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DESCRI PTI ON Ext endabl e Soft Stent. Wth Excell ent

Fol  ow-Up Capability To Bl ood Vessel 5 Techni cal

Field The present invention relates to a stent that is
implanted in a human body to maintain a dianmeter of a
body- lunmen such as bl ood vessefs. 'Background Art 10

So far, stents have been used to expand a dianeter of
the body | unen such as the bl ood vessel and keep it

to the expanded | um nal dianmeter. The stent. nmay be

- expanded by various nmet h@quig SOQRIPBERONal | oon dil ati on,
sel f - expansion using a shape nenory material,

nmechani cal 15 expansion, or the like. The nost wi dely
used nethod is the balloon dilation. In the balloon

~ di'l at | BxtendablenBoftsStemt With Extelient Rollew-UpiCapiability
in the body together with a balloon catheter,

" expanded by inflation ofiIoBlpeghVessel | ate a di aneter
of the lunen, and retained at the dilated site 20 even
S5af t ere¢lemindlngialde defl ated ball oon fromthe site. The
stent generally conprises |um nal dianeter-holding
portions forlhkelpeesgnhndvesidongreladedi doeaestontt it is
| umen such as bl ood vessel, and joint portions for ~
conh@@lpRted Ha auniman budinte enaiolalinng ¢p@miesdas dfna body
‘the longitudinal direction of 25 the stent, and the

st ehidmied g45ht a8 hleadkygssadsexpanded 2

25

Background Art

So faf, 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 baltoon 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
balloon 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-hoelding 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




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 %onprising a tubul ar
menber expandable in the radial direction, the tubul ar
menber being constituted by a plurality of el ongated
10 nmenbers intersecting with one another (JP

S62- ZHASL diter ekpd®siorconprising at |east two
unitary wire-like circular nenbers each bent to form

a plurality ofppgpstanti ddits SE6AIEMsing Iluminal diameter-
non-overl appi ng segnents connected at axial bends;

the a\tqlueﬂgtpbmoﬁisr @H!daFoﬂ‘ﬁ”’ﬁ%rr%iJrﬁsViiﬁﬁI@&e| qe3tetbmple, a
one pair of aligned axial bends; and the at |east two

circyltant meshes Ssoognppictd RylIRidlieast céMponents which are
substantially rigid joint at |east one pair of

4l i gsepardtaly bexpantda®ibl08n IHe08adiA)l; dirsdtéon tloeredf and
of a tube having a patterned shape which has first

and seeondnmeariddr tpadher aschiagr ngp 20s eboe sl Byt amiagcommon
-in first and second directions (JP H10- 503676 A); and

a st anis wi(R-&0 Hdh $98 uA ur ea catpnitsiogmarigingr adi ttybular
of open cylindrical 'segnents, each segnent being i
def i megmbgrarexpaedabhmedn edhet madial t ldersetljonnt thei igbular
i nterconnected at end portions thereof by a plurality
of mREbggonkeingt socoifedeidngbyl eremlarality of elongated
H11-505441 A). 3
- 10 members intersecting with one another (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-overlapping segments connected at axial
bends; the at least two circular members having at least
- 15 one pair of aligned axial bends; and the at least two
circular members connected by at least one substantially
-rigid joint at teast one pair of aligned axial bends (JP HO08-
155035 A);, a stent formed of a tube having a patterned
shape which has first and second meander patierns having
20 axes extending in first and second directions (JP H10-
503676 A); and a sient 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 pluralily of

.-'2.5 -~ -diagonal interconnecting elements {(JP H11-505441 A}.




These stents of the prior art have been inproved to

sone extent, but they still put a load on the | unen

such as the blood vessel in the vicinity of edges of

t he expanded stent, resulting in obstruction or

stenosis of the lumen. 5 Further, it can not be said

that these stents have sufficient flexibility, and

thus it is often difficult to insert the stent into

the objective site if the lumen has a three-

di mensi onal | y meandering course. In addition, the

stents nay cause wounds in the blood vessel during
insertion intghbQel BER AL {VE Hibe-altfhhPerBek® mproved
branched bl ood vessel at the inflated position, it Is

har did ¥oth&f &iddt, tivuf erByastiat plal a iRl drthBelumen such
pl aced stent. Further, the stents have such a problem
thatag tad engbl wisddieirstingt vicinityoof esgleyof the expanded
expansion, i.e., so-called shortening. 15 D sclosure

of Isteartt i pasliltinvg e obbshructiiore ori rstendisiaces, thaelumen.
present invention has been nmade to provide a flexible

5st erffurtihter, iéxeah lrextt bexpaididbialti thesevstentsshave sufficient

10

15

20

25

excellent in trackability to [lunens (thus making it
posdidkibilidy paarsd t thumugh ishefténedif2wit nendinsealk [ 4he stent
nmeandering |lunens), substantially free from

shoritiémi nt)e amebiewibies sidepr tvi dhet htumeant hds h & three-
| ateral hole. A stent according to the present

i nvelimemsignally meangteningefOUSRE- colbradditian, the stents
plurality of annular nmenbers 25 which are radially. .
exp@ha¥bFausfdwarads iyide bhogdsvessel during insertion into

the objective site. |If there is a branched blood vessel at
the inflated position, it is hardily difficult to form a lateral
hoie in the placed stent. Further, the stents have such a
problem 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 Vpresent
~ invention has been made to provide a flexible stent with
-exceilent expandability, which is excellent in trackability to
lumens'ﬂhUS making it possible io pass through the three-
dimensionally meandering lumens), substantially free from
shortening, and enables to provide the stent with a lateral
hole.
| A stent according to the present invention (i.e.,
- first invention) comprises a plurality of annular members

~which are radially expandable and are aligned in a




| ongi tudi nal direction thereof, and one or nore
connecting .elenents for connecting the adjoining two
annul ar menbers w th one another in the |ongitudina
direction thereof, said annul ar nenbers each
conprising first 5 annular nenber el enents and second
annul ar nenber elenents which are alternately
interconnected in the circunferential direction of
the stent, said stent, when unf®él ded onto a pl ane,
possessi ng such configurations that said first annul ar
10 nmenber el enent includes three |ongitudinally

sec

*and R AL AT BT IRS FRE "aBdoRa e oo gt eoting

the 11ErhEntt 18R co ATHRER. RAbIRgfcdWiha tré Fayliat Higfivers
i v orfh RS SEERREL TR n Lol RR Rl SEHERC T

db - | . .
(Tovards. the Sreki ra wRiooRamBRLp o #9EH  EbMEmRp first

5SeCithlidiean eeH8EN G 18RL ALY I dnly n§é&o§agr@ﬁlhu:&§i fifember
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connected by an arched segnment protruded ri ghtwar

(t owaesfe i Skdlcrendref éh%rﬁ?a‘i‘@f;)’_iﬁ% GRABBEed in the

annul ar nenber el enents each including three

| ongiigsiginfalé i igXIdIPEEfion BRftAl Stepd near segments of
first, second and third |inear segmrents, said second

i near segmenfajand diintd | WheA SearEIde el BAIEIUEl Hane,
in length, while said first |inear segnent having a
| englolssessing such configurations that said first annular
member element includes three longitudinally extending
parallel linear segments of first, second and third linear
segments, the second linear segment and third tinear
segment being equal in length, while the first linear
segmenthavnm;a[engthidngerthanthatofthe second and
third linear segments, said first linear segmeni and second
linear segment being connected by an arched segment
protruded leftwards (towards the proximal end of the stent),
while said second linear segment and third linear segment
being connected by an arched segment protruded rightward
(towards a distal end of the stent),
said second annular member elements each
including three longitudinally extending, parallel linear
'segments of first, second and third linear segments, said
second linear segment and third Hneafsegmentbehu;equal

in length, while said first linear segment having a length




| onger than that of said second and third |inear
segnents, said first |inear segnent and second |inear
segnent being connected by an arched segnent
protruded rightward(towards a distal end of the
stent), while said 5 second |linear segnent and third
i near segnent being connected by an arched segnent
protruded leftwards (towards the proxi mal end of the
stent), about the first and secdnd annul ar menber

el ements, the second annul ar nenber el enent and the
first 10 annul ar nenber el enent | ocated above the

secoph it ah (bS] &L,mcd%a%gqrmﬁ&trgﬁew §8gments,

ar ched “segnent, ich s convex war ds

the prigkiiTsl FAGaP!séfmeri! afld s%ra%rlcpgmsérb@é&ﬁ% being

the first linear seg of the second annul ar

el ergginéddd he by rd Ia'nnear a}énéﬁgmnéeghéﬁ‘? i istbtruded

annul ar nenber el énent, whil second annul ar

Menbegh el sr@towaldid he iissd) W'@f tHENBesn §, eRpliie said

| ocat'ed bel ow the second annul ar nember el enent bei ng

sconneai@t bvwmars@gﬁmﬁgrrsﬁa, tWite hlinearCO8¥Bient being
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rightward (towards the distal end of the stent) and 20

| oc atoarh dxstiedeebyt hant haf dhetinegé g rroeNprofrided sdedndards
annul ar nenber elenent and the first |inear segnent of

t he (tdwasds aheuproximabern elofndre stéhe),adj oi ni ng two

annul ar - menbers being connected by the connecting

el enents at abaruiesploadifigstar ahedd segowit saonullae member

first annular nmenber 25 elenent and the second

annglemerdsbdheckegomd ariular member element and the first
annular member element located above the second annular
member element being connected by an arched segment,
which is convex leftwards (towards the proximal end of the
-stent) 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 the
second annular member element and the first annular
member element located below the second annular member
element being connected by an arched segment, which is
canvex rightward (towards the distal end of the stent) and
located between the third linear segment of the second
annular member element and the first linear segment of the
first annular member element, the adjoining two annular
members being connected by the connecting elements at

corresponding arched segments of the first annular member

element and the second annular member eiements.




The term "correspondi ng arched segnents" here neans
twi n arched segnents that connect the first |inear
segnent and the second |inear segment, or twi n arched
segnents that connect the second |inear segnent and
the 5 third linear segnent, or twin arched segnents
that connect the third |linear segnent and the first
linear segment. In order to substantially elimnate
change in length of the stent &hen expanding the
stent, it is preferred to construct the stent such
that the first linear segnent is |longer than 10 the
second linear_segnent and third |inear segment, and
that the adj of REngEEMNUFAFT 4RADRA NG rar pdeteaments” here
portions of the arched segnents that connect

he _. .
secdRB2NS A¥AP SEGRER: SEAMERLT dthertné:&yn%j%‘ghéﬁ?ﬁeérrﬁihaneaf
{har a4 ent: A5 SEsAd At emanG Plotiiyy rened
hal ving | i f th | nber, t t
o c b RegtEnth e bekon BefhdBs SRS TLdldel [ Fadnerl®and the

s ARl S, =R, SRR, Bl B connocs
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top 'DF YRORN IR et Aol R EidE TReef sEBrient. in
ceopie anaurn Aanletyr BIAha ISR Bhgkhe ot the

W TR DRt thhﬁﬁgﬁa‘?}fdiﬁpztﬁe 7ét%%ntA| it h%?ﬂ?ﬁfé‘ﬁe‘#% e€oRbtruct

expansi on o stent and effetts o e connecti ng

el enRBt s1SRP WUk Pan iﬁ‘genré{‘tlﬁx@&ﬁ%ﬂmetrheis%%@a@@dthan

stent has a tendency to 7
the second linear segment and third linear segment, and

that the adjoining annular members are connected at
portions of the arched segments that connect the second
linear segment and third linear segment of the respective
annular members. Further, it is preferred that the ratio
between a distance from a radially halving line of the
annular member to a top of the arched segment that
connects the second linear segment and the third linear
segment of the first annular member elements, and a
distance from a radially halving line of the annular member
to a top of the arched segment that connects the first linear
segment and the second linear segment of the second
annular member elemenis are set to a value within the
range of 1:2 - 7:8. Although the degree of expansion of the
stent and effects of the connecting elements should be

taken into account, the expanded stent has a tendency to




i ncrease the length thereof when the ratio between the

distances is less than 1:2, but it has a tendency to

decrease the length when the ratio of that distance
exceeds 7:8. Further, the adjoining annul ar nmenbers
may be out of 5 phase with each other. In particular,
it is preferred that the adjoining tw annul ar
nmenbers are out of phase with each other by a half
wavel ength and are connected by’the connecting
elements in the sane | ongitudinal straight |lines. The
connecting el enent nay have the shape of a 10 |inear
ed that the

o HEBR, i BIRIE srkobF SUFHAL 68 EA Praen e
2 cgRgieg 05 YRS e, el U ALY, Fehconoy 1o
g4 T TR TR RO Lo
o P SoRgRH?, 0l BB ANGTRD P el RN out o

annul ar menber n Si dé of

di st s gr P h [
5di st a 98 Wit R eﬁﬁﬁb@{hem?ylﬁepéhtgﬁggér*,elﬁe%ehk‘@ﬁﬁrred that the
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segnents of the first annular and the

20 lddjeanimpamtanilarhmesberd MW@ Jrephgse with each
el ement may be arranged circunferentially at regular

i nt @thars.pylhg Halt el ele@igrpenahlie did SEohhB@®%d by the
segnent and the second |inear segnent may be equal to

t he ciomireyotah g helieieents I8 thihsbeé 18Pt SEHENStraNght Nhes.

first linear segnent, but 25 smaller than that between

the second | iTearcaagenhgadfement may have the shape of a
linear or curved [ine. However, it is preferred that the
connecting elem_ent has a waveform having one or more
wave peaks, from the viewpoint of flexibility and formation
of lateral holes. It is preferred to provide two to six pieces
of the connecting elements 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 regular 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




8 the third linear segnent. As a material for the
stent, it is possible to use stainless steel,
tungsten, tantalum nickel-titaniumalloys, and the
like. 5 According to a second aspect of the present
invention (or a second invention), there is provided a
stent conprising radially expandabl e annul ar nenbers
conpri sing wavel i ke el enents each havi ng an M shaped
wavef orm and bei ng joi ned togetther in the
circunferential 10 direction of the annular nenber,
and one or nore connecting elenents which connect
r..menbers _in,the |ongitudinal direction of

sai ¢anpul ar; t

t he EFeHITAUNGaL $RIBE M henber s being al i gned in the

| ongi tudi nal gjrectiqQn of e t adj oL nj '
annul ar msrrbegé %e}i;nr?ge(r:bar{ntégrt éa%vmgp‘%nﬁﬁwsgjlsdbggs}m to use
con i I t nect j t f &

rour I D G SR Feh e  JR Rl 2iEm  gtlovs,
el e tRb @Re annul ar menber with a bottom of a small
trough of "a nountain elenent in at |east one wavelike

sel ement of thecophanaAniy! ar Eadiey- Ahdd Lop BiESBRbsent
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i nvention, the term “nountain" nean waved secti

t hatini;én?i%V?ﬁrté’"@c%ﬁﬁ‘in‘i’riezﬁg&%f,nghePé isPBrev R d (P'stent

concave toward the proxim the stent), while

thecbeﬁmi"shﬁgugh'famm? a \WRfhERSld ON ARALIalS members
concave toward the distal end of the stent (or convex

?%nggm@ Wad iRe endnintdhecgtRNWavihige 48 M-shaped
waveform and being joined together in the circumferential
direction of the annular member, and one or more
connecting elements which connect said annular members
in the longitudinal direction of the stent, said annular
members being aligned in the longitudinal direction of the
stent, adjoining two annular members being connected with
said connecting elements by connecting a top of a small
mountain of a trough element in at least one wavelike
element of one annular member with a bottom of a small
trough of a mountain element in at least one wavelike
element of the other annular member.

In the present invention, the term "mountain"
means a waved section that is convex toward the distal end
of the stent {(or concave toward the proximal end of the
stent), while the term "trough" means a waved section that
is concave toward the distal end of the stent (or convex

toward the proximal end of the stent). The term "wavelike




9 elenment wwth an M shaped wavefornm neans a waveli ke
el ement conprising a conbination of a nountain el enent

‘of the wave having a trough between tw nountains

(Mshape) and a trough elenent of the wave having a
mountain 5 between two troughs (reversed M shape). The
wavel i ke elenment is never limted to a particul ar

shape, provided that the wavel ke el ement has one

trough (or nountain) between t nount ai ns (or

troughs). Further, four |line segnents (ridgelines of

t he nount ai ns and troughs) which constitute 10 each

M sh vel:ikke el k m :
subse et it el WEPhapbR aPera udledps @ wavelike
nece ' s 0 ; t a4l

o nuan et coERiit SEURE natRf St B Rp, eloment of
or pg{al IH N | gﬁ-[]gt i,
inclﬁ-!j?rvl‘}g@‘!ée cﬂoﬁgcdt ?nB%Qﬁ?)%g&eﬁemeﬁ“}&gﬁﬁgﬁg S aéyds'hape)

el engal andiddifyH evesarthiM shaprd @lAN®Nhaving a mountain
corresponds to the first |inear segnent of the first

sannubetwe 8BMogo erolighls Qreveessd MBhapeENDERe wavelike

element, and a length of the |ine segnent is |onger

t harelielvee tiiws Inéneer sagitert so f0pairfigul Be SWaIPé aipRo9ided that
trough (corresponding to 20 the second |inear segnent

or tthier wavielties clegnent nefs bhe tfough @MHlaunt@Eaietwee
el ement or second annul ar nmenber elenent). However, -

t he tiveo honataegsefds troughzg. t hEur et Fomrolinter agdments
are not necessarily required tot have the sane

| endridgedimle $ hef |tivee megnbainofartdhdrougtis) $hipbsicbnehitute
(corresponding to the second |inear segnment) may

10 each M-shaped wavelike element, take the form of a

15

20

25

substantially sinusoidal wave, but they do not necessarily
take the form of the substantially sinusoidal wave. They
may be in the form of a linear or paraliel line. In that case,
the line segment including a connecting point between the
M-shaped element and the reversed M-shaped element,
corresponds to the first linear segment of the first annular
member element or second annuiar member element, and a
length of the line segment is longer than the two line
segments forming the mountain or trough (corresponding to
the second linear segment or third linear segment of the
first annular member element or second annular member
eiement). However, the two line segments forming the
mountain or trough are not necessarily required fot have
the same length, and the line segmernt‘ of the middle

position (corresponding to the second linear segment) may
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10 be shorter than the line segnent of the | ower
position (corresponding to the third |inear segnent).
Here, it is preferred that the nountain positioned in
the mddle portion of two troughs in the wavelike
element 5 is protruded on the side of the nountain in
the wave el enent since the nountain protruded on the
side of the trough causes elongation of the stent
when expanding the stent. Furth@r, the protruded

| ength of the nountain is preferably 1/2 to 7/8 of

t he wave hei ght of the wavelike 10 elenent. In

out 4 “Bhakt AL e, CeRng RS | B position

out GPrPEskERb IR B SR RATe ke angt h of

conneat i ng ol AR 8t i B er FR8EC iR MeuliBip posttioned

?”fi‘h o e gBFtESR”QF%'o”Qroq." ﬁ?ﬂ'ﬁ e WwatEikBCetement
ormof a li1nea I ne or a curve I ne. t 1s

prefagrwetft@d@aowet IO e %ifxtﬁgnnﬁSUnqgiﬂgﬁm%a wave

at regular i1ntervals between the adjoinin

anngham dRMSHS ca3h 8C fRSl kit Py dél loin WAl %i@g of the

understood that the waveli ke elenent in the secon

i nverdu @R, calswRi eloh§8tilbeulorl tRE SESNEN Sen expanding the
constituting the Mshaped wavel i ke el enent are |inear

andsteémt.parptttler™ the epebtided . IERGIILSEPNEhd Omidimtain is
wavel i ke elenent of the first present invention, in

whi phetdvaflyr 9t/22%¢0| 7pgabf SEYEERh vieS HORPAT dfhaet Baavelike
second and third linear
element. In addition, the adjoining two annular members
may be out of phase with each other. In thatl case, it is
preferred that the adjoining two annular members are out of
phase with each other by a half wavelength of the wavelike
element and are connected by the connecting elements in‘
the same longitu.dinal straight iines.

The connecting element may take the form of a
linear line or a curved line. It is preferred to provide two to
six connecting elements at regular intervals between the
adjoining two annular members as occasion demands.

It would be understood that the wavelike element
in the second invention, in which the four line segments
constituting the M-shaped wavelike element are linear and
in parallel with each other, correspond to the wavelike

element of the first present invention, in which the first

linear segment is longer than the second and third linear




11 segnents and in which the adjoining two annul ar
menbers are connected at the arched segnent that
connects the second |inear segnent and the third

| i near segnment. According to the present invention, it
IS possible 5 to expect the follow ng effects: (1)
the whole stent is excellent in trackability to

| umens since the stent as a whol e possesses
flexibility to bending because df the fact that the
annul ar menbers formng the tubular wall of the stent
are conposed of repeated wavelike patterns, and it is

annuf Ao mhdsoand i enBidhellie qs&z%wéghita%ﬂé’ér?{«%gr Wembers
annu e

Secortt 1 7 Rhabed ekt thanatERa o {5 ma Hodns iegﬂgﬁfcts the
LTI r%%ﬁ drfine ﬂwﬁ’aﬁﬁ B teaenin

when expandin cEB?dmsf% tRE ,Ytjéj«_??? ‘i’.taebn,r ?tt'goqossible

between the distance ¥roma ra VI ng

t he ign t he .
s5the 3 %&ﬁ‘écﬁe féﬁomijgl 0L 14! %@L e Wil thStreo'I"t is
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t hat connects € Ssecon I hear seg

Il nedlc e I3€QITEIH t‘?faci(lé%l ity Sto @ | Wshr?w i tﬂ Ent as a

and the 20 distance from@a radi a

the vanord o dJBIdeds ﬁl@xm‘i‘ﬁtvof’o q;elt'nH?n rG@@Qu§§gE‘Fr‘Fhe fact
7 o

that connects the fi-rst |ihear segnmen the second-
| i neBat SEBELYin @far hﬁenﬁ:ﬁ@@GFo@ﬂﬂWgarth@ETQShI@} ewsnt of the

has been set to a value falling wwthin the range of
fromtén? dre dothpSedsoneeplelRe ddSwadiike att¥Pns, and it is

annul ar nmenbers are connected by the
easy to form a lateral hole; (2) the adjoining two annular
members are connected by the connecting elements at the
arched segment that connecis the second linear segment
and the third linear segment with small wave amplitudes of
the wave pattern, 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 to the top of the arched segment that
connects the second linear segment and the third linear
'segment of the first annular mem'ber 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 {inear 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 twe annular members are connected by the




12 connecting nenbers at the tops of the arched
segnments that are. the nountains of the wavelike
pattern, the tops of the arched segnents are free
fromcurvature deformation at the tine of expansion
of the stent and are reduced in 5 curvature
deformation at the time of bending of the stent, thus
making it possible to mnimze the damage of t he
lunens at the tinme of introduct!®n of the stent into
the objective site. Brief Description of Draw ngs 10
Fig. 1 is an enlarged plan view of a stent according
to LeSe i.nventijan;_ Fig. '

2 dena tooatg" e piber B ERS R rieh € gh8"arkhidd Sddpents

an alAr ged thledh Jii R4 iHs B?tl{g?é @v@ﬁkelgg?wdﬁ% tops of

state of the stent shown in

par tthal hycﬁéﬁaétgﬁ%é’ﬁt%wapé frbg- fr%mF& vﬁu‘?‘@oﬂ’éf?rmatlon at

enbodi nent s of e connecting elenments 1n the
i nveRbi Qimei |dfuséx Z@éhet;b;@oe@" ih@néteﬁpnaﬁ@t %’réN' fd4&88d in

arched segnents; Fig. 6 is a devel opnent of a stent

5acctmmvagut@ derntrhgtiotdinentin dMeeMEPYof the stent,
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invention; Fig. 7 is a devel opnent of a stent

acccbhdsngmabmganﬂt s sisbeditaemimmizBe theeS@8image of the
invention; Fig. 8 is a devel opnent of a stent

accb.milerrr@ tat tA® amoidhest enosid oBNiorofoft Reedre@ant into the
i nventi on;

objectlve site.

Brief Description of Drawings

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 showh 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 partially enlarged view of Fig. 2;

Fig. 5 shows embodiments of the connecting
elements in the present invention, illustrating conditions
connected with the arched segments:

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;




13 Fig. 9 is a developnent of a stent according to
anot her enbodi nent of the present invention; Fig. 10
is a devel opnment of a stent according to another
enbodi nent of the present invention; 5 Fig. 11 is a

“devel opnent of a stent according to another

enbodi nent of the present invention; Fig. 12 is a
devel opnent of a stent accordin? to anot her

enbodi nent of the present inven Pon Fig. 13 is a
devel opment of a stent according to 10 an enbodi nment
of the present invention (second invention); Fig. 14

is a partiallgjenlqrged Wie%‘@IQFnFélgt ora 'ﬂaﬂt écb?d?\g to

partially enlarged view illustrating a noditication o

- the gheMePlenth8dimdnt B Othd G res e t9[RARL i8R ; maki ng a

conmparison 15 between the flexibility of.th'e stent of
the present ipygntigons andeddRip@knthss R iAknd hecbtding to
17 is a graph for making a comparison in shortening

bet veeatH die evh 8ol i BNt HE AR dMVATd iloand t hat
of the prior art; 20 Fig. 18 is a graph for making a

Sconpari son i nFigiesgels holdh vl opananitt ¥F ketsweard 48€ording to
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stent of the present invention and that of the prior
ar t ;arfoigherl@mitso di ndenelodpeniprekentsinddntodnt he prior

art; 25 Fig. 20 is a devel opnent of a stent of the
pri or Fig. 12 is a development of a stent according to
another embodiment of the present invention; -

Fig. 13 is a development of a stent according to
an embodiment of the present invention (second invention};

Fig. 14 is a partially enlarged view of Fig. 13;

Fig. 15 is a partially 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
arf;

Fig. 20 is a development of a stent of the prior
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14 art; Fig. 21 is a developnent of a stent of the
prior art; Best Mdde for Carrying Qut the Invention 5
In the stent defined as above, the ratio between the
di stance fromthe radially halving Iine of the annul ar
menber to the top of the arched segnent that connects
the second |linear segnent and the third |inear
segnent of the first annul @4 nenber el enent, and the
di stance fromthe 10 radially halving line of the
annul ar nmenber to the top of the arched segnent that
&&ffiects the first linear segment and the second
linear segnent 2af ithe seeRAd ABAUl &F Legbelr & efRNtprior
is set to 3: 4. At the sane tinme, the adjoining two
&ffkdl ar menbers are out of the phase with one anot her

basbymsadaldr wayvelangidutotnthenyauslinke el ement and
connected w th one another by the connecting el enents

in the san® Gh6ngitendi ASFisefapghelPYhestherhe taithirsfween

Babehk sehhdat @by atheeaGhiand yohatibengt 8Me i S She annular
desi gned that the arched segnents of each annul ar

RERBEF iPethespeRtPiefle afFghed sewnatondathe PrEatralthe

gecohat ainend &dgidier AntenEnbodidrentneh FidbgmbnitS o8N the
enl arged plan view of a stent according to one
EibBHI RERNLBF MRBDEF esefitemiy erfibnth gisbangeg from the
deveboppeniiPfnd heird Y SROWhiN & GremberFitd t3el BN of
25 enlarged plan view illustrating an expanded state
gpet ggched segment that connects the first linear segment
and the second linear segment of the second annular member
element is set to 3: 4. At the same time, the adjoining
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 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




15 stent shown in Fig. 1, and Fig. 4 is a partially

- enlarged viewof Fig. 2. As shown in Figs. | to 3,

the stent of enbodinment 1 is a tubular nenber
conprising el even annular nmenbers 5 1 arranged in the
| ongi tudi nal direction of the stent for keeping a body
| umen open, and connecting elenents 2 arranged by

t hrees between the Iongltudlnallg adj oi ning two
annul ar nmenbers 1, 1 to connect’® hem wi th one anot her.
Each annul ar nenber | conprises three pieces of first
10 annul ar nmenber elenents 11 and three pieces of

sec a roel t 2, i ¢h

al tgtggttelggaﬁt!gfclﬁg ne?:at g%lrﬁ?nﬁt'%e 4CY@C%M%@}1%“5I enlarged
di ragkwoBftmgdef i ne the annular nmenber, which is
expandabl e |n the radial direction. The first annul ar

nenber el enem$ shlh@A%SEEQEd 1 @ ANVHY %"teﬁ?rmeémbodlment
el enments 12 under the cond tions tRat the stent

unf al deda aRbiar Phaeb aF ec&rﬁ?triﬂ%%d eu@véhea»sﬁuléﬁ%embers
direction as shown in Figs . The first annul ar

5nmentterarebagent ihl theclld@estddimes |lorgttivei &3l Ithe stent for
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extending, parallel linear segnents 111, 112, 113 of
fir&eepirgord keodly 20urhlkeinr b pos| ta@dsco'ﬁh@cﬂeﬁgn‘élements 2

linear segnent 112 and third |[|inear segnent 113 are

of ahearged benpraesbbetwbenf thetlonlgitedimadegredjioidirlg two

has a |l ength | onger than that of the second and t-hird

| i neanudagnmensbe Mhel f i T sto |doreme csdheent withl lomedanother.

second |inear segnent 112 are connected by an 25

ar cheghscameuwitari Tmewh eh 1 s coompeiselsefthweaed, pigtidse ¢ hefirst
annular member elements 11 and three pieces of second
annular member 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
direction as shown in Figs. 2 and 4. The first annular
member element 11 includes three longitudinally extending,
paraliel linear segments 111, 112, 113 of first, second and
third positions. The second linear segment 112 and third
linear segment 113 are of the same length, but the first
‘Hnear segment 111 has a length longer than that 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 feftward, while the
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16

second linear segnent 112 and third |inear segnent

113 are connected by an arched segnent 115 which is
convex rightward. On the other hand, the second
annul ar menber 5 element 12 includes three

| ongi tudi nally extending parallel |inear segnments
121, 122, 123 of first, second and third |I|inear
segnents. The second |inear segment 122 and third

i near segnment 121 are of the sd@re | ength, but the
first linear segnent 121 has a length | onger than
that of the 10 second and third |inear segnents. The

r segnment 121 and second |inear segnent

first |i
122 SRR AHLR LA WYMERL 1ok IRl 4B weHNeRTAsRRIANt 4 13 are

convex right d, while the second |inear segment 122
tFhadich

and T4 Y &YynBhtneds seamemdnnkt? eWbghads convex
arcl?fdl?éegn(ﬁnt 125 which is convex 15 leftward. About
t he 9 Y2 %d second annul ar menber el enent's 11, 12,

and the firs

annul ar merbat el SreRi NGt 18RaT o ShERR/E E flenaIBnmember

annul ar menber "
5 SooiehdIRTIR (TEAIRLS o' 1FRARTRLRER elehauRE Parane

bet yyagn ¢ %g%&éﬁ'i | pgar 12§gﬁ5§héﬁ%ﬁﬂs&? P§%§§58”%nd third

annul ar er el enent |
1 j .
on TRearddgfie e ThEoteRORM e RERMLATTY2 End third

fi

second annul ar

rﬁhe@'ﬁnHle@erﬁnernﬁg;legﬁgﬁgf]t ﬁisil%gwaite%ﬁﬁl Bt Be first
linear segment 121 has g length longer than that of the
second and third linear segments. The first linear segment
121 and second linear segment 122 are connected by an
arched segment 124 which is convex rightward, while the
second linear segment 122 and third linear segment 123 are
connected by an arched segment 125 which is convex
ieftward.

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
arched 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 annular member element 12 is




17 connected by an arched segnent 4, which is convex
rightward and | ocated between the third |inear segnent
123 of the second annul ar nenber el ement 12 and the
first linear segnent 111 of the first annul ar nenber
element. 5 Further, a ratio of a distance froma
radially halving line X, X of the annular nenber to
the top of the connected arched segnment 115, 125 to a
di stance fromthe radially hal¥/ng line X, X to the
top of the unconnected arched segment 124, 114 (i.e.,
a ratio between a distance 10 fromthe radiaIIy

nenber to

F ho t0fnkkiga il BT APGHe 3;%%@&11 e WhEBP R convex
1

of " REhERETE A d o A8 4 BEA B e TS HEE s ddteny 123

Tondt S [eeeonyY AAafbPOnld Bt Yshind L, Bhe, she first

Conn¢5é§rts%rﬁbh§t1 1 1 (e FHLTE n&?a]r ﬁ\'Ejmtb%? él%%)ggt

linear segment 122 of the = second annul ar

sel ement 12; oy H'eﬂ“ ey h’ﬂt}’\?eﬁfa |%tt§HE% ff"rem t£‘erﬁd|ally

10

15

20

25

radially halving line X t he annul ar

t op rivie RAhRd gegreme Qﬁnuﬁ&‘nﬁtmg%ﬁé’rn@‘éc?ﬁett'b% of the

second | i near segment 122 and the third Iinear

segrwitin dA® dfarche oS eegtle AP g 1@5"?@ e&?é"f%ﬂfcel?rom the

and a distance-fromthe radially halving |ine X

t he radiany ah aleIMRErin® Xhext ogy ofhd h@pﬁf&mﬂé%‘@dﬁnected

114, that  connects the first linear segment 111 and
t he asehedd skigneant 22 segnent(i L2 afrddie betwkeanaukastance
menber el ement 11,
from the radlaIIy 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 aof the
second annular member element 12; or a ratio between a
distance from the radially halving line X' of the annular
member to the top of the arched segment 125, that
- tonnects 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' of the
annular member to the top of the arched segment 114, that

connects the first linear segment 111 and the second linear

segment 112 of the first annular member element 11,




18 hereinafter referred 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 the annul ar
menber elenent, and are interconnected at a part of
the arched segnment 115, which connects second |inear
segnent 112 and third linear s&@nent 113 of the first
annul ar nmenber elenent 11 on the left side, and at a
part of the arched segnent 125, which 10 connects

123 BFreiR R 37 g‘iﬂ%ﬂaﬂ% %‘Eﬂﬁé?’féi‘@k&?ﬁ%ﬁgt%ﬁg%ﬂbom the

I ht 1] b
et o A LT EPRCERRT B T B
h F m 5 f] i bl
i %, 8P Al e s
G LI B AR B SRR e

5t 1 aGraP|dddin 0oku E\%{ﬂ%‘?r béreap?l)érrtngﬂ% and are
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provide the stent wt &fal™ Sinhce

adj ehé b etk &6y N4l BL (TRIOBHS é‘ﬁﬂné&"{eﬁgmteq{&eﬁa%r which

at the arched segnents each connecti ng secon

| i neanrmeageenseabld thackh rfebimanr $99meqhgwi Ernrd linear
smal | anplitude of a waveli ke “pattern and since

ratisegaeéneen 3 g thstranaeahhamat hﬁenﬂf’é’f‘ %'Ib}fhtm‘t' ‘4'1n9n the

line of the annular nenber to the top' of

ar cheid sipeenrind hat oc@rrecds thize ayenerd slégrﬁehtsqus?nwh:ch
connects second linear segment 122 and third linear
segment 123 of the second annular member element 12 on
the right 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 fo
bending since the annular members that constitute the stent
wall are composed of repeated wavelike patterns, and thus
excellent in trackability to lumens. Further, it is easy to
provide the stent with a lateral hole. Since the adjoining
two annular members are joined together at the arched
segments each connecting the second linear segment and
the third linear segment with smali 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




19 and the third linear segnent of the first annul ar
menber and the distance fromthe radially hal ving
line of the annular nmenber to the top of the arched
segnent that connects the first |inear segnent and
the second linear 5 segnent of the second annul ar
menber is set to 4:5, there is scarcely any change in
| ength of the stent by expansion of the stent. In
addition, the adjoining two annl®ar nenbers are
connected at parts of the arched segnents, which are
the tops of the wavelike patterns, and thus the 10

ot op T M VG NRE 5B i pln aheefffl SRRy afpmber
duced d

bendi'hG of° #L@tg éé?‘tﬁ*?ﬁh Fle TRy iy poetlipg ' T or tne

n Ol AQATERH Al (bl ARE YESSEY 1HbCRRL LG ndne that

the time of gu the site

app'dtﬁﬂ\eﬁ@QWéTeﬁ?Fstz IFRaH ngh‘be?npfaﬁaetﬂée§%%tond linear

i nvention w | denpnstrat e el ow, nak

51 ef R ent Q)fF'tEe 5’ec$ﬁ@l §hﬁrﬂﬂa?fm§mgf qﬁnée?tbstl% there
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nmodi fi cati on of O the stent o

theijs aéda}d@‘lydhﬁyaeﬁ%gé‘ QM n 89 fd yst@fi‘altVngeJ(bQﬁsmn
to the respective tops of the arched segnents iIs set

to éf8.thandstdiet.ar chad se@nwew s tHE5.adibinigando annular
arched segnents 124, 4, 115 are respectively -aligned

wi t memeeasokher can rtértﬁe@r @ti partensf ahe2arddhe vl @ents,
menber 5 on the proximal side of the stent or
which are the tops of the wavelike patterns, and thus the
tops of the wavelike patierns are free from curvature
deformation at the time of expansion of the stent and are
reduced in curvature deformation at the time of bending of
the stent, thus making it possible to minimize damages of
blood 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 taps of the
arched segments is set to 7:8, and the arched segments
125, 114, 3 and arched segmenis 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




20 at the distal end of the annular nmenber 6 on the
distal side of the stent, and the connecting el enents
2 are formed into a shape shown in Fig. 5E. As
illustrated in Fig. 6, the stent conprises six
annul ar nenbers la-1f, which are radially 5
expandabl e, and the adjoining two annul ar nmenbers 1
are connected to each other by three wavelike
connecting elenents 2 as shown?2fn Fig. 5E. The arched
segnents of the annular nenbers situated at each end

of the stent are respectively aligned 10 along the
That

ELE’U' sehiste! g oty éﬁﬁﬁﬂ%ﬂiﬁﬂtqrngslrtwrpsémmg! side
114

P03| t".“ﬁ*l‘nééf"% GRS sbbheflings d%?né‘na??iﬁrﬁg qrgRed into
1 .

1'153‘*;,1&86{%@%&“5‘@9?52&2? St & %fér%?eeqaﬁasf?%n”ﬁf?-a?he stent

Mem&ympkAED aﬁﬂ‘fju h I seqnent s 12
of themsecond annul ar lr#errr‘g%%h] ‘% ﬂ?aﬁf eaé'fadéad'a”y

50f teh@ dH@xb e a‘ﬂbdt %ﬁﬁnﬂl& ?Wo lar W hB%rs 1 are
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‘are aligned with the position of the arch

ot her "hand, the annu eS|gne suc

t habotrﬂﬂ-:-dl‘é% tté’n%anh tBﬁ1é‘FCB9d %q Iégd'c@ﬂqie%tmg

segnent

115ewmsimrstgnaggﬁdwnfllnrgq l'gpear segnents 111 of
the first annul ar menber el emsnt 11 and the first

linear segnaKé é?éheae%&nb'n'ﬂ@arofset%@enéﬁn&?a?r Members

third linear segnents 123 of the second annul ar
menbauagkdmRnt ed2horn Dt Bite St feh Clarlh@edbldlvaydatigned

t he annul ar nenber |If.
along the proxima! or distal end of the stent. That is, the
annular member 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 element 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 1f is
designed such that the positions of the arched segments
124 and 4 are aligned with the position of the arched
segments 115 by shortening the first linear segments 111 of
the first annular member element 11 and the first linear
segments 121, second iinear 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.




21 The alignment of the arched segnents may be done
by | engthening the second |inear segnents 112 and }

“third linear segnents 113 of the first annular nmenber

el ements 11 of the annular nenber If on the side of

the 5 distal end of the stent to align the positions
of the arched segnents 115 with the positions of the
arched segnents 124 and 4, while by | engthening the
second linear segments 122 and2third |inear segments
123 of the second annular nenber elenents 12 of the
annul ar nenber |Is on the side 10 of the proximal end

Segmonts 195 dith PRGN R R anthad che@EMS may be
A h b
;Eglgggél%l i’# IQﬂ?lﬁ?gérﬂgbﬁfeﬁn%/e&gnEuﬁé]%sogl ﬁ?ﬁ#{gﬁtgemz and
1
ponaiird Hngde | SEEpR s, 21 STRONAL ERBPOAG tﬂi?fw"?ﬁmb“

a | g RIAknpL! €1 bp @\%d'édrﬂpl’arv\ﬁnéﬁ]bé}osﬁ' Qhetﬁgt Qi’cﬁé of the

damages of the bl ood vesse occur

5ti ”H:ll%ftal nsed tdophef sidif §6eé‘ﬁghn Relh ﬁsﬁ'u&ﬁsté’f hRe arched

appl i ed since the tops of the enents are

preveidnéndd MHMEMGiHhVahur %oq‘s‘?fl‘brﬂ'ﬁatdiorih\é’heﬁcﬁw&dé@&ents

the stent and mnimzed in curvature deformation

Whi CItR 47&h @ CF; Uy hitlte blperertgtmrﬂhdoendlMc@ufmdnhﬁeétr estgments
Further, -the stent is scarcely changed in length at

the td2eamdl ehipdnsinead keigapénss nee 3 tohetm@ts@cbﬁawemhurar
the distance fromthe radially halving line 25 of the
annui am beaede mentishe 2t op tofe ki HEehSR SBEREN on the side

10 of the proximal end of the stent to align the positions of the
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arched segments 125 with the positions of the arched
segments 114 and 3.

The stent of the above embodiment is excellent in
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. [n 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 tops of the arched elements are prevented
from curvature deformation when expanding the stent and
minimized in curvature deformation which may occur at the
time of bending of the stent. Further, the stent is scarcely
changed H1Iength.atthe time of expansion thereof since
the ratio between the distance from the radiaily halving line

of the annular member to the top of the arched segment




22 that connects the second |inear segnent and third
linear segnment of the first annul ar nenber el enent

and the distance fromthe radially halving |ine of

the annular nenber to the top of the arched segnent

that connects the 5 first |inear segnment and second

i near segnent of the second annul ar nmenber el enent

is set to 7:8. Enbodi nent 3 Enbodi ment 3 of the

present invention will be denoB8trated bel ow, making
reference to Fig. 7. 10 The stent of enbodinent 3 is a
nodi fication of the stent of enbodinment 1, in which

t he oqnectlng eI enents 2 are forned into a shape as

shovi'din ceg e hﬁsswlmnﬁag sggmeyat @nghthird linear
conprises ten menbers 1 which are radially

expahtiBefta aﬂ?eané'ééﬂ RMYlaRe MEMRe of l9Maiie Yand the

nnul ar

romiipl8408) ZPY Bhnecdliany cheliing: ninenyot ke annular
| .
ar oraa bt o RBad Bp P L TBR 3 Fofd FRontani dbrt jagnasgets the

S copund J07Fa pERBte PR, 3Sot0d ddal RS 481 ot the
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t he s3l@Md ‘é"ntd'lhl%r %%ﬁr‘?ﬁ@k d18hfent § Is }Seq'f{ O%Brt he tops

of the arched el enents "are preéeve oduci ng

curﬁﬁybg,,ﬂ%frﬂrgau on when expanding the stent and
mnimzed in-curvature deformation which nmay occur at

the time of l?ierﬂggrlﬂrr%fnl”@ St e{He% hépﬁﬁ%ﬁg REMGoht will be

possi ble to avolid any danage o
demonstrated below, making reference to Fig. 7.

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. 5D.
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
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, the tops of the arched elements

- are 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 to avoid any damage of the blood




23 vessels which may occur during insertion of the
stent into the site to be applied. Further, the stent
does not show 5 change in length at the tine of
expansi on. Enbodi nrent 4 5 Enbodi nent 4 of the present
invention will be denonstrated bel ow, making
reference to Fig. 8. The stent of enbodinent 4 is a
nodi fication of the stent of enbodinment 1, in which
rati o of the distances fromth&3radially halving |ine
X to the respective tops of the 10 arched segnents is
set to 3 5 and the di stance between the second

i near 12(122) and the third |inear

113(1%’35‘9 % \g {c F\XDOPPHés BFingdngestigncof Hltﬁvﬁé@ﬁ‘t into
firs ment 121) seco d linear  segne

112( )SI gnaoteﬂg {?BR i n§ YEFRGEN eZSéFBtl‘éo?%rﬁQ& show
i nt Fi g. As sh Fi 8,
t he efafl B2 i8nale Motk Eufle SheriariaRbor s 1 whi ch

dabl d d th
?Lﬁg‘?ﬁ‘cﬂﬁﬁ{eﬁﬁ%gc?i oﬁ ?Eer::); ang(ra]d Itﬂe agj oi ni ng

i ee. connect i apimel S42 8004 Bl Fc fnPkBfotin b

in Fd@mo%@trgﬂ?d%%ow&tdﬁﬁgdrgqutn4%t8%| °S§.

excellent in trackabi'li | unens an t e St ent

denonstrated TRe %@Hfj'éﬁerg bo%'lﬁll |ng éhugl ?né&ﬁlﬂ%ailﬁn of

fl exi bl e enough to respon rther

eaSMhbosPéﬁV'&eetrﬁ‘ﬁoafrﬁﬁhtzﬁ "i’ht@h&lchaPﬂl@' of%He diftances

addition, the tops of the arch
from the radialiy halving line X to the respective tops of the

10 arched segments is set to 3:5, and the distance 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 coinprises fourteen annular members 1 which
are radiatlly expandable and arranged in the longitudinal
direction thereof, and the adjoining annular members 1, 1
are connected fo each other by three connecting elements 2
with a shape as shown in Fig. 5C.

The aforementioned stent is no less excellent in
trackability to lumens 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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24 elenments are prevented from produci ng curvature
def ormati on when expanding the stent and mnimzed in
curvature deformation which may occur at the tine of
bendi ng of the stent, thus nmaking it possible to avoid
5 damages of the bl ood vessel s whi ch may occur when
introducing the stent into the site to be applied.
Further, the stent does not show change in | ength at
the time of expansion, In this2dnbodinent, the ratio
of distances from the radially halving Iine of the
annul ar menber to the tops 10 of respective arched
segne is set to 3:5, but the stent is scarcely
chan@&‘iﬂﬁﬁtﬁ end@® at piaeeniad offredpandiredudisgauseufature

t he fai:t that the distance between the second |inear _
segnERtoTARAtion rMhpny&xPaRdiitht ihe séent cabdo minteyzed in

as Iar as ”,Eeﬁcht ance between the first |inear
segn%lﬁ t1:'E§ a AHHAON; NEBICR e gL C9GHIodR hetfte stime  of

SondikEFHaSoburbi AR ohndd SRR Ui pianto evoi
ot et BrdEiEod! ﬁﬁ? Blod HPeh el WAKID BYEY: SFGHEeavhen
OB bk BB TR LR {687 EREERSE Pirner,
Con! S| O g 4y 44 OGRS, B 1 o
?gg'% XPE e)?%ury%bphei%n%gﬂtg{r)rﬁ%ggrsth]et ﬁgtlo b Hidt8nces from
the radially halving line of the annular member to the tops
of respective arched segment is set to 3:5, bul 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 linear segment is set to two times
as large as the distance between the first linear segment
and second linear segment.
Embodiment 5

Embodiment § 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. 5C. As shown

in Fig. 9‘, the stent comprises fourteen annular members 1

which - are radially expandable and arranged in the




25 longitudinal direction thereof, and the adjoining
annul ar nenbers 1, 1 are connected to each other by
three connecting elenents 2 with a shape as shown in
Fig. 5C. The aforenentioned stent is no | ess excellent
in 5 trackability to lunmens than the stent
denonstrated in enbodinent 1 since the whole stent is
fl exi bl e enough to respond to bending. Further, it is
easy to provide the stent withZ@ |ateral hole. In
addition, the tops of the arched elenents are
prevented from curvature defornmati on when 10 expandi ng

i o BT A EhAER, | hethofE b, P e B, annutar

voscBPTL0 1 o BB Ao FREES (38T CroiE piinree
0 S S0eEL I, o PR, A s RO L

e, A Thiealale pRosbal ARSI LIRS encgtion i
oLOD phoRaBi e Slod mpues! haesoind o e, EHEsod i

denensbbai @@ el owin d&KIHW WAL €8ttt s HI8xidR dhSugh to
stent of enbodinent 6 is a nodification of the stent

of esbpdintend Hendihghhi Elrtie, atlsi EHY9 @f prbBeide the stent
wavel-i ke el enents 11, 12 is set to 6/7,- and the

conmdthi agiatdeitebse 2 | b fRAEREoh N hed pp4Lf OF RS arched
shown in Fig. 56. 25 As illustrated in Fig. 10, the

st eelemanisi see tprelveatadndyram curvature deformation when

10 expanding the stent and minimized in curvature deformation

which may occur at the time of bending of the stent, thus
making it possible to avoid 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

16 time of expansion because of the fact that the ratio of

distances from the radially 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

20 demonstrated below, making reference to Fig. 10.

25

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




26 nmenbers | which are radially expandabl e and
arranged in the longitudinal direction thereof, and
the adj oi ning annular nmenbers 1, 1 are connected to

each other by three connecting elements 2 with a
shape as shown in Fig. 5B. 5 The present stent is
excellent in trackability to lunens since the whole
stent is flexible enough to respond to bending as
well as the stent denonstrated 6 enbodi nent 1.
Further, it is easy to provide the stent with a

| ateral hole. In addition, the tops of the arched
el enents, are prevented 10 from curvature deformation
whenMSPBRES nﬁ VRickiamR radiallyi sxmandable andauenged in

def or.mat i on. whj.ch occur at the tinme of bending of
the Si% ?f'gftﬁ{#é"ﬁﬁgﬁﬁﬁ

d t he blpod | i ntroduci
CtonTEET nd oif o 5r8 HeoRRpFISA. thureheh, dilien cht Hhree

cieny §haearl.opadt he adicdning annular
t he
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ref erenc

488 (ko1 SN g R, L dnsaono 1

connecti ng el enen

i N BedhdiBh a8Swih in Fi _
compercind; aftwelr 88 e Sehl dafontliaied T Boaiment 1.

' adFalrkio PXPANYLL &y A A\ARECHA Nt LANDIA YAhBRL: hole.

di rection thereof, adj ol ni ng annul ar

gbnﬁégf?ﬁgeoﬁpﬁﬂ%ciﬁﬁsthQﬂ%haPEHSH BYemeH1@PEPe! PFEfented
from curvature deformation when expanding the stent and
minimized in curvalure deformation which may occur at the
time of bending of the stent, thus making it is poséible to
avoid damages of the blood vessels when introducing the
stent into the site to be applied. Further, the length of the
stent is scarcely varied at the time of expansion thereof.
Embodiment 7

Embediment 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 annuiar members 1 which are
radially expandable and arranged in the Ilongitudinal
direction thereof, and the adjoining annuliar members 1, 1

are connected to each other by S-shaped three connecting




27 elements 2 as shown in Fig. 5A. The whole stent is
fl exi ble enough to respond to bending as well as the
stent denonstrated in enbodinent 1, so that the stent
of the present enbodinment is excellent in
trackability to lunmens. 5 Further, it is easy to
provide the stent with a lateral hole. [In addition,
the tops of the arched el enents _are prevented from
curvature deformati on when expaﬁaing t he stent and
mnimzed in curvature deformati on which may occur at
the tinme of bending of the stent, thus making it is

. ; 1 . _
ot roiehds ne® ShaMRTRE G naa  Tats HQIESTERE 44 F8xible
ot (PEOHEIE Lo “a8sBotd L6, SLERInGD AEEWALY 4T HRE stent
- ; . :

Coocda et If SERRENARLCEL 98, WAl % Fope o i
Ster}iréﬁe@ﬂt&ﬂb%\?\ﬁ $s % XO&j1Ehedid QFILREbIlity to lumens.

i
enbodi nent 1, in ich the ratio of distances%romt

5radipd i dial iti R0 edsie tb optdei d L IRRC VAL Wik 8f 14t al hole.
arched segnents is set to 3:4, and the connecting

el emanbaiditiane #ik MA@ bRt theé HMAI af e POMS idteFplevented
SF. As illustrated in Fig. 12, the stent conprises

si x fagnularrvarober gefo Mibtibn avRen @@ ddievgPandaklteént and
and-arranged in the |ongitudinal direction thereof,

and ntive néidje@ Bh nguBHtulrar dersbaEtidn whicH &nﬁgnﬁeébﬁdat the
to each other by three connecting elenents 2 25 with a
shapameas of hoendimg FefgthbFstdhe shast mafkihleipriespoksible to

10 avoid damages of the biood vessels when introducing the

stent into the site to be applied. Further, the length of the
stent is scarcely varied at the time of expansion thereof.

Embodiment 8

Embodiment 8 of the present invention will be

156 demonstrated below, making reference to Fig. 12.

A stent of embodiment 8 is a modified form 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 3:4, and the connecting elements 2 are

20 made into a shape as shown in Fig. 5F. As illustrated in

25

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 1, 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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enbodi nent is excellent in trackability to |unens

since the whole stent is flexible enough to respond

to

bending as well as the stent denonstrated in

enbodi nent 1. Further, it is easy to provide the
stent with a lateral hole. In addition, 5 the tops of
the arched el enents are prevented from curvature

def ormati on when expanding the stent and mninzed in
curvature deformation which may28ccur at the tinme of
bendi ng of the stent, thus making it is possible to
avoi d danages of the bl ood vessels when introducing

the 10, st |ntothe ite to be
Ieng?“r]i'bcﬂ‘CF @

t he

appl i ed, Further,
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radlally Xpan
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| onglrydi il ddéf%g*rﬁgnohhew&n T{sg%gﬁg%" The "Stent and
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el
ci

M shaped wavef or

di

are j ol ned
ements-8. The annu ers 7/ are conpos
FTESS AT, GOMECLRhLYEL FREEEL s Rtale o
regbi@ndbd§od - offhPe blood vessels when introducing the
stent into the site to be applied. Further, the length of the
stent is scarcely varied at the time of expansion thereof.
Embodiment 9
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 the
longitudinal direction thereof. The adjoining two annular
members 7, 7 are joined together in the longitudinal
direction thereof by three connecling elements 8. The
‘annular members 7 are composed of circumferentially

connected wavelike elements 7 of an M-shaped waveform,

and arranged in the longitudinal direction thereof. The




29 individual wave portion that constitutes the
wavel i ke element 7 is in the formof a substantially
si nusoi dal wave. The adjoining two annul ar nmenbers 7,
7 are joined together through the connecting el enments
8 by connecting tops 711 5 of the nountains of the
trough elenments 71b in the waveli ke elenents 71 of
one annul ar nenber 7 and bottons 712 of the trough of
the nountain elenments 71a in thd%wavel i ke elenents 71
of the other annular menber 7. The annul ar nenber 7 is
a part constituting a 10 lumnal wall of the stent

?;?n g g GaL T d hexpan ?’%gdﬁéiégﬁsiﬁbéggL?Qt%ngmve!ike
7 a?%%”iéﬁgctlceh?% 88578 “suns iy BNk e My dhERGvave.
c.rcun‘? RIS FORE R B BB e R af ARdeined together
Ster” B@W‘FFFUS?F"?FSS”% PR B | hifosding tops 711

selerrﬁnfne? Gﬁﬁ’éi Bf (HRD @@g?@ﬁbﬁ%@ﬂ%%%m

| ements 7 eac aped wavet orm

'nC|el#éhﬂ~9n&nf?1”&U3*he( %%Lﬁgr”ﬁﬁlé'?ﬁ%?)7b$h\ﬂ’986t{d’m 712 of

mount ai ns (two troughs) mountain element 71a is

provhdedrowgh Bftftwgrho%‘f'aﬂg ﬁiem%tntt@mﬂ]az iRetMBC W avelike

two nmountains, while the troug el-ement 71b is

pr owi g rivist 1aofTQH€t@!HérhéHhQﬂaﬁ th@mp/dd 7. bet ween two
troughs. 25 In order to inprove the expandability of

the stent The annular member 7 is a part constituting a

10 luminal wall of the sient and is a radially expandable
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portion for holding a luminal diameter of the blood vessel
after placement of the stent in the blood vessel. The
annular members 7 are respecﬁveu? composed of six
wavelike elements 71 having an M-shaped waveform and
being circumferentiaily 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




30 wunder the sane wavelength, it is preferred to

i ncrease the anplitude of waveform of the wavelike

el enents 71. The stent is |engthened at the tine of
expansi on thereof if the nountain (trough) having the
top 711 (bottom 712) in the 5 mddle of the trough

el ement 71b (nountain elenent 7la) is protruded on
the side of the trough elenent 71b (rmountain el ement
71a) of the wavelike elenent 7BO0Thus, it is

preferred that the nountain (trough) having the top
711 (bottom 712) is protruded on the side of the

nount a el ement 71a, (trough el ene 71hb)  of the
nvaragr iﬁsnéﬁf"eﬂawh%n%%? .'w%dpf%ff?gfﬁdo%o tiRgrease the

t t the t 71 bot t 712
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Llepdmihg 7Py téf nﬁh@f Xfahﬁeuwe@ugh ﬂeﬁﬁwnﬁ 71 Pt s
t he wavel | ke emsnts 71 of the annul ar- nenber

TeoRSRAE leings e S A T  71

vavaloiene! eMENt Ss7breftruded on the side of the mountain
element 71a (trough element 71b) of the wavelike element
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
members 7, 7 aré out of phase with each other by a haif
wavelength of the wavelike element and are connecied by
the connecting elements 2 in the same longitudinal straight
lines.

The adjoining two annular members 7, 7 are
connectied between the top 711 and bottom 712 closest to
each other. As illustrated in Fig. 14, the tops 711 of the
mountains of the trough elements 71b among the wavelike
elements 71 of the annular member 7 on the proximal side

are connecied to the bottoms 712 of the troughs of the

mountain elemenis 71a among the wavelike elements 71 of




31 the annul ar nenber 7 on the distal side by the
connecting elenents 8. The connecting elenents 8 are

“made into a curved shape (waveform as illustrated in

Fig. 5F, and three 5 connecting elenments 8 are
respectively provi ded between adjoining two annul ar
menbers 7, 7. Further, the tops of the wave patterns
of the wavelike elements 71 are formed to have a
smooth contour. In Fig. 14, the3idight side of the
drawing is set as 10 the distal end of the stent for
the sake of convenience. Further, the term "nountain"

denot,es the section,of the ve,that i.5 _cpnvex .
ri gh r\’l\%l‘?ﬁ,]n %ﬁ@"%'ﬂé’e{e%nﬁmt %gqi'Sta[jéﬂaFeEytﬁée connecting
sectjep gfntgt}g wave that is convex leftward. Further,

the wording "wavel i ke el ement with an M shaped 15

form' i ' .
conbi nati on of "5 reoniEcSI T eatef R oG S mags, into a
Dt NI 4 TEE BV ND AR AP B FORBD SECTERM three

havi ng one no in bet n two troug

sshapeghhecting Seub%@ﬁtsnoéi% Cg?éQSti%ﬁL%@ﬁﬁeﬁétween

is 20 never I"imted to an e ele

specadjdiniVGVeF &' AanRILVighBdat 7 t yhasy gpgdy, oﬂ‘gé‘ tops of
(one nountain) between two nmountains (two troughs).
It ithePQapl | pafterdseof ahe WRYRLIike elemMis Wit Bre formed
various wavefornms such as, for exanple, wavelike
el erenhavefavmebth ot ains (two 25 troughs) have
the sane wave height as illustrated in Fig.

In Fig. 14, the right side of the drawing is set as

10 the distal end of the stent for the sake of convenience.

15

20

25

Further, the lerm “"mountain" denotes 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 “wavelike element with an M-shaped
waveform” is a wavelike element composed of a
combination of a mountain element having one trough
befween 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 speéific
waveform, provided that it has one trough (one mountain)
between two mountains (two troughs). it is possible to use
any wavelike elements with various waveforms sLuch as, for
example, wavelike elements of which two mountains (two

~troughs) have the same wave height as iltustrated in Fig.
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32 15a, or wavelike elenments of which two nountains

(two troughs) have different wave hei ghts as

illustrated in Fig. 15b. Al though four |inear

segnents (ridgelines of the nountains or troughs)

that constitute the Mshaped elenment 5 are

substantially in the formof a sinusoidal waveform

these segnments are not necessarily required to have

such a substantially sinusoi dad2waveform They may be

in the form of a straight line or parallel line. In

t he above enbodi nent, the |inear segnent 10 including

a point that connects the Mshaped el enent and the
revetaad M swayediks eetsinenthaofcuthiebpdms meurigins (two
first Iinear segnment of the first annul ar nmenber

el etERUO58) BavendIHERENAr WANRbERIghtseRE (llustrated in Fig.

Enmbo rrent ﬁihﬁhas a_length longer than that of_ two
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o L1, POYS IS (RO TTE, JAPRATRART kD tinear soamon
including a point that connects the M-shaped element and
the reversed M-shaped element (that corresponds to the
first linear segment of the first annuiar 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. Hdwever, 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 member element .in Embodiment 1) are not
necessarity required to have the same length, the linear
segment in the middle position (that corresponds to the
second Hnearsegnuﬂu)lnay have a length shorter than the
linear segment in the lower position (that corresponds to

the third linear segment). The stent of the above

embodiment is excellent in trackability to lumens since the
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33 whole stent is flexible enough to respond to
bending for the reasons that the annul ar nenbers
constituting the lumna) wall of the stent in the
above enbodi nent conprise plural wavelike el enents
havi ng an M shaped form Further, it is 5 easy to
provide the stent with a |lateral hole. The stent is
apt to slightly shorten the length after expansion
for the reasons that the annul a83nmenbers are
connected between the top of the nmountain [ocated in
the mddle of the trough el emrent of the wavelike

The WPl (o Tioadhts Aav@hifal S58PRErE Ranfigenfor the
e e S & hi B SEE Fike ) SATRLITANGE Yo tuminal
e o # 58] e, 8P &htsfhgpng%t aépgﬁrtpe%#g??a@pnse piural
ol ot Sk Bldp kel A g s OBa il i e e, it is
ol crodd) P pIHEE Phe Hebhiw b 2GRl [Bpyd zhopes

def or mat i on afh%'“%téﬁp o [ o ST 811 WA ERPERE oot

the stent. Furt

danggasr @xﬁé‘ﬁs?&r@QGrVﬂvﬁéeﬂeé’gﬁ‘s tOI tﬁ%L Eﬁape%?nheWbers

the site to be applied since the
el egpat cBHAGLIRY |b'ettWe%ﬁA@ﬁBaQ§ﬁoBFlﬁf% t}hbbm'am located in

shorteni ng and vessel dianeter ding capacity

:gstﬁé Addbi@sof 1hell AUYHY AQMER SON th8SWdveIfi8é AlieMents
of one annular member and the bottom of the trough
positioned in the middle of the mountain elements of the
wavelike elements of the other annular member 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 applied since the whole
M-shaped element produces little warpagef
[Flexibility, shortening and vessel diameter holding
capacity tests]

Figs. 16-18 show comparison results relating to
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flexibility (bendability), shortening and vessel

di aneter hol ding capacity of the stents having

devel opnents as shown in Table 1. Fromthe results
shown in Fig. 16, the stent of 5 the present
invention is substantially equal to the stent of the
prior art in flexibility. Fromthe results shown in
Fig. 17, the stent of the present invention is
superior in shortening to the3®tent of the prior art.
Further, it will be understood that the shortening
due to expansion of the 10 stent can be prevented by

appr iate se|lection of the ratio of distances from
the 114t Zé
the

Py, RBPRdRpiitnh >ehertendnor edpdctyaestlbpdizmeter
hed se is Fromthe results . shown i
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sub tlaII ug to the stent of the prior art in
vessbowh dngl aht .
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msasurl ng & ozab\?ﬁ?g’r{] gg %ggggﬂﬂg ste%‘ g%rﬁ‘t Stent of

carrle

IIIB? a tThﬁ HE%Q‘H{IElgr"lntFrogms?t%gﬁgéﬁ]mlqns\ggg%nerin Fig.

to gxpaRfet hseterﬁte{;‘f H‘?E BRI EIRY A nfoft M (%GPeggk?r

r ef-er énce st ent

reconmended pressure

secoRdpte AR Jﬂ% dt&n?°0 Prtﬂleeﬁtr&fr Erede Fp e KB F UGO%RiIE be

Cor poration

erm ne
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 resuits
shown in Fig. 18, the stent of the present invention is
substantiaily equal to the stent of the prior art in vessel
diameter-holding capacity.

For the flexibility, measurement was made by
fixing the stent at one end 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 batloon 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




35 length of the expanded stent after expansion. In
order to determ ne the vessel dianeter holding
capacity, conpression test was carried out with

Aut ograph (made by Shimadzu Corporation) on the stent
expanded by 5 pressurizing the stent at 8 atm (for
the reference stent, at the recomended pressure) for
30 seconds with a balloon of a 3.0 nmmdianmeter. The
resultant data were divided by33§he nunber of the
annul ar nmenbers to determne the result as the vesse
di anmeter hol ding capacity. 36 TABLE 1 Remarks
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of the ?é@&ﬁ%éﬁaefangeis%u%?,fdrhsosa@@%ncps_f wie a balioon
connecting elenent: Fig. 5D) Enbodinent 4 Fig. 8(ratio

of difsd ameesmmr e ffaeraditald feltadivamo ddtaewerd irvided by
respective tops of the arched segnents is 3:5, the

shapge number of the annular members to determine the result

as the vessel diameter holding capacity.




of the connecting element: Fig. 5C the distance
between second |inear segnent and third |inear
segnent is twice the distance between first |inear
segnent and second |inear segnment) Enbodi ment 5 Fig.
9 (ratio of distances fromthe radially halving |ine
to the respective tops of the arched segnents is 3:5,
shape of the connecting elenent: Fig. 5C) Enbodi nent
6 Fig. 10 (ratio of distances fggmthe radially
halving line to the respective tops of the arched
segnents is 4.5, shape of the connecting el enent:
Fig...5B, anplitude of wavelike elenent is 6/7 of that
H1dﬁ@£ trent 1) Enbodi nent ? Hg 11(rM|oof

di sffances fromth raalalry naIV|ngR=h5 LHC

res 5O h v .

e ERRARGRD O ng i anfg«staﬁ IR
12 |(ratio of di st B 1 o eﬁ'EPUSrf rihape of

to I I: tVve=o u Hre—a-€ ) -
D%moc*'ﬁ?ﬁ?connﬁ tqsl(b 9 Cif ?f{c‘es ' "' R fipe to the
9 Hig. 13 (Pr otrun{% Pyl ‘ég?rosof’ hRea %u%ﬁ "ﬁe”tﬁ '?ﬁEB shape of
mddie of the tr t?oin 'ng %?mf"ﬂte dng te the,grched
wavel i ke il ety enfa op the stoat %ca\ﬁélsn%mth each

el emi‘
vel fl | erent - sinusoi.dal waveform

CO v TN A T Tttt
sh con ﬁé@ﬂ@* of distances from the radialy Raiving finecto the
Fig. 19 (bl ood ve E?rpﬁuq{qh?)@rtiheérﬁeﬂ{rpﬁt%ls 4:5, the shape |-

Hk th a
wa EH‘bPQWﬁm 4Oom: i &(R@tio pf gistapges fipwdte radially halving line to the
vegsel - ret ai ni ng |S@IReckyestopstaf the wechetisegmentsant3:%, the shape

paftern are conng®f & eanresing element: Hig.t3@ the sistanng between
second linear segment and third linear segment is twice

the distance between first linear segment and second
| linear segment)

Embodiment5 | 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 element: Fig. 5C)

Embodiment 6 Fig. 10(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. 5B, amplitude of wavelike
element is 6/7 of that in embodiment 1)

Embodiment 7 Fig. 11(ratio of distances from the radially halving iine 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 9 Fig. 13(Protruded length of the mountain in the middle 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)

wa ol 1 lea ot an

Comparative Fig. 19(blood vesselretaining portion with a wavelike

stent 1 pattern and joint elements with a waved form)

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

stent 2 pattern are connected to each other at the tops and
bottoms of the waves)

Comparative Fig. 21(blood vessel-retaining portions with a wavelike |

stent 3 pattern are connected to each other at the tops and

bottoms of the waves)




bottons of the waves) Conparative Fig. 21 (bl ood
vessel -retaining portions with a wavelike stent 3
pattern are connected to each other at the tops and
bottons of the waves 37 CLAIMS 1. An expandabl e
flexible stent excellent in trackability to |unens,
conprising radially expandabl e annul ar nenbers and
one or nore connecting el ements which connect said
annul ar nmenbers in the |ongitudinal direction thereof,
said annular nmenbers each camprising wavel i ke

el ements having an M shaped waveform and bei ng j oi ned
together in the circunferential- direction of the
annul ar nmenber, said annular nenbers being aligned in
the | ongitudinal directiorfdf™he stent, said
~adj oi ning two annul ar nenbers bei ng connected through
sai d conng ctln el ements between the top of th

nmountain in t PERGRIR Ehent! AP 4t I%Eﬁﬁt |ﬁ§cellent in

maa&ﬂdﬂi&itﬁ|fﬁﬁﬂﬁmeﬁﬁ Oﬁﬁmﬁﬁﬂﬁihgrrﬂ&ﬂﬁma@ angamddrap thalar
trr%,leq:s A nmount ai n el erre ﬁg %as one wavel t d

ement o? the Gt A8F® aRAWLIS ﬁnﬁe SIS, THAET STRIREC Sai
ammdmdlngmmerslanwmhe whnmmtndimﬁL @numtaon ithetbef, said
9@&&5%-%Lmé %ggggh f'ﬁﬁ%ﬂ? évgg tf“?em?%” H0§ 08! 98 -

e mountai n-o & Wave enen
phatadudedavefrgith oénd he krﬂmm ai pobreidng icngetter ande of the

é:(:?cutxr&erglln tlI Qﬁ?_e%‘@ rEeétghEh an%99£ alh&nﬁ%fr,t @%uj annular
wavel 1 ke el enent e stent according to claiml
memhgisr diging aligned in the longitudinal direction of the

stent, said adjoining two annular members being connected
through said connecting elements between the top of the
mountain in the trough element in at least one wavelike
element of one annular member and a top of a trough in a
mountain element of at least one wavelike element of the other

annular member.

2. The stent according to claim 1, wherein the
mountain in the middle of the trough element is protruded on
the side of the mountain of the wavelike element, the
protruded length of the mountain being in the range of 1/2 to

7/8 times the height of mountain of the wavelike element.

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 c¢laim 3, wherein the
adjoining two annular members are out of phase with each other

by a half wavelength, and wherein the adjoining two annular




the adjoining two annul ar nenbers are out of phase
with each other. 4. The stent according to claim 3,
wherein the adjoining two annul ar nmenbers are out of
phase with each other by a half wavel ength, and
wherein the adjoining two annul ar 38 nenbers are
connected by the connecting elenents in the sane

| ongi tudi nal straight lines. 5. The stent according to
any of clains 1 to 4, wherein the connecting el enments
are in the formof a straight line. 6. The stent
according to any of clains 1 to 4, wherein the
connecting -elenments are in the formof a curved

' 7...Th t ent cording to a one, of cl ai,ns to
%%Hgvﬁwrgr eair-r% ?c \ﬁgm?%tesﬁax Yor r?egﬁnﬁlﬁcg}f/ré‘?re?‘ﬂte?e&?:é bPo#ﬂe&am&
dengivtaniinght smedbbt betnesen sai d adj oi ni ng two annul ar
menbers. 8. The stent according to any one of clains 1
to 7, wherein the wavelike elenents of the annul ar
menbers 8itudhed sdentaehcerdingf ttchearst emt @leeims 1 to 4,

ﬁﬁ%ﬂgﬁ%tkﬁgl¥oﬁﬁéd¥&ﬁg eféﬁgﬁkéry%epﬁgxkﬂgjféyh(gfsgagt§ggght
fifnet'he stent.

6. The stent according to any of claims 1 to 4,
wherein the connecting .elements are in the form of a curved

line.

7. The stent according to any one of claims 1 to
6, wherein two to six connecting elements are provided at even

intervals between said adjoining two annular members.

8. The stent according to any one of claims 1 to
7, wherein the wavelike elements of the annular members
situated at each end of the stent are respectively aligned

along the proximal or distal end of the stent.




