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| DESCRI PTION Flexible stent with good expandability
and excellent trackability to blood vessels 5
Technical Field The present invention relates to a

stent that is inplanted in a huyran body to maintain

a dianeter of a body Iunmen such as bl ood vessels.
Background Art 10 So far, stents have been used to
expand a dianmeter of the body |unmen such as the

bl ood vessel and keep it ed | um nal
di aneter. The stent may bg@%ygkggg@[s vari ous

nmet hods such as balloon dilation, self- expansion
usi ng a shape nenory material, nechanical 15

expansik 0 he |like, The st _w del S met ho
CuPRR% Bl PEERRE: | WiFn, SR OTheela Tada iyl &H‘,ga excelient
stent jis,.j.ntrodyced into a desired site in the body
togrezfﬁ%?b\’\j'ttﬁ ?ng&q%o‘heﬁﬁ?ﬁ%ter, expanded by
i nflation ofgpalloon to dilate a dianeter of the
halcel Eigilfed at the dilated site 20 even after
renmovi ng the_defl ated balloon fromthe site. The .
stent gener allle cBRBFiedHs iINVE mHIo i tedstters H@ dengtent that is
portions for dilating and hol ding the diameter of
t henipdaeviesudn ashubtaodbeabydio maniaimta giarheter of a body
for connecting the lum nal dianeter-holding portions
i nlumeh gnge hudsnkl o didr getssarl sof 25 the stent, and
the stent is adapted to keep its expanded
Background Art
So far, stents have been used to expand a
diameter of the body lumen such as the blood vessel and
keep it to the expanded luminal diameter. The stent may be
expanded by various methods such as balloon dilation, self-
expansion using a shape memory material, mechanical
expansion, or the like. The most widely used method is the
balloon dilation. In the balloon dilation, a stent is
introduced into a desired site in the body together with a
balioon catheter, expanded by inflation of balloon to dilate
a diameter of the lumen, and retained at the dilated site
even after removing the deflated balloon from the site. The
stent generally comprises luminal diameter-holding portions
for dilating and holding the diameter of the lumen such as
blood vessel, and joint portions for connecting the luminal

diameter-holding portions in the longitudinal direction of

the stent, and the stent is adapted to keep its expanded
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2 shape after expansion. Proposed stents conprising

| um nal dianmeter- holding portions and joint portions
i nclude, for exanple, a stent conprising plural
cylindrical conmponents which are,5 separately
expandable in the radial direction thereof and are
connected to one another so as to align on a conmmon
axis (JP-HO6- 181993 A); a stent conprising a tubul ar

?EXQW éﬂ ggﬁ radi al direction, the
er

tub |ng constltuted byaplurallty of

el ongated 10 S jnterse vvlth one apot her

(JP SB2- 2316£'E6Arﬁsseadste Sb BPIGSHRY) e mifg diameter-
uni t(ﬁrldﬁ Wi re- |tl ke ci H nbers each bent tao for

a BAUHNG Pk 003t kiRt ReFUSHR include, Tor example, a

non overl i ng segnents connected at axial bends;

t h&teny é%fg RS REr RIUR ImedREriaRl ngoar ploentsswhich are
one pair of aligned axial bends; and the at |east two

ci ﬁ@lﬂ%?atrﬁlrvoe%p@d}ﬁebﬂedlaytbte Iredialorlirection thereof and
substantially idjoint at | east one pair of

al ?@ﬁe@%ﬂgptﬁén% ©IFe HBB801EI03® &S bosabign on a comman
formed of a tube having a patterned shape which has

fi pgdsangl BeH&f h@a9ds3 ph)f eensshanitngc@fpxiesing a  tubular
extending in first and second directions (JP H10-

50867 ¢ anp ansitadvte wihh e opadistr Wirewdion, the tubular
comprising a plurality of open cylindrical segnments,

ST RN T80, cETMIRACH Y] METERERLY] o olonsated
Pofrie Mtfe O GART S¥c BN WAH Whé&Tanother (JP $62-231657 A):
a stent comprising at least two unitary wire-like circular
members each bent to form a plurality of substantially
straight, non-overiapping segments connected at axial
bends; the at .-Iea'st two circular members having at least
one pair of aligned axial bends; and the at least two
circular members connected by at least one substantially
rigid joint at least one pair of aligned axial bends (JP HO8-
155035 A); a stent formed of a tube having‘ a patterned
shape which has first and second meander patterns having
axes extending in first and second directions (JP H10-
503676 A); and a stent with an open structure comprising a
plurality of open cylindrical segments, each segment being
defined by an interconnected struts, the segment being

interconnected at end portions thereof by a plurality of

diagonal interconnecting elements (JP H11-505441 A}
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25 di agonal interconnecting elenments (JP H11-505441
A). 3 These stents of the prior art have been

i mproved to sone extent, but they still put a | oad on
the lunen such as the blood vessél in the vicinity
of edges of the expanded stent, resulting in
obstruction or stenosis of the lumen. 5 Further, it

can not be sa.zﬂ t hat these stents have sufficient

flexibility, aR®IRhusientssobftien pricfi eutthevd iseetn improved
thetstent into the objective site if the |unen has a ‘

t hr'de-SYTfe i Gl P wedhey i aylcowtse. o daddh titod, lumen such
the stents nmay cause wounds in the blood vessel

durd hd N U@ e fise 1100 tirtee objcintityw o fseldy e 5T of M8T€ expanded
is a branched bl ood vessel at the inflated

posit€ith, riesulingr din yobisftiriuautiont @ offe Aolde’d the lumen
hole in the placed stent. Further, the stents have )

sudtuether,obl ean maottbe kerigt hheft tHEsst 8Pbnits have sufficient
shortened by expansion, i.e., so-called shortening.

15 @ sidd ibstyr, e aefd | tivast ij0Nj4 NoYiew 8tk bf Y€
ci rcunst ances, the present invent i-gE}fftr'}gghg?gjn 'rpa%l?ert the stent

toiptevi teea P dAigest egftan t el |
expandabi l i ty, tﬁhi ch is excell e#r?]t ?ﬁgtrégﬁé\ i tr)'/afo a three-

Iuﬁméﬁmﬁaﬂﬁkirﬂ%ﬁiﬁd@ﬁﬁi '@ogﬁ)ﬁg‘;:f‘y}u?%o&gni%% the stents

t hree 20 di mensi onal Iy "neander | N

SIS RRL L MABR ISR, P RSBk 0L A SReortion ino
the objective site. If there is a branched blood vessel at
the inflated position, it is hardily difficult to form a lateral
h“ole in the placed stent. Further, the stents have such a
probiem that the length of the stent is shortened by

expansion, i.e., so-called shortening.
Disclosure of invention
In view of the above circumstances, the present
~inven§lion has been made to brovide a flexibie stent 'with
exceilent expandability, which is excellent in trackability to
lumens (thus making it possibie {o pass through the three-
dimensionally meandering jumens), substantially freé from

shlortening. and enables to provide the stent with a lateral

hole.
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One aspect of the present invention provides an
expandabl e flexible stent excellent in trackability
to bl ood vessels, conprising radially expandabl e
“annul ar nenbers aligned in the |ongitudinal _
direction of the stent, and one or nore connecting
el enents by which said adjoining two annul ar members
are connected w th each other in the |ongitudina
direction thereof, wherein sald annul ar nenbers each
conprises first annular menber el ements and second
annul ar nenber elenents alternately connected with
di rection

' mc l. f th ,
One G O il preSefit iy S nbidkides, 28 cxbandabler fexible stont
excelientinopaekabitity tdlbl@mtwbsselﬁ wdesptisingi tadiainakkiandable annular

memBELS Il R e FandifliciSel,iieelion: 57 dRecsisi ag ohe or more
connebtlmgi elémeats bye@ﬂehhs‘a;@@lditgnﬁ@lﬂbo laﬁnh%ﬂ%@mﬁ%'eﬁe connected

wit Bl e 5Pl STBEoRE kRSP Sh cvigran seid annuier

membecs)m:hdhl neﬁfprmmtsanhﬁlam%@ﬁmcbﬂ‘éhbﬁtﬁa%@ %g%gnd annular

memBE ety st Y Ao ey hoAAel (Bobynce oicumferentia

direction hed mn@féntt hahersin csHidefirsi SMN@EE . MERb.E Nelement in a

b I t t he
deve[sgaal d Seﬁgﬁt@ gﬁagrrnqgg%elrpﬁgﬂﬁgeggallyhg)ét@ndmg, parallel three linear

segrdemgldf lﬁilst'@écbnﬂxéﬁ@‘ihlﬁﬂ Im%%rr%ég%ehts”%%ﬁd s%%%ﬁg'gﬁd third linear

of first, second and thi | I near segnents

segmexds heing eaual i !ensa@hrwhlg%@n@rﬁrgt eeag segoentibeing longer than
said keaghd. ar‘l@'tl-nﬁdSIWlé’ar‘c gbgm Qe%ra.&%?%dbgbesnb olg'ﬂﬁr segments

than said second 1|near segnent’s,
bemgr icPgnegtad due &g archedrsgg@mt@at bisi ngnwn rieﬁwaﬂds,y while said

secorid aﬁﬂoﬂl‘ﬁ‘f@ A d n r?is IRirf %Y)gfglea&{%%ﬁ ;?réf‘ﬁéc!i Segment that is

said secon I|n r
conv%nﬂghtv@rdbyvmer@rrtheauke@emndtaanulaf memtmr element in the

covolBII G (568 Infads hrah RALDTy eo Bl G At
segments of fests seonddanithird lieebe rsegneerts| saikhdetbadfandsthird finear
seomBARbBInd EANE! P dFERE, phiBS A, 1321 RebhSeR R heing longer than
said secprehtarichdhird sliresarv seghadriteasaid dinst and second linear segments
being connected by an arched segment that is convex rightward, while said
second and. third linear segments being connected by an arched segment that is
convex leftwards, wherein said first annular member element and second annular
member element are connected such that the second annular member element
and the first annular member element located above the second annular member
element are connected by an arched segment that is convex leftwards and
located between the first linear segment of the second annular member element



| ocated between the first |inear segnment of the
second annul ar nenber elenment 5 and the third |inear
segnent of the first annular nenber el enent, while
the second annul ar nenber el enent and the first
annul ar nmenber el enent |[ocated below the second
annul ar nenber el enent bei ng connected by an arched
segnent that is convex rightward and | ocated between
the third Iinear segnent of the second annul ar
menber el ement and the first~linear segnent of the
first annular nenber el enment, the adjoining two

and. o RSB oF PR i B ARn, whie e

secopdrarentar h&ambecmmi drid tige Ifi rﬁteianmSI%@ 'mépﬂaeﬁf eldhent located
el epents of t

ool 8, B A SR oIS e by an srened
segn‘mm\ﬂnaﬂers adraiext tightwdridoame loefad bativilerner: fiRlifear segment of

lvin ne of the annul a pber to a
the s5fnf éPE%édmgg'ah%me‘?m"t 2 et Brtrinaasc sagment of the first
annularnnamb%e@@nén@,ﬂ@dé@oiﬁihg dwhol MIaﬁ ﬁ%?ﬁﬂbr@ﬁelﬂgeconnected by

annul ar er el enme di stance froma
the cphfBGing SNty 41 RItgnS elhesaaiog SPEMRISwhigh spnnect the
secord am¢ hirdhdiflear osEenchiat of AREERIsS éﬁ& EbEShAG! hﬁﬁgfar member
| %m%n%gb and tqg second |inear segnment of the secon

elem e teRBeFlVR PBREMAIINEMDEISt to a val ue within

the range of 1:2 - 7:8. Although the degree of

expansi on of the stent and effects of the connecting

el enents shoul d be taken into account, the expanded

stent has a tendency to 7 increase the length

t hereof when the ratio between the distances is |ess

than 1:2, but it has a tendency to decrease the

| ength when the ratio of that distance exceeds 7:8.
Furt her, the adjoining annul ar nenbers nay
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be out of phase with each other. In particular, the
adj oi ning two annul ar nenbers nay be out of phase
with each other by a half wavelength and are
connected by the connecting elenments in the sane
| ongi tudi nal straight |ines.6The connecting el enent
may have the shape of a linear or curved |ine.
Particularly, the connecting el ement nay have a
wavef orm having one or nore wave peaks, fromthe
vi ewpoi nf\ngthar aspest pravides thatotheatation befweenea alistance from a
holes. Two to six pieces of the connecting el enents
radf?g{y hajxing ie @b dhatanmgar sembeety @l topasf dee ascbed segment that
demands. The arched segnents on the proximl side of
connests) the  srgonshlinear seamest aaddthenthied dimeanesetiment of the first
side of the distal annular nenber may be aligned.
annglar mereher Slements, and; aedistange fomulaaradialiyehalving line of the
el ement and the |inear segnents of the second
anryiipiumambentera orminthaayched segmerddthat connects the first linear
circunferentially at regular intervals. The interval
segheee @nd: Bef peednd| fimear ssegmant efhdhe heesendnadnnular member
|'i near segnment may be equal to the interval between
elemgats Are get ia asmlue avithint thermangeeoff 1:2st 718. vithiough the degree of
segnent, but smaller than that between the second
eXpRnasir o thmstentand effadte af thedcdrinestingselgmeents dsould be taken
. material for the stent, it is possible to use
intos agtaunals sthet espandedgstent, haana dendenoy ddel - tit ani um
alloys, and the like. J 9 According to the present
~invention, it is possible ,



5 to expect the followng effects: (1) the whole
stent is excellent in trackability to |unens since
the stent as a whol e possesses flexibility to
bendi ng because of the fact ‘that the annul ar nenbers
form ng the tubular wall of the stent are conposed
of repeated waveli ke patterns, and it is 10 easy to
forma lateral hole; (2) 'the adjoining two annul ar
menbers are connected by the connecting el enments at
the arched segnent that connects the second |inear
segnent- and the third |inear segnment with small wave
anpl i tudes of the wave pattern, there is

. substanti.ally no change,in |l ength 15 qf ,the stent ,. .

'“Cfe%?entﬁﬁpdﬁag ?'H%reﬁ? gH’P,e“pr déﬁt}? hg?et{"‘l‘?&" rg?"“r‘ gdistances is
bet wee he  di.stance from.,a radi al | alving.line

less (Raarlctar Bnblr 185 | Ho OHCTEY 1 (6 datbrese dus lndth when the

. that onnects the ond_| i,pear, se nt and the

ratio o1 {ial AISABES CXcEatan Bof FWEREL a8 SHIOINg SRBHAmembers may

: el enent, and. the 20 distance froma radjally. halvin

be oyf (8 BrasaOVeRah SHoRbor 11t BARRUE o) 1BE AHISIARGNBdo annular
segment that cqnnects the firs | i near s nt an

membes BB AUt (e ENASe, R eash Bier sBEarai S, Wavelength and
menmber el enent has been set to a val ue faIIing L .

are \gonRestede byandlae sonnesting.slements & theysame dengitidingl straight
adj oi ning two annul ar nmenbers are connected by the 10

lines.connecting menbers at the tops of the arched segments
that are the nountains of the wavelike pattern, the

t ops ofhetgenaectipg stgmemtsmalk have theoshane Qfuge linear or

def or mati on at . _
curved line. Particularly, the connecting element may have a waveform

having one or more wave peaks, from the viewpoint of flexibility and
formation of lateral holes. Two to six pieces of the connecting elements may
be provided at regular intervals as occasion demands.

The arched segments on the proximal side of the proximal annular
member and those on the distal side of the distal annular member may be
aligned. The linear segments of the first annular member element and the linear
segments of the second annular member element may be arranged
circumferentially at regulér intervals. The interval between the first linear segment
and the second linear segment may be equal to the interval between the third
linear segment and the first linear segment, but smaller than that between the

second linear segment and
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the tine of expansion of the stent and are reduced in
5 curvature deformation at the tinme of bending of the
stent, thus making it possible to mnimze the
damage of the Ilunens at the ting of introduction of
the stent into the objective site. Brief Description
of Drawings 10 Fig. | is an enlarged plan view of a
stent according to one enbodi nent of the present

| nettidnd Ringsa? gsgm@pyel opnent of the stent shown
in Fig. 1, Fig. 3 is an enlarged plan view

i1 1ustratingagn a 1o 063380 fo St e & Qfeht‘e&?t%%ggg\“ele to use

in Fig. 1 ; Fig. 4is a partially enlarged vie
Figtainlel Q- 0 I,e f e connect.i. .
el errentlg'gisg ?%eég’r \@erﬁg‘g?%\bén?%i'r}%IPWUS'?F%SE@J'pgmum alloys,
collit { p8s|jkeonnected with the arched segnents; 20
ig. 6 1s a devel opnent of a stent according to
anot her enbodi rent of the present invention; Fig. 7
Is a devel opnent of a stent according to another
enbodi nent of the present invention; Fig. 8 is a
devel opnent of a stent according to 25 another
enbodi nent of the present invention; 11 Fig. 9is a
devel opment of a stent according to another
enbodi nent of the present invention;
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Fig. 10 is a devel opnent of a stent according to

anot her enbodi nent of the present invention; 5 Fig.

11 is a devel opnent of a stent accbrding to another
enbodi nent of the present invention; Fig. 12 is a
devel opnent of a stent according to another

enbodi nent of the present invention; Fig. 13 is a
devel opnent of a stent according to 10 an enbodi nent
of the present invention (second invention); Fig. 14
iIs a partially enlarged view of Fig. 13; Fig.. 151is
a partially enlarged view illustrating a nodification
of the stent of Fig. 13; Fig. 16 is a graph for
maki ng a conparison 15 between the flexibility of
the stent of the present invention and that of the

prior art; FAgcardisgatgrepd Heeserld T8vE SQEHET 594 possible

in shortening between the stent of the present’

irt@enep(me@thhehafonbvmeg;réﬁf%!fctéf:f/g(sﬁ)gl thi dylwﬁbchsé stent is

a graph for making a conparison in

c&pece thpritfet meetr 4 BRaB Ny Ofoti‘qgﬂlg§§en§di&i%$\égﬁaé%?gtent as a

and that of the prior art] Fig. a
oWwhobd epb I ket byl b+ g .20 is a
Posdesses ﬂg&'Pﬁt'&)é %‘?ilg?gﬁngr[ggcause of the fact

devel opnent of a stent o

that the annular members forming the tubular wall of the
stent are composed of repeated wavelike patterns, and it is
easy to form a lateral hole; (2) the adjoining two annular
~members are connected by the connecting elements at the
arched segment that connects the second linear segment
and the third linear segment with small wave amplitudes of
the wave paitern, there is substantially no change in length
of the stent when expanding the stent, provided that the
ratio between the distance from a radially halving line of
the annular member 1o the top of the arched segment that
connects the second linear segment and the third linear
segment of the first annuiar member element, and the
distance from a radially halving line of the annular member
to the top of the arched segment that connects the first
linear segment and the second linear segment of the
Second annular member element has been set to a value
falling within the range of from 1:2 to 7:8. (3) since the

adjoining two annular Members are connected by the -
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Fig. 21 is a devel opnent of a stent of the prior

art; Best Mdde for Carrying Qut the Invention In the
stent defined as above, the ratio Betmeen t he

di stance fromthe radially halviné line of the
annul ar menber to the top of the arched segnent that
connects the second |linear segnent and the third

i near segnment of the first annular nenber el enent,

an |aII haI i ne of

thgdaﬁr?ﬁﬁggﬁgeﬁg?ﬁ?@r%hea @" ¥’ cﬂ'gﬁ ?e’@ha?l@ segments

th 0 first |inear segmne '~and

seggn ??ﬁ gfjesggﬂgmtadpst H)efaég@o?fﬂa&ﬁrhm%rpﬁéh%@ﬂ the tops of
ﬁg %s(itc§ : il At the sanme tine, the

adj nfA§ & %ﬂﬁb‘f’ﬁ SnehBefke arlragnt cur vetterghasformation at
EE o:}e another by a half wavel ength of the

waVePi K&MS eMint@ SRANSMRctfd thet Istemd amodhearey reduced in

the connecting elenments in the sanme |ongitudinal

st PRTYRiUrEngefonaadian at hbrebchined tohtbdndingash the stent,

enghgf the stent is so designed that the arched

fit INKi8LE hitanp@issi brienbia atimimespectheel famage of the
aligned along the proxinmal or distal end of the

stBhmensmadi tbe  tirfeg.ofl imrameotwme@fplmré VE®¥nt into the
of a stent according to one enbodi nent of the

prebgattiveesiteon, Fig. 2 is a devel opnent of the
stent shown in Fig. 1, Fig. 3 is an enlarged plan
viBrief IDsseaipNio bR Wedgs ate of the 13

Fig. 1 is an enlarged plan view of a stent
according to one embodiment of the present invention;

Fig. 2 is a development of the stent shown in Fig.
1;

Fig. 3 is an enlarged plan view illustrating an
-expanded state of the stent shown in Fig. 1;

Fig. 4 is a partiaily enlarged view of Fig. 2;

Fig. 5 shows embodiments of the connecting
elements in the present invention, illustrating conditions
-connected with the arched ségments;

| Fig. 6 is a development of a stent according to
another embodiment of the present invention;

Fig. 7 is a development of a stent according to
another embodiment of the present invention;

Fig. 8 is a development of a stent according to

another embodiment of the present invention;
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stent shown in Fig. 1, and Fig. 4 is a partially
enlarged viewof Fig. 2. As shown in Figs. | to 3,
the stent of enbodinent 1| is a ty ul ar nmenber
conprising el even annul ar nmenbers™"5 1 arranged in
the longitudinal direction of the stent for keeping a
body | unen open, and connecting elenents 2 arranged
by threes between the |ongitudinally adjoining two

annul ar menberrggl, ¢l ji0 acggggg%ﬁloﬁgﬁnp%&tgg %?setéant according to

anot her. Each annul ar ne

pi eagtefer ©rib old; I elepents 11 and

three pieces of seggﬁgH gﬁgu‘%ﬁﬁﬁﬁﬁ%%F%&V§H% Odi12,

whi ch are altpriaatqe i therconIPect ed jn the .
circunferential 9di f €ctTofl £& HRIGRBEME ob@stant according to
menhak i | xpandable,in the radial direction.

The r ot Ql@?a%%fjg)rqe'ﬁ@ﬁﬂgr?# Ihengiresant dnyenkond 15

annul ar nenbe?.elefgnts 12 under the conditions that

the stent is' bAf ol dekS oRt € ey lomw enrte aorm isteatt iaccording to

t he rXﬁIél cal direction as shown in Figs. 2 and 4.

The Bra8mpad menbaf éhenpresent nnveddsonhr ee

| ongi tudi nal |y, extending, parallel linear segnents

111, 112, 113'¥tﬁ- f14sts @edenelapmantt ki@ stent according to

positigns. The second |inear segnent 112 and third

| i r?efh‘?‘ﬁé%@rfémqunmret aff the paesdrnin e Midnt he

first linear_segnment Il has a length | onger t han

that of the Figronid aisd & hitedellbpeaenteaTeat $teMtCaccording to
t

first linear segnent 111 and second |inear segnen

112reambardianestt by e 35 as6pad hai on)-
i's convex |eftward, whil g?t he " lf?@@ﬁ?mn](]sd'e%h@mvenuon),
Fig. 14 is a partially enlarged view of Fig. 13:

Fig.. 15 is a partiaily enlarged view illustrating a
modification of the stent of Fig. 13;
Fig. 16 is a graph for making a comparison

between the flexibility of the stent of the present invention

and that of the prior art;

Fig. 17 is a graph for making a comparison in
shortening between the stent of the present invention and
that of the prior art:

Fig. 18 is a graph for making a comparison in
vessel holding capacity between the stent of the present
invention and that of the prior art;

Fig. 19 is a development of a stent of the prior

art,;

Fig. 20 is a development of a stent of the prior



et

14 second |linear segnent 112 and third |inear
segnent 113 are connected by n arched segnent 115
whi ch is convex rightward. Ch the other hand, the
second annul ar nenber 5 elenment 12 includes three
| ongi tudi nally extending parallel |inear segnments
art2l, 122, 123 of first, second and third |inear
segnents. The second linear segnment 122 and third
| i near sdégnent2l2isare @évehepsam |enodhstbHt td¥ the prior
arklrst linear segnment 121 has a length [onger than
tﬁat of the 10 second and third |linear segnents. The

Bebir Bbdel fear Gl near segnent
é??%?qby and speand;bLi

122 are conn an arched segnent 124 which is
convex HQﬁuﬁﬁﬁdStﬁﬁﬁl@qﬁmpeée@un¢MMvmartBegmaﬁlo between

thé2iand A bhird, Lj r conpected by an

ar ched segnent nggﬁﬁﬁgﬁd %3h vﬁﬁgl tfGaPd. the annular

memb eyt ttchether $bparcdfs€hendamli\élharsel@déiﬁ{ t}@é‘é‘”@%}ﬁlects the
t he second .annul ar nenber el enent 12 and

segRad e ds AR SRR ol ot i £ doamer abogBentie of the

fisstontheabdbamdmpder £l Shept 12 b :
% irched segnent 3, which is co%%éx 8£ggsn§hd from the
ragug @@dhqkﬁ%ﬁ@nlﬂm§f0fsthmr&nmuk&gnmnmbﬁkltﬁ the top of

e S AL e I LSTRL 2 B0 1S AP e ccgons
ang| ehensetbndhl 1 re ke seepand: aprukale égﬁgﬁﬁ ShEMBA member
elemeg@d theflrﬁg ag?miv gimﬁieegggz time, the adj
. joining

two annular members are out of the phase with one another
by a half wavelength of the wavelike element and connected:
with one another by the connecting elements in the same
longitudinal straight lines. The annular member situated
at each end of the stent is so designed that the arched
segments of each annular member are respectively aligned
along the proximal or distal end of the stent.
Embodiment 1

| Fig. 1 1s an enlarged plan view of a stent
according to one embodiment of the present invention, Fig. 2

is a development of the stent shown in Fig. 1, Fig. 3 is an

enlarged plan view illustrating an expanded state of the
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25 11 | ocated bel ow t he second annul ar nenber el enent
12 is 15 connected by an arched segnent 4, which is
convex rightward and | ocated between the third

i near segnent 123 of the second.&nnul ar nenber
element 12 and the first I|inear segnment 111 of the
first annular nenber elenent. 5 Further, a ratio of a

di stance froma radially halving line X, X of the
of the_ connected arched

anpul nber to the to . .
se%ﬁ%ﬁf %Qwi‘zaf}d-:wdi 1 B8 fIrbgn t Aeisr adipdityially enlarged
halving line X, X to the top of the unconnected '

artifed Qédntdit 2124, 114 (i.e., a ratio between a
di stance 10 fromthe radially halving line X of the

annul ar menbés tshowire inoPigh. thet@rhetiesegamitofl BEmbodiment
that connects the second |inear segnent 112 and the

t Hl rig |8 rlasb uagmere mbldr @d nide i te RBhaG IR’ members
element 11, and a distance from the radially halving

liheaxrahged dnnutes IeABetutPnENe di%éﬁoﬁ}‘_dfhethe stent for
ar

arched segnent 124, that connects the first |ine

ségrepin@2la abb d he [aesoRd dhBPAT $RITEAL n}n?e?cbtg{] \%égcﬁiements 2

second annul ar menber elenment 12; or a ratio

a ardestgeode by afrekss Rgihabloh rtﬂé’il:bghé-gﬁgdeigﬁr%lﬁ{/ éggc?ining twao

annul ar nenber to the top of the a

e R oot o et Do Bt a6 ELRBI FiiGne another.
e A6 Ina e £ LSRG T Sheas b bNe ot first
B P IPEHBL $t8mdR® 11 and three pieces of second
annular memb.er elements 12, which are alternately
interconnected in the circumferential direction to define the‘
annular member, which is expandable in the radial direction.

The first annular member elements 11 and second

annular member elements 12 - under the conditions that the

stent is unfolded onto a plane are continued in the vertical

A‘Qirection as shown in Figs. 2 and 4. The first annular

member element 11 includes three longitudinally extending,
parallel linear segmenis 111, 1412, 113 of fifst, second and
third positions. The second linear segment 112 and third
linear segment 113 are of the éame length, but the first
linear segment 111 has a length longer than‘tha-t of the
second and third linear segments. The first linear segment
111 and second linear segment 112 are connected by an

arched segment 114 which is convex leftward, while the
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-at.a part of the arched se

connects the first |inear segnent 111 and the second
linear 25 segnent 112 of. the first annul ar nenber

. element 11, 16 hereinafter refer[gd to as a "ratio

of distances fromthe radially halving line X to the
respective tops of the arched -segnents”) is set to

4:5. The adjoining two annular nenbers 1, 1 are out

of phase with each other by a half 5 wavel ength of

thesmonldaﬂimabeée%lrﬁ%ﬂtgpre&)“nt%r%ghiir LA ORNSE Shant 113 are

seauin Eich ey mg, | | pe segnent
113 of the fi r??gang{ul é}%ﬁr@%ﬁeﬂé&é%[‘ %rl'l ®n V?HgCh IS convex
| efright@&ra@nd at a part of the arched segment 125,

whi ch 10 connects second |inear segnment 122 and third
linear seg 3 of,the second annul ar nenber _
el enent 12 g[pht r]@eriaﬁ €L g‘é‘,"‘i’n the ssmond annular member

| opgi Lpnal ,straight lines by three connecting

el g?;ghf%hg kgvi'ﬁ%'g'c{:%ﬁfﬂbm%tI%Q&@Jdma\l\w iexfémding parallel
SB” ]e5a The above stent is flexible enough to respond

to

Betli RGN R S he2dnndi 22, nABeraf t fiastconscdnd eand third

t'hﬁ gent wal | are conposed of repeated wavelike
pat '&Hs SeAM G ALS- ekbel senomd tineeAnbs bigve? 122 and third

l umens. Further, it is easy to provide the stent

wiHe2N fegmend .26 are tok Hik okeime ARA¥h, but the first

agnul ar nenbers are joined together at the arched

sedi8Ris REMenindc I nhdheasdertfiH | RAIGeTEY that of the
e o

and the third linear segnent with small anplitu
a $Roenikeand third linear segments. The first linear segment
121 and second linear segment 122 are connected by ran
arched segment 124 which is convex rightward, while the
second linear segment 122 and third linear segment 1l23 are
connected by an arched segment 125 which is convex
leftward.
About the first and second annular member
elements 11, 12, the second annular member element 12
and the first annular member element 11 located above the
second annular member element 12 is connected by an
arghed segment 3, which is convex leftwards and located
between the first linear segment 121 of the second annular
member element 12 and the third linear segment 113 of the
first annular member element 11, while the ‘second annular
member element 12 and the first annular member element

11 located below the second annutar member element 12 is
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pattern and since the ratio between the distance from
the radially halving line of the annular nenber to
the top of the 25 arched segnent &Eat connects the
second linear segnent 17 and the third |inear

segnent of the first annular nenber and the distance
fromthe radially halving |ine of the annular nenber
to the top of the arched segnent that connects the

fi rstnhiendad segmerin angedhe £es Legﬁi?rg,stﬁz'ﬂﬁnit is convex

of the second annul ar nenber is's

scai ghltw ity @ Nchie Hep%ttgvd%lfepit Eﬁgsf ﬁﬁtdagf/rbgﬁirnﬁe gment 123

expansi on of the stent.

ar oo Segnesear e an A el CRRE 655 4B T B tuckR I Bind the first
pat oy o AL et dn2ir 8l anulmaimemaen sement.
curvature dof STHon A TAHESLiGE 81 Bistanss ofromea radially

st gitr,, ik QU ,ng,,,t possi ble to m nimze damages of
bl ﬁg"é"\'/'té se’|”%c ma?,P 3@ uBNRU kate e mber toi thegtop of the
th b stent to the site to be applied, Enbodi nent 2
E 05'?’\1%‘?1&9% dfchgd wegrrentnddm,i 625it shalistance from the

deFD st*at d bel ow, making reference to Fig. 6. The
e 12 Yektiimehtline sXa Xdditbi datd o pf of20hEN@unconnected
stent of, enbodiment 1, wherein the ratio of distances
f;%fﬁ;hﬁg SRO ae Yt bl di, nd 14 n. &0, therd 8oPREtWE PPS distance
of the
from the radially halving line X of the annular member to
the top of the -arched segment 115, that connects the
second linear segment 112 and the third linear segment 113
of the first annular member element 11, and a distance from
the radially halving line X of the annular member to the top
of the arched segment 124, that connects the first linear
segment 121 and the second linear segment 122 of the
second annular member element 12; or a ratio betufeen a
distance from the radially halving line X' of the annular
member to the top of the arched segment 125, that
connects the second linear segment 122 and the third linear
segment 123 of the second annular member element 12
and a distance from the radially halving line X' 6f the
annular member to the top of the arched s'egment 114, that

connects the first linear segment 111 and the second linear

segment 112 of. the first annular member element 11,
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arched segnents is set to 7:8, and the arched
segnents 125, 114, 3 and arched segnents 124, 4, 115
are respectively aligned with ong anot her at the
proxi mal end of 25 the annul ar medSer 5 on the

proxi mal side of the stent or 18 at the distal end
of the annular nmenber 6 on the distal side of the
stent, and the connecting elenments 2 are formed into

a Si‘@p@lﬁéﬂﬂm e fd GePEtoASd lauﬁtrﬁgLeg :fndilpgaw%ecsh from the

the stent conpri ses siI X annul ar

ar & AAH 1Y | Hady XGNP e t@nﬁb%hf%ggjggﬂsgﬂépgyof the arched

annular nmber s are ~ connec

in ments..2 as shown in
Fi ggél%éeéﬁtwe ari% g'seét nt§ gf t hd & n A @oimdMger §wo annular
Si trHé'n’?g ?% H end of the stent are respectively
aI i gned aI ong ¥He BHoxPlaP NAsai &idh earchfother by a half
ghé lhat @§h gnnul ar nenber la is designed

YRA® t 1Bfs @nnuhararodbsynelemeM, and are
and are ali ned with the position of the arched

fteqps %%oateanagrth@ffﬁhetarchamrses@gumt s115, which

.. second |inear segnents 112 and third 15 |inear

seﬁﬁ’é}ﬂ%ciils ¥ COfed aroear nse@mehtnen 211laaed third linear
the first linear segnents 121 of the second annul ar

mefi§@meditetdid ab thre fiwstsiadenatat haeth®drelef8ne’ 11 on the
the annular nenber. On the other hand, the annul ar

o Seoment o 20, TS o 9 ar RIS, DO s, whicr
posonimmctd tdecanmdedinear segment 122 and third linear
segment 123 of the second annular member element 12 on
t'ne rright side, in the same longitudinal straight lines by
three connecting elements 2 having a configuration as
shown in Fig. 5B.
The above stent is flexible enough to respond to
bending since the annular members that constitute the stent
- wall are composed of repeated wavelike patterns, and thus
excellent in track-ability to lumens. Further, it is easy to
. prbvide the stent with a lateral hole. Since the adjoining
two annular members are joined together at the arched
segments each connecting the secdnd linear segment and
the third linear segment with small amplitude of a wavelike
pattern and since the ratio between the distance from the
.radially halving line of the annular member to the top of the

arched segment that connects the second linear segment



segnments 115 by shortening the first linear segnents
111 of the first annular nmenber elenent 11 and the
first linear segnents 121, secong | i near segments
122 and third linear .segnments 1 é of the second
annul ar nmenber elenent 12 on 25 the side of the
distal end of the annular nenmber 1f. 19 The

al i gnnent of the arched segnents nmay be done by

| enghlierftng the SEGRRG ig‘égfnéﬁgw%'?t ?hjelﬁéﬁggraﬁrqiuﬁ%r member

i near segnments 113 of the Tirst annular

el eanit St Od‘iiél”%é‘@mﬁr%rmnfﬂ{)orA'H%i%q{;]g?‘b% Sgiggggine of the

the 5 distal end of the sten

f h jtht it f th

ar cheq egmene oHa hatd® WiRed figarehod sriment tha
Lj .122 dthird Ii t

SO BT e e s 4R okona Tinear

123 of the second annul

an lLa on the side 1Q of the proximl end

of %@hs%g?gt&hgﬁi%%c? & HRMMIghs Mg mber igr skeddto 4:5, there
squegtc%rﬁeq W t h thke} positions of the arched

segirent 2 Ya' s CHAO QR eift lemgte abdhe ateni tantexpansion
i's XCEtlt‘l ent,in trackability to lunens since the

whl'e EPBntSEENE| exi bNe addlitimugh the r esfjonidtihg two annular
bendi ng. Further, it is easy to provide the stent

wi e HTP &l & Arehoftennactsddi aitoparts iof thesdrdigeHo segments
avoi d damages of the bl ood vessels which may occur '

at WHeh i aBeothendoms onf dihe her s elikd B atidIMS dhd thus the
to be applied since the tops of the arched el enents

10 artopeevefitdhe wavelike patterns are free from curvature
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deformation at the time of expansion of the stent and are
reduced in curvature deformation at the time of bénding of
the stent, thus making it possible to minimize damages of
bloed vessel which may. occur at the time of guiding the
stent to the site to be applied,

Embodiment 2

Embodiment 2 of the present invention will be
demonstrated below, making reference to Fig. 6.

The stent of embodiment 2 is a modification of
the stent of embodiment 1, wherein the ratio of distances
from the radially halving line to the respective tops of the
arched segments is set to 7:8, and the arched segments
125, 114, 3 and arched segments 124, 4, 115 are
respectively aligned with one another at the proximal end of

the annular member 5 on the proximal side of the stent or
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20 from curvature deformati on when expandi ng the
stent and mnimzed in curvature deformation which
may occur at the tine of bending of the stent.
Further, the stent is scarcely changed in |ength at
the time of expansion thereof since the ratio

bet ween the distance fromthe radially halving line
25 of the annul ar menber to the top of the arched

segnebhe2q t n t nd |linear ,segment ] .
and third ﬂ?%ﬁgreﬁgeéﬁé‘ﬁ eo?'q{‘;’z%?i'%&mé’r%l roqhe‘ﬁ%ﬁerdlstal side
el gy a e [ ce fromthe radially hal ving

l'i ne g'?et %gegﬂhu?grdsﬁﬁ%n‘g: rn?%ciﬁbgt% Beite A@tedormed into
se fha ect st he first |inear segnment and
se?gﬁg]t?é%egrh%ggéngﬁt':@' lsk %é”@%ﬁﬁ&ﬁ&?iﬂeﬁ{@r 6, the stent
el %'Eﬁﬂg)ri'ﬁ set to 7:8. Enbodi nent 3 Enbodi nent 3 of

the presenfs ivBht RBNWEAT BeMb&Tenst aal éd bdlioh are radially

maki reference tq Fig. 7. 10 The stent of
en‘%&%@ﬁ@%‘q's aar_!ﬁoah% édiicdniog twe snentlzaf members 1 are
en‘? di meni (]:] i n which the connecting elenents 2 are

Fht8Y% LhapRagh spétweri byi dhise wAavedioks i donnecting
Fig 7, the stent conprises ten annular nenbers 1
wh E‘ﬁ"b‘?’é@a%i%ﬁ!§h@>‘(fpanid'at5=lig.aﬁﬁ.arranged in 15 the
direction of the longitudinal axis of the stent, the

adj oi ni ng andilar ancibeds degin@nescaymnechad 4 ansash members
ot her by three waveli ke connecting el enents 2 snovvn

itpsaitil:gabﬁﬁtiis{:})a/t;rgeca‘i oearErdfi ARl StEN 4fe e?‘églplee&tivierlly aligned
along the proximal or distal end of the stent. That is, the
annular membér 1a is designed such that the positions of
the arched segments 114 and 3 are& aligned with the
position of the arched segment 125 by shortening the first
linear segments 111, second linear segments 112 and third
linear segments 113 of the annular member etement 11 and
the first linear segments 121 of the second annular member
element 12 on the side of the proximal end of the annular
member. On the other hand, the annular member 11 is
designed such that the positions of the arched segments
124 and 4 are alig;—ned‘ with the position of the arched
segments 115 by shortening the first linear segments 111 of
the frirst annular member element 11 and the first linear
segments 121, second linear segments 122 and third linear

-segments 123 of the second annular member element 12 on

the side of the distal end of the annular member 1f.
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| umens since the whole stent is flexible enough to
respond 20 to bending. Further, it is easy to provide
the stent with a lateral hole. lﬂ addition, the tops
of the arched elenents are preve fed from produci ng
curvature deformati on when expanding the stent and
mnimzed in curvature deformation which nmay occur
at the tinme of bending of the stent, thus 25 nmaki ng
it possible tThayohdi gméearags qfe
vessel s which may occur during ins&??%‘ghggdt%%g@%ms may be
i ntdontehebgi tengankasm ip! t8d- <k ras stent doe
Thanog T ] arg: KRG SHEOIE PSRRI 112 ana

not show change in length at the 0
Embidiirgentjnd £ E i 4 t p ent. _inventio
will tl)-e égmﬁstratgegﬁsowp{r%ki%ﬁg [@%e:}éﬁ%g go iitgr member
g . 4 Cti . ¢

SRR O BT o0, PudPhAL STLiSRhe sido or e

t he stent of enbodi nent 1,

di 4 f radiall.y hal.ving line X to the _
ré%’?gt%‘ﬁsg“t‘%gﬁ 1he AL Jﬁcﬁgdébegh@'ni@wl%@ﬁ oé the arched
3: i,St ance, between the second |inear
seg%n%ﬁﬁpﬁ’&gflgﬂ)% Wit nEhen pasitines ofetfien@arched segments

between

- 113(A23) 1S .Set . to two tinmes of the distance
fi rs‘s%lzl%ﬁgaﬁ's"éﬁ'ﬁg%tblllﬁﬁgl'j‘eﬂlgécéhé sesemnd linear segments

se t_112(122), .and the connecting elenments 2 are
15q1r’%]n§’5'q2r#6f§ dmparasegnents 2§ &Cths sbaewnd annular
in Fig., 8, the stent conprises fourteen annul ar

Fibgr

nmefb8 eme nfe t2dpdl 1lyecapandalrl meartsler 1a on the side
arr?nghed in the | ongitudinal
the proximal end of the stent to align the positions of the

0
arched segments 125 with the positions of the arched
segments 114 and 3.

.The stent .of the above embodiment is excelient tn
trackability to lumens since the whole stent is flexible
enough to respond to bending. Further, it is easy to
provide the stent with a lateral hole. In addition, it is
possible to avoid damages of the blood vessels which may
occur at the time of insertion of the stent into the site to be
applied since the fops of the arched elements are prevented
from curvature deformation when expanding the stent and
minimized in curvature deformation which ma.y occur at the
time of bending of the stent. Further, the stenf is scarcely
changed in length at the time of expansion thereof since
the ratio between the distance from the radially halving line

of the annular_ member to the top of the arched segment
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direction thereof, and the adjoining annul ar nenbers
1, 1 are connected to each other by three connecting
elements 2 20 with a shape as shimn in Fig. 5C. The
af orenmentioned stent is no less exellent in
trackability to lunmens than the stent denonstrated in
enbodi nent 1 since the whole stent is flexible enough
to respond to bending. Further, it is easy to

PRanets So¥nBts thk "ehedhdnliSar "SeSiminy and third linear
j. t def ti wh
E;San ﬁ'ﬁé;n{aems?{e'ﬁgu?ﬁgghpurﬁrr}/ﬁ?? é?i ﬁn%dﬁlg\%t ngemeez?t and the

de [ Lch occuyr. at the time of bending
offoﬁﬁggbtcgt%{’ﬂbs%i Agdialposialeng dined of the annular

da f the bl god vessels which may occur when
inﬁ%gﬁ%lgﬁgt(?ﬁ@es&é’rﬂ 9hitha rrahed seameagpthad.connects the
Fuglt h?r,l.‘the stent does not show change in | ength at

th ne 1 BF 2TexPQHNE&ENT | Anchi serndi nkneart heerghiemt of the
of distances from the radially halving |ine of the
anﬁﬁlcé)rnﬁqre?rﬁglu lag pembps ale e ntespeset we 7r ghed

segnent is set to 3:5, but the stent is scarcely
ch&fyR@dimesagdh at the tine of expansion because

of the fact that the distance between the second

| i near segnmehtmbmditrhiemd |3 nedr t$RUNBRL ] e .
times as large as the distance bet V\ngensteﬁh‘etsfiitr}\;s&tgn{m will be

~lisemosednated beiawd, aRIAy FBEEFeFRYRB! Fig. 7.

Enmbodi ment 5 _
The stent of embodiment 3 is a modification of

the stent of embodiment 1. in- which the connecting
elements 2 are formed into a shape as shown in Fig. &D,
As shown in Fig. 7, the stent comprises ten annular
members 1 which are radially expandable and arranged in
the direction of the longitudinal axis of the stent, the
adjoining annular members 1. 1 are connected to each
other by three wavelike connecting elements 2 shown in Fig.
5D. The aforementioned stent is excellent in trackability to
tumens since thme whole stent is flexible enough to respond
to bending. Further, it is easy to provide the stent with a
lateral hole. In addition, the tops of. the afched-elements
arc prevented from producing curvature deformation when
expanding the stent and minimized in curvature deformation

~which may occur at the time of bending of the stent, thus

making it possible fo avoid any damage of the biood



Enbodi nent 5 of the present invention will be

denonstrated bel ow, making reference to Fig. 9. The

stent of enbodinent 5 is a nodification of 20 the

stent of enbodinent 1, in which t rati o of

di stances fromthe radially halving line to the

respective tops of the arched segnents is set to

3:5, and the connecting elenents 2 are forned into a

shape saeishavnién Ridy 5Cc b ik 900 af | :
stent conprises fourt ten anﬁl@fﬂmﬁg%sg}ltgag vﬂﬁéﬁe stent into
ar ettigdisfd Yt &xpan d in.dhe, 23

| ongi t udi nal di rec?ﬁa%hﬁt{d]é'reﬁp?gﬁggt h@%df&?ﬂitngoes not show
annghain éﬁ onnected to each other by

t hree c%%ﬁggf?léﬁ 1y értreaqf%cté”?ﬁtwegmﬂé’%&shom in

Fi gErr'i_’S: go enentioned stent is no |ess
excel | e(r:{tcﬁlﬂ-ﬁ;}"’11 rackability to lumens than the stent

denonstr at ed En er&aodi nznt 1 since the whol e stent
is flexible ehQUBRYUTCPEsfonalt dhBerinegentuinkention wiil be

it ys,.easy,.to provigde the stent wth a |ateral hole.

In ‘%%Hl?aﬁﬁfa eﬁ% '?EggwofW%E’%@cﬁﬁf@f%ﬂ@ﬁemd:bg.e&

prevented fram curvature deformati on when 10

expandi ng t hel B€ertteild @f nembedimentr4aisra modification of
deformati on which may occur at the tine of bending

of ke Shadt oft lmbadineqt t1 ponsiMiich a ol @f the distances
danmages of the blood vessels which may occur during

i ndE@M dheofratialty dnalvintg lihe X te the P@s%@@tiiﬁgbtfops of the

However, the stent may be shortened at the 15 tine

10 expasdiod begauem taf ishesétctot Bas tAAd AH& Qistance between
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the second linear segment 112(122} and the third linear
segment 113(123) is set to two times of the distance
between first linear segment 111(121) & second linear
segment 112(122), and the connecting elements 2 are
formed into a shape as shown in Fig. 5C. As shown in Fig.
8, the stent comprises fourteen annular members 1 which
are radiatly expandabte  and arranged in the longitudinal
direction thereof, and the adjoining annular members 1, 1
are connected to each ot.her by three connecting elements 2
with a shape as shown in Fig. 5C. |

The aforementioned stent is no less excellent in.
trackability to {umens than the stent demonstrated in
embodiment 1 since the whole stent is flexible enough to
respond to bending. Further, it is easy to provide the stent

with a lateral hole. |In addition, the tops of the arched
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di stances fromthe radially halving line of the
annular | nenber to the top of each arched segnent
is set to 3:5. Enbodinent 6 Enbodi nent 6 of the
present invention will be 20 def@nstrated bel ow,

maki ng reference to Fig. 10. The stent of enbodi nent
6 is a nodification of the stent of enbodinent 1, in
whi ch the anplitude of the wavelike elenments 11, 12

i's /7, d the connectjng, elenents 2 is

for%&n?a%itg a \ﬁg efor%%g%'ﬁ&\fdn i fF@My. gy oducAagg  curvature
il .in Fig. 10, the stent conprises twelve :
annqj‘?té'aré%q'%n’d%ﬁgq FHRANGIBYr di &l pyedtpamadbiminimized in
and_arr ed i t he | ongitudinal direction thereof,

and 4H'he 3H Si ﬁf%fg?rdﬁﬁ’ﬁl‘ﬁﬂ WeHESdY smiay 1 ageuconabctbe time of
to eacg.ot her br three connecting elenments 2 with a
sh&Ndinghih 1herigtenk. thuse mdseg st epossible to avoid
excellent in trackability to lumens since the whole

st damagesexebl dhenolgoad nespoels t avhbendi mgavs occur when
wel |l as the stent denonstrated in enbodi ment 1.
FulBheaducings tbasys ten primticdd hichesiseetd biet applied. Further,
|ateral hole. 1In addition, the tops of the arched

el thentstearte goesenmiotl 0 dworhtiyat yhe [dfPIHBAt Othe time of
when expanding the stent and mnimzed in curvature

detorpan Ebonphileh tARY eesbodfiméRe, th acﬁobS?dﬁgﬁglances from
to avol

of the stent, thus making it is possible

Srengerachallie MBRY TR, B0 RO MR o the tons

| €89t o 8pelcifve arched segment is set to 3:5, but the stent is
scarcely changed in length at the time of ‘expansion
because of the fact that the distance between the second
linear segment and third lineaf segment is set to two times
as large as the distance between the first linear segment
and second linear segment.
Embodiment 5

Embodiment 5 of the present -invention will be
demonstrated below, making reference to Fig. 9.

The stent of embodiment 5 is a modification of
the stent of embodiment 1, in which the ratio of distances
from the radially halving line to the respective tops of the
arched segments is set to 3:5, and the connecting elements
2 are formed into a shape as shown in Fig. 6C. As shown
in Fig. 9, the stent comprises fourteen annular members 1

which are radially expandable and arranged in the
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15 stent is scarcely varied at the tinme of expansion
thereof. Enbodi nent 7 Enbodi nent 7 of the present
invention will be denonstrated ow, maki ng
reference to Fig. 11. A stent of enbodinment 7 is a
nodi fied formof 20 enbodinent 1, in which the
connecting elenents 2 are of S- shaped form as shown
in Fig. BA. As illustrated in Fig. 11, the stent

compongétud M4t egir S8Ry R iﬂ%’?"égifﬁn]qﬁq@i ﬁgrﬁag{?l%pﬁgjng annular

radi al | y expandabl e and arrange

di r g e tdereof 4 and th | 0i.ping annul ar nmenbers

1, 1 25 arrteg]cc}ﬁnegt egqFo gg?ﬂ*%?ﬂ%ﬁ bGJ S&¥GPedotRp&e by three
con j . t,S as,sho in Fig. 5A. The )

vvhoélgg?]g‘t en '%ii]se?}ezlggg\té aerUSha}A%‘?B%@ﬁdsm\b'éndﬂ nfgig. SC.

as well as thf stené denonstrated i n enbodi nent 1,

so that the sf&f JCIFWentioned sheBdiernoi bess excelient in
eXCﬁ'zJ[ 'Qntr ckaili%tolunensSFurther, it is

easy Cg(%l? Wie tonelumefsyi thag | ther astepte demonstrated in
addé@i o(g .the tops of the arched elenents are

prev Hedimedm LS Uiear dhgerwhedei ehewtens ekleaxidileg enough to
the stent and mnimzed in curvature deformation

whi'&F D dbteupending Fiurher, binis masy thepsdbeie the stent
thus, making it is possible to 10 avoi d danages of the

bl J6My e sEaberanlehoher odini rpddiorst el iTHPst R the arched
site to be applied. Further, the length of the stent

Ezbeg;d@fnngﬁilttygm edraveritedi fPoff SUPRBSLPE ¥WIEYhation when
expanding the stent and minimized in curvature deformation
which may occur at the time of bending of the stent, thus
making it possible to aveid damages of the blood vessels
which may occur during insertion of the stent into the site
to be applied. However, the stent may be shortened at the
time of expansion because of the fact that the ratio of
distances from the radialiy halving line of the annular
member to the top of each arched segment is set to 3:5..
Embodiment 6

Embodiment 6 of the present invention will be
demonstrated below, making reference to Fig. 10,

- The stent of embodiment 6 is a modification of
the stent of embodiment 1, in which the amplitude of the
‘wavelike elements 11, 12 is set to 6/7, and the connecting
elements 2 is formed into a waveform as shown in Fig. 5B.

As illustrated in Fig. 10, the stent comprises twelve annular
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Enbodi mrent 8 of the present invention will be 15
denonstrated bel ow, making reference to Fig. 12. A
stent of enbodinment 8 is a nndifig? f or m of

enbodi nent 1, in which the ratio di stances from
the radially halving Iine to the respective tops of

~the arched segnents is set to 3:.4, and the

connecting elenents 2 are 20 nade into a shape as

shawe mbefrisg.1 SkhidR iéﬂésﬂéﬁfeﬁﬂgis'é)&d:%ﬂﬁp@#%ea%d arranged in

stent conprises six annul ar
r adiha 1 ng)ipaadall eq fnsear | N the I tudi nal.
directi oggfqheregf%,l gnd tﬂé’r’gg?‘%n‘%’% grﬂftﬁﬁ% fdng annular
1, A ongect£d e t he y three connecting
SRS s i th & Chancoal Il e PG CEF ot by three

elenments 2 25 wit

et e B R HRATS. 2t h,c whns seeneawn in Fig. 58,

trackabiI'ity~to

f1exi bl 0 to respond to bending as well as the
stgmgdg)%n%s#agt égeirﬁ e'r?bo@?‘ﬁeﬂﬁem rortthackabkility to lumens
eag:" E% ptrovi de the stent. with a lateral hole. In _
addi tF&n, ’BetPf'éhP@s theheiar fhediklenemaighe to respond to

pr venci.ed from curvature deformati on when expandi ng
N9 A WRihiad 2@ istedur darnon stebderainoambodiment 1.

V\h{:‘chﬁgay occur at the tine of bending of the stent,

t G4 THRRIT gl 1S | eagasdibipravidavtihd deenpewith ahRateral hole
bl ood vessel s when introducing the 10 stent into the ’
si te addptioapplthed tofws tdierthé her thegt e iefm bRes 2r@"brevented

Is scarcely varied at the tinme of expansion thereof.

Ertffeonmemrvature deformation when expanding the stent and
minimized in curvature deformation which may occur at the
time of bending of the stent, thus making it is possible to
avoid damages of the blood vessels when introducing the
stent into the site to be' applied. Further, the length of the
stent is scarée!y varied at the time of expansion thereof.
Embodiment 7

Embodiment 7 of the present invention will be
demonstrated below, making reference to Fig. 11.

A stent of embodiment 7 is a modified form of
embodiment 1, in which the connecting elements 2 are of S-
shaped form as shown in Fig. 5A. As illustrated in Fig. 11,
the stent comprises thirteen annular members 1 which are
radiaily t\axpandab!e and arranged in the longitudinal
direction thereof, and the adjoining annular me:ﬁbers 1, 1

are connected to each other by S-shaped three connecling
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Fig. 13 is a devel opnent of a stent illustrating

anot her enbodi nent of the present invention (second
15 invention), and Fig. 14 is a pagtially enlarged
view of the stent shown in Fig. 13. The stent of the
present invention conprises, as illustrated in Figs.
13 and 14, thirteen annular nmenbers 7 which are
radi al | y expandabl e and arranged in the 20

| orgjietrogintal Hirecttiowr har Beg. FRe adhgi YiHGd Went is flexible
annul ar menbers 7, 7 are joined. together in the

| oregm buditnalto dirkasis bag t'?Srererp%iﬁagregsCOqugt ioé]g the stent

el enents 8. The annul ar nenbers e conpose

ci rbeinfen eftd el dy incfé}g%&gn‘@%’te' i keggl et{iﬁée‘tt Sth'e ®Stent of the

an M shaped waveform 25 and arranged™i'n

| opgiddéhnab neh beGhl @Rt er g9t figgﬁézly {{gadé%%agmh to lumens.

wave portion that constitutést verF|

isﬁﬂtﬁﬁ.f?{%ﬁeé‘sniﬂféa:gﬁéﬁé%gt i’en%ﬁg a}wbi}?ﬁ\é% lateral hole.

The adjoining two a

t oggt ; 0 t onnegting elenents 8 by

cogﬁecgzt%{dr{g(?éps 1{@’% °?h@‘ﬁogﬁ{3£*ie:§ %?e'i"r%nt% Rfgh prevented

el ts in_ the veli ke elenents 71 of one

anﬁu g‘r Cn‘g#g%ku?eaﬁ@%%ﬂaﬁtoﬂlﬂ%ﬁn teep ensliglg dhe stent and
mountain elenents 71a in the waveli ke elenents

th
71HAIHZ & ) QURYRART fefigdo rm atien awinicir mayberccur at the

7 Ljs a pgrL constituting a 10 lum nal wall of the
st HiP®aRd P&ndingi af| ihexsdradbl thupomakimfoit is possible to

hol ding a | um nal dianeter of the bl ood vessel
-§v0| damages of the blood vessels when introducing the
stent into the site to be appiied. Further, the fength of the
stent is scarcely varied at the time of expans-ion thereof.
Embodiment 8

Embodiment 8 of the present invention will be
demonstrated below, making reference to Fig. 12.

A stent of embodiment 8 s a modified form of
embodiment 1, in which the ratioc of distances from the
radially halving line to the respective tops of the arched
se-gments is set to 3:4, and the connecting elements 2 are
made into a shape as shown in Fig. 5F. As illustrated in
Fig. 12, the stent.comprises six annular members 1 which
are radially expandable and arranged in the longitudinal
direction thereof, and the adjoining annular members 17, 1

are connected to each other by three connecting elements 2

with a shape as shown in Fig. 5F. The stent of the present
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after placenment of the stent in the blood vessel. The
annul ar nenbers 7 are respectively conposed of six
wavel i ke el ements 71 having an M Qaped wavef or m and
15 being circunferentially connected.. The annul ar
menbers 7 are arranged in the |ongitudinal direction
of the stent. As } illustrated in Fig. 10, the
wavel i ke el ement 71 conprises nountain elenents 7la

ande i hmel fre et & x i efaC ofraé’@%ﬁkﬂl(igﬁ:t c?géjme ns since the

M shaped waveform i ncluding one trou

mouRHaR) n - unt aj two _troughs),. The .
ooy o) SPERE AR iR IR R0 DRt 1P re 3B R fino as well
a t el ween two nountains, while the trough L
el é%én{wgl%gégpp(ﬁ%@?‘agﬁtﬁﬁtﬁ a‘ﬁo@ﬁ?gprd'lﬁ‘&Qﬂﬁg1a tGprther, it is
71]e ggtwen t wo trgH%hs. 25 In_aqrder to inprove the

expantdbt i PGO¥iden ek withia kaferadnbole. In addition,
wa F‘l ength, itﬁdjs greferred to increase the

an‘é & ud@Ps RveldPm &rchedwagie m@nts emie s fnevented from
The stent is | engthened at the tine of expansion

t h&HNATUT & hedehBIMadien t rwhd) hewpandingtoth@llstent and
(bottom 712) in the 5 mddle of the trough el enent

71 (W0 8Hni | eyevatare) defo pnationlew toic Ht tmasi deccur at the

of the trough elenent 71b (nmountain elenent 7la) of

t héimgvdifi lbe rdtmgnof7iheTsient,t thas prakengedt tikdtpossible to
the nountain (trough) having the top 711 (bottom

712y disl platraged @¥ tthee sbiigodl VdesBPNMAHEN1Pntroducing the
el ement 7l1a (trough el enent 71b) of the wavelike
el etentt into the site to be applied. Further, the length of the
stent is scarcely varied at the time of expansion thereof.
Embodiment g |
Fig. 13 is a development of a stent illustrating
another embodiment of the present invention (second
invention), and Fig. 14 is a partially enlarged view of the
stent shown in Fig. 13.
The stent of the present invention comprises, as
illustrated in Figs. 13 and 14, thirteen annular members 7
which are radially expandable and arranged in t{he
lengitudinal direction thereof. The adjoining two annular
members 7, 7 are joined together in the longitudinal
direction thereof by three connecting elements 8. The
‘annuiar members 7 are composed of circumferentially

connected wavelike elements 7 of an M-shaped waveform,

and arranged in the longitudinal direction thereof. The
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71. The protruded I ength of the nountain (trough)
having the top 711 (bottom 712) is 4/5 of the hei ght
of the nountain elenment 7la (dep of the trough

el ement 71b) of the wavelike elefrent 71. The

adj oining two annul ar 15 nenbers 7, 7 are out of
phase with each other by a half wavelength of the
wavel i ke el ement and are connected by the connecting

el Rt dddn W§véagﬁldr‘?l}9nét ugb%‘ail? Sét?rriétg%%é' "Ve wavelike

The adj oining two an ar nmb

co en, t 711, and bpttom 712 cl psest | .
fo AR er ™ IR 1BRrT e siBslan ATy ramgo1dal wave,
71 ; tajns_of the trou el egents 71b

ant?}]'ggt R Qi TR0, B BCaBhui1ET &M eRs dnduiare deiped together
7 Hrbh RroxLmal side . are connected to the bottoms

713 0 ‘{e%e %Suﬁﬁ@’b‘?"t'ﬁ'@ Blemmnts 8 chynsannigating tops 711
amng ']ihe wavel i ke el enents 71 of 29 the annul ar

rren%ef ¢ BIPYRLa§ (Rl tBegéreyigme leoneedsi Agb in the wavelike
'J}he connecting elenents 8 are nmade into a

el enents 8.

cuP\r@E‘%ﬁﬁe (e ®) aaSulausneandern 7 Ed BBttoms 712 of
and three 5 connecting elenents 8 are respectively

pr APddAOMEReeh Bapoimb b tain amheinentendess iR, the wavelike
Further, the tops of the wave patterns of the

waf &8 M@nésefidned (he athefroardul 40 thayebarsyoot h

contour. In Fig. 14, the right side of the drawing is
set as The . annular member 7 is a part constituting a
luminal wall of the stent and is a radially expandable
portion for'holding- a luminal diameter of the blood vessel
after placement of the stent in the blood vessel. The
annular members 7 are respectively composed of six
wavelike elements 71 having an M-shaped waveform and
being circumferentially connected. The annular members 7
are arranged in the longitudinal direction of the stent. As
illustrated in Fig. 10, the wavelike element 71 comprises
mountain elements 71a and trough elements 71b, each of
which has an M-shaped waveform including one trough (one
mountain) between two mountains (two troughs). The
mountain element 71a is provided with a trough having a
bottom 712 between two mountains, while the trough
element 71b is provided with a mountain having a top 711

between two troughs.

In order to improve the expandability of the stent
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10 the distal end of the stent for the sake of
conveni ence. Further, the term "nountain" denotes
the section of the wave that is fﬁnvex ri ghtward,
while the term"trough" denotes the section of the
wave that is convex leftward. Further, the wording
"wavel i ke elenent wth an M shaped 15 waveforn is a
wavel i ke el ement conposed of a conbination of a

DU @é P ﬁhé”g%tmBaWaﬂgePé‘ﬁgtthouﬂpé%ﬁg%ﬁ@ﬁg@pmgo%crease the

nount ai ns (M shaped) and a troug

no [ n g (;reversed shaped ).

T P D REE BT el 2 SrlY (el SleTsnits 71 The

ne i oLt veli ke el enment. with a specific .

wa%g grtm%pf%(}gggg?%/%ﬁaftt stigne Ptfo%‘tﬁ’.a’wﬁgn thereof if the

no ' . between,t nmountains (two troughs). It is

po*s{{sl%@hg)atlg Si'éouglﬁv%'é'ﬂﬁe“@?eﬁ@ﬂ S7W1t%b\¢éi©ms712) in the
fofns s as, fo xanmpl e, _wavel i ke el ements of

Wﬁﬁ"% q#&ﬁ?af'?‘%“@&'mﬁ?gm?ﬂéuéﬁg (mRounteénsetement 71a) js

way e Fei 8ht as iJlustrated in Fing: 30 15a, or

wek EPHIRAG L Rt thef sighe caf « thve nbiegihnelement 71b (mountain

troughs) have different wave heights as illustrated

i@#@.e"§5ﬁ1wt%udh&owavemm sdgmetrd 71. Thus, it is

(ridgelines of the nountains or troughs) that

cdneefe utedt Hhal diepeth elatedth Jtaoeghpshaning! Ithe top 711
in the formof a sinusoidal waveform ~these segnents

ar@otitomecédr ilsy peqtiiged ootavehsUchide of thteh mountain
e

substantial ly sinusoidal waveform They may be in
fellemEnt Bfaai(ghéughnelemedl? b)! bPethe wavelike efement

71. The protruded length of the mountain (trough) having
the top 711 (bottom 712) is 4/5 of the height of the
mountain element 71a (depth of the trough element 71b) of
the wavelike element 71. The adjoining two annular
membefs 7, 7 are out of phase with each other by a half
wavelength of the wavelike element and are connectéd by
the connecting elements 2 in the same longitudinal straight
Ii‘neks_ |
The adjoining two annular members 7, 7 are
connected between the top 711 and bottom 712 closest to
- each other. As illustrated in Fig. 14, the tops 711 of the
mouhtains of the trough elements 71b among the wavelike
elements 71 of the annular member 7 on the proximal side
are connected to the bottoms 712 of the troughs of the

mountain elements 71a among the wavelike elements 71 of
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In the above enbodi nent, the linear segnent 10

i ncluding a point that connects the M shaped el enent

and the reversed M shaped el enengg(that corresponds

to the first linear segnent of the first annul ar

menber el ement or second annul ar nmenber el enent in

Enbodi nent 1) has a |length |Ionger than that of two

| i near segments that 15 constitute the trough or

moutit @i AsN Hekevee mbhe Tworl itheardisIednends bhathe connecting
constitute the trough or nountain (that correSpond

to eemegtion®@.| i near segnent and third |inear
segnent of the first annul ar nmenber el enent or second

annul ar nmenbeThel ex®yvin bl tFRROJE PR/ ar t 2 .
necessarily required to hagggt he sar?e&?sengafhtéqtene%ade into  a

| i nearve deghene i(r@véb%fﬁsir%‘i'} ?aéJ%ﬂJé't‘?%t%t({‘?ha Cigupf qand three

corresponds to the second 1inear segnent

| engiAnehathgr diRHGS 41 BFRT AegrERt i the Lover

position (thgt c%?ﬁgsdg%ndé ?lg% trﬁee"’g‘?n%f;&ﬂ“ﬂyneféfovy\ged between

Se@@¥ihi e e 25 dinent is '

excell ent nﬁq%cgbgﬁliéﬂ;%%qﬁéﬁéﬁs 7§i ce ﬁértﬁ@r, the tops of

whehe o lLexi bl ough to respond to bending

f or thgps?'ga onéeﬁﬁlzaéj ?eﬁ-gth%%yﬁgrelﬁgﬁbgﬂgmems 71 are formed

copnsty ' Lum na wal |l of the stent in the

abgéehé&?o%gpéﬂ?oéﬁnﬁﬂ Wi-ural wavelike el ements

havi ng an Mihaﬁed fgrm Further, it is 5 easy to

provide the sPefit'9wi 1A athat eight 1sdde ofnthet dnawing is set as

apthtoéisl [ ghtly shorten the length after expansion

fol"Bhdisdalofid naf the astenbrfoentiees sake of convenience.
Further, the term "mountain" denofes the section of the
wave that is convex rightward, while the term “trough”
denotes the section of the wave that is convex leftward.
Further, the wording “"wavslike element with an M-shaped
waveform" is a wayelike element composed of g
combination of a mountain element having one trough
between two mountains (M-shaped) and a trough element
having one mountain between two troughs (reversed M-
shaped ). It is to be noted that the wavelike element is
never limited to any wavelike element with a specific
wa_veform, provided that it has one trough (one mountain)
between two mountains (two troughs). It is possible to use
any wavelike elements with various waveforms such as, for

example, wavelike elements of which two mountains (two

troughs) have the same wave height as illustrated in Fig.
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} are connected between the top of the nountain
| ocated in the m ddle of the trough el enent of the
wavel i ke el ements 10 of one annular nenber and the

‘bottom of the trough positioned P the nmiddle of the

mountai n el ements of the wavelike elements of the
ot her annul ar nenber by the connecting elenent, and

that the protruded I ength of the nountain (trough)
ght of

in 4 el j l. nt, is 4/5 of the 15 hei i
thé%uﬁ% nwégeeglt'ﬁggfelt%@em gRY dfhiela el meuntains (two
el t rther adj oi ni ng two annul ar nenbers
argpsg.g,h%:gi'ﬁ@(‘fe{ o‘%&?ﬁéﬁlnét wWakenheiighsf aseillustrated in Fig.
Msl%?ed eégﬂgnt, so_ that the stent causes no

curvature PH@h ofolr thieaap segmeatsuttisigelines of the
when expanding the stent. Further, it is 20 possible
to"Fr?Hi"ﬁ'iaié‘Sdgﬁaéé%Ugﬂ’Qhéh@Ito@@nﬁéémtévﬁ’mm Mgehdipwgd element
the stent to the site to be applied since the whole

M S &peBUBISdHt aphbdimed hea t foemwaopage. sinusoidal waveform,
[Flexibility, shortening. and vessel dianeter hol di ng

capBeisey SEGIHNPs FgxolmesedmavritpnEqusadd to have such a
results relating to 32 flexibility (bendability),

shéuixstiant iadty wisaes otd aiew ev e fodldi nT K8pagidy ¥ in the form
the stents having devel opnents as shown in Table 1.

Frofna retridglitt Hrehawn pidy Jiilg4 11§ the stent of 5

the present invention is substantially equal to the

stent of In the above embodiment, the linear segment
including a point that connects tﬁe ‘M-shaped element and
the reversed M-shaped element (that corresponds to the
first linear segment of the first annular member element or
second annular member element in Embodiment 1) has a
~length longer than that of two linear segments that
constitute the trough or mountains. However, the two linear
segments that constitute the trough or mountain (that
correspond to the second linear segment and third linear
segment of the first annular member element or second
annular m—ember element. in Embodiment 1) are not
necessafiiy required to have the same length, the linear
segment in the middie position (that corresponds to the
second linear segment) may have a length shorter than the
linear segment in the lower position (that corresponds to.
the third linear segment). The stent of the above

embodime_nt is excelient in trackability to lumens since the
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in Fig. 17, the stent of the present invention is
superior in shortening to the st gt of the prior
art. Further, it will be wunderstood that the
shorteni ng due to expansion of the 10 stent can be
prevented by appropriate selection of the ratio of
di stances fromthe radially halving line X to the

re ANRY s. of., th rched segnents. Fromthe

o olRdE BRIt T YD s ek Ot dt r e PaRAptadepnding for the
in%Bntion ii subEtantiaIIy equal to the stent of the
pri’§roSPI S ANGdsdBe arsnibl aretes M o3 ngo Ospiiciting the iuminal
For tre ftJ exi bility, neasurenent was made by fixing

theValle®f dheosdestd inthpusth ogea gmbtodimene sanprise plural
5 mmrenote fromthe fixed end to bend the stent,
andVaNedsuei ale menbsl bhivihgcan ddpshdpéa fdam. Further, it is
di spl acenent 20 magni tude. The neasurenent of

sh&@ @i ey prasy icke thed sdent Withsanata kdl hepa, of a
3.0 mmdianeter to expand the stent at a pressure of

8 atm (for titeer efterencis sapit toatslightly esHIMRIEdthe length
pressure) for 30 seconds, and a profile 25 projector

( madee bye Mptari ©kon Choported | pah ddn §etiga P fifet Bﬁwnr?’tg’lar members

| ength of the expanded stent after expansion.

or dee Ubrdﬁé%ft@d‘%éf\@e\éer?%edi@pfb?rtﬁ@' %\ﬁgﬁtain located in

capacity, conpression test was cafrried o0t

Qgtelgtérggfga%ded yt*% POWGR Y HRIPOR b2 Y & Wedlelike elements
of one annular member and the bottom of the trough
positioned in the middle of the mountain elements of the
wavelike elements of the --o\ther‘annﬁlar hemb-er by the
connecting element, and that the protruded length of the
mountain (trough) in the wavelike element is 4/5 of the
~height of the mountain (depth of the trough) of the wavelike
element. Further, the adjoining two annular members are
joined together at the middle of the M-shaped element, so
that the stent causes no curvature deformation at the top of
the mountain when expanding the stent. Further, it is
possible to minimize damages of the blood vessel when
guiding the stent to the site to be appl'ied since the whole
M-shaped eiement produces little warpage.

[Flexibility, shortening. and vessel diameter holding
capacity tests]

Figs. 16-18 show comparison results relating to
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5 pressurizing the stent at 8 atm (for the reference
stent, at the recommended pressure) for 30 seconds
with a balloon of a 3.0 mmdianeter. The resultant
data were divided by the nunber 3@f the annul ar
menbers to deternmine the result as the vesse
di aneter hol ding capacity. ,,j 34 TABLE | Renarks
Enmbodi nent | Fig. 2(ratio of distances fromthe
respective tops of the

r agl - Vi ' .1 he

ar g@éi%‘égin@%ﬁs&gf’é?'?ﬂapéfb?”%@ GorfRet i Mgssel diameter
el ¢ A 5 nbodi,ment 2 Fig. 6(ratio of

di ;ﬂ@ﬁégg fP’a‘l%%agyr aflfaltine héF@i%rﬁa DAY ing tAevelopments as
re ive t of ,the arched segnents is 7:8, shape
of§m§ﬁ}éncb’ﬁnﬁgﬁiiﬁg1el ement: Fig. 5E, the tops of the

ar ched segnEnts at both ends of the stent are ,

al i gned wit h"d&R thitefesubmmhewm B FFyg. 7(6attbe stent of
of distances fromthe radially halving line to the

r espBC P06 arvlpd nofe b b i ish el s tymm titas | iys ey Gal tte the stent of
shape of the connecting elenent: Fi . 5D) Enbodi nment

4 Hig. pg(oatatt ¢n disxabtiéty fr dmdie thadi mdsylfalshio@n in Fig
line to the respective tops of the arched segnents '

i s13,5,thee sttepe aff the cprseetrtngiglemibn Fig- superior in
5C, the distance between second |linear segnent and

‘thsharteneag segthet steritworethbhpribpt 2PEe BEUMRRIY. it will be

first linear segnment and second
understood that the shortening due to expansion of the

stent can be prevented by appropriate selection of the ratio
of distances from the radially halving line X to the
respective tops of the arched segments. From the results
shown in Fig. 18, the stent of the present invention is
substantially equal {o the stent of the prior art in vessel
diameter-holding capacity.

For the flexibility, measurement was made by
fixing the stent at one eznd. and pushing a part of the stent 5
mm remote from the fixed end to bend the stent, and
measuring a load which corresponds to the displacement
magnitude.

The measurement of shortening was carried out
by using a balloon of a 3.0 mm diameter to expand the stent
at a pressure of 8 atm. (for the reference stent, at the
recommended pressure) for 30 seconds, and a profile

projector (made by Mitutoyo Corporation) to determine the
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| i near segnment) Enbodinment 5 Fig. 9(rati.o of

di stances fromthe radially halving line to the

respective tops of the arched segnents is 3:5, shape

of the connectn elenent: Fi . 5@3Enbodi nent 6 Fig.

10(ratio of distances fromthe radially halving |ine

to the respective tops of the arched segnents is

4:5, shape of the connecting elenment: Fig. 5B,

aml e af velike .elenment is _6/7 of that in

el $HF N B haRe B o7 SER Rt Si4r srngpion!

di stances fromthe radially halving line to the

respective tdfs oddehdcadeiel miypeihie vesaed dimmeater holding
of the connecting elenment: Fig. 5A) Enbodi ment 8 Fig.
12(G3REE!1Bf. GiOniessianriest was adnriad viulg withe Autograph
to the respective tops of the arched segnents is

3: {M3RHdYy $himadounErimgratiomehtanRle §Rnt expanded by
Enbodi nent. 9 Fig. 13(Protruded | ength of the nountain

i n‘ﬁﬂ@%dmfégoghet isdentoadh8 edml/ {foofiHdhaefmrdate stent, at
hei ght of the wavelike elenent, shape. of respective

walbe triearo mone nidexd ep reseal i ke felreBENt sesbmisoi Wath a balloon
wavef orm shape of the connecting elenment: Fig. 5A)
Compamatd. @e nfing d ik biteed vepzelresti RBNNANY WEPe divided by
with a wavelike stent 1 pattern and joint elenents

W thea npr e o @)'f”ﬂ?é”ﬁﬁrrﬂ!iiéllehrﬁbgnb%qlcsbllBOH-ettanife the result -

vessel -retaining portions wth a wavelike s

PaklsCtA ey 8 sGYNY i tops and
bott ons of tshe ma\?ééggje{c%rmq’g'?tgﬂi%%gc‘%{ bl ood
vessel -retaining portions with a wavel i ke



stent 3 pattern are connected to each other at the
tops and bottonms of the waves 35 CLAIMS 1. An
expandabl e fl exi ble stent excellent in trackability
to blood vessels, conprising radially expandable
annul ar nmenbers aligned in the |ongitudinal direction
of the stent, and one or nore connecting el enments by
whi ch said adjoining two annular nenbers are
connected wth each other in the |ongitudina

di Té&ELbA t hereof, wherein said annul ar menbers each

cpnprises—first—appruar—nenber el enents _and second

mat-ar—enrber—el énents_alternately Benmgksed with

LEMRAGImEt { ¢ he | Fig. Afratir ehdistdnadisrfearhithe radially heilving line to the

ent, wherein saj teSpaclivedups of theebitiedebegPBhtd b 8:5, shape of |
el opnent of _t hethe emtinedtirigiglemdr@nigt sy nal |y

xEadidiment par al | Elg. 6t &1 SeBincsSHBH e Piaall Shving e T the

econd and third :ﬁég@awéqgggn&s heS ’?Z%ﬁe onrgﬁﬂ%?lg 7:3, shape of

L TS S0P cBnd Wbl I LS o

egonldr an third 'ghtsseé fryends jof the signiagrg aligned with each
gr«énl '5hai a¥a r-nn,npr‘f ed hy an_arched
b

SRERAMNEICS s '

DTN DOW DY

4(rafigral dlislaacesfrone thesratlialbcoaiding ine (o the |-
nd third |inear |"S8gREHNS tors of the mrcheddetpents is 4:5, the shape

f?he.d_segmm, t hf the comneeting elghemaFig. Sherein
rabggigail 4 ann | Fig. Bfratieof elistarbés frbrt I radially halving line to the

i respective tops of the arched segments is 3:5, the shape
of the connecting element: Fig. 5C, the distance between
second linear segment and third linear segment is twice
the distance between first linear segment and second
iinear segment)

Embodiment 5 | Fig. 9(ratio of distances from the radially halving line to the
respective tops of the arched segments is 3:5, shape of
the connecting elément: Fig. 5C)

Embodiment 6 Fig. 10(ratic of distances from the radially halving fine to
1 the respective tops of the arched segments is 4:5, shape
of the connecting element: Fig. 5B, amplitude of wavelike
element is 6/7 of thatin embodiment 1)

Embodiment 7 Fig. 11(ratio of distances from the radially halving line to|
the respective tops of the arched segments is 4:5, shape
. , of the connecting element: Fig. 5A)

Embodiment 8 Fig. 12(ratio of distances from the radially halving line to
the respective tops of the arched segments is 3:4, shape
_ of the connecting element: Fig. 5F )

Embodiment @ Fig. 13(Protruded length of the mountain in the middile of |
the trough is 4/5. of the mountain height of the wavelike
-element, shape of respective waves that constitute
wavelike element: sinusoidal waveform, shape of the
connecting element: Fig. 5A)

O Q. (N N

Comparative Fig. 19(blood vessel-retaining porlion with a wavelike

stent 1 pattern and joint elements with a waved form)

Comparative - | Fig. 20(blood vessel-retaining portions with a wavelike

stent2 - pattern are connected to each other at the tops and

. bottoms of the waves)

Comparative Fig. 21(blood vessel-retaining pottions with a wavelike |
| stent 3 paftern are connected to each other at the tops and

bottoms of the waves)
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devel opment of the stent includes three
longitudinally extending, parallel Iinear segnents
of first, second and 36 third Iinear segnents, said
second and third linear segneBts being equal in
l ength, while said first |linear segnent being |onger
than said second and third |inear segnents, said
first and second linear segnents being connected by
an arched segnment that is convex rightward, while
said second and third |in€daI¥sgnments being
connected by an arched segnent that is convex
| ef twards, wherein said first annular nmenber el enent
;j;isfafﬁu aﬁgfbadah%aber%ﬂfﬁ&ﬁ%eare?g@ﬁgefa%gfgqq?nt in
£ : econ annul ar er elenent and the firs
Tennul ar ecn\'\seng(gr & r%gn‘fes? St eBORPEVE1Pfle r9eigAdY expandable
anraniad anemipeber adligmmeit fﬁetﬁ@nm%ﬁégku&§h§¥1ég%@?@ion of the
ste3ggnent that is gonvex l eftwards and | ocated between
the Pt PPfiea?T sdiftfeht N i osd earndlsar byerleich  said
adjeliement tand ddittde reedibO8ar 5 S89BAL he.first :
h ﬁ@nular nember el enent, while tﬁgﬂégggﬁg gﬁﬁh|§?0h other in
“nefBorl teddpadt ddg@ctima fihestecdnul ar nenber el ement
| ogakedibBelQwd e, secan | ar mber el enment_.
bei ng _connected by an aﬁglggggggﬁ%ﬁ CPRMBELPEScohvek annular
menppghelerendsd drot st echidt arpalihenthibed bibgahts alternately
egrent .af.it he, secopd annul ar, nenber el enent and the
irstEi Pﬁﬁ%ﬁfﬁgé n%ﬁgeﬁf1FhéﬂF?r%%r%ﬁﬁﬁﬁ%ﬁn%%%%eﬁlrectlon of
theebégeht, the adjoining two annul ar nenbers being
coQHected by th connecting el ements at portions of
t he"8FehBd §%@H§ntéEN%ﬁ?ﬁ1 annular member element in a

development of the stent includes longitudinally éxtending,

conh
f

parallel three linear segments of first, second and third

linear segments, said second and third linear segments being

equal in length, while the first linear segment being longer

than said second and third linear segments, said first and
second linear segments being connected by an arched segment
thatlis convex leftwards, while said second and third linear
segments being connected by an - arched segment that is convex
rightward,

wherein said second annular member element in the
development of the stent includes three longitudinally

extending, parallel linear segments of first, second and
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connect the second and third linear segnents of the

first and second annul ar nenber el enents of the

respective annular 37 nenbers. 2. The stent

according to claiml1, whereinda ratio of a distance

froma radially halving |ine of the annular nmenber to

the top of the arched segnent that connects the

second linear segnment and the third |inear segnent
thof Lie first annular nenber elenent, to a distance

e tR&3FadicdMg Ul vERGA| isseonef ame ahﬁlmkiarlinmm:ersegments _
P sl T near sooniot” AR TRe Bl A T hodr Neakg rnent being

first linear segnent and the secon

' OQﬁe¥hEh§%c§ﬁédaﬁmﬂqmdrﬁmmetheténﬁmheas|9égmahﬂgﬂmkhld first

and! 5ol Tithodt Weyslan 30eol oo L AMA O e

2, wherein the adjOI
seg@ferghakleatni ih ea@lvexotme;htvﬂar&r hewisi Bat 536003t dnd third

11 ' to 3, wherein the adjoining two
annul %r H%%ggréeépg(ﬁﬁnQﬁcﬁﬁ%sBYWﬁﬂw%ﬁﬁﬁﬁ offigRepy that is
ConwdmmﬂbﬂMn&ﬂdyuﬁlw and wherein the adjoining two

annﬁg .menber.s are connected by the connecting
el EMEREEN nSaife £aket| oABRRLArnaembeni ghtehémes.argi second

annﬁlgtrrselt ﬁ@?ﬁgﬁ‘ggﬁ]ﬁ%@?ﬁaﬁg égq'fﬁe/ng]otn‘}llegdt:%i g-ﬁh%fhor tﬁg}: the second
ann, |a5|9rpﬁ $¥nelement and the first annular member element
located abowve the second annular member element are connected
by an arched segment that is convex leftwards and located
between the first linear segment of the second annular member
element and the third linear segment of the first annular
member element, while'tﬁ.e second annular member element and
the first annular member element located below the second
annular member element being connected by an arched segment
that is convex rightward and located between the third linear
segment of the second annular member element and the flrst
linear segment of the. first annular member -element, the
adjoining two annular members being connected by the
connecting elements ,ai; portions of the arched segments which
connect the second and third Iinear segments of the first and

second annular member elements of the respective annular



6. The stent according to any of clains 1 to 5,
wherein the connecting elenent is in the formof a
curved line. 7. The stent according to claim6,
wherein the connecting elemepi is in the formof a
wavel i ke shape and has a nountain. 1 8. The stent
according to claim®6, wherein the connecting el enent
is in the formof a wavelike shape and has plura
npuntains. 9. The stent according to any one of
meppgris 1 to 8, wherein two to six connecting
el enents are provided at even intervals between said
adj oi ning two annul ar nmenmbers. 10. The stent
accérdln@heosaﬁytoaecotduhglm& TBaamd,1, WS LA Th tdheratio of a

ul.ar nenbers situated at
SEERel S 3 H Nl e ror cFhoratn e co
thehGOpr@fInﬂe(ﬂr@hédabeQﬁSn@fthB% %B%Hécﬁgltﬁg1 second linear

seShENL acc ng to,any one of clainms 1 to
erei it e Pnebft ey %ﬁ?ﬁa%egﬁéﬁ‘?gtofofhetfie rfirst annular

meminan| al emgREDer Ll £MERLSaaRd S%W RONuUlLay; Aenber
. % ment s are arr anged eaU|angu arly. 1%.%fﬁ gtgq;Vlng line
© Sr ANGed drglepe &P cihe ntop tod ldhe whehedn segment that

corfisd@nce et wegn, sai d; first L gT[elar Sg%}?g:]%}znge’fw linear

second |inear segnent is equa
segeEnis ap{ thErﬁdqqmmrasmghantmamdetl@ﬂedém@ais in the range

of SEYTRY 7.and a

3. The stent according to claim 1 or 2, wherein the
adjoining two annular members are out of phase with each

other.

4, The stent according to any of claims 1 to 3, wherein
the adjoining two annular members are out of phase with each
other by a half wavelength, and wherein the adjoining two
annular members are connected by the connecting elements in

the same longitudinal straight lines.

5. The stent according to any of claims 1 to 4,
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di stance between said second |inear segnent and third
linear segnment is greater than the di stance between
said first linear segnment an econd |inear segnent.
ABSTRACT The stent of the présent invention is a
tubul ar nenber conprising annul ar nenbers 1 arranged
in a longitudinal direction thereof for keeping a
body | unen open, and one or nore connecting el enents

whardedn GeNeehh 8Ptk ARII | | y.adj.oini ng_.two .
,annular menbers 1, ? vé%%ﬁégﬁée %%ogjﬂer?heEagﬁrlﬁnr?lfl g sStraight
M&rber | conprises first annular menber elements 11
and second annul ar nmenber elenments 12 which are
alternately jointed together in the circunferentia

di r éct i ofhef stketammuulardimebes dny W cBMW & to 5, wherein
th@?%%%ﬁ%c{'are EXﬁan%able,in the radial direction
thereof - the SLEREN s 1l & bie LRameEer| BHEVEA line.
trackability to lunmens, thus naking it possible to
aII2m1th stent to pass through the
t hr 8é- di nefisi mqty me&RAEALAG | heenscldie sbent wiserein the

connkstanyi albidchteq J rom shor kgpi.ng-and makes it
a ggagkgge to provide the stentgaﬁtgfaglgFgﬁ 1ke | ghape and has
n.

8. The stent according to claim 6, wherein the

connecting element is in the form of a wavelike shape and has

plural mountains.

9. The stent aCcording to any one of claims 1 to 8,
wherein two to six connecting elements are provided at even

intervals between said adjoining two annular members.

10. The stent according to any one of claims 1 to 9,

wherein the arched segments of the annular members
situated at each end of the stent are respectively aligned
along the proximal or distal end of the stent.

11. The stent according to any one of claims 1 to 10,

wherein the linear straight segments of the first annular
member elements and second annular member elements are

arranged equiangﬁlarly.

12. The stent according to any one of claims 1 to 11,
wherein a distance between said first linear segment and

second linear segment is equal to a distance between
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said third linear segment and first linear segment, and a
distance between said second linear segment and third linear
segment is greater than the distance between said first linear

segment and second linear segment .





