgmer , the
preferably by neans of |aser cutting. [00106] .

VACicdredi njutibeonagpoSgster erbodMeeals tdmd Alloys. Such
alloy has the following standard composition: Carbon
maximum 0.025%, Phosphorus max 0.015%, Sulphur max 0.01%,
Manganese max 0.15%, Silicon max 0.15%, Chromium 19-21%,
Nickel 33-37%, Molybdenum 9-11%, Titanium max 1%, Boron
max 0.01%, Iron max 1% and Cobalt to balance.

[00104]. An alloy of this type is commercialised with
the name “Carpenter MP35N” which is a trademark of SPS
Technologies, Inc. For simplicity, the above identified
alloy will be referred to below with the expression
“Chromium-Cobalt alloy”.

[00105]. 1Imn accordance with one embodiment, the
serpentine bands 11 and the bridges of said stent 1 are
obtained from the cutting of a tubular element,
prefefably by means of laser cutting.

[00106]. According to one possible embodiment, the

serpentine bands 11 and the bridges 12 are made
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serpentine bands 11 and the bridges 12 are

madei ntegrally froma tubul ar el enent by neans of
wa@eaosilnggls f or exanpl e |laser cutting. [00107] .PdhEr2007/000216

mat eri al s described up to now with which the

serpentine bands 11 and the bridges 12 are nade

according to the invention are enduring materials . In

ot her words, the serpentine baRlls 11 and the bridges

12 according to the invention nade of superelastic

iRfdAlly | firdh t BNAHubd kSt &l Sh&sS Bye@les®s i#f cutting,

Chrom um Cobalt alloy remain nearly unaltered in

fdieidxfigTRN3i@Rs apdtingthe geonetries during the

operation life in the vessel or duct in which they

s een 1HEl aat8dial §0HR8kribEbe hr eadack3d witrh behich

made of an enduring material or of a material which is

wrmeekpedefihaedbasddi adegaadalies birodgedabl® eire made
preferably bioabsorbable . In other words, the

dnamhiiorpabbe trpd efngenttiibh Wit headalrihgr eskddidlss. In
made has the property of dissolving itself in the

odier avordwt eths ebrpbatvessebnds ductaridy vl chriiges 12
stent is placed (for exanple in the blood contained in
ddmondisgeltx) thelhimvyaranicre memenuic supeadd aisité ¢ material,
bi oabsorbable material to dissolve itself can be of
oheMiddnolel ettr ostteimbass orsteklsi cal imat Whercadewr-diobg Lt
to the type of material used. [00109] . In accordance
alldy oremaitbogearcly ohalberedvent thajirt démehséaus13ndr in
the filanments which conpose

the geometries during the operation life in the vessel or
duct in which they have been implanted.

[00108]. The threads 13 can be made of an enduring
material or of a material which is commonly defined as
biodegradable, biocerodable or preferably bioabsorbable.
In other words, the biocabsorbable material with which
each thread 13 is made has the property of dissolving
itself in the natural contents of the vessel or duct in
which the stent is placed (for example in the blood
contained in the vessels). The phenomenon which leads the
bioabsorbable material to dissolve itself can be of
chemical, electrochemical or physical nature according to
the type of material used.

[00109]. In accordance with one embodiment of the

invention, the thread 13 or the filaments which compose

it are made with enduring polymers, such as for example
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it are made with enduring polyners, such as for
exanpl epol yam de (PA) and/or pol ytetrafl uoroethyl ene
W@ POOBH) 7315 Such pol ynmers are avail abl e on the nRCREL2007/000216
with the comrercial nanes of Nylon and Tefl on,
respectively. [00110]. In accordance with one
enbodi nent of the invention, %E@ thread 13 or
filaments which conpose it aré“made with a
bi oabsor babl e pol yner. Bi oabsorbabl e pol yners
pptyantds ar (FAhd a?pm@ﬁolf orPQﬂsﬁetﬁ!Waﬁﬂélqﬁc@ﬁmlqnWen@'ﬁrE)
are: PDLA or poly- (D-lactic acid), PLLA or poly-
syeh | elymers djate PeXadlabéry- opgl vhel magke®) with the
[00111] Further bi oabsorbabl e pol yners adapted for
coEBe P A} Heames | Mo GINf. Faslenac KesPeChaVeLy -
| actide-cogl ycolide) , pol (et hyl ene -vinyl
L %%%1 e) Inpo??cofﬁ?ﬁﬁ%xywagbr aPBeC 0 SPRICEAREBRS | the
| y- di oxanone, pol yorthoester, poly- anhydrlde poly
l%@ﬁ'/%‘b‘l’lilc &Erd té'Hﬁﬁ%%?’lyP%efJe]eﬂ“!%% eyhich Compose it
pol y- phosphoest er, _pol yphosphoest er_ ur et hane,
a“(%m%d%cu"bﬂsSh acyé?ﬂ@é FPrRpRLe pB‘P%;Ym%JEru r%%crﬁ}?%?@able
r bonat m nocar honat e)

ox al %f eg 38é?tsj)C‘J(lélrd-p h Z?gﬁpEﬁan %lcagrlns]‘ﬂelé %IP: nEI;i C rf)ressent
l’FY‘B]F hODf e?‘nogjgg'i cBF | Lﬁ’%s% H%'tb"fr CS"FFL en, FL or
patfy the S‘@%@%&?%BSQ BEUSINALE 2t o oo
GPEERLE: DABFERED: bir sa%bﬁsir%fstaﬂéfﬁggﬁy%ﬁaiaﬁgdoff%élse
pitqfl% %FL[‘L %nt eCE)% %[ g_f tc%'g%et,ypjgofy Pfaé/tl&e co-

or exanple

glycolide), poly- (ethylene-vinyl acetate), poly-
(hydroxybutyrate-co-valerate) , poly-dioxanone, poly-
orthoester, poly-anhydride, poly- (glycolic acid-co-
trimethylene carbonate), poly-phosphoester, poly-

phosphoester urethane, poly(amino acids), cyanocacrylates,
poly- (trimethylene carbonate) , poly- (iminocarbonate) ,
copoly- (ether-esters) (e.g. PEO/PLA) , poly-alkylene
oxalates, poly-phosphazenes and biomolecules such as
fibrin, fibrinogen, cellulose, starxch, collagen,
hyaluronic acid, poly-N-alkylacrylamides, poly-depsi-
peptide carbonate, and poly-ethylene-oxide based ploy-
esters.

[00112]. The threads 13 in bioabsorbable polymer can be

produced by means of the typical working technologies of



and/or filaments can advantageously be produced, in a

known manner, by neans of one of the different types
wW@R08A1T3USI on spinning (wet, dry, in nelted stBCEIT2007/000216

gel) or by neans of any other technol ogical process

whi ch permts satisfying specific needs. [00113] . In

a known manner, the structure of the thread 13 can be

monofil ament or, starting fron2d plurality of

filanments, it can be intertwined or twisted, with or

Mt Gfp O US BT pERYRET NOFoL 08tdfible, THReCPBIORELOBhread 13

betmeen t he tﬁrggg 13 in bi oabsor babl e golgﬁer and the

SRIaNt FReahefdsllecd eAddHhtAgedBteyi dle CBRoBABced, in a
obtained in various nodes. [00115] . One connection

Hridwh CRamiéBeShbe keahs1df ol it ohé witbeitbetrt Bypad of
13 around a section of a serpentine band 11,

d:tdepensenéd ind 11940 (et pre&sencen oheUt84psogtenbandar gel)
115. [00116] . Another connection form conprises a

5 oM niiyngmé3dsexetubag Wiiet heechheddgidaar optska@ss which
section of a serpentine band 11, wi thout form ng an

ettt s ket i dB3yihg dliFik ne8dwger al exanpl es of
connection by means of knots 130 or wi ndings 131 are
B3t i calhyar gppesentadern the bicgucesré?of| @hel8hread
Finally, a further connection form (see for exanple
¥3 goar b2 meioftidmpensers gdtAamgirB2foimt Aepllireddty of
on the serpentine band 11. The pol ymer used for the
filaments, it can be intertwined or twisted, with or
10 without outer covering.
[00114]. The connection between the thread 13 in
bioabsorbable polymer and the serpentine band 11 in
enduring material can be obtained in various modes.
[00115]. One connection form comprises a knot 130
15 carried out with the thread 13 around a section of a
serpehtine band 11, independently from the presence of
grasping enhancers 115.
[00116]. Another connection form comprises a winding 131
executed with the thread 13 around a section of a
20 serpentine band 11, without forming an actual knot 130.
[00117]. Several examples of connection by means of
knots 130 or windings 131 are schematically represented
in the figures 12.

[00118]. Finally, a further connection form (see for

25 example figure 12.c) comprises a gluing 132 of the thread



gluing 132 can be the same with which the thread is
made or anot her of the abovenenti oned bi oabsorbabl e
w@eiopirerssy according to specific needs. [001199CT/IT2007/000216
Practically speaking, a preferred connection formof a
thread 13 to a stent 1 conprises a m xed use of the
above-descri bed connection forns. For exanple, it is
possible to knot the thread 1324t a first serpentine
band 11. a (proximal end) and then wind it or paste it

58] bﬁe_t%'éb%t%ﬂt___ﬁ?é peahd Ne1bants Jploljﬁner lise&@ for the
etc. wthout additional knots, but on the | ast

SREDeNtine SandpedisbakafBdyith[ #8128] thel Rhacear dangrde
wi th sonme enbodi nents, the threads 13 are made with

&t 0ahsehbabbe RRledl admictiantli onef0®lidbbsorbabdec Yolgmee s,
W th one possi bl e enbodinent, the thread 13 is nade

a¢EdraiMpone sépua ot 1 Onmedd¥Q122] . For exanple, it is
possible to enploy an alloy of the type classified as

LINGL MIBA30PAscOl a1y t stk itdal,f | ad phebertad Sysiremtion
for Metals and Alloys. Such alloy has the foll ow ng
fonpost ta othséaddas dto Y4 tsttetn 3 edh@hsdrare Batddhsise of
2.4-4.4% (the Rare Earths consist of Neodym um

2h®- 2b&%e -flbecrebéd bebngetiehmy Rarmes EaFbhs exampiky it is
Ytterbium Erbium Dysprosiumand Gadol i nium
Zossnleintoi ndt 48he atltrdddyres iatma of ixed tanseerpdriiitiz3 band
. One alloy of this type is commercialised wththe

bane ‘(Brekimah WB43" angr dhent wiold Magnesi pasEeeltromn the
subsequent serpentine bands 11.b, 1ll.c, etc. without
additional knots, but on the last serpentine band (distal
end) .

[00120]. In accordance with some embodiments, the
threads 13 are made with bioabsorbable metal materials.
[00121]. 1In accordance with one possible embodiment, the
thread 13 is made with a Magnesium alloy.

[00122]. For example, it is possible to employ an alloy
of the type classified as UNS M18430 accorxrding to the
Unified Numbering System for Metals and Alloys. Such
alloy has the following composition standard: Yttrium
3.7-4.3%, Rare Earths 2.4-4.4% (the Rare Earths consist
of Neodymium 2.0-2.5%, the rest being heavy Rare Earths,
mainly Ytterbium, Erbium, Dysprosium and Gadolinium),

Zirconium min 0.4%, and Magnesium to balance.

[00123]. One alloy of this type is commercialised with
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of Manchester, UK For sinplicity, the above-

identified alloy will be referred to below with the
wez@sassidn " Magnesium al l oy” . [00124] . The Pp¢IF/ERde7/000216

13 in Magnesium all oy can be nade by nmeans of any one

of the typical working technologies of this alloy

type. For exanple, the threads 13 in Magnesi um al |l oy

can be advant ageously nmade by BBans of draw ng, by

means of extrusion, by neans of hot or cold noul ding,

e MBS Of1 SLESE | a3y PEEPSrOF basHhgWREKLRY ERkkRYon
nmeans of any other technological process which permts

St iighyhBgcdhe BRECIBIL 8BRS ciBP12Bhe. alfre-identified
connection between the Magnesium-alloy thread 13 and

dinepernent i B8 bedtbddegandepabbadi Nedehi RARPerREHekYion

fromthe presence of the grasping enhancers 115, for

S Jy ammaRe .of wel ding or gluing, or by
intertwi ning the thread between the various serpentine

beoudss] .accertidli figréadspesi finC MareRssiukhea el i égncBe hade
carried out wwth a protective atnosphere technol ogy

Hf ohefxanpr e aniyt lonl @i echaokopycalumgskengl neidhncaspies
. The polyner used as glue can be one of the

dff oatisier bahlleypotyper s Foist eskanipdee. £AO128)reads 13 in
accordance with one possi bl e enbodi nent, the thread 13
Nesgmeelieinwi 4hlay bicaar yben atuaetafedatty umadei dey (Gafdls of
and Phosphorus Pentoxi de (P205).[00127] . For exanpl e,
dtawingosisy bheahs effiplesytrastiionar Yoy »dasres of hot or cold
moulding, by means of sintering, by means of laser
working or by means of any other technological process
which permits satisfying the specific needs.

[00125]. The connection between the Magnesiuni alloy
thread 13 and the serpentine band 11 can be obtained,
independently from the presence of the grasping enhancers
115, for example by means of welding or gluing, or by
intertwining the thread between the wvarious serpentine
bands, according to specific needs. The welding can be
carried out with a protective atmosphere technology (for
example with TIG technology, Tungsten Inert Gas). The
polymer used as glue can be one of the bioabsorbable
polymers listed above.

[00126]. In accordance with one possible embodiment, the

thread 13 is made with a binary mixture of Calcium Oxide

(CaO) and Phosphorus Pentoxide (P.0s) .
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wi th 5-50% Cal ci um Oxi de (CaO) and 50-95% Phosphor us
Pent oxide (P20b). Preferably, the binary mxture is

waeeomassds of 15-25% Cal ci um Oxi de (CaO and 65PCBBF£007/000216

Phosphorus Pent oxide (P2Cb). Such binary m xture can
al so contain small quantities of Cal cium Fluoride
(CaF2), water (H 20 ) and ot her oxides of Magnhesi um
Zinc, Strontium Sodium Potasgiéum Lithium or

Al um nium [00128] . For sinplicity, the above-

[oispf od Poxtapemil] be nefgokadnie el ewptoihal Minary
expression "Cal ci um Phosphorus m xture" . [00129] .

miecthé eagstd3 50568l CodieiBhosphebES MCXbYr € ag@n b -95%
made by nmeans of any one the typical working

breEPRbHgE eSpehtbhigeMat@,bd) . t ypLefERELBXANPLRBe t NEinary
threads 13 in Calcium Phosphor us m xture can be

Advelt&gEo Ushipd@ste & sy ofa A Meki®RXt (A&))0mnd 65-
mel ting, hot rnoul ding or any ot her technol ogi cal

ProCehssphoetis peeAtbxigat i (hping speki bifiapgedixture can
[00130] . The connection between the thread 13 in

&aboi donthosphal Lsquant it teandf t bel stlperluseidandcds,) ,
can be obtai ned, independently fromthe presence of
vhaeegr agab@y eahdncerthell5, otideexaopl e Mabyegdans ofZinc,
wel ding or gluing, or by intertwining the thread 13
Hererenun heSadiumu PorErgEinm ndidridn dt, Adondndiung t o
the specific needs. The pol yner used as gl ue can be
08eu28k. abFoabssibpbieipy) ynehe of alvdroseindistadtbdbanviscture
will be referred to below with the expression “Calcium-
Phosphorus mixture”.

[00129] . The threads 13 in Calcium-Phosphorus mixture
can be made by means of any one the typical working
technologies of this material type. For example, the
threads 13 in Calcium-Phosphorus mixture can be
advantageously made by means of drawing, extrusion,
melting, hot moulding or any other technological process
which permits satisfying specific needs.

[00130]. The connection between the thread 13 in
Calcium-Phosphorus mixture and the serpentine band 11 can
be obtained, independently £from the presence of the
grasping enhancers 115, for example, by means of welding
or gluing, or by intertwining the thread 13 between the

various serpentine bands 11, according to the specific

needs. The polymer used as glue can be used as a
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[00131] . In accordance with sone enbodi nents, a
single thread 13 is arranged along the stent 1 ,

woe@Baraibd y al ong the entire | ength, or ratherP@i/orego7/000216

its entire longitudinal length. The thread 13 is a
structure which has a predom nantly axial extension
and which joins nore than two serpentine bands 11
[00132] . In accordance with otder enbodi nents, a
plurality of threads 13 is present, as shown

bebepBbIEably pILhatIes thekand fted BRI - INn

accordance wi th one enbodi nent, an end serpenti ne band

(borsexanple thecidaper! ivecH lsode PeabediabntBe @i sédlgle
end) conprises a marker nmade in radi opaque materia

£E00&34] 13 i8 haging¥henlbhe SR perdntnel pegsudéféﬂawiytai@ong
stent 1 are nmade, for exanple, in superelastic

ghker i @t ofe | N 1NNigithgl asd t heathyeadglbdgar eiggde,entire
for exanple, in polymer material, the stent would be

tohgietdinaVi tehheht o Thiee ttaddaebcoPyis|[ @0k¥ductuke which
stent which is not visible to the radi oscopy poses

hepy as griedomiipaablgmaxtialt ketepeishomndhohiddt jomlaniore
it in a patient using the conventional radioscopic

appar avasseopént 1wey hdedsolenent s and posi tioni ng of

the stent along the vessels of the patient.[00136] .
TRE1B3ali opdgue amterdagicen t Wivhi clother maekbpdiments, a
plurality of threads 13 is present, as shown
schematically in figures 1-3 and 6.

[00133]. In accordance with one embodiment, an end
serpentine band (for example the serpentine 1l.a placed
at the distal end) comprises a marker made in radiopaque
material.

[00134]. 1In fact, when the serpentine bands 11 of the
stent 1 are made, for example, in superelastic material
or in Nitinol and the threads 13 are made, for example,
in polymer material, the stent would be entirely
invisible to the radioscopy.

[00135]. A stent which is not visible to the radioscopy
poses very serious problems to the operator who must
implant it in a ©patient using the conventional
radioscopic apparatus to follow the movements and

positioning of the stent along the vessels of the

patient.
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is made can be chosen from Tantalum Gold, Platinum
Tungsten or other materials suitable for such purpose.

wQ 0@3371315 According to one possi bl e enbodi neneCT/EXR067/000216

serpenti ne bands placed at the distal and proxi mal end

of the stent 1, i.e. and the first and the | ast

serpenti ne band, respectively conprise at |east one

radi opaque nmarker . [00138] . P& to the proposed

stent, it is possible to execute endol um na

PPELIPE]T ONSThE tAHE BPHEUEUGlaT ¥ 1SS WRfcENSHEE nirker

the sane tine, wth expanded prosthesis, an opti nal

28 d nide OBEhS WWOokhorkn! herdm! ITLftatig,t resigd vesselnum,
[00139] . In accordance with one enbodi nent of the

Bl t dn aS€ Wthelg M drhilidN\Riita®le EBe thkBaguigosade
of bi oabsorbable material is adapted to rel ease a drug

(00 B3 TPNt r AttEEdTRANEE o ANENS T Ch SIS OV RIMBddiBrent, both
[00140] . The threads 13 can be previously treated so
serpentpii®Usandsd npldeedaitestid dimdl cals gl end of

material , a pharmacol ogically active substance can be .
thsestedtwhi, ch .ies adapteide f oirsbheahdegheentasyf ddpentine
zone in which the stent 1 is inplanted. [00141] . Wth
bamgd, parespedaiveipodiommtisd tdre ileestd | wne | nraddiopagque
known manner, there is the controlled rel ease of the
maoker pr ol onged over tine. Thus aninportant

phar macol ogi cal contribution is obtained in the

[00138]. Due to the proposed stent, it is possible to
execute endoluminal operations in tortuous ducts or
vessels and ensure at the same time, with expanded
prosthesis, an optimal and uniform support of the wall of
the treated vessel.

[00139]. 1In accordance with one embodiment of the stent
1 according to the invention, the thread 13 made of
bioabsorbable material is adapted to release a drug in a
controlled manner and prolonged over time.

[00140]. The threads 13 can be previously treated so to
be porous. In the pores of the biocabsorbable material, a
pharmacologically active substance can be inserted which
is adapted for the treatment of the zone in which the
stent 1 is implanted.

[00141]. with this particular embodiment of the

invention, in a Xknown manner, there is the controlled

release of the drug, prolonged over time. Thus an



acute phase of the treatnent carried out by neans of
the stent 1 . [00142] . Analogously to the action of
W0 b@sposss bl e drug set in the pores of the PCT/IT2007/000216

bi oabsorbable material, it should be noted how the
magnesiumitself with which the bi oabsorbabl e threads
13 can be obtained has positive effects on the
contai nment of the cellular préPiferation in the zone
where the stent 1 is inplanted. [00143] . Sone
important gRoheticdgiar adididuteSnoh st kprandes A% the
and bi oabsorbable netal materials descri bed above are
e deldadel ofv. thd08A4dhtmeAt 00981863t B8t by means of the
characteristics of the materials |isted above, severa
shertact eri stics of the stent should al so. be
underlined, and how nuch they are dependent both on
EOGL 4Rt er | Zaba Bogbull 1t heo uthé | se8i@R0BEL Elie E@@k&@he-drug
One extrenely inportant characteristic of thestent is

5 sdie jmadike poree.of tthiessiddiesonidadleapadicr aaf, tite should
stent to resist circunferential loads . It is
hief imabeé@ alBowhethadi mhghestemwhithelfie sieht which the
capabl e of exerting inside a vessel once it has been
Rigpakranhalilep| threddsher®i pan] 094 46ptaifedh has positive
characteristic is extrenely inportant, since it
efciegta e the cepbeinyent ofietheenelflalkeeprojdfetriaeion
treated vessel . The radial force depends on the
igedrhe r3erenavhelyey hal Istentt Reiel dmplenbedul us E of the

10 [00143]. Some important mechanical characteristics of
the enduring and bioabsorbable metal materials described

above are provided below.

Stainless Cr-Co NiTinol Magnesium
(AISI316L) (MP35N) Alloy
B Elastic modulus, 193 233 90 44
GPa
Go.o Yield strength, MPa 340 414 ]‘— 178
Gy Breaking strength, 670 930 1400 250
MPa

[00144]. Alongside the characteristics of the materials

15 listed above, several characteristics of the stent should
also . be underlined, and how much they are dependent both
on the material and on the utilised geometry.

[00145]. One extremely important characteristic of the
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enpl oyed material. The higher the value of the elastic
nodul us, the greater the radial force which can be
wobdoditnsds by the stent . [00147] . A further iP@DIT2801000216
characteristic in the evaluation of a
bal | oon- expandabl e stent is called Irecoil' . The
recoil is, in percentage, the elastic return of the
stent follow ng the expansion.3Pn fact, during the
expansion, the stent is over-expanded to take into
ACGAUN st PReT REME b aDIFRrekastitc d&idkibed 004 8tapadiiey of
recoil of a stent can be defined as follows: recoil =
diver gexpanded diaERERN -cExRadadHidNet eldads 1001t  is
over -expanded dianeter [00149] . The | ower the

deeidbld Nes | ONerrddBa DVESLXPNELIEN BREECEEAAY 8 capable
effectively inplant the stent, and consequently the

dovnekekrt $KgofinReasi bl evyessel dhesedtd anss bEEASGorrebtly
low recoil, in addition to an appropriate geonetry of

infiel i tieadeilke obtained due to a high elastic
nmodul us E and to a not overly high yield strength so.a
[0QDPEP.l] Sudin vilewndtddiesa consd depaidents yandnigeg-tant,
characteristics of the materials reported in the
diabte, ikt dstdumindisat €hy papsichlte taf ubHer sttamt how &eep
stent made, for exanple, entirely in Magnesi um all oy
apamothe treated vessel. The radial force depends on the
geometry and above all on the elastic modulus E of the
employed material. The higher the wvalue of the elastic
modulus, the greater the radial force which can be
obtained by the stent.
[00147]. A further important characteristic 1in the
evaluation of a balloon-expandable stent is called
‘recoil’. The recoil 1is, 1in percentage, the elastic
return of the stent following the expansion. In fact,
during the expansion, the stent is over-expanded to take
into account the inevitable elastic return.
- [00148]. The recoil of a stent can be defined as

follows:

recoil =(over-expanded diameter - expanded diameter)* 100

over-expanded diameter
[00149]. The lower the recoil, the lower the over-
expansion necessary to effectively implant the stent, and

consequently the lower risk of possible vessel
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ensure a considerably radial force, since the elastic
nodul e of the Magnesiumalloy is relatively noderate.

wQ 0@3A21315 The present invention, by perm tti nBCT/IE200&®0216

of different materials inside the sane endol um na
prosthesis, permts the designer to bal ance the
characteristics of one material with that of another.
[00153] . One is thus able to &dtain, for exanple
stents made with wi de use of magnesi umthreads, which
doyecboV®YLr an acceptable radial force due to the
stai nl ess steel tubular body 10. [00154] . In view of

foei50pscrabadwabogeoil] Wird | 88 DENCIHRAr ah0 dfiropriate
person skilled in the art how an endol um na

peosthegi sfaceis deBgnt) tden | BB L HRS 0BYES dd1€a high
probl ens set forth wwth reference to the prior art .
¢DO455¢ modul Al il afo Aot tovddly heigd ale W thigth
stent 1 described above according to the invention

canr esol ve the probl em of sustaining the vessel wal

nore i medi ately after the inplant, and then reducing
{0RLlBif ect Inveriawl onf pethese [ 0BABSHeratof@Ct and the
i medi ately after the inplant of the stent, both the
shapzeiténsthiaral afdthee atadged santegdrteatisitonhei Mg e,
to supporting the walls of the vessel. Subsequently,
bacd s héamaediathys @dssitdrar hat edhddterahicbahsar bablstent
threads are di ssolved, for exanple in the bl ood, and
nde e fomni example t hengamed yi niendMagnegium alloy cannot

ensure a considerably radial force, since the elastic
module of the Magnesium alloy is relatively moderate.
[00152] . The present invention, by permitting the use of
different materials inside the same endoluminal
prosthesis, permits the designer to balance the
characteristics of one material with that of another.
[00153]. One is thus able to obtain, for example stents
made with wide use of magnesium threads, which have
however an acceptable radial force due to the stainless
steel tubular body 10.

[00154]. 1In view of that described above, it will now be
clear to the person skilled in the art how an endoluminal
prosthesis according to the invention resolves the
problems set forth with reference to the prior art.
[00155]. 1In particular, now it will be clear how the

stent 1 described above according to the invention can
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material (the serpentine bands and the bridges, if
present) therefore limting the stress on the wall.
WO 0®8571315 The presence of the thread 13 at theCT/ITeR07000216
the stent inplant inhibits the junping ahead
phenonenon of the stent at the tine of release. In
fact, the thread 13 blocks the stent 1 from suddenly
expanding at the tine of the r&mwval fromthe sheath.
[00158] . At the sanme tinme, the presence of the
reteads thit | prébeehi bF ahaseisioly tige steBbelMwedlt more
and in the immedi ately foll ow ng phases ensures an
iﬁﬂltebrmltemgsiéf@@i ngled tihelahent amdi ttheant reduyiagd the
ensures that the single serpentine bands assune a
FFcechbvpeSkht Leagwpehio@spect to each other. [00159] .
The enbodi nents of the stent in which the bands 11 are
[@oal563i.velmn chudtect edmbyistebpdafi8rantewhingdiant of the
therefore do not have bridges 12 resol ve the problem
safeinite pbbent i dhe f atdmpentimeak bagdofande tie dipeddges and
t hensel ves. [00160] . The enbodi nent of figure 7 in
tiivieclise ach thirdbpties toosuppbeting the wdlasenf Ebepvessel.
permts the operator, during the operation, to adjust
Suresepneritilon obntde ieenacatenghiase véssdiexigratiad i t the
is to be inplanted. This operation is made possible b{
Hiehrariablleart lomeds nate odisaolkieéh &opr iakpepile oingthe
thread 13 is provided for each loop 111. Such _
tdarfdar maridon tpersi t sepeifeconly cddtecttiaiFs hdn enduring
ser penti ne bands whi ch had al ready been uncovered by

material (the serpentine bands ~and the bridges, if
present) therefore limiting the stress on the wall.
[00157]. The presence of the thread 13 at the time of
the stent implant inhibits the jumping ahead phenomenon
of the stent at the time of release. In fact, the thread
13 blocks the stent 1 from suddenly expanding at the time
of the removal from the sheath.

[00158]. At the same time, the presence of the threads
13 in the first phases of the stent implant and in the
immediately following phases ensures an optimal
positioning of the stent in its entirety and ensures that
the single serpentine bands assume a correct position
with respect to each other.

[00159]. The embodiments of the stent in which the bands
11 are exclusively connected by threads 13 and which

therefore do not have bridges 12 resolve the problem of
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the wi thdrawal of the sheath with the serpentine bands
which are still covered by the sheath. This
w@eb@saci3es i stic permts the operator to re-pushCT/IE2007/000216
sheat h ahead al ong the catheter, and along the stent 1
, SO to close the serpentine bands which were
previously open. [00161] . The operation of closing
the stent 1 and repositioning3} is of particular use.
The steps of insertion and inplantation of the stent 1
tAkepBXEhETRL VEdel deatlerediting raf st pdsigesotihegsedves .
of the stent can |lead to very serious consequences,
[e0¥2B0l equiThen@nidedineed faf Ehwogentyisungech aradiheloop
patient to renove a stent opened in an erred position.
iE0@BRlectethecd ecipeishdgpeent i doopf pemmisisedtte abpayator,
the catheter and along the stent 1 is not possible
duirtihgt kadi bpepraktishents. adhuéacthe hposdopeni 6f bhet sieent
serpenti ne bands whi ch have just been uncovered by
aflloewi t tite awelssefl twieesdixat Htt ehel tto evét ifmpdmntes. This
i deal profile of the stent so to form steps which )
dplegrelc ibhe isppesiet possibienbyothehparhaathasl gagfeneation
stent 1 . [00163] . The presence of a thread 13 for
igaofich théticgss 121 lomes Hexkadoksi bs epbyvidedf fexr each
that such threads 13 can be nmade of bi oabsorbabl e ,
lemperildl . . Such acentprmaticon gpeTNbhal Peyhect tpnpPreRerylng
made of enduring material, it would not be possible to
thehi sarpenidmec dpridsureltidn B abready e supeovered by

uantity of netal which would be )
the withdrawal of the sheath with the serpentine bands

which are still covered by the sheath. This
characteristic permits the operator to re-push the sheath
ahead along the catheter, and along the stent 1, so to
close the serpentine bands which were previously open.
[00161]. The operation of closing the stent 1 and
repositioning it is ‘of particular use. The steps of
insertion and implantation of the stent 1 are extremely
delicate. The smallest positioning error of the stent can
lead to very serious consequences, even requiring the
need for emergency surgery on the patient to remove a
stent opened in an erred position.

[00162]. The re-push operation of the sheath along the
catheter and along the stent 1 is not possible with
traditional stents. In fact the loops 111 of the

serpentine bands which have just been uncovered by the
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found on the surface of the expanded stent. I|ndeed,
the surface covered by netal nust not exceed 1415 % of
wo b@stioses surface . [00164]. I n accordance w POT/Dree07/000216
enbodi nent, schematically illustrated in figure 12. ¢
, the stent 1 also conprises at |east one thread 13
whi ch has a |length greater thafy double the catheter
enpl oyed for the positioning of the stent in the duct

i I
PERE ig'{;e r?}fql Eﬁfoa?&?altp n>% hEOC %Qﬁ:é‘{ e R H eW%‘%Flelé(f\%k j §he
el iranpuaErtE) 6 atPEnERRTER TR B O e dat het er

(ORI E - on e BRAFSRET Ehn b oat; idcifh SarhoRionthe
TSR g ¥ oGe MR EBoar PO R ng 5t LAl ApfeG8Y Ffikeads

L 5 i 1 By e sadb pi e

wo €én i's clear

S/'&f@yb %”4%&%3adgbﬁkggﬁeigvﬁ%g%_Q?%Céﬁ i dmaterial,

iTTostrated Ve can“bé pr 0168] . e nunber

R R S s
due to the excessive quantity of metal which would be
found on the surface of the expanded stent. Indeed, the
surface covered by metal must not exceed 14+15 % of the
total surface.

[00164]. 1In accordance with one embodiment,
schematically illustrated in figure 12.g, the stent 1
also comprises at least one thread 13’ which has a length
greater than double the catheter employed for the
positioning of the stent in the duct inside the human
body.

[00165]. In accordance with such embodiment, the thread
13’ is wound without any knot around a serpentine band of
the stent 1. When the stent is loaded on the catheter,
the thread 13’ is passed along its entire length so that
both of its ends are reachable at the proximal end of the

catheter itself.

[00166]. Using such embodiment of the present invention,
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described and illustrated. Also the formof the
serpenti ne bands can vary. [00169] . In general, al

webasacies i sti cs descri bed above in rel ati on tPCT/IT2007/000216

speci fic possi bl e enbodi nents can be made i ndependent
fromeach other. [00170] . A person skilled in the
art, in order to satisfy contingent and specific
needs, can make numerous nodi fi%ati ons and adapt ati ons
to the preferred enbodi ments of the endol um nal stent

thecopbedtaboven apphgl & BBastsH | ddkti®NSoRf 18 edEdtS and
with functionally equival ent el enents, w thout however

depar tthegeffiome t heahtopm of gidetdol | 6vhBgol during the
claims. CLAIM5S 1 . Endol um nal prosthesis (1) or stent
delpcaséngoaitibuniay oy .( M) te tabd eof o shehbraieght the
froma contracted condition to an expanded conditi on,
shirdadubdl! acabholy (hbhreadeddbygowl itgy aon ahgs toilitied two
axis (XX) , said tubular body (10) conprising a
phdgal ity of bands (11, 11'), and at |east one thread
13, 13') connected to said stent (1) . 2 . Stent (1)
80364¢] ng Tb tise prewedihgt cvarbanher and/sai cadRligriions to
(1) is of the self -expandable type. 3 . Stent (1)
whabrdeagrioed| andn 11 ket red aikdbvet eatn be) provotietihe
bal | oon- expandabl e type. 4 . Stent (1) according to
59916%. of ThRenpmbesdiofg threads 13, serpentine bands 11,
arms 110 and loops 111 can vary with respect to what
described and illustrated. Also the form of the
serpentine bands can vary.
[00169]. 1In general, all characteristics described above
in relation to specific possible embodiments can be made
independent from each other.
[00170]. A person skilled in the art, in order to
satisfy contingent and specific needs, can make numerous
modifications and adaptations to the preferred
embodiments of the endoluminal stent described above, as
well as substitutions of elements with functionally

equivalent elements, without however departing from the

scope of the following claims.
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cl ai rs wherein said bands conprise serpentine bands
(11) which define paths which are closed on thensel ves

wO0 2®8/118tent (1) according to any one of the pPETELROTP00216

clai ms wherein said bands (11, 11') are extended al ong
a substantially circunferential direction (C) or sway
little therefrom 6 . Stent (1) according to any one

of the preceding clains whereit® each of said

serpenti ne bands conprise arns (110) and | oops (111)

whi ch connect two subsequemdrim® ns (110) to forma
nmeandering path. 7 . Stent (l) according to any one of
it.he preeadingchal peostieseis sa)d ar |eastt omenpiedng a
(13) is connected to at least two bands (11. a, 11. b
tubul®r H&[E (Lopcceudtagiéo aoy dee drddght from a
precedi ng clainms wherein said at | east one thread (13)
donteeitest e¢dmilialidreasb t wa adxpeededbacdsditiona |, said
11. b) . 9. Stent (1) according to any one of the
RiRged nHGt aj1me wharesidingakdoay bedsngdtudihpdagx{g3)X-
is connected to at | east two non-adjacent bands (11. a
X) 1lsatd) tub@last daidy( 1)1ekcaraion)siadang diaglithe of
precedi ng clainms wherein said thread (13) is an
drengat(ad ,and1ext r eamdy & etiebiss epreentheeddnidg it43")
own axis, wherein the characteristic dinensions of any
erossctset tiomsagfd tdtenthri@ad (13) transverse to its own

axis are negligible with respect to the third |, ,
2li nerstient al(dhg adeerding. to the preceding claim wherein

said stent (1) is of the self-expandable type.

3. Stent (1) according to claim 1 wherein said stent

(1) is of the balloon-expandable type.

4. Stent (1) according to any one of the preceding
claims wherein said bands comprise serpentine bands (11)

which define paths which are closed on themselves.

5. Stent (1) according to any one of the preceding
claims wherein said bands (11, 11’') are extended along a
substantially circumferential direction (C) or sway

little therefrom.

6. Stent (1) according to any one of the preceding
claims wherein each of said serpentine bands comprise
arms (110) and loops (111) which connect two subsequent

arms (110) to form a meandering path.

7. Stent (1) according to any one of the preceding
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11. Stent (1) according to the preceding claim where
said thread (13) is conposed of a single filanent. 12.

w@Ee@at1131) according to any one of the precedi PQI/TT280780216

wherein said thread (13) is conposed of a plurality of
filaments which are intertwined or twisted with each
other so to remain assenbled tagether. 13. Stent (1)
according to any one of the preceding clains wherein

said thread (13) conprises an outer coyering. 14.

oS (TSt A D To LoRe o A, Bdi Ry ommReted
wherein said thread, (13). has ani ca
%%a‘?’%cf%?’ a%ttr‘@% %ﬂ#t@lp&’mlge% S reacting in a
significant manner only to traction strains along its
8xi s Stést Stiant agtprdingr dicgahy amye o othé hereceding
precedi ng clainms wherein said thread (13) has an
ekaensidneveiensatd i ot alehsteotnerclsedrsi atitd)alids connected
parallel to the X-X axis of the stent (1) . 16. Stent

ta)ackersl ngwe cadigcare sdshd gr.ecedilng) ¢l ai ns,
wherein said thread (13) has an extension oriented, in

qddi tgopnt 0 1) aa_cezs'aca!mgi &St LAY, @Aéoo*far{élcgeéaéoang

circunferential directio so to“obtain a he

O1 2008 Seh&Pe 8h 0881 4 her St&Mt (e - trread! €Y) ((19 connected
according to any one of the preceding clains, wherein

88l e t1egad €dS)ndesadyHifiCpiad i(1he@d, 11.c).

10. Stent (1) according to any one of the preceding
claims wherein said thread (13) is an elongated and
extremely flexible element defining its own axis, wherein
the characteristic dimensions of any cross section of the
thread (13) transverse to its own axis are negligible

with respect to the third dimension along the axis.

11. Stent (1) according to the preceding claim, where

said thread (13) is composed of a single filament.

12. 'Stent (1) according to any one of the preceding
claims wherein said thread (13) is composed of a
plurality of filaments which are intertwined or twisted

with each other so to remain assembled together.

13. -Stent (1) according to any one of the preceding
claims wherein said thread (13) comprises an outer

covering.

14. Stent (1) according to any one of the preceding

§
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an angle equal to a with respect to the X-X axis of
the tubular body 10 . 18. Stent (1) according to any

wor@sai7dthe precedi ng cl ai ns, wherein said threedI20@)000216

is prevalently arranged on an outer surface of the

stent (1) . 19. Stent (1) according to any one of the
precedi ng clainms wherein the bands (11) of the stent

(1) are connected to each othePBechusiver by threads
(13) . 20. Stent (1) according to any one of the

@teoesi ngildeine Weeriei n theebdnds({3)l) diag he metahatmical
(1) areconnected to each other also by integra

drachese i) iomdesuohoneopi eeemiitt h ithe beesist{zid) in a
21. Stent (1) according to any one of the preceding

1 @i edner e manbetrweenl pdjtacenradiahos (straias, dlondg )its
a plurality of threads (13) is conprised. 22. Stent
gAdsaccording to any one of the preceding clains

wherein every single loop (111) of every single

P&I pengi ng, bang (%%ﬁ3§%%n%ﬁtgo L8flet &f Nehe preceding

respective | oop ( € ad] acent ser pent i né ban

. . 0 t ( .
%%é%mﬁr?'%%%e :(“ciE 2%an SR n{l%l)ﬂ%%g%} d%%eﬁl%y@%&ed

oh &haiQééﬁgghn%u%%%bﬂﬁi&@f&ebarémfeihESagﬁe(&3& axis of
between at | east two adj acent serpentine bands (11. a

thdlstdntg @afp. parallel to each other. 24. Stent (1)
according to any one of the preceding

16. Stent (1) according to any one of the preceding
claims, wherein said thread (13) has an extension
oriented, in addition to in an axial direction, also
partially in a circumferential direction, so to obtain a
helical progression along the stent (1).

17. Stent (1) according to any one of the preceding
claims, wherein said thread (13) has a direction tilted
an aﬁgle equal to +a with respect to the X-X axis of the
tubular body 10.

18. Stent (1) according to any one of the preceding
claims, wherein said thread (13) is prevalently arranged
on ar outer surface of the stent (1).

19. Stent (1) according to any one of the preceding
claims wherein the bands (11) of the stent (1) are
connected to each other exclusively by threads (13).

20. Stent (1) according to any one of the preceding

claims wherein the bands (11) of the stent (1) are
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claims conprising sections (120) conprising in turn
serpentine bands (11) joined together by bridges (12)

W0 2@ai1t73sect i ons (120) bei ng connected to eachPCL/IE2W007/000216

exclusively by threads (13) and not by bridges (12)

25. Stent (1) according to the preceding clai mwherein
the nunber of serpentine bands (11) for each section
(120) increases along the X-X &% s fromthe proxi mal

end towards the centre of the stent (1) , and once the
copnavpefatdeeach eathed ialddebgeninisdgregct bendgda0)(12)
, decreases along the X-X axis fromthe centre of the
madat ig 19neviei ece twidclditdtealbamdd (26.) .Stent (1)

according to claim 21 wherein the threads (13) have

20§ f eBeant| efigt hecceadimg hrieadaoyv esang dfhethentgmiceding
portion of the stent (1) . 27. Stent (1) according to
ahgyimpe Wiendia pbetwdeng adaesnwhdreids t Helbapdsidib) a
the stent (1) are conposed of curls (H) of a single,
Phwephety caf deremda F@é)bé@d comp3jised28. Stent (1)
according to any one of the preceding clains wherein

22 - | e38eNEonkEl)of acherdbegs HOl1anyt comhi off t beet lpreackding
(13) is associated conprise graspi ng enhancers (115)
GHRPted WhsTRiRe SVREYyratpe¥R) dpophelltiineadf ( €Skryn simgle
|l oop (111) nore solid and secure. 29. Stent (1)

SRITFHF e t HalFe rledddi ns clcammesitedei v t hbegreaspiawive

enhancers (115) conprise a slot (116) in
loop (111)" of 'the adjacent serpentine band (1l.a, 11.c)

by means of a thread (13) or by means of a bridge (12).
23. étent (1) according to any one of the preceding
claims wherein the threads (13) between at least two
adjacent serpentine bands (1l.a, 11.b) are parallel to
each other. |

24. Stent (1) according to any one of the preceding
claims comprising sections (120) comprising in turn
serpentine bands (11) joined together by bridges (12),
said sections (120) being connected to each other
exclqsively by threads (13) and not by bridges (12).

25. Stent (1) according to the preceding claim wherein
the number of serpentine bands (11) for each section
(120) increases along the X-X axis from the proximal end
towards the centre of the stent (1), and once the maximum
has been reached in the central section (120), decreases

along the X-X axis from the centre of the stent (1)
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whi ch the thread (13) can be passed. 30. Stent (1)
according to claim28 wherein the graspi ng enhancers

W@ 18)11sehpri se grooves or a high porosity of PEEIT2007/000216

surface of the loop (111) . 31. Stent (1) according to
any one of the preceding clains wherein said bands

(11) and said bridges (12) are made of an enduring

mat eri al chosen from the group4®onpri sing:

superel astic material, Nitinol, stainless steel and

HodwardaimheCatiaitalalelndy. 32. Stent (1) according to any
one of the precedingclains canprising a thread (13)

de Sfemn énduacogrdixiertal cthbtmenlf wharehe gheuphreads
conpri sing: pol yam de (PA) and pol ytetrafl uoroet hyl ene

(BFEhave33diSferdnt 1)l eagtbsdi neatlo &hyeade obverrieng the
preceding clains conprising a thread (13) nade of a

deoabsb e emetfertihal stedt. ($)ent (1) according to

t he preceding clai mwherein said bi oabsorbabl e

2t er$adni s (A)pohgoerdsed edteedahiyorendie ofr otipe c prsessdng
of PDLA or poly- (D lactic acid) , PLLA or poly-

¢laimstwhenein)the drhdRGHHIthmlstentyl fldolare avmposed of

35. Stent &1) according to claim33 wherein said

PiobdsdiBabl echatersinglis, alpobyralis@lecsetperphne hdand
roup conposed of: poly-caprol actone, poly-

?Na'iﬁi de-cogl ycol i de) , poly- (ethylene -vinyl

acetate) , poly- (hydroxybutyrate-co-valerate) , )

%t y-Arentndde, PergBEiiRrdedierany one of the preceding

claims wherein at least some of the loops (111) to which
the thread (13) is associated comprise grasping enhancers
(115) adapted to make the grasping of the thread (13) omn
the loop (111) more solid and secure.

29. Stent (1) according to the preceding claim wherein
the grasping enhancers (115) comprise a slot (116) in
which the thread (13) can be passed.

30. Stent (1) according to claim 28 wherein the grasping
enhancers (115) comprise grooves or a high porosity of
the surface of the loop (111).

31. Stent (1) according to any one of the preceding
claims wherein said bands (11) and said bridges (12) are
made of an enduring material chosen from the group
compfising: superelastic material, Nitinol, stainless
steel and Chromium-Cobalt alloy.

32. Stent (1) according to any one of the preceding
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pol y- anhydride, poly- (glycolic acid-cotrinethylene
carbonate) , poly-phosphoester, pol yphosphoester

waore@sharse; poly (am no acids) , cyanoacryl at esSPCT/pPrR0§7000216

(trimethyl ene carbonate) , poly- (imnocarbonate) |,
copoly- (ether-esters) (e.g. PEQ PLA) , poly-alkyl ene
oxal ates, poly-phosphazenes and _bi onol ecul es such as
fibrin, fibrinogen, cel I ul ose, &tarch, col | agen,
hyal uroni ¢ aci d, poly-Nal kyl acryl am des,
@bt imsle pginpeptsicdg car bohaead afiB)popdet hgf eran oxdrghiring
based ployesters.36. Stent (1) according to claim 33
e eial schesdn oabyortbd| @roup erdngirising :ngcdlyamide (PA)
materi al selected fromthe group conposed of Magnesi um
aihdl agobinice G T uanostiuslsing UPTHBIt.ure . 37. Stent (1)
according to any one of the preceding clains wherein
3he coheetti@n baceerdisai dQ heeud ¢1S8) candtheai dusgrfing
(11) conprises a knot (130) of the thread (13) around
alabes| eAmBriging Barfdiy (138 m&lenef( 8) kiahnhpble
to any one of the preceding clainms wherein the
BdFAEtRt on between said thread (13) and said band (11)
conprises a winding (131) of the thread, (13) _around a
3tctiBheRE d&) d ATsEding & ohie (Preseddngi fdady afjerein
one oéﬂﬁhe precedi ng cl ains wherein the connection
Bt e st OSRPATPRPESd AT iy £8i @ RAEYTSH ) SEbREFRde from
| uin 132) of tge thread (13) %p S?Ftion of said
%dg?? y composed of PDLA or ‘poly-(D-lactic acid), PLLA
or poly-{(L-lactic acid), and PGA or poly-(glycolic acid).
35. Stent (1) according to claim 33 wherein said
bioabsorbable material is a polymer selected from the
group composed of: poly-caprolactone, poly-(lactide-co-
glycolide), poly- (ethylene-vinyl acetate), poly-
(hydroxybutyrate-co-valerate) , poly-dioxanone, poly-
orthoester, poly-anhydride, poly- (glycolic acid-co-
trimethylene carbonate) , poly-phosphoester, poly-
phosphoester urethane, poly(amino acids), cyanoacrylates,
poly- (trimethylene carbonate), poly- (iminocarbonate) ,
copoly- (ether-esters) (e.g. PEO/PLA) , poly-alkylene
oxalates, poly-phosphazenes and biomolecules such as
fibrin, fibrinogen, cellulose, starch, collagen,
hyaluronic acid, poly-N-alkylacrylamides, poly-depsi-
peptide carbonate, and poly-ethylene-oxide based ploy-

esters.
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40. Stent (1) according to any one of the preceding
claims conprising at |east one radi opaque narker. 41.
wee@at131j according to any one of the clains PCDIM28®/000216
to 40 wherein said bioabsorbable material is adapted
to release a drug in a manner controlled and prol onged
over time. 42. Stent (1) according to any one of the
precedi ng cl ai ns wherein sai d 4%hr ead (13') is over
doubl e the length of the catheter enployed for
3p0si btentng (tthe sicenrfingandd s dedmectddd twherein said
serpentine band (11) , so that both its ends can be
bieabbetbabléhmapepiaiabserd mEtalhenatmtistlersehadirp from
catheter use . 43. Stent (1) according to the
theecegaong ckampombér ebfi t Meghastan (4Blyycapnde Calcium-
unt hreaded by pulling on one of the two ends . 44. Kit
Phosphbsusgmaxsteat (1) in accordance with any one of
the preceding claims and a catheter adapted for the
3fiosi tSitemitng (Df sawicdrstiogt tQ) dmsi geea @ficithe preceding
claims wherein the connection between said thread (13)
and said band (11) comprises a knot (130) of the thread
(13) around a section of said band (11).
38. Stent (1) according to any one of the preceding
claims wherein the connection between said thread (13)
and said band (11) comprises a winding (131) of the
thread (13) around a section of said band.
39. Stent (1) according to any one of the preceding
claims wherein the connection between said thread (13)
and said band (11) comprise a gluing (132) of the thread
(13) on a section of said band (11).
40. Stent (1) according to any one of the preceding
claims comprising at least one radiopaque marker.
41. Stent (1) according to any one of the claims from 33
to 40 wherein said bioabsorbable material is adapted to
release a drug in a manner controlled and prolonged over
time.
42. Stent (1) according to any one of the preceding

claims wherein said thread (13’) is over double the

length of the catheter employed for positioning the stent
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(1) and is connected to a serpentine band (11), so that
both its ends can be reached at the proximal end of the
catheter during catheter use.

43. Stent (1) according to the preceding claim wherein
the thread (13’) can be unthreaded by pulling on one of
the two ends.

44. Kit comprising a stent (1) in accordance with any
one of the preceding claims and a catheter adapted for

the positioning of said stent (1) inside a duct.



