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ARTI CULATED STENT FI ELD AND BACKGROUND OF THE | NVENTION 5 The
present invention relates to stents which are inplanted as part of a

bal | oon angi opl asty procedure within a bodily conduit of a living

ani mal or a @8N mai ntain patency. In particular, the premesssossyenti on
relates to articulated intravascular stents for delivery through or

i nplantation in a bl ood vesse ' HBogfkion. 10

I ntravascul ar stents having dkgg%§%$?§?§3q§¥§%%ter for delivery t hr ough
a bl ood vessel and an expanded di aneter for applying a radially

outwardly extending force for supporting the bl ood vessel are known in the
art. Articulated intravascul ar stents for either delivery through a curved
bl ood vessel odMtépl ant HRTHVBATEDR STEND known in the art. 15

Sel f - expandabl e articul ated stents are described, for exanple, in U S
Patent No. 5,104,404 entitled "Articulated Stent” to WIff. Balloon

expandabl e art iIFgELPt ANDSBATISGROAIND 'OF THRINVEANFEONDI e under the trade

5 The present invention relates to stents which are implanted as part
of a balloon angioplasty procedure within a bodily conduit of a living
animal or a human to maintain patency. In particular, the present invention
relates to articulated intravascular stents for delivery through or
implantation in a blood vessel having a curved portion.

10 Intravascular stents having a constricted diameter for delivery
throuéh a blood vessel and an expanded diameter for applying a radially
outwardly extending force for supporting the blood vesse! are known in the
art. Articulated intravascular stents for either delivery through a curved
blood vessel or implanted therein are also known in the art.

15 Self-expandable articulated stents are described, for example, in U.S.
Patent No. 5,104,404 entitled "Articulated Stent" to Wolff. Balloon
expandable articulated stents are commercially available under the trade
name Palmaz-Schatz Balloon-Expandable Stents from Johnson & Johnson
Intervention Systems Co.

20 A prior art self-expandable armiculated intravascular stent 10
deployed in a curved blood vessel 16 is now described with reference to
Figure 1 which 1s, in actual fact, Figure 2 of the above referenced U.S.

Patent No. 5,104,404, Stent 10 is made up of a number of individual
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delivery system described in U.S Patent No. 4,830,003 to Wolff et al.
However, these prior art articulated intravascular stents suffer from a
number of disadvantages both during delivery through a curved blood
vessel and when implanted therein as will now described.

The delivery of stent 10 through curved blood vessel 16 is more
complicated than the delivery of a non-articulated stent in that stent 10 has
to be angularly oriented such that its hinges 14 are located towards the
conveJ.c portion of blood vessel 16 so that stent 10 can be flexed inward.
In the present example, it will be noted that hinges 14 are located on the
same side of segments 12 because blood vessel 16 has only a simple curve
in one plane. It can be readily appreciated that delivery of stents through
blood vessels which have one or more curved portions which are not in the
same plane is even more complicated and generally rcqui.n:s specially
constructed stents.

Even when implanted in a curved blood vessel 16, stents 10 are
shown to be lacking in that the gaps between segments 12 render the
curved portion of blood vessel 16 without support. Furthermore, the gaps

at the convex portion of blood vessel 16 are substantially greater than the



10 to be angularly oriented such that its hinges 14 are | ocated towards the
convex portiomof-—btood—vesset—16 so that—-—stent—10 can be-flexedinward...
In the present exanple, it will be noted that hinges 14 are | ocated on the
same side of segnments 12 because bl ood vessel 16 has only a sinple curve
in one plane. It can be readily appreciated that delivery of stents through
15 bl ood vesS¥P8VRHNIch have one or nore curved portions whi BCI/ESSH508s i N

t he sanme plane is even nore conplicated and generally requires
specially constructed stents. 3 Even when inplanted in a
curved bl ood vessel 16, stents 10 are shown to be lacking in that the
gaps between sgapeat thel goncanel portidre theadfy thevehy mdncing mosfumifossanfessel 16
wi t hout support. Furthernore, the gaps at the convex portion of blood
vessel 16 are shepefordfiddsingblelseasses ohhAdod Pesel 16.

3 gaps at the concave portion thereof, ‘thereby inducing non-uniform and

t heref or e undesi rablrﬁ erafdrESR u?&bph%| cuﬁsl té%ave aP artxculamﬁli %@ﬁf efore, it

woul d be highly desi Fap! e ’to ave an sten ch does not

require an art ular angul ar, ori entati on when bein ]
g Y PaHich' ddes Tof require any partgcu ar angular otientation when ‘being

5 delivered through a curved bodily conduit and provides continuous and
uniform support for both straight and curved portions of a bodily conduit
when implanted.

It would also be highly desirable the structure of a stent does not

depend on the particular orientations of curved portions of a blood vessel.

10 SUMMARY OF THE INVENTION

The object of the present invention is for an articulated stent which
can be delivered through a curved bodily conduit using a routine medical
procedure and a conventional stent delivery system. Furthermore, the stent
provides continuous and uniform support for both straight and curved

15 portions of a bodily conduit when implanted. Still further, th;e structure of
a stent and its support of a bodily conduit do not depend on the
orientations of the curved portions of the conduit.

The objective of the present invention is achieved by an articulated
stent, comprising: {a) at least two substantially rigid segments; and (b) a

20 flexible connector for connecting adjacent segments, wherein the connector



5 delivered through a curved bodily conduit and provi des continuous and
uni form support for both straight and curved_portions of a bodily conduit

when i npl ant ed. It would also be highly desirable the structure
of a stent does not depend on the particular orientations of curved
portions of a blood vessel. 10 SUMNVARY OF THE | NVENTI ON The

obj ect of thewprgeef invention is for an articul ated stent PoiUsd4505095 can
be delivered through a curved bodily conduit using a routine mnedical
procedure and a conventional stent delivgry system Furthernore, the stent
provi des conti nuous and uni form support for both straight and curved 15
portions of a hmsirys @osshstantialiy cylimdticalt eshfigsration when trelaxed rpa@dser uct ure

of a stent and its support of a bodily conduit do not depend on the
orientations of di?i@?enﬁkﬂl)r St B dndsonipressB® cir98d! borifiguration when flexéde
objective of the present Invention is achieved by an articul ated stent,

ePIDLSING. (2 o LARSUROHTRL MU St B ARSI ) 0 20
a fine diamond shaped mesh having 1 mm long sides to provide continuous
5 and uniform support for straight portions of a bodily conduit.

The connectors can be implemented as a plurality of substantially
helical links connecting adjacent segments. Alternatively, the connectors
can be implemented as links each having at least one kink. The connectors
typically have between 8-24 links to provide continuous and uniform

10 support for both straight and curved portions of a bodily conduit.
| The stents have constricted diameters for intraluminal delivery and
are then deformed, by the inflation of a balloon forming part of their
catheter delivery system, to expanded diameters for applying radially
outwardly extending forces for supporting the lumen of bodily conduits.
15 The constricted and expanded diameters of the stents typically fall in the
ranges of 1.0-3.5 mm and 3.5-10.0 mm, respectively. ’

The stents are preferably fabricated from low memory, more plastic
than elastic, bio-compatible materials, for example, stainless steel 316L,
gold, tantalum, etc. which enables them to be plastically deformed from

20 their constricted diameters to their expanded diameters.

A typical stent for implantation in 2 human coronary artery is 9-21

mm long comprising three to seven 2.2 mm long stent segments connected



4 assunmes a substantially cylindrical configuration when relaxed and a

di fferential |l y stret ched—and—eonpr essed—etHved—eontguration—when+exed——-—
After expansion, the rigid segnents of the stent preferably present a

fi ne di anond shaped nesh having 1 mm|ong sides to provide continuous 5

and uni form support for straight portions of a bodily conduit.

The connect or'¥08e336He i npl enented as a plurality of substanPCEL$9505095

helical |inks connecting adjacent segnents. Alternatively, the connectors

can be inplenented as |inks each having$8t |east one kink. The connectors
typically have between 8-24 |inks to provide continuo ipand g@{if OJm 10

support for botbb\’t?l?rtaisg‘hlm@mw‘%ﬁﬂﬁ%ﬂ@t@fse&dﬁﬁﬂﬁ yreabiniprd

The stents have constricted dianmeters for intralumnal delivery and are

t hen def or ned, beyveehe 45 toal 35 nangle at Haidiooof Cunvatungyof approximatelyi 9

catheter delivery system to expanded diareters for applying radially

outwardly ext eg@hn@e‘non for supporting the lumen of bodily conduits. 15
The constricted and expanded di aneters of the stents typically fall in the

ranges of 1.0-3.5 nmmand 3.5-10.0 nm respectively. The stents
are preferably fabricated fromlow nenory, nore plastic t han el asti c,
bi o-conpatible materials, for exanple, stainless steel 316L,

BRIEF DESCRIPTION OF THE DRAWINGS

5 The invention is herein described, by way of example only, with
reference to the accompanying drawings, wherein:
FIG. 1 shows a close-up view of a prior art articulated stent of
deployed in a curved blood vessel;
FIGS. 2a and 2b show a preferred embodiment of an articulated
10 stent, .constructed and operative according to the teachings of the present
invention, in its relaxed and flexed states before plastic deformation;
FIG. 2c shows the expanded stent of Figure 2 after plastic
deformation;
FIG. 2d shows the stent of Figure 2 mounted on a catheter in its
15 flexed state;
FIGS. 2¢ and 2f show the stent of Figure 2 before and after
expansion by a balloon forming part of its catheter delivery system;
FIGS. 3a and 3b show a second embodiment of an articulated stent,
constructed and operative according to the teachings of the present

20 invention, in its relaxed and flexed states before plastic deformation; and



gold, tantalum etc. which enables themto be plastically defornmed from 20
their constricted diareters te—their—expanded_dianeters. A
typical &stent for inplantation in a hunman coronary artery is 9-21 nm

| ong’ conprising three to seven 2.2 nmlong stent segnments connected

by two to six 1 nmlong connectors such that the ends of the stent subtend
bet ween a 45[ ewm0|9683657435[ err] angle at a radi us of curvat ur e pgt/usysiosess

approximately 9 nm when fl exed. BRI EF DESCRI PTI ON OF THE DRAW NGS
5 The invention is herein describedg by way of exanple only, wth
reference to the acconpanying draw ngs, wherein: FIG 1 shows a
cl ose-up view of a prEIG. 3¢ tshowki thel expenided eswentodf Figurdepl afyerd plastia cur ved
bl ood vessel; FIGS. 2a and 2b show a preferred enbodi nent of an
articulated 10 gdfgRhatignonstructed and operative according to the teachings
of the present Invention, in its relaxed and flexed states before

pl astic deformation;

DESCRIPTION OF THE PREFERRED EMBODIMENTS
The present invention is of an articulated stent for delivering through
5 a curved bodily conduit, for example, a peripheral or coronary artery of a
living animal or a human and implantation therein as part of a balloon
angioplasty procedure to maintain patency.

The principles and operation of the articulated stent of the present
invention may be better understood with reference to the drawings and the

10 accompanying description.

Referring now to the drawings, Figures 2a-2¢ show an articulated
stent, generally designated 100, constructed and operative according to the
teachings of the present invention, generally comprising a number of
substantially rigid segments 102 connected by connectors 119.

15 Segments 102 are preferably made up to present a ;'me diamond
mesh of interconnected diamond shaped cells 108 having 1 mm sides on
expansion as best seen in Figure 2¢c. Depending on the intended diameter
of stent 100, segments 102 typically comprise between 8-24 diamond
shaped cells 108.

20 Connectors 110 comprise links 112 connecting a front end 104 to

a tail end 106 of adjacent segments 102. Links 112 preferably extend in



FIG 2c shows the expanded stent of Figure 2 after plastic def ormat i on;
FI G20 shows t he—stent—of—Frgtre 2 neunteg—ef—a—catheter—i-n—-ts—215 flexed

state; ° FIGS. 2e and 2f show the stent of Figure 2 before and
after expansion by a balloon formng part of its catheter delivery
system FI GS. 3a and 3b show a second enbodi nent of an

articul ated 3®EI671  constructed and operative accordi ng ROMESISO0achi ngs
of the present 20 invention, in its relaxed and flexed states before

pl astic deformati on; and 7 6
FIG 3c shows the expanded stent of Figure 3 after plastic def ormat i on.
DESCRI PTI ON OF arsybstaptislirimeiivafusiopn bErween apexes of diampnd shapedaells 1§ enti on i s
of an articulated stent for delivering through 5 a curved bodily conduit,
for exanple, a dronplasd aéarends P04 BRd 106.0f djxcent segments 102 such that the

| number of links 112 equals the number of cells 108. Links 112 are

preferably evenly deployed around perimeters of segments 102 such that

5 connectors 110 can be equally flexed in any direction and to provide

continuous and uniform support to both straight and curved portions of a
bodily conduit.

Alternate connectors 110 at front and rear ends 104 and 106,

respectively, - of a segment 102 preferably have links 112 wound in

10 clockwise and counter - clockwise directions.  Alternately winding
connectors 110 ensures that the rotational displacement of links 112 and
adjacent segments 102 relative to the walls of a blood vessel and more
importantly the balloon of its delivery system is minimized when stent 100
is expanded.

15 It is particular feature of the present invention that connectors 110
have a generally cylindrical configuration when stent 100 is n;laxed as best
seen in Figure 2a and a differentially stretched and compressed curved
configuration when stent 100 is flexed as best seen in Figure 2b. The
flexed configuration is brought about by two relatively opposing

20 displacements of links 112. First, the differential stretching of connectors
110 occurs at the convex portion thereof denoted 114 by links 112 being

displaced away from one another. Second, the differential compressing of



l'iving animal or a human and inplantation therein as part of a balloon
angi opl asty procedure to maintain patency. . The principles. and
operation of the articulated stent of the present i nvention may be
bett-er understood with reference to the drawi ngs and the 10 acconpanyi ng
descri ption. Referring now to the draw ngs, Figures 2a-2c show
an articul at efyosgazghient, generally designated 100, constr ugicathsesasoos
operative according to the t eachi ngs of the present invention,

general ly conprising a nunber of subgtantially rigid segnents 102
connected by connectors 110. 15 Segnents 102 are preferably nmade up

to present a fi REnfbct®NI0 occurSBSthe @bndave PofiiiBeie8ldéliofdd I Bhifglad cel | s
108 having 1 nm sides on expansi on as best seen in Figure 2c. Depending

on the intended4di [ k. egnents 102 typically conprise
bet ween 8-24 di é?r%}g&g &‘s%lﬁ%%g‘fa“@%‘}%r‘;s“"l .thézo Connectors 110
conprise links 112 cgnnecting a front end 104 to,. a tail,end 106 of

adj acent segnents 1o§tcntM%amzoweﬁgmte&%%r#&lww through a curved

bodily conduit as shown in Figures 2a and 2b and an expanded diameter

5 as shown in Figure 2¢ for supporting a bodily conduit. Stent 100 is

preferably fabricated from low memory, more plastic than elastic, bio-

compatible material, for example, stainless steel 316L, gold, tantalum, etc.

which enables it to be plastically deformed from its constricted diameter

to its expanded diameter. The constricted and expanded diameters of stent

10 100 typically fall in the ranges of 1.0-3.5 mm and 3.5-10.0 mm,
respectively.

With reference now to Figures 2d-2f, stent 100 is shown overlying

a balloon 118 forming part of its catheter delivery system 120. Stent 100

is mounted on its catheter delivery system 120 in its constricted diameter

15 state shown in Figure 2e for plastic deformation through inflation of

balloon 118 to its expanded diameter shown in Figure 2f for s;.lpponing the

walls of a bodily conduit. An exemplary stent for implantation in a human

coronary artery, is typically 15 mm long made up of five 2.2 mm long

segments 102 connected by four 1 mm long connectors 110 and capable

20 of flexion such that its ends subtend a 90° angle at a radius of curvature

of approximatelv 9 mm.



7 a substantially helical fashion between apexes of dianond shaped cells
108——at front —and r ear—ends-104 and—1+B6—ef—adiacent segnments-102. such

t hat t he: nunber of links 112 equals the nunber of cells 108. Links 112
are - preferably evenly depl oyed around perineters of segnents 102 such
that 5 connectors 110 can be equally flexed in any direction and to

provi de cumedasemaus and uni form support to both strai ghtrpcamsososoesed
portions of a bodily conduit. Al ternate connectors 110 at
front and rear ends 104 and 106, regpectively, of a segnent 102
preferably have links 112 wound in 10 cl ockwi se and counter cl ockw se

directions. A terTiidlivery ofdritihlated steRIDOGS Soridetdblesitiplarshiduhe t he .
rotational displacenent of '|inks 112 and adj acent segnents 102 rel ative

to the wal|s Ofeifyel) OPhrESaelailfinb fens 10 bR ol YoQR Blggon of its

delivery system i s “mni‘m en's I'S expa t is
particul ar feagure af the present .invention that connectors, 110 have a
general |y cyl i iexibledn ai'dﬁfq%-aﬁ'i‘é?ém?" EsndQas N1t ToRYe; %%@e@%rbest

seen in Figure 2a and a differentially stretched and conpressed curved

confi gurati on evientationete 139 & spartieuland cusvedeportiveen This Ridyantagebis The
fl exed configuration is brought about by two relatively opposing 20

di spl acement s gdrtibulaty ihpartardtifos delivere thiofile bRV viksseld haling nidtigte

connectors

curved portions. It is a further advantage of stent 100 over prior art stents
10, that stent 100 provides continuous and uniform support along the entire
length of a blood vessel by means of segments 102 and unflexed
connectors 110 supporting straight portions thereof while connector

10 pofﬁogs 114 and 116 supporting convex and concave curved portions
thereof, respectively.

With reference now to Figures 3a and 3b, an articulated stent 122
is shown in which connectors 124 comprise links 126 having one or more
kinks 128. The design of connectors 124 is preferred to that of connector

15 110 because stent 100 may have a tendency to rupture balloon 118 due to
two reasons. First, links 112 overlying the convex portion o;' balloon 118
have a tendency to be biased inward when stent 100 is flexed. Second,
segments 102 display a rotational displacement relative to balloon 118
when stent 100 is expanded.

20 In this case, the differentially stretched and compressed curved
configuration of connector 124 is brought about by two relatively opposing

displacements of links 112 as before except that the differential stretching



110 occurs at the convex portion thereof denoted 114 by |inks 112 being
di spl aced away from one anot he—Seeond, the--di-fferenti-al—conpressi ng of

8 conhectors 110 occurs at the concave portion thereof denoted 116 by

l'i nks 112 being di spl aced towards one anot her. Stent 100 has
a constricted dianeter for delivery through a curved bodily conduit as
shown in Fi gumesesaeand 2b and an expanded di aneter 5 as SIROWUSOS0SPASQuUr e
2c for supporting a bodily conduit. Stent 100 is preferably fabricated
fromlow nenory, nore plastic than el astig&, bio- conpati ble material,
for exanple, stainless steel 316L, gold, tantalum etc. whi ch enables

it to be plasti ol dopnersersr k24 at rconvex potisnsil4 oceurs divarinksr 128 being i t s
expanded di aneter. The constricted and expanded di aneters of stent 10 100
typically fall isomeWwhatrstraiphtened odt While the diffearantialcampresdingrof connectors

respectively. Wth reference now to Figures 2d-2f, stent 100 is
shown overlying 124 bt 98Rich1A ¢ Reltaly bighl very
system 120. Stent fégoﬁlﬁ ?sﬁlr%uﬁt e ﬁ}sr!g/ gﬁlé%%ﬁge?éelﬁ %vert‘; sgésﬁt em 120 in

Its constricted di amﬁ} ae gimilar fashion to stent 100, stent 122 has a constricted diameter
S for delivery through a curved bodily conduit as shown in Figures 3a and
3b and an expanded diameter as shown in Figure 3c for supporting a

bodily conduit when implanted therein.

While the invention has been described with respect to a limited
10 number of embodiments, it will be appreciated that many variations,

modifications and other applications of the invention may be made.



15 state shown in Figure 2e for plastic deformation through inflation of
balToon TI8 to its-expamded—dianeter shewr—a——gure-2f for supporting the
wal s of "a bodily conduit. An exenplary stent for inplantation in a human
coronary artery, is typically 15 mm|ong nmade up of five 2.2 mmlong
segnents 102 connected by four 1 nmmlong connectors 110 and capable 20 of
f1 exi on such YRA$RIF5 ends subtend a 90[err] angle at a radiPas/usdsmsessvat ur e
of approximately 9 mm 9
The delivery of articulated stent 100 is CQEsiderany si npl er than the
delivery of prior art articulated stent 10 because stent 100 is equally
flexible in all direction and therefore ChABMSot require a dedicated

angul ar orientation to pass a particular curved portion. This
advant age i s 5 particularly inportant for delivery through bl ood vessels
havipng nmultiple curved portions. It is a further advantage of stent 100
over prior art sfenAsonnectodfor comitétingtadjateni GiashifQdjacths sepmiits 6f o articildted
uni form support along the entire | ength of a bl ood vessel by nmeans of
segnents 102 andsuiif the ¥étlector comprising:

5 a plurality of flexible links,

wherein each of said flexible links includes a plurality of portions with each pair
of neighboring portions having an area of inflection therebetween,

2, A connector according to claim 1 and wherein, during expansion of said stent,
10 said area of inflection of each flexible link remains inflected,

3. An articulated stent, comprising:
(a) at least two substantially rigid segments having a plurality of connected
cells each baving apices, wherein, upon expansion, each of said rigid scgments presents
15 a substantially cylindrical diamond mesh; and
(b)  a flexible connector, comprising a plurality of flexible links
wherein each of said flexible links connects apices of adjacent cells on
adjacent rigid segments;
each of said flexible links includes a plurality of portions with each pair
20 of neighboring portions having an area of inflection therebetween, and during expansion

of said stent, said area of inflection remains inflected.

4. The stent as in claim 3, wherein said plurality of links includes between 8-24
links,
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connectors 110 supporting straight portions thereof while connector 10
portions 114 and 116 supporting—canvex and concave curved portions

t hereof, respectively. Wth reference now to Figures 3a and 3b,
an articulated stent 122 is shown in which connectors 124 conpri se

i nks 126 having one or nore ki nks 128. The design of connectors 124 is
preferred to tvesssBemonnector 15 110 because stent 100 may 9;?20509
tendency to rupture balloon 118 due to two reasons. First, links f12
overlying the convex portion of balloon 11812 have a tendency to be

bi ased i nward when stent 100 is flexed. Second, segnents 102 display a
rotational di spl adenenilhe 8¢ jecleig %mwanhxmmwgdémawam
expanded. 20 In this case, the differentially stretched and

conpr essed curvedplasncmm;urdafmmoaf connector 124 is brought about by
two rel atively opposing di spl acenents of links 112 as before except
that the differential stretching

10 of connectors 124 at convex portion 114 occurs by kinks 128 bei ng
sonmewhat strai ght éned The steuties in claim Sq whereinsaid imagerigliasteinless stepl.of connectors

b)
7 The stent as in claim S, wherein said matetial is gold.

8 The stent as in claim 5, wherein said material is tantalum

10

This Sheet Has Been

LT

A————iy

THIS SHEET HAS BEEN
REPLACED




124 at concave portion 116 occurs by kinks 128 being nore acutely bent.

| —a—simlar fashionto-stent—100, stenrt—i22—has—a—constricted—drameter 5——
for delivery through a curved bodily conduit as shown in Figures 3a and

3b and an expanded di aneter as shown in Figure 3c for supporting a

bodily conduit when inplanted therein. Wil e the invention has
been descri bagbsasséyir espect to a linmted 10 nunber of enbRETHSAYESS ¢ wil |
be appreciated that nany vari ations, nodi fications and ot her
applications of the invention nay be ngile. 1. An
articulated stent, conprising: (a) at | east two substantially
rigid segnents having a plurality of connected cells each
havi ng api ces, wherein, upon expansion, each of said rigid segnents
presents a substantially cylindrical dianond nesh; and (b) a

fl exi bl e connector, conprising a plurality of flexible Iinks

(=)

12

16
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wherein each of said flexible Iinks connects apices of adjacent cells on
adjacent rigid segnents; . _each of said flexihle links.

i ncludes a plurality of portion with each pair of

nei ghbouring portions having an area of inflection therebetween, and during

expansion of said stent, said area of inflection remains inflected. 2.
The stent aswdweghahm 1, wherein said plurality of |inks ing¢igssnkpsween
8-24 |inks. 3. The stent as in claim1 nade from bi o-conpati bl e

mat eri al capable of a nore plastic 2/5 than el astic deformation. 4,
The stent as in claim3, wherein said material is stainles§ gteel. 5.
The stent as in claim3, wherein said material tg84gol ds %. The stent
as in claim3, wherein said material is tanyab 4//¢

100
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12 7. A connector for connecting adjacent substantially tubular and
substantrally rigrd segnents of an eXpandabl e articulated stent,

conpri si ng: a flexible link having at least a first portion and
a ‘second portion and when viewed |aterally an area of inflection disposed
between said first portion and said second portion. 8 . tor
accordi ng toWBPQ(i’Wg, wherein said area of IOi nfl ection renal;’l-érﬁus?%wgfct ed
after the expansion of said stent. ?.. The connector of claim 10,
wherein said portions are of di f fer@h | engt hs and wherein the | ength of
the longer of said portions is not greater than twice the length of the
shorter of said portions. 10 . The connector of clgywm 1 or 9, in which
the area of inflection enlarges during the expansi ok Lhe stent.

102




11. The connector of claim1 or 9, in which said portions are generally

strarght- T2—A connector fTor Tonnecting ad] acent substantially tubul ar
and substantially rigid segnents of an expandable articulated stent,

compri si ng: a flexible Iink having at least a first portion, a
second portion and a third portion, said |ink when viewed é@b F&x

havi ng; WO933671: 5t area of inflection disposed between? |§&@ St

13 portion and said second portion;, and a second area of inflection
di sposed between said second porti&W?and said third portion. 13 . The

connector of claim 14, wherein said first area of
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i nflection and said second area of inflection remain inflected after the
expansi on o~ 3di d stent. T4 The connector of claim 14, wheréin said

portions are of different |engths and wherein the length of the |onger of
sai’d portions is not greater than twice the length of the shorter of said

portions. 15. The connector of claim 14 in which said finI; %&8& f

i nflection a@%&36d! second area of inflection enlarge duri g('s({/'llu eg%ansi on
of said stent. 16. The connector of claim 14, in which said portions are
general ly straight. 17. A connect ot/F or conmmecti ng gt nts of an
expandabl e articul ated stent, conprising: 104 flexible |ink

having at least a first portion, a secopd porti . =
said link when viewed l|aterally haviQsg &

bet:meen each of FIGBA
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said portions
di rections.
according ‘to
expansi on of
| ongi t udi nal
plurality of

fl exi bl e connecting links connecting said rigid

flexible link
| i nks when vi
sai d porklon

, said areas of %lﬁm ?%dl sl?osed in substantlal |y

opposed

cl ai m 10, wherein sai c‘&gs of inflecti g&éék@@ﬁw-ﬁ%biﬁhgr

sai d stent 19. An

- : dabl e ar tpi-ettz 5
axis and a circunferential axils, | CEMENIT ém’ﬂ’g SG

I nc

substantially tubular and substanti aHJ 2% g :ggﬁhsmaaaggd -----
raf P '

def | ni ng vndangiafieli gl aperture,  and % Hig
S
n

1§$<S>ea

S haV|ng a first portion and a secd

Abstrachn,  Bagef -ortopaeed

e havi n an area of irnflection disposed,b tmeen
S‘X\ﬁa arnchate% s%ent COMPpIIS] DATE OF RECEIPT 2 Nin

ppged ..

T.J99¢ |

(a) at least two substantially rigid segments having a plurality of connected cells

each having apices, wherein, upon expansion, each of said rigid segments

presents a substantially cylindrical diamond mesh; and

(by  a flexible connector, comprising a plurality of flexible links

wherein each of said flexible links connects apices of adjacent cells on

adjacent rigid segments;

each of said flexible links includes a plurality of portion with each pair of

neighbouring portions having an area of inflection therebetween, and during

expansion of said stent, said area of inflection remains inflected.

The stent as in claim 1, wherein said plurality of links includes between 8-24 links.

The stent as in claim 1 made from bio-compatible material capable of a more plastic

than elastic deformation.

The stent as in claim 3, wherein said material is stainless steel.

_///.

The stent as in claim 3, wherein said material is gold. m‘“},\ “‘L‘ “ ““

The stent as in claim 3, wherein said material is tantalum.




20 The stent of claim 21, wherein each of said flexible connecting |inks
ext ends between and connects two of said pIuralltyrUF 21. The
stent of claim 22, wherein said plurality of erX|ble“Fﬁ#%CE?QQEVH?gyggﬁpr
with end points at which said links are joined to said segnents .
The stent of claim 23, wherein said end points of said flexible connecting
| inks are aligned substantially Iongltuq_nally with said longitudinally

ext endi ng aperture. 23. The stent of IainB 21, 22, 23, or 24 wherein
said flexible connecting links are adapted to substantially conpensate for
t he REPLACEMENT SHEET
15

7. A comnector for connecting adjacent substantially tubular

and substantially rigid segments of an expandable articulated
stent, comprising:

a flexible link having at least a first portion and a
second portion and when viewed laterally an area of inflection

disposed between said first portion and said second portion.

8 . The connector according to claim 9, wherein said area of

inflection remains inflected after the expansion of said stent.

9.. The connector of claim 10, wherein said portions are of
different lengths and wherein the length of the longer of said

portions is not greater than twice the length of the shorter of

said portions.

10 . The connector of claim 1 or 9, in which the area of

inflection enlarges during the expansion of the stent.

11 . The connector of claim 1 or 9, in which said portions are

generally straight.

12 . A connector for connecting adjacent substantially tubular
and substantially rigid segments of an expandable articulated
stent, comprising:

a flexible link having at least a first portion, a second
portion and a third portion, said link when viewed laterally
having;

a first area of inflection disposed between said first

CCPLACEMENT SHEET | ——
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t endency of said segnents to foreshorten when said stent is expanded.

24. The stent of clainms 21, 22, 23, or- 24 wherein T
as by an infl-atable balloon inflated within said MMME%’E@%
25. The stent of clainms 21, 22, 23, or 24 wherein said flexible connectlng
| i nks open to longitudinally | engthen and substantially conpensate for the
| ongi tudi nal novenment away from each othey; of the adjacent ends of said
connected rigid segnents when said stent is expanded. 26. The stent of

clains 21, 22, 23, or 24 wherein said se nents do not tend to rotate
relative to &R iGPNdRd A% SaFPEPOREIPE Ahanded. 27. The stent of

claim 28, wher el n okl NGt Ut ey 0 52 dnl blithsoll bl S0 39BN her e

is substantially no conponent o orce I|n Iin a direction

about the C|qﬁuﬁﬁeﬁe§ﬁ¢egalaxt§1£& poghgoﬁtent mhen said stent is expanded.
28. The stent of claim 28, wherein at the juncture of said |links

13 . The connector of claim 14, wherein said first area of
inflection and said second area of inflection remain inflected

after the expansion of said stent.

14°. The connector of claim 14, wherein said portions are of
different lengths and wherein the length of the longer of said

portions is not greater than twice the length of the shorter of

said portions.

15°. The connector of claim 14 in which said first area of
inflection and said second area of inflection enlarge during the

expansion of said stent.

16. The connector of claim 14, in which said portions are
generally straight.

17. A connector for connecting segments of an expandable
articulated stent, comprising:

a flexible link having at least a first portion, a
second portion and a third portion; said link when viewed
laterally having an area of inflection disposed between each of
said portions, said areas of inflection disposed in substantially

opposed directions.

~EPLACEMENT SHEET
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with said segnents there is substantially no conponent of force fromsajd

links in a direction radial to said | ongitudinal ag}ngpwcgﬂiﬁmﬁr@k{&& nal

aperture when said stent is-expanded. 29. The st ¢laim 30, wherein
at the juncture of said links 16

wi th said segnents the only conponent of force fromsaid |links is
substantially | ongitudi nal when said stgﬁt I S expanded. 30.. The stent
of clainms 21, 22, 23, or 24 wherein said’links do not tend to project into
or outside of said |ongitudinal aperture of said stent when said stent is
expanded. B TPReCQRRATOST 2EFR KPP0 9brimd . ophoreinyseidi ares @fl i nks

00 "% one " RERLSE A0 Ofo QLA ol a7k aperture o
19. An expandable articulated stent having a longitudinal axis
and a circumferential axis, including:

a) a plurality of substantially tubular and
substantially rigid segments defining a longitudinal aperture,
and

b} a plurality of flexible connecting links connecting
said rigid segments, each of said flexible links having a first
portion and a second portion, each of said links when viewed
laterally having an area of inflection disposed between said

portions.

20 The stent of claim 21, wherein each of said flexible
connecting links extends between and connects two of said

plurality of segments.

21 . The stent of claim 22, wherein said plurality of flexible
links are provided with end points at which said links are joined

to said segments.

22, The stent of claim 23, wherein said end points of said
flexible connecting links are aligned substantially

longitudinally with said longitudinally extending aperture.

23 . The stent of claims 21, 22, 23, or 24 wherein said flexible

connecting links are adapted to substantially compensate for the

REPLACEMENT SHEET
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32. The stent of claim?21, 22, 23, or 24, wherein each of said flexible
connecting links has a first end and a second end, ] .0f ,--nf | ection
i s di sposed between said first end and said seconﬁm%}‘ﬁ gf’é?&T
inflection is provided with a width smaller than the width of said first
end and said second end. 33. The stent of claim?21, 22, 23, or 24,
wherein each of said segnents is providad with apexes to which said
flexible connecting |inks are attached, said flexible connecting |inks
having a first end and a second end, said area of inflection disposed
bet ween sai d fezxdinandfasais segmspcone éndesisattdnawban ofaid sktkettion
provided with a width smaller than the wwdth of said apexes of said
segments to WFRAPESd first end and said second end are connected. 34.
The stent of claim?2l, 22, 23, or 24, wherein said segnents display
substantially no rotational displacenent relative to a

24 . The stent of claims 21, 22, 23, or 24 wherein said stent is

expanded as by an inflacable balloon inflated within said

longitudinal aperture.

25. The stent of claims 21, 22, 23, or 24 wherein said flexible
connecting links open to longitudinally lengthen and

substantially compensate for the longitudinal movement away from
each other of the adjacent ends of said connected rigid segments

when said stent is expanded.

26. The stent of claims 21, 22, 23, or 24 wherein said segments
do not tend to rotate relative to each other when said stent is

expanded.

27. The stent of claim 28, wherein at the juncture of said links
with said segments there is substantially no component of force
from said links in a direction about the circumferential axis of

the stent when said stent is expanded.

28. The stent of claim 28, wherein at the juncture of said links
with said segments there is substantially no component of force
from said links in a direction radial to said longitudinal axis

of said longitudinal aperture when said stent is expanded.
29. The stent of claim 30, wherein at the juncture of said links

26 OCT 1998
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17 bal | oon di sposed in said | ongitudinal bore when said stent is
expanided by said ball oon. 35. An expandable arti ! ' -

| ongi tudi nal axis and a circunferential axis, incIg@égggﬂsgﬁﬂngTqSPﬁ§E§’
plurality of substantially tubular and substantially rigid segnents
defining a | ongitudinal aperture, and b) a plurality of

fl exi bl e connecting |inks connecting saigd rigid segnents, each of said

flexible links having a first portion and a second portion, each of said

i nks when viewed Jaterally having,an area of inf]ectiqgn di sposed between
snia porti ot Ll oRante dhe APAR T SRRt ORI S LT 1D gt B

bet ween and GoREGEe1 MG SbnsAldhibbLYl Aldd Lotk SEGHENLS cxpbipiein sl d

plurality of flexible Ii'nks are provi end points at which said
links are joined to said segnments, wherein said end points of said

flexible conpecting links are aligned substantially longitudinally wth
sai d IongitLQQWﬂalFgeeﬁﬁﬁﬂﬁjpﬁgCIaims 21, 22, 23, or 24 wherein said links do

not tend to project into or outside of said longitudinal aperture

of said stent when said stent is expanded.

31. The stent of claims 21, 22, 23, or 24, wherein said links do
not tend to project into or outside of said longitudinal aperture

of said stent when said stent is flexed.

32. The stent of claim 21, 22, 23, or 24, wherein each of said
flexible connecting links has a first end and a second end, said
area of inflection is disposed between said first end and said

second end, and said area of inflection is provided with a width

smaller than the width of said first end and said second end.

33. The stent of claim 21, 22, 23, or 24, wherein each of said
segments is provided with apexes to which said flexible
connecting links are attached, said flexible connecting links
having a first end and a second end, said area of inflection
disposed between said first end and said second end, said area of
inflection provided with a width smaller than the width of said
apexes of said segments to which said first end and said second

end are connected.

34. The stent of claim 21, 22, 23, or 24, wherein said segments

display substantially no rotational displacement relative to a

; HEET
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aperture, wherein said flexible connecting links are gﬁ t ad. te- CET
subst-antially conpensate for the tendency of said se @@&W@Iﬁé’??@
when said stent is expanded, and wherein said stent 1is expanded as by an

i nflatable balloon inflated within said |ongitudinal aperture. 36 . An
expandabl e articul ated stent having a longitudinal axis and a
circunferential axis, including: 17 a) a plurality of
substantially tubul ar and 18

substantially rigid segnents defining a |longitudinal aperture, and
b) a pluralityabfodn éisbbeed dmnesid ngpriginkdindnbese ween saild Frepd 1s
segnents, each of said flexible |links having a first portion and a second

portion, sai de¥P3IEeHBY FehddtaPRrally

35. An expandable articulated stent having a longitudinal axis
and a circumferential axis, including:

a) a plurality of substantially tubular and
substantially rigid segments defining a longitudinal aperture,
and

b) a plurality of flexible connecting links connecting
said rigid segments, each of said flexible links having a first
portion and a second portion, each of said links when viewed
laterally having an area of inflection disposed between said
portions, wherein each of said flexible connecting links extends
between and connects two of said plurality of segments, wherein
said plurality of flexible links are provided with end points at
which said links are joined to said segments, wherein said end
points of said flexible connecting links are aligmed
substantially longitudinally with said longitudinally extending
aperture,
wherein said flexible connecting links are adapted to
substantially compensate for the tendency of said segments to
foreshorten when said stent is expanded, and wherein said stent
is expanded as by an inflatable balloon inflated within said

longitudinal aperture.

36 . An expandable articulated stent having a longitudinal axis
and a circumferential axis, including:

a) a plurality of substantially tubular and

A 2000177 |



having an area of inflection disposed between said portions, wherein ?%é%?f
stent- i s expanded, as by an inflatable balloon inflat Iy t A ] T’S

| ongi tudi nal -aperture, wherein said end points of sa%ﬁlég% ' %nnecti ng
i nks are aligned substantially longitudinally with said |ongitudinally
extending aperture, wherein at the juncture of said links with said

segnents there is substantially no conpoRgnt of force fromsaid Ilinks in a
direction about the circunferential axis of the stent when said stent is
expanded, and wherein at the juncture of said links with said segnents

there i s subsPRRTRAGGLAY Tiiforedtes IpEFRET PonPSat I AR s 3PRE e
direction radigl to said longitudinal axis of said |longitudinal aperture
when said stent is expanded. 37 . An expandable articul ated stent having
a longitudinal axis ang) a elagalfsr eft £ Bdx idleS cohmeddifigNginks connecting a)
a plurality of substantially tubular and substantially rigid segnents
defining a | ofgid udicAdl segeantgr ecachpf said flexibleplinkshgvangty Gfrst
f1exi ble connecting |inks conngcti ng _sai déllglé% 35 ment s, de?cg of, ;sai d
f1exible |ink&™H g Fi PRI SH  afid® o8 Pofta"6h, 23R Y sai d

orti
links when Viggethg an area of inflection disposed between said portions,

wherein said stent is expanded as by an inflatable balloon
inflated within said longitudinal aperture, wherein said end
points of said flexible connecting links are aligned
substantially longitudinally with said longitudinally extending
aperture, wherein at the juncture of said links with said
segments there is substantially no component of force from said
links in a direction about the circumferential axis of the stent
when said stent is expanded, and wherein at the juncture of said
links with said segments there is substantially no component of
force from said links in a direction radial to said longitudinal

axis of said longitudinal aperture when said stent is expanded.

37 . An expandable articulated stent having a longitudinal axis
and a circumferential axis, including:

a) a plurality of substantially tubular and
substantially rigid segments defining a longitudinal aperture,
and

b} a plurality of flexible connecting links comnnecting
said rigid segments, each of said flexible links having a first
portion and a second portion, each of said links when viewed
laterally having an area of inflection disposed between said

portions,

REPLACEMENT SHEET ‘
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[aterally having an area of inflection disposed betwe i d ortions,
REPLACENENT SHEET. 1§EMW§W§$§EE
i s expanded as by an inflatable balloon inflated within said |ongitudina
apert,ure, wherein said links do not tend to project into or outside of
said longitudinal aperture of said stent when said stent is expanded, and
wherein said links do not tend to projeig into or outside of said

| ongi tudi nal aperture of said stent when“said stent is flexed. 38. An

expandabl e articul ated stent having a | ongitudinal axis, K _and
ci rcunf er ent i "HeTE RS2} QGGG expanded as by ag pRiALARLS ‘B?ﬁs‘i?d‘st antially

tubular and g %E@at{q?éﬂéﬁ L4 % %Q@ngéaﬂeé o2k 006 @ Jrangi £ ugdi naly ;aRer §4ir e,
and ap urdllty of exi bl'e connect1 ng |1 nks connecti ng

not tend to project into or outside of said longitudinal aperture

of said stent when said stent is expanded, and wherein said links

do not tend to project into or outside of said longitudinal

aperture of said stent when said stent is flexed.

38. An expandable articulated stent having a longitudinal axis
and a circumferential axis, including:

a) a plurality of substantially tubular and
substantially rigid segments defining a longitudinal aperture,
and

b} a plurality of flexible connecting links connecting
said rigid segments, each of said flexible links having a first
portion and a second portion, each of said links when viewed
laterally having an area of inflection disposed between said
portions, wherein said stent is expanded as by an inflatable
balloon inflated within said longitudinal aperture, wherein each
of said flexible connecting links has a first end and a second
end, said area of inflection is disposed between said first end
and said second end, and said area of inflection is provided with
a width smaller than the width of said first end and said second
end,
wherein each of said segments is provided with apexes to which
said flexible connecting links are attached, said flexible
connecting links having a first end and a second end, said area
of inflection disposed between said first end and said second

end, said area of inflection provided with a width smaller than

REPLACEMENT SHEET
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sai-d rigid segnents, each of said flexible |links having a first ortlon

and & second portion, each of said |inks when vi ewed Eﬁg Q

area -of infléection disposed between said portions, Rrel ggf(\! ﬁgET
expanded as by an inflatable balloon inflated mnthln sai d Iongltudlnal
aperture, wherein each of said flexible connecting links has a first end
and a second end, said area of inflecti®®n is di sposed between said first
end and said second end, and said area of inflection is provided with a
width smaller than the width of said first end and said second end,

wher ei n each 9 #afEbsefmaddsapexqn ofi gedd viqameapexes whgchhpakd fiaisg end
flexible con@ﬁgn gg Ilrgg%da%g attached, said fdgw%ef cgnnectln% | i nks

having a first A SeSOREhE O ERF ot %r &8 o HIB

I sposed

bet ween Sﬁl(i&ﬂs EyegﬁbéﬂHitiahQﬁﬁﬁﬁQﬂgacf%HLL %ﬁbﬁlé@éﬁ%ﬁ%fréﬂiéﬁ%@”c@”a
provided with a width smaller than

20 balloon disposed in said longitudinal bore when said stent is

aexpanded by said ballocon.

193912
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the width of said apexes of said segnents to which said first @m0 am sg-&
second end are connected,.and-wher ei i

no rotational displacenent relative to a balloon disposed in sai c}
| ongi tudi nal bore when said stent is expanded by said ball OBt
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