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(54) Title: A FLEXIBLE EXPANDABLE STENT

(57) Abstract

There is disclosed a stent (30) for implanting in the body. The stent (30) is formed of a tube having a pattemed shape which has first
and second meander patterns (11, 12) having axes extending in first and second directions. The first meander patterns can be formed into
even and odd first meander patterns. The even and odd first meander patterns are 180 degrees out of phase with each other, and the odd
pattems occur between every two even pattemns. The second meander patterns are intertwined with the first meander patterns. The first and
second directions can be orthogonal to each other. The second meander patterns can also be formed of even and odd pattems.




of cut stock netal are described in: US. 4,733,665 to Palmz, U S ’ "
4,762,128 to Rosenbluth, U S. 5,102,417 to Palmaz and Schatz, U. S.
5,195,984 to Schatz and WO 91 FR013820 to Meadox. 30 . The stents
described in U S. 5,102,417 to Pal maz and Schatz have expandabl e tubul ar
grafts connected together with a flexible connector. The grafts are forned
of a plurality-of slots disposed parallel to the |ongitudinal axis of the
tube. The flexible connectors 35 are helical connectors. Since’'the .
tubular grafts are relatively rigid, the flexible connectors are needed so
that the stents can bend when being fed through a curved bl ood vessel. Wen
the stents of U S. 5,102,417 WD 96/ 03092 . _
PCT/ US95/ 08975 expand, t-he grafts expand radially and, consequently, shrink
| ongi tudinally. However, at the sanme tinme, the helical connectors twi st.
The twisting notion is nost probably harnful to the bl ood vessel. 5

U S. 5,195,984 to Schatz describes a simlar stent
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‘but 'wi th one straight connector, parallel to the longitudinal axis of the
tubul ar grafts, between tubular grafts. The straight nmenber renoves the -
Iw sting notion; however, it is not a very strong 10 connect or. SUMVARY
'OF THE wigae/ssha! NVENTI ON It is therefore an obj ect of thecUsysmessi nvention:
to provide a flexible stent.which mnimally shrinks, in 15 the

| ongi tudinal direction, durin ex ansi on. The stent of the present

invention is formed of a BulF& EXPANDPABLEcETENIpe which has first and
second nmeander patterns having axes extending in first and second
directions wherein the second neander 20 patterns are intertwned with
the first neander patterns. The first and second directions can be
~orthogonal to each other. In accordance with one enbodi ment of the present
i nventign, the first nmeander patterns are fornmed into 25 even and odd -

first neander patterns. The even and odd first neander patterns are
180[err] - El§£2p9583§§LEH!§§EE—§ther and the odd patterns occur between
every tvvo even pmhbepa&seiﬁ’aemeeﬁﬁﬁoﬁEﬁeﬂsteeagéﬁéﬁsnyntal Stehts

for implanting into a living body.

10 BACKGROUND OF THE INVENTION L )
Various stents are known in the art wherein, for
the present appllcatlon, the term "stent" indicates a
device, made of body-compatlble material, which is
utilized to widen a blood vessel, or other orifice in
- 15 the body, and to maintain the resultant size of the
lumen. - Typically, the stent is delivered to the
deeired location in the body with an inflatable balloon
and, when the balloon is inflated, the stent expands,
'.thereby widening the orifice. Other mechanical devices
20 which cause expansion of the stent are also utilized.
Exemplary patents in the field of stents formed of
wire are: U.S. 5,019,090 to Pinchuk, U.S. 5,161,547 to
Tower, U.S. 4,950,227 to Savin, et al., U.S. 5,314,472
to Fontaine) U.S5. 4,886,062 and U.S. 4,969,458 to

25 Wiktor and U.S. 4,856,516 to Hillstead. Stents formed
of cut stock metal are described in: U.S. 4,733,665 to
Palmaz, U.S. 4,762,128 to Rosenbluth, U,s. 5,102,417 to
Palmaz'and Schatz, U.S. 5,195,984 to Schatz and WO 91
FR013820 to Meadox.

30 The stents described in U.S. 5,102,417 to Palmaz
and Schatz have expandable tubular grafts connected
together with a flexible connector. The grafts are
formed of a plurality of slots disposed parallel to the
longitudinal axis of the tube. The flexible connectors

35 are helical connectors. Since the tubular grafts are
relatively rigid, the flexible connectors are needed so
that the stents can bend when being fed through a
curved blood vessel. When the stents of U.S. 5,102,417



formed of even and odd patterns. 30 Addi tional ly, in accordancé with
a preferred enbodi nent - of t'he. present invention; -the-second-neander -

pat t er "WOP§P30%2vo | oops per period and the even and odd FCFESIYEE Rjer
patterns are connected on first and second sides, respectively, of each

| oop of the second 35 . neander patterns. Alternatively or. in addition, the
second neander_ - '

- WD 96/ 03092 . . :
PCT/ US95/.089%% tg?%sgﬁ?g'sf PR TR B A B3 %%%%%%uﬁ%%%ﬁér ‘patterns.
In this enshtingntlondictwdiome by, oddovéever, netantiee pame ckimehathel oops and
the even ang £ eSOk JESRI Ly, PEL { €T Pje b1 SOTRSCHGEi6A 18en8¥en and odd

5 first nmeander patterns so as to | eave one full | oop between each pair

of even an®uRRRRE:JMRFWEEhIE? HaetRIPRd ¥BFE8Ler, in accordance with a
preferrgd embodipen! Df19H084 esenNschaveNdessribbs ai sshidad stent
“but with one straight connector, parallel to.the
longitudinal axis of the tubular grafts, between
tubular grafts. The straight member removes the
twisting motion; however, it is not a ve:y"s;rong_ _'”_ _
10 connector. ] -

SUMMARY OF THE PRESENT INVENTION o
It is therefore an object of the present invention SR |
to provide a flexible stent which minimally shrinks, in -
15 the longitudinal direction, during expansion.
The stent of the present invention is formed of a .
tube having a patterned shape which has first and -
second meander patterns having axes extending in first
and second directions wherein the second meander
20 patterns are intertwined with the first meander
patterns. The first and second directions can be
orthbgonal to each other. |
In accordance with one embodiment of the present
“invention, the first meander patterns are formed into
25 even and odd first meander patterns. The even and odd
- first meander patterné are 180° out of phase'with each
other and the odd patterns occur. between every two even
‘patterns. The second meander patterns can also be |
formed of even and odd patterns.
30. " Additionally, in accordance with a preferred
~ embodiment of the present invention, the second meander
'patterhs have two loops per period and the even and odd
first meander patterns are connected on first and
second sides, respectively, of each ioop of the second
35 meander patterns. ' ' .
Alternatively or in addition, the second meander

' oe



‘10 * second neander patterns are forned fromflat netal. Alternatively,
they .can be .cut .-from-wre. -Further,-they can-be inbedded or covered with
,any. bodywQeemses bl e material . 15 BRI EF DESCRETVSESS THE
*DRAW NGS The .present invention will be understood and appreciated nore
fully fromthe follow ng detailed description taken in conjunction with the
drawi ngs in which: 20 Fig. 1is an |lluystratiopn of a atterned
stent, cons%%‘%rﬁf%p@%‘ﬁ@é’ﬁ EYRR AR \FeFrRd {PeRRABTY of err ed

enbodi ment Pattwriy esem tHeninssdimént, xhe avenlandtoddi dirst the
pattern of the ent_of Fi

A2 [ 3. | f th
stent of Fid'® af“#erf' aP%"eﬁr’% srﬁx{%ﬁlo%as alzlézl ‘gh%neél’%‘ﬁéslrt’éa #%;éo{:bﬁﬁeostgnf
of Fig. 1|lmeandaqxput£bﬁmﬁrﬁne ¢b@nﬁc5¢dah@ B aeven | andt eddi ons of the
changes g30 £ 40k M UL YR A D 5 801 £ 071 8hbe dndUpulp £8BNSI 0N Fig;

6 is a schena ustration a secon
between each pair of even and odd second meander

patterns.
Moreover, in accordance with a preferred
. embodiment of the present invention, the first-and:-~
10 second meander patterns are formed from flat metal.
Alternatively, they can be cut from wire. Further,
they can be imbedded or covered w1th any
'body-compatlble material.

15 ' BRIEF DESCRIPTION OF THE DRAWINGS
The present invention will be understood and
appreciated more fullyifrom the following detailed
description taken in conjunction with the drawings in
which: - -
20 Fig. 1 is an illustration of a patterned stent,
constructed and operative in accordance with a first
preferred embodiment of the present invention;
Fig. 2 is an illustration of the pattern of the
stent of Fig. 1; .
25  Fig. 3 is an illustration of the stent of Fig. 1
" in a bent position;- : .
Fig. 4 is an illustration of the stent of Fig. 1
'in.an expanded format;
Figs. 5A and 5B are illustrations of the changes
30 in the patterns of the stent of Fig. 1 due to '
" expansion;
Fig. 6 is a schematic illustration of a second
embodlment of the pattern for a stent;
' Fig. 7 is an illustration of a third embodiment of
35 . the pattern for the stent; and



enbodi mrent of the pattern for a stent; Fig. 7 is an illustration of a‘'third
-enbodi nent- .of . 35.  the pattern for the stent; and - 3- WO 96/ 03092

PCT/ USO5WO®6M3D9%i g. 8 is an illustration of t he patt ern oPCEU§IS/8ITH an
expanded format. DETAI LED DESCRI PTI ON OF PREFERRED EMBODI MENTS 5

Ref erence is now made to Figs. 1 - 4 which illustrate a first enbodi nent of

tent, t t ed d t | d th th ' | f th
prasent i vent | orf 1 gb 45188 uit FEpbRafERR o R e teATEeRE BB, BaHbed form

Fig. 2 illusinadresexpengedtformat. 10 the stent, Fig. 3 illustrates it in
a partially bent position and Fig. 4 illustrates it in an expanded form

The stent of the present |nvent|on Is a tube mhose S|des are formed into a
plurality of eachDEELALEE ‘ Np OF § : LIPS erns are 15

intertwigied with ﬁ@f@ré‘ﬁ@@rls E&ﬁ HEaE | gEf»t{laler 1 - 4 which

illustrate a first embodiment of a stent, constructed

and operative in accordance with the principles of the
present invention. Fig. 1 illustrates the stent in its
. non-expanded form, Fig. 2 illustrates the pattern of
10 the stent, Fig. 3 illustrates it in a partially;bent:
pdsition and Fig. 4 illustrates it in an expanded fornm.
The stent of the present invention is a tube whose
' sides are formed into a plurality of each of two
' orthogbnal meander patterns which patterns are

15 intertwined with each other. The term "meander
pattern" is taken herein to describe a periodic pattern
-abouf a center line and “orthogonal meander patterns"
_are patterns whose center lines are orthogonal to each
other. - | | .

20 | In the stent of Flgs. 1 - 4, the two meander
patterns are labeled 11 and 12 and they are most easily
seen in Fig. 2. Meander pattern 11 is a vertical
sinusoid having a vertical center line 9. Meander
pattern 11 has two loops 14 and 16 per period wherein

25 loops 14 open to the right while loops 16 open to the
left. Loops 14 and 16 share common members 15 and 17,
where member 15 connects from one loop 14 to its
following loop 16 and member 15 connects from one loop
16 to its following loop 14.

30 . Meander pattern 12 is an horizontal pattern having
an horizontal center line 13. Meander pattern 12 also
has loops, labeled 18 and 20, but between loops of a

- period is an extended straight section labeled 22.
Loops 18 open downwards and loops 20 open upwards.

35 Vertical meander pattern 11 is provided in odd and even

| (o and e) versions which are 180° out of phaée with

-4



“pmterm

I's taken herein to describe a periodic pattern about a center line

and "orthogonal neander patterns" ar-e patterns whose cent -
orthogoWQ 96@0%2ach ot her. 20 In the stent of Figs P%%"égpgﬁg%‘]%e t Wo

“meander patterns are |abeled 11 and 12 and they aré nobst easily seen in
Fig. 2. Meander pattern 11 is a vertical sinusoid having a vertical

line 9. Meander
| oops 14 oﬁ?ﬁ

e fig ops Opén

center-

g? 8€%£§rn ﬁ%u@aseéﬁﬁoi89€lgéén§98t%@Pﬁeafpg ﬁ%awﬁg&eln 25

oops 14 and 16

share comupatkeeberilosfandsid, rmﬂbteopenbag 150opoiAcOEsmEABARSNe | 00p 14

to its follgutagrhogpelinand £2aRE’ oBEnsARNSeb

foll ow ng I'00

g huogrongahaer 16 to its
ander pattérn_12 is _an horlzgntal pattern

havi ng an H%?gﬁ%ﬁPaFIEeﬁFE?SI?neei§ °pﬁB&ﬁ8eP°88tﬁérﬁ 13eap

§%has | oops,

| abel eds 18 pagt@bn bue.between | oops of a period is an extended stralght
section | abel ed

Verti cal

whi ch are 18dfieand euenofophase mhehsttalght sections 22 of

10

15

20

25

30

35

horizontal meander pattern 12e intersect with every
thlrd common member 17 of vertical meander pattern 1lle.

The stralght sectlons 22 of horizontal meander pattern

120 intersect with every third common member 15 of
vertical meander pattern lle. beginning with the common
member 15 ﬁwo after an intersected common member 17.

' The result is a full loop 14 between meander patterns
12e and 120 and a full loop 16 between meander patterns

120 and 12e.

Returning to Fig. 1, the pattern of Fig. 2 is
formed into a tube 30 of an easily deformable material,
such as a metal. Due to the two meander patterns, the
stent of Fig. 1, when attached over a catheter balloon,
is flexible and can therefore be easily dragged through
curved blood vessels. An example of the way in which
the stent of Fig. 1 bends is illustrated in Fig. 3.

In Fig. 3, the stent begins to bend at the point
marked A in the direction marked by arrow 40. As the
stent begins to curve, the section marked I becomes the
inside of the curve while the section marked O becomes
the outside of the curve. The inside of the curve I is
shortened vis-a-vis the outside of the curve O.

During bending, the loops 14 - 20 to the right of
the point 2 chamge shape in order to compensate for the
differences in length.between the inside and outside
curves. For example, loops 18i and 20i near the inside
of the curve are closer together than loops 180 and 200
on the outside of the curve,. which expand. Loops 14i
and 16i near the inside I are compressed while the

s

roander Bt FaRRa e ERRRE, BARKEER’ 130 s, 4180, REpR 1B IHFICR., One



WD 96/ 03092 PCT/ US95/.08975 each
other. Thus, each |eft . opening l.oop 16. of neander- pattern-llo-f-aces--a-right
openlng“mﬂﬁﬂﬁﬁﬂ of nmeander pattern 1le and a right openi REYGEHOPAS of
meander pattern 11lo faces-a |l eft opening | oop 16 of nmeander 5 pattern 1lle.
Hori zontal neander pattern 12 is also provided in odd and even forms. The

st rai ght sectlons hor i zont al ander fern 12 r mnth every
third comotP %ﬁglﬁn%ffé%r? %%Trgg hg%? %%%?é?ﬁ é Sf 68 %e Straight.
sections 2Z2amé éxpandedal neander pattern- 120 i nt er sect with every third
common nenber 15 0f ﬁrﬁéCééeﬁeaﬁéeﬁ RELHEER n%&etebﬁal RRi Bggwabh the comon

menber 15 two after an i|ntersected conmmon ne he resul,t is a ful
| oop 14 betakRnimgakved patthenkendingiocAhkRough ARG §heWRr Aop 16

bet weens neapfel PatdgpPscidfednehdetnettentngrt masg 11~ gheapattern of
Flg 2 1s fOrqulﬁnégyadigggtggnogngnlgaﬁéLz gﬁ;grgﬁg rec%&%% at
any time.
Fig. 4 illustrates the stent of Fig. 1 in its
expanded form. When the stent expands,_botb meang:
10 patterns 11 and 12 expand (i.e. all loops 14 - 20 oppn |
| up). As can be seen, the expanded stent has two typeé-
of enclosed spaces, a large space 42 between meander
patterns 120 and 12e and a'small space 44 between =
meander patterns 12e and 120. As can also be seen,

.15 each large space 42 has two loops 14 on its left side
and two loops 16 on its right side. The large séaces
between vertical meander patterns 1lle and 1lo, which
are labeled 42a, have loops 18 at their tops and

_ bottoms while the large spaces between vertical meander
20 patterns 1llo and 1le, which are labeled 42b, have loops
20 at their tops and bottoms. Similarly for 'small

spaces 44a and 44b.
It is noted that, due to the orthogonal meander
~ patterns 11 and 12, the stent of Fig. 1 does not
25 significantly shrink during expansion. This is
illustrated in detail in Figs. 5A and 5B to which
reference is now made. Fig. S5A iilustrates the
movement, during expan51on, of one vertical meander
pattern 11 and Fig. 5B illustrates the movement, durlng

30 expansion, of one horizontal meander pattern 12. The
original patterns are shown with solid lines and the
expanded patterns are shown with'daéhed lines.

The vertical meander pattern 11 of Fig. 5A expands
by widening its loops 14 and 16. As a result, the
35 vertical meander pattern 11 grows vertically by an
amount 2+*h,, per loop. However, it also shrinks

_6_



‘such as' a nmetal. Due to the two nmeander patterns, the 20 stent of Fig 1,
when attached over .a catheter..bal.loon,-.is.flexible-and ca Chﬁ, ; :
easily dWa368¥92hrough curved bl ood vessels. An exanpl e OF 39%}33 qen whi ch
'the stent of Fig. 1 bends is illustrated in Fig. 3. In Fig. 3, the stent
begins to bend at the point 25 = nmarked A in the direction marked by arrow

40. As the stent beaqi curyv I on b nmes the inside
of the curv %ﬁoé‘%t%t} ys’e&y eam ng: %Q’Bécomsagﬁﬁ'égg%g{m % of the curve.
The i nsi de mbﬁﬂz@mh/mdandsarsmﬂ‘@m'd N of-Rig. 158 expand®e &Y the curve
0. 30 rf:. l:_}L stri% aq'ﬂ.?szom }%O?tl%ggpcrlg{g of the point A

change shape 0T der to co ensat or th ferences in Iength bet ween

the inside herigantiade naander paftashmis GrovwdeRdRonERL YOI PHAR t he

inside @f thgduHty e, V\Eéf0§66pt ogﬁbbeoeihamtl a08s éaelané 200 35 on the
outside of the cury and. OOQE 14| gnd 16i ir the 5p5|de
are conpr es¥&Ftina K'hé’y @n amount h,. us, t

of the vertical meander pattern 11 compensates, at

e ver 1ca

least partially, for the vertical shrinkage of the
‘horizontal meander pattern 12, and vice versa. It is
10 noted that the end portions of any stent are only
partially compensated and therefore, may shrink
somewhat. ' ' '

It will be appreciated that the two orthogonal
meander pattérns 11 and 12 and the'cémpensation théy

15 provide to each other provides flexibility to the
unexpaﬁded stent of Fig. 1. However, when the stent is
expanded, the changes in each of loops 14 and 16
provide rigidity to the resultant stent and thus,
enable the stent to maintain a blood vessel at a

20 desired inner diameter.

‘The stent of the present invention can be
manufactured from flat metal which is etched into the
patterh of Fig. 2. The etched metal is then bent to
form the tube 30. Alternatively, the pattern of Fig. 2

25 can be manufactured from welded or twisted wire. |

It will be appreciated that the stent of the
present invention can be made from metal and/or wire.
Additionally, it can be plated with a protective
ma;erial, embedded with a medicine, and/or covered with

30 a material which can £ill in the spaces 42 and 44.

It will be apprec1ated that the present 1nventlon
encompasses all stents manufactured with a pattern
formed of two meander patterns, orthogonal or
otherwise. Another exemplary pattern, also with

35 orthogonal meander patterns, is provided herein wherein
Fig. 6 is a schematic version and Fig. 7 is a more

-7 -



WD 96/ 03092 PCT/ US95/ 08975 | oops 140
—and..160..cl oser. .to the outside 0 of the curve are expande cﬁﬁ e seen,
both med¥R&/038% t erns 11 and 12 are involved in the bendilelg. %‘éitﬁ%ﬁgh not
shown, it 5 ~wll be appreciated that the stent of Figs. 1 - 4 can bend in

any direction and in nore than one direction at any tinme. Fig. 4

Il lustrates the «E1g. dsln kt apged neRe St qmt
expands, bot%P%%§%§2§e€%lg£bat%é?hsél%hgﬁg ?gsegggﬁgk?vhg.FéPF,?oOps 14 -,

i
20 open up) .amsexpandedsermathe ERpanatiespeRf RaEStwd 2PFed JFf encl osed

spaces, a |aLge; sPACEc4ehket ¥R6HnNEANEEY . POt brEBptlRHatndtl Rasamdre snal |
space 44 between neander ggtterns 12e a ' can al%owg seen, 15

nd_12o0.
each | arge spe¥tzaptaismeaBdeEoBatiarspf F?saPQfFﬁ§Vd8r§n8 t oops 16 on
‘its righg sigenalhpathegethancbaihgt eeen wedt bddl asednd®igpaRterns 1le and

110 which are l'abgl ed_42 h . QO 8 t hei 0Bs 0 whi | e
the | arge spaces g%tﬁgﬂngeeF€¥§aan§§ﬁ§eF§%8' %péPPe?hs%§%gghh 1lle, which
are | abel ed #@b, types bboperkdcal mhsnderopatisansofdemdndsiidd arly for

smal | - which are 180° out of phase with each other. The
horizontal meander patterns 12 connect with every line
10 15 of'Qeftical meander patfern lie. ] - '
Fig. 8 illustrates the pattern of Fig. 7 in an
expanded format. Since there are no even and odd
" horizontal meander patterns, in the expanded format of
Fig. 8, there are no large and small spaces. Instead, -
15 all spaces are of the same size. _

' | It will be appreciated by persons skilled in the d
art that the present invention is not limited to what
has been particularly shown and described hereinabove.
Rather the scope of the present invention is defined by

20 the claims which follow: |



‘spaces ‘44a and IS note (ﬁ o the .orthogonal neander

st ORI <2 22 % S

*whi ch reference i s now nade. Fig. 5Aillustrates the novenent, durlng
expansi on, of one vertical neander pattern 11 and Fig. 5B |Ilustrates t he
novenment, during 30 . expansion, of figgi zontal meander pattern 12. The
original patterns are shown with soli I nes and the expanded patterns are

shown with dashedttined.stert £e¥med| ofeantabephavéng aipattergedsA expands
by wi deni ng sli#pé pobite Idatbelriéd sspa éeﬁgf151ﬁie 35 vertical neander

. However, it
e oS ver e Vb s AP RLaRall °hL L eePRE hS0BngMRYE

PCT/ US9% 08975 hoexendthyyin by firswoditedtilpryr]. Sinilarly, the
hori zontal meander patgern g&dOfiﬁi@'mé@%&épaﬂgétg¥ns, also having
axes extending in said first direction, wherein
said odd first meander patferns are 180° out of
phase with sald even flrst meander patterns and
"16' o occur between every two even first meander -
patterns; _ -
c. second meander patterns having axes
extending in a second direction different than_
_ said fi;st direction, wherein said second meander -
15 . patterns are intertwined with said even and odd
first meander patterns to form a geherally uniform -
distributed structure.

2. A stent according to claim 1 and wherein said
20 even first meander patterns and-said odd first meander
patterns are periodic about axes extending in said
first direction and wherein said second meander
patterns are periodic about axes extending in said
second direction.
25 B
3. A stent according to either of claims 1 or 2
and wherein said second meander patterns have two loops
per period and wherein said even and odd first meander
‘patterns are connected on first and second sides,
30 respectively, of each loop.

4. A stent according to any of the previous
claims and wherein said second meander patterns are
formed of even and odd second meander patterns.

35

5. A stent acccrdiné to claim 4 and wherein said

-g-



wi dening its |l oops 18 and 2 e horizontal neander pattern:

12 grows horizontally by anjﬂ!m#ﬂﬂii@nﬁlﬂmger “I'oop.. .. However.,.it.also. ... ...
shri nks weesg/gsos? | y, by an a : , sthe vertical geTWs$HsOBIAShe

vertical neander pattern 1ll:conpensates, at |least partially, for the '
vertical shrinkage of the horizontal neander pattern 12, and vice versa. It
i-s 10 noted that the end portions of any stent are only partially

conpensat eceven anereddrelrshynednder pakeerns havewl eppseal@preci-at ed t hat

the two orthogonsl depndefeRdAE"d3a 1deddta IReARdet NEatLBPRESAFEON t hey 15
provi de to each othepggrov; es erX|b|I|%y fo the ungéganded stent of:- Fig.

1. However SOMGFESR &9 FA1T LD ARR LY hELEREMPRANERT BRR8¥NPoops 14 and
16 provi de go gglity leatdconeSfhl hnlosp chétwaent 8ash padbl eftbeentent to

mai nt aigy aam(#)ogda/eggg%nétm&l%%%Y ﬁ%ﬁ*éf@s' nner di aneter. The stent of the

present” i nventi on can be manhu nmflat netal which is etched into
the pattern of Fig. 2. The etched netal is then bent to formthe tube 30.

Alternatively, thie paiteidnOfsdifled 20f a tube having a patterned

shape, the patterned shape comprising:
a. first meander patterns having axes. - _
10 extending in a first direction;’ o
b. second meander patterns having axes
extending in a second direction, different than
said first direction, wherein said second meander
patterns are intertwined with said even and odd
- 15 ' first meander patterns to form a generally uniform
distributed structure.

7. A stent according to claim 6 and wherein said
first meander patterns are periodic about axes '
20 ' extending in said first direction and wherein said
second meander patterns are periodic about axes
extending in said second direction.

8. A stent according to any of claims 1 - 7 and
25 wherein said first and second directions are
orthogonal.

_ 9. A stent according to any of claims 1 - 7 and
wherein said first and second directions are not
30 orthogonal.

10. A stent according to any of claims 1 - 9 and
wherein said first and second meander patterns are
formed from wire. | |

35

'11. A stent according to any of claims 1 - 9 and

-10-



‘25 + can be manufactured fro l | ed wire. It will be
appreci ated that the st ent on1 “Hzl“"l"ent i-on -can-b met al--
,and/ or WVOD6/03883i t i onal |y, it *cam be atsed*wi th a prot ec?cggﬁﬁﬂ{’@%na
‘embedded with a nmedicine, and/or covered with 30 a material which can

fill in the spaces 42 and 44 It will be appreciated that the present
I nvention enc asses nts nuf ac ured r d of two
meander pat % se”brst rFeeﬁM%‘% mefno %(%%p'f%r%%a érn, also

with 35 orftrteag il t mEander patterns, S provrded herein wherein Fig. 6 is
a schematic version and Fig. 7 is a nore -7- WO 96/ 03092

PCT/ US95/ 08975 rounded version. Fig. 8 shows the pattern of Fig. 7 in an
expanded format. e patstént '@rcqrr%m% ThPY i f SEhe IRFeYEP¥Rat shown in

Fig. 2 @<C9I@léﬁ?§ dria Rafer@ine duwiid zydt i@ aftieishied tii nend 2ofinthéhey are
of one ki nd1 rat her than hei n. eve and odct__as in Fragt 2.
lowing ways: platl g w1 a ective material,

embedding with medicine, and covered_w1th a material.

13. A stent, comprising: . e
10 ' a. at least odd and even aiternatinq' _"‘
serpentine sections, each having first areas of
inflection, wherein said odd serpentine section is
out of phase from said even serpentlne sectlon
such that first areas of .inflection on said odd . -
15 | serpentine section are adjacent first areas of
inflection on said even serpentine section; and . d
b. at least one flex1b1e connector,
comprising a plurality of flexible links
connecting adjacent first areas of inflection of
20 . adjacent:even and odd serpentine sections,
wherein each flexible link has at least two portions
connected by at least one second area of inflection,
and wherein said first .and second areas of inflection
define first and second angles whose bisecting lines
25 are at angles one to another.

14. A stent comprising a mesh of adjacent,
connected cells, each cell comprising:
an even number of fixed length, alternatlng,

30 first and second loops, connected together 1n a

closed cell, each loop having at least two

portions with an area of inflection there between,

said first and second loops defining first and

second angles whose bisecting lines are at angles
35 : one to another. ' '
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*As can be seen in both Figs. 6 and 7, there are two types of verti cal
—-peander --patterns 1le and 11o which are 180[err] out of phase with each

ot her. TWe9b030920nt al meander patterns 12 connect with evBET/USYHSIy 15
*of vertical neander pattern 1le. .Fig. 8 illustrates the pattern of Fig. 7
in an expanded format. Since there areipg even and odd horizontal meander
patterns, in the expanded format of Fig. 8, there are no |large and small
spaces. Instead, 15 all spaces are of the sanme size. It will be~ .
appreci ated by persons skilled in the art that the present invention is not
limted to what has been particularly shown and descri bed herei nabove.

Rat her the scope of the present invention is defined by 20 the cl ai ns
whi ch foll ow WO 96/ 03092 TLAI M5 1. A stent formed of a tube having a
patterned shape, the patterned shape conprisi ng:




'a. + even first meander patterns having axes 5 extending in a first
direction; b. odd first neander patterns, al so-having axes. ext-endi-ng-i-n- ... .
sai d firY09%0382ti on, wherein said odd first meander patt8FFISH®I1500 out
‘of phase with said even first meander patterns and. 10 occur between
every two even first neander patterns; Z/6 second neander patterns having
axes extending in a second dhrection different than said first direction,
wherei n said second rmeanter 5 ! patterns are intertw ned w t'hQ\gaid .
even and odd first neandgL/égkLE%ns to forma generally uniform di I but ed
structure. 2. A stent &ccording to claim1 and wherein said 20 %;éen
first meander patterns and said odd first nmeander patterns are perifggic

about ~axes extending in said first direction and wherei aid second
meander patterns are perj odi ut axes, extendi hrf sai-f |[secohd
direction. 25 3. [A SEF ackr irg'Faikither ¥f cq i s ro2
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“and-wherein said second neander patterns have two | oops per period and
wher ein -sai-d—even-and -odd first meander -patterns are conggiéﬁgyﬁﬂ %lrst
and-'secoW@ 26{03e%3, 30 respectively, of each |oop. 4. Tor di ng
‘to any of the previous claims and wherein said second neander patterns are
formed of even and odd second neander Epaerns. 35 5. A stent according
to claim4 and wherein said -9- WO 96/ 03092 '
PCT/ US95/ 08975 even and odd first nmeander patterns have | oops and wherein.
said even and odd second neander patterns are connected to said even and
odd first neander patterns so as to | eave one full |.oop between each pair
of even 5 and odd second neagRder patterns. 6. A stent formed of a tube
havi ng a patt ned shape, the\qjtterned shape conprising: a. first

neander patti:S;/DQV|ng axes-

FIG.3



f

ffdlrect|GWQ9ﬁm@$b|n sai d second neander patterns are inte

o extending in a first direction; b. second neander patterns

avi ng axes extending in a second direction, different thE% gﬂ 7ltsrst
rtwi ned wth sald
even and odd 15 first meander patterns to forma generally uniform
di stributed structure. 7. A stent acdglding to.-claim6 and wherein said
first nmeander patterns are periodic about axes 20 extending in said first
direction and wherein sai'd second neander patterns are periodic about axes
extending in said second direction. 8. A stent according to any of clains
1 - 7 and 25 wherein said first and second directions are orthogonal . 9.
A stent according to any of clains 1 - 7 and wherein said first and second
directions are not 30 orthogonal. 10. A stent according to _any of clains
1 - 9 and wherein said first and second neander patterns are rmed from
wire. 35 N
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“11.. A-stent according to any of claims 1 - 9 and -10- WD 96/ 03092

PCT/ US95/ 08975 wher-ei-n--sai-d-first .and -second neander patterns are cut from
flat nmekvosndd®d2 A stent-according to any of the previ ou®CE/USISBEIE and
‘Wwherein said stent is finished in one of the followi ng ways: plating with a
protective material, enmbedding with neg}glne and covered with a material .
13. A stent, conprising: 10 . at | east odd and even

al ternating serpegtlne sections, each haV|ng first areas of inflection,
‘wherein said odd érpentlne section is out of phase fromsaid even _
serpentine section\such that first areas of inflection on said odd 15

serpentine section §yre ag'aQQnt first areas of inflection on said even
serpentine section; nn at | east one flexible connector, conprising a
plurality of f1 exi bl l'i hks - 12
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T / k2 | /
\ .
- T8
h1 14\\\\ 4 e
16 | \ /
| ) A
14,7 FIGS5B &
hl S/ - | h2 -
+—7 - - d2 |
BN

] -—
- b
o

e

e ————

1 =B
12 14 17 16T |20
16 /15118 14
127 lﬁb/’17 16 20
16| 15/18 14
R 14 17 161 {20
16115 14
12— 1

FIG.6



" connect|i ng adjacent first areas of inflection of 20 adj acent even

.and odd serpentine sections, wherein each flexible link has--at least-two - --—

] porti onsye9§osees ed by at | east one second area of inflectPOrUsSE89sher ei n
said first and second areas of inflection define first and second angl es
whose bisecting |lines 25 are at angé)eé one to another. 14. A stent
conprising a nesh of adjacent, connect'ed cells, each cell conprising: an

even nunber of fixed length, altwgnating, 30 11e first and second | oops,
connected together in a clq ed cell,,, each Joop| having at | east two portions
with an area of iMfQection here! beideen, k ideir and second | oops
defining first and/ g$eco ahgl es s9e bi% tihg lipes are at angles 35
one to anppher. -N‘— /\1\
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