DESCRI PTI ON- Ext endabl e Soft Stent Wth Excell ent
Fol |l ow- Up Capability To Bl ood Vessel Technical Field
Enbodi nents of the present invention relates to a
stent that is inplanted in a human body to maintain a
di aneter of a body |umen such ad bl ood vessels.
Background Art . So far, stents have been

used to expand a di aneter of the body |unen such as
-the bl ood vessel and keep_|.t he expanded | um nal
~dianmeter. The stent may b@te%égr[léﬁ% vari ous

nmet hods such as balloon dilation, self-expansion

usi ng a shape nenory material, nechanical expansion,

 bai 1 oo §rdrDBESERESehe th EfCaliit PoHovens capatsiity

i ntroduced into a desir i ' body  t oget her
~with a balloon cat het er?ﬁ%;%[g)gj ege%‘gsll nflation of

bal | [ a dianeter of the [umen, and
ret a?‘%glahg‘tgt%gé@i | ated site even after renoving the

defl ated balloon fromthe site. The stent generally
conpri ses | unkmabodiragaterofhtheliprgseott inorention relates to a

e SHARTLE AR BRI SIS e brameter
t heofwhoaly idnPeRtsticihakdbRGPoLEsaNs i n the
"l ongi tudi-nal direction of the stent, and the stent is
adaplRkdrouiRFArtt s expanded |
 So far, stents have been used to expand a
diameter of the body lumen such as the blood vessel and
keep it to the expandedVlumina.l_.diameter. The stent may ber
expanded by_varioué .methodsrsuch as baloon dilat-ior‘l, self-
Vrexpansion using: a sﬁ"apé memory material,. 'mechanic-ai
expansion, or the like. The most widely used method-is the
balloon dilation. In the r-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 diametgr of the lumen, and retained at thé di!atéd site
even after removing the deflated bailoon from the site. The |
rstent generally comprises luminal diameter-holding portions
for dilating and holding the diametef of the lumen such as
blood vessel, and joint portions for connecting the luminpal
.diameter-hoidi_ng p.ortion‘s in the longitudinal direction of

the stent, and the stent is adapted to keep its expanded



shape after expansion. Proposed stents
conprising lum nal dianeter-hol ding portions and

joint portions include, for exanple, a stent

conprising plural cylindrical conponents which are 5
separately expandable in the radial direction thereof

and are connected to one another so as to align on a
common axi s (JP-H06-181993 A); a stent conprising a

tubul ar menber expandable in the radial direction,

the tubul ar nmenber being constituted by a plurality

of elongated 10 nenbers intersecting with one -

anot her (JP S62-231657 A); a stent conprising at

| easthape afteragypanséshi ke circul ar menbers each

bent to forma plurality of substantially straight,

non- over | appi Rgopegeaht steabhsectwmdpatsiag aluméndb; diameter-
the at least two circular nenbers having at |east 15

one ipaidingf pairtigmes] anxd gloibénpertiand imeluxde | ¢astexample, a
circul ar nmenbers connected by at |east one

substtemti aldngprisgng jpdunal acylieakicainegapoefnts which are
al i gned axi al bends (JP HO8- 155035 A); a stent
Sf or P afatelyupepidalgl & ipatther fadighags emtiem thereof and
first and second neander patterns having 20 axes

ext &i@ fPRHesiadtoapmes R S&cEoh8 ahipnHps @ commeon
503676 A); and a stent with an open structure. _
con@Xi&i g PP 6r LB 189 %t Adper® cyie Rl COMMPESIRENta, tubular
each segnent bein ef i ned an interconnected

st r iR8MLHe %Bﬁﬁ%’@%é’i nd! iW%r E8MiRbr deftieng the tubular

o A beghe eGP Bk LSRN ot elongatoc
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st e?{?ﬁ%eqis t@z‘i?hu'ﬁeéht Rt RSLm iéfﬁm‘{)‘?fy bes Sgk-gs_tantially

~ tha ese stents have sufficient exi ity,
thugsd; A fte I £ £yl : [ _ h DEtd At Onf  avin
thgg’gﬂlﬁl é‘?rSe'{"g’?]“tdé"‘.gi"a?ﬂje'¥‘|gbﬁ€"ﬁ@‘géhé’g ConfBEtd gt Oat axial

- thrggpdidrergiong! Ié/aQP%W&fEn%LH%W@\%mg%rédwaviﬂa’ at least
: the stents may cause wounds In the ood vessel .
= 15 durRg i psgr této”aiigtn%cf hﬁx%’LeBbhﬁ%-s'at the L DA GelbSt two
- a branched bl ood vé&ssel at the inflate position, it
IS ogdithy Hidhbeist cohd@eiBd bt gl dled ©d& §8stantially
placed stent. Further, the stentS have such a problem
thatighdejdippdih19hst St palr b Sighkangdidy bends (JP HOS-
expansion, i.e., so-called shortening. Disclosure of
I NnVEBE0B% A); a stent Fothfdgobit Betabeviaving a patterned
circunstances, enbodiments of the present invention
haveh §penwiidh hasprritdend ol enebaferplitterns having
excel I ent expandability, which is excellent iIn
20 frapkedi ben@dihgmams fif usanakidwcohdP@SpéBtionts0 (JP H10-
pass through the three-dsnensionally neandering
| ureeB% 7 65 M5 teprnd | il d e rftr @GtH rpm o t ttukIur@ncomprising a
enabl es to provide the stent with a |ateral hole.
plurality of open cylindrical segments, each segment being

defined by én interconnected struts, the segment being
K
interconnected at end portions thereof by a plurality of

25 diagonal interconnecting elements (JP H11-505441 A}.



According to an aspect of the present invention,

there is provided a flexible stent excellent in

vascul artrackability and expandability, conprising: a
plurality of radially expandabl e annul ar nmenbers

aligned in an axial 3a direction thereof; and one or

nore connecting el enments. | ocated between said

axi al | y-adj oi ni ng annul ar nmenbers to connect themin

the axial direction thereof, eagh of said annular

menbers conprising a plurality of Mshaped el enents

and a plurality of inverted Mshaped el enents, "which

are alternately arranged in the circunferential '

di recti on of thesanpudiys rEnties minolr jagit fedvenbleén Bngroved
to forma repeated wavel i ke pattern, said adjoining

two @NRdinfe gxEel D deithgycetitepuéd tihaougin the dusnen such
or nore connecting el ements between a top of a crest
segrpstthef baidl viessslt ad t Meshigiaityeb Eesiges off Ure expanded
annul ar nmenber and the cl osest bottom of a trough
segneteintpf resailtidg shapeb séfwstinn of shenosher ohnthg afumen.
menber; wherein each of said Mshaped el enents is o
congastieof it warc nedt beegaihithataiiasp steap hagesufficient
and one trough segnent |ocated in the mddle of said

t wo foeeidtitiegment <hvsviihgisarefaep| diffigellt e ingerkithe stent
each of said inverted Mshaped elenents is conposed

 of timbot ridvegh oddgwdine heiEngifan tAfpl {4DEE afi@ona three-
crest segnment located in the mddle of saig_tmo o

t rodgmerssjoently dneamslamipoaSourse: « Uik addjtien, the stents
anplitude of the trough segnent of sai shaped . .
el eMEAY CRUSR) WAUDKS FRdhe ﬁwﬁz"?as??&ﬁ'ﬁ%s”ﬁ%‘“°“ into
anplitude of the trough segnents of the.inyerted .
\F Shhpe@bipeien: sitend Haltheanpl§ LS ACHGH Tpgy vessel at

STt o e o 4P 5y AP U, PR ratora
t ts of the M o
N chols Bt dbeapigord” sheBhoodiHahe  ofhpnsgplL figve such a
/ i e g . i , ! .
LR i JehUF By TREESTs R portonca by
RPN Rer o creAEY pRofteding 009\ L1 N8
renbareisgytie SRANYEHREP i'h the longitudinal
direction they QHE%N %&f'ﬂuf‘%ﬂ\% 582 REER, embodiments
t annul ar ne

conprising firs nber el enents and _
secohtharmprekant ievbetior b@pe beshn ctade doagpreridet2(flexible
i nterconnected in Ihe circunferential djrection of

t hestaninwith “excellent "gxpandability, \iehicihs b agycsHept
. . H . \ h ptl

" PUARTguNSSSS ST GRLE BT |Pakesed o pase
| onthirowdihnalthe extheed-dgnpamsionallyl | mosa ebeniegt s lomens),

first, secon nd third ]inear. segnents, .the second.
| : n%‘dpsgaéﬁl?éﬂf ?"aﬁ\%l ff‘:’ﬁ“!r%Lbfmpgs%d]iﬁf‘%?ﬁgloeaﬁ%wde the
in 15 t\pithvg}qéﬁeartﬁlj?hgper_st | i near segnment having a

| eng | onger t at of the second and

According to an aspect of the present invention,
there is provided a flexible stent excellent in vascular-
trackability and expandability, comprising: a plurality of

radially expandable annular members aligned in an axial



15 third linear segnments, said first |inear segnment
and second |inear segnent being connected by an
arched segnent protruded | eftwards (towards the
proxi mal end of the stent), while said second |inear
segnent and third linear segnent being connected by
an arched segnent protruded rightward 20(towards a

di stal end of the stent), said second
annul-ar nmenber el enents each |nclud|ng t hree
| ongi t udi nal I y ext endi ng, pa?allel | i near segments of

first, second and third |linear segnents, said second

|I@R@bt!@ﬁgnﬁf§re€md thidr dohenear megeentomescdngqualements
25| n | engt h, while said first |inear segnment having a
| ipgieied” betyeen neaic retiably-adiQInit@ oRENAMY thempers to

1o ﬁﬁeé{egﬂnﬁénr[\ inSPhE TSt élrQEﬁan?HE?ﬁBf arléjac?r?CSf‘dsald

- l'i near “se bei ng connect ed an arched segnent

prahnutadnidrgbevaratimonasidg @ pdusanladly ehdMathdaped elements
- stent), while said 5 second |neatﬁ¢s ment and third
| fRdr asdHERlihePhdnyEiHRE SNt gmdhich are

pf&ﬁwg{éwe%%&éd(mwgsch snwe%hgsh Bﬂ‘eg‘?for{ h&f the

the tfirst an econ
anmuhatamenderbeal emehtjsind¢deendcbmdeadnts aiornmenderepeated

el enent, and the first. 10-annul ar nenber, el ene .
Io‘f!ﬁt"@ji kghepdiarine §%%rﬁf?f§h’h’tﬂga Wioe ASEYU lar W&F'E‘BSE? nReing

ﬁﬁégf’ecfytr% QuoSGSHE”tor ‘H‘?bf@ bé ﬁ@ﬂ?ﬁ?t elements

t owa e proxi mal end e ste and
I ohtatveelebeavm orfha et segmeant ségsmdt innfentad M shaped

second annul.ar menber , el ement and the third |jne
5 Guasal aonReARTRkT Timbsr aefiode st Bffameot a

”\%ﬁg%@@ ¥l eﬁf sg‘?@mﬂ[sﬁéﬁgﬁrﬁle@ﬁ‘@nf e tf\bréfher annular

annul ement located bel ow t he second _
ann@ln&lnerrerrbﬂ‘rer@lmrreaacbel af cwidecMedhbpean siemedts is

t t d
SrimPasal of e o208t Sp dmdnto Babind Al Siteliflie ang one
thtirbq 'h' ;@%gm%%maba%dthﬁ $REONHidANBU g d@iEbeiwo crest

el erre the first I1near segnent of the first
ame@mrentanﬂmawegemntammswej,oandngmlnmlanrﬂﬂceh of said

B L BRSSP D5 BREHH I LA Bbusn
gréf’n%ﬁ]egﬁyﬁéf@mg andaiiisliRRFO h BB B8FesEBBEMent located
in the middle of said two trough segments and having an
. amplitude, said amplitude of the trough segment of said M-
shaped element bemg in the range of 1/2 to 7/8 times the
amplitude of the trough segments of the inverted M- shaped
element, and said amplitude of the crest segment of sald
inverted M-shaped element being in the range of 1/2 to 7/8
times the amplitude of the crest segments of the M-shaped

element.

A stent according to an embodiment of the present
invention (i.e., first invention) comprises a plurality of annular

members which are radially expandable and are aligned in a



- | i néar

The term "correspondi ng arched segnents" here neans

twi n arched segnents that connect the first linear
segnent and the second |inear segment, or twi n arched
segnments that connect the second |inear segnent and.

the third |inear segnment, or tw n arched segnents

that connect the third |inear segnent and the first

linear segment. In order to substantially elimnate

change in length of the stent when expanding the

stent, it is preferred to constduct the stent such

that the first |linear segnment is longer than 10 the
second linear segnent and third |inear segnent, and

that the adjoining annul ar nmenbers, are connected at .
por teRadugdinghdiseehad db&reRts athioRBNAECIArRe cONNecting
second linear segnent and third |inear segnent of the

r esBERMERE S U RN NRHHRE SN G FUREING AW 3IHYfl@T gpmbers
that .fhe ratio 15 between a .di gstance.froma radially

hat Wi OenangrtneRe TG n B BITal, 511 oph TR
arched segnent .ééhat connect s trbe secand [l inea

segnent and t# th?Pauli?ﬁearPe%g?r%snt estett heC?ﬁrr'PgiSing first
AP ER B e SneflE Doy sPYid R Bylqr, member
| e BT AE TR R e AR, Bt g g in e
i oAy QB R A B} BRI TG Gear ce of

ol emont s ot bo® D8 ko TRl Andgiapo®, FATRE atag ane.

%Zﬂr??%si%gt eRdRiBeY o fighPsfigase e | eaghh 4P eghnular

rati o between thé distances 1s | ess than

10 &L%nemﬁeri t e & oh tl ERANENE § Ot e eASEg ithelihelgt hextending | |

len the ratio of that distance exceeds 7:8. Further,
t he A1 iNiINE ANNSE g aRIDES S fIRYE, Pee@dinddfanBasRird linear
with each other. In particular, it is preferred that
t hgeaffhents NOtHBO f@oohar NMABREr SsegMetiit Ahdphased linear
with each other by a half wavel ength and are
cogeeahedt bybding cewiest i ny ebagem swiHiléhetrgameirst linear
| ongi tudi nal straight |lines. The connecting el ement
“mayel@anent hmavimapa 0éngtAddngwathan thatved thengéecond and
However, it is preferred that the connecting el enent

15" hash@dwinefzr selgarends prexniar first dimese gegks nif eord second
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the viewpoint of flexibility and formation of |ateral
holiazarl tsegmerefl ebe@nlgt c qroectsd t by tansiacohicatesegment
of the connecting elements at regular intervals as
ocpastrardedbdeftmesds {towards theTpeoximmhédkndgniebine stent),
on the proxi mal side of the proximl annular menber

anet hii leo s idin seloe il siak asi degaienheardd sthdrdalinelaar segment
menber may be aligned. The linear segnents of the
fibgingmemnaechedbby aheaeohedndegheent 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 segmenis, said
second linear segment and third linear segment being equal

in length, while said first linear segment having a length -
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20l i near segnents of the second annul ar menber

el ement may be arranged circunferentially at regular
interval s. The interval between the first |inear :
segnent and the second |inear segnment may be equal to
the interval between the third |linear segnent and the
first linear segnment, but 25snmaller. than that between
the second |inear segnent and the third linear -
segnent . As a material for the stent, it
is possible to use stainless steel, tungsten,
tantalum nickel-titaniumalloys, and the |ike.
According to anot her enbodi nent of a second aspect

th t th t
Sonmﬁg%?é@w shy cabisrdnreanng anbibure Tadef eaments,
wavel | nts each ha |n wavef orm
AndS B T Tlol RGP SEAMER FTEnBeEPPRUIF S Eegment being

Corfi8BhRRGoR) 2‘&3%?2”%5‘%”52%&%%322. Feafiadl© protruded

S . S UHE D S0 B sar
LT YAt SRR, WP, RS Sl v
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trough e errent at lea one el 1 ke el enent

0N BWHHA ¢ @;ﬁx.mé;heﬁdbaﬂm@ glosuemal | 'trough of

untain ele In at | east one waveli ke el enent -
of the other,gp04l ahd™f8%- and second annular member

elements, the second annular member element and the first
annular Lmember element located above the secon'd annular
member element being connected by an arched segment,
which is convex ieftwards (towards the proximal end of the
stent) and locéied 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 rﬁember
element bein‘g connected.by an arched segment, which is
‘convex 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 segmen‘t of the
first annular member elément, -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 elements.



The term "nountai n® neans a waved section that is
convex toward the distal end of the stent (or concave
toward the proximal end of the stern), while the term
"trough"” nmeans a waved section that is concave toward
the distal end of the stent (or convex toward the
proxi mal end of the stent). The term "waveli ke

el enent with an M shaped wavefornt nmeans a wavel i ke
el enent conprising a conbination of a nountain

el enent of the wave having a tr@ugh between two
mount ai ns (M 'shape) and a trough el enent of the wave
having a nountain 5 between two troughs (reversed

M shape). The wavelike elenent is never limted to a

~particul ar shiEe, tepnovi cen etsipatn dilme vanedla k es ey Byegrs " here

has one trough (or nountain) between two nountains .

( ormieranug hisyin Famdhted | sé gore Misndhadgrenns (r tagelfirgéslinear
of the mountains and troughs) which constitute 10

eache YhsTapean dable ise a0 Rdehinearalss 3RE Mor ff ofwiy arched
substantially sinusoidal wave, but they do not
neceegarants theé enanentnide RECHGLLFIRAT fqgment and the
si nusoi dal wave. They may be in the form of i near

or YrdlliBparisegment.ngr e arched ﬁﬁ@'@@ﬂﬁﬁr&ha connect
i ncluding a connecting point betvveeF_tﬁEe. 15 M sha edt i
el dientthardl ineareveodeants aRgpihcefiEitinear segment. In
corresponds to the first ||

| j.near se nt of .th figﬁ,t f th
anfIdg’ niénberbetapdaihpre é‘&‘&?&ea 'égewéﬂbZ?ng or -the
e ovdiis Aeadulhd s bite gt BBt g Eonstruc

| h | i 20 th i
st gr?\%nts(lggrttrgﬁggn%agaﬁtj‘oesefsl}ﬁeltnt!%osaer;:%e%%f+%gx?a£‘snr§apgr¢ar than
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Ho ers,e?% ments 1ormng e nount

O SR R RPRRRL bR e o

15

20

25

éggﬁﬂg[n}ﬁgaé?qﬂésg?@ﬁieﬁgs‘e‘bﬁ]%tée&‘.’é‘é ddMRBEL the second
linear segment and third linear segment of the 're'spective
annular mémbers. Further, it is pfef‘erred 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 Iiﬁe 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 elements 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
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10 be shorter than the |ine segment of the | ower

position (corresponding to the third |linear segnent).
Here, it is preferred that the nountain positioned in

the m ddle 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 el ongation of the stent

when expandi ng the stent. Further, the protruded

length of the nmountain is preferably 1/2 to 7/8 of

the wave height of the wavelike 10 elenent. In

addi tion, the adjoining two annul ar nenbers nay be

out of phase with each other. In that case, it is

pr efregread ¢ hidie t henath othrémeg ft wohannuhar redidbebstaeen the
out of phase with each other by a half wavel ength of

t hedisaealcielse i ehess dhdnare orimeict 8#d bgst e tendency to
connecting elements in 15the sanme | ongitudina

st raeghtase nbe. length when thkheationoédhiatgdsteamse exceeds
may take the formof a linear |ine or a curved |ine.

|t 7T8.priedetivesd thoe mdiviiding wnnwagi megohesst iy be out of
el ements at regular intervals between the adjoinin

t wap deel withne aicdy 9therocidapiashi cadatinilsis M@fﬂff%ghét the
be understood- that the waveli ke elenment in the sec

nd
i nAFIOIBIN G itW R AU e MRMDaliSnArecqHbmek Phase with each

constituting the M shaped waveli ke el enent are |inear
andlfhﬁfpa{?r}hl pelhalft wayelepeHer a”é’or%%p&ﬁd"%%c% by - the
wavel i ke el ement of the first present_invention,_ i

whicO A e ingrate Pentseisy “%%g‘ﬂh%’ﬁ? jangidkgénat ﬁé??‘tgrhé lines.

second and third linear. 11
The connectmg element may have the shape of a

linear or curved line. However, it is preferred that the
connecting element has arwavefonn having one or more
wave peaks, from the viewpoint of flexibility and formation
of lateral holes. hlt is preferred to prov'ide two td six pieces
of the connecting elements at regular intervals as occasion
demands. | |
| The arched segmenis 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 fhst‘annukﬂ 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



segnents and in which the adjoining two annul ar

menbers are connected at the arched segnent that

connects the second 1inear segnent and the third

| i near segment. According to enbodi nents of the

present invention, it is possible to expect the

following effects: (1) the whole stent is excellent

in trackability to lunmens since the stent as a whol e
possesses flexibility to bendi nggbecause of the fact

" that the annul ar nenbers form ng the tubular wall of

"the stent are corn posed of repeated wavelike

patterns, and it is easy to forma lateral hole; (2)

t he thg dhmichdinemr segmhant, mnenbers are connected by ‘

t he connecting elenments at the arched segnent that ,
‘connects the éscondnbtedal Seaghtbet stamd,tHeid lpagskible to use
i near segnent with small wave anplitudes of the wave

pat t&ainiesersiee!l, stuppstenal tantaduohangekehtitangum alioys,
of the stent when expandi ng the stent, provided that

t he #adithebbikéeen the distance froma radially

hal ving line of the annular nmenber to the top of the

arched segnemlcddidingonged LLpear
segnent and the thirr]%l |ine£?)t§§gn§ﬁ§8§?‘+hg?f iorfsfla second
“ann AShReGiepblie giresemt, inzedtidietie e anpeotided a stent

radi al Ig halving |ine of the annular nenber to the .

t op COMPREIBEched 3sHgont tPXPagdRbdet s amaulprst members
“linear segnent and the second |inear segnment of the
secGRABHRINGr WeKBbEKee| RiRE Mas s5cdh Baving anvdiughaped
fall i‘neﬁwithi n the range of from1:2 to 7:8. (3) . )
si nWEHOIH ARFnGoiRE A 4r (Genibacs inrthe gifeemdgrential
by the. 12 : ' . ' '

direction of the annular member, and one or more
connecting elements which connect said ‘annular m‘ernbérs
in the longitudinal direction of the stent, said annular
membér*s being aligned in the longitudinal direction of the
stent, adjdining two annular members being connected with
said connecting elements by connecting a top of a small
mountain of a frough element in at least one wavelike
element of one annular member with a bottom of a small
trpugh of a mountain element in at least one wavelike
element of the other annular member.
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



connecting nenbers at the tops of the arched segnents
that are the nountains of the wavelike pattern, the
tops of the arched segnents are free fromcurvature
deformation at the tinme of expansion of the stent and
are reduced in 5 curvature deformation at the tine
of bending of the stent, thus nmaking it possible to
mnimze the danmage of the lunens at the tinme of

i ntroduction of the stent into the objective site.

Bri ef Description of Draw ngs TOFi g. 1 is an enlarged
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25

pl an view of a stent according to one enbodi nent of
the present invention; Fig. 2 is a devel opnent of the

S e IS R - MaRsd oS BE s S E L Wavelike
;;?% fentthﬁ?rinrpg'gglﬁew &THEFA&IE;I oF'agmouh§aﬁ1 lg:lement of
Stell ?foapﬁ 88{\988“ ?eﬂn%wta§n§rktlﬁgglape)

5 s
present | nve %I on, rating con i ONsS connec

of g E?:anta[%rzleé%g‘?ﬂéﬁt SPFiife Qvé§ea HeVRlIPPEEYhountain
between two troughs (reversed M-shape). The wavelike
element is never limited to a part'icular shape, provided that
the wavelike element has one frough {(or mountain} between
two mountains (or troughs). Further, four line segmen_ts
(ridgelines of the mountains and froughs} which constitute
each M-shaped wavelike element, ‘take thé.form of a
s.ubstantially sinusoidal wave, but they-do not necessarily
{fake the form of the substantially sinuscidai wave. They
‘may be in the form of a linear or paraliel Iiner. 1n that case-,
the line segment including a connecting point between the
M-shaped element and the rever#ed 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 frough (corresponding to
the second linear segment or third iinear segment of the
first annular member element or second annular member.
element). However, the two line segments forming the
'mountain or trough are no!{ necessarily required tot have

the same length; and the line segment of the middle

position (corresponding to the second linear segment) may
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anot her enbodi nent of the present invention;

Fig. 7 is a developnent of a stent according to

anot her enbodi rent of the present invention;

Fig. 8 is a devel opnent of a stent according to

25anot her enbodi nent of the present invention; 13

Fig. 9 is a developnent of a stent-according to

anot her enbodi rent of the present invention;

Fig. 10 is a devel opnent of a stent according to

anot her enbodi nent of the presé&® invention; 5Fig. 11
is a devel opnent of a stent according to anot her

enbodi ment of the present invention; Fi g.

12 .is a_devel opnment of a. stent accordipg,to another . .
ot FEAFIRE (RN piBeeding noedmeR. i gthaslgwes position

A R R
Here, it is preferred that the mountain positionéd
. in the middle portion of two troughé in the wavelike element
| is protruded on the side of the mountain in the wave
~ element since the mountain prdtruded on the side of the
trough causes elongation of the stent when expanding the
stent. Further, the protruded length of the mountain is
preferably 1/2 to 7/8 of the wave height of the wavelike
element. In addition, the adjoining .two'annular' members
may be out of phase with each other. In that 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 eléments inr
the same .Iongritu:dina! straight lines. |

The connecting e!ementlnaytéke the form qf a
linear line or a curved line. H is preferred to provide two to
six connecting elements at regular intervals between the

J 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 wavefike 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



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

nodi fication of the stent of Fig. 13;
Fig. 16 is a graph for making a conparison 15between
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. bet ween
the stent” of the present inventign and that of the
prior art; 20Fig. 18 is a graph'for making a
conparison in vessel holding capacity between the
stent of the present invention and that of the prior

artisddflent? bAPiAWRIORTHYE jotaMEMw ahREIF Bhmbers
are connected at the arched segment th-at connects the

second linear segment and the third linear segment.

According to embodiments of the present invention, it
is possible to expect the following effects: (1) the whole stent is

excellent in trackabilily to lumens since the stent as a
whole possesses flexibility to bending becausé of theifact
that the annular memberé forming the tubular wall of the
- '_st'ent are cémposed of repeated wavelike patterns, and it is_
-easy to form a lateral holé; (2} the adjoining two annular
members are connected by the conn-ecting e‘lements at the
arched segment that connects the second linear éegment
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 to the top of the arched segment that
connecis the second linear segmént and the third linear
‘segment of the first annular merr.l.ber 'element, and the
distance from a radially halving line of the annular member
fo the top of the arched segment that connecis 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

édjoining two annular members are connected by the
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14 art; Fig. 21 is a devel opnent of a stent of the
prior art; Best Mdde for Carrying Qut the Invention
5In the stent defined as above, the ratio between the
di stance fromthe radially halving Iine of the
annul ar nmenber to the top of the arched segnent that
connects the second |inear segnent and the third

I i near segnment of the first annular nenber el enent,
and the distance fromthe 10 radlally hal ving i ne of
the annul ar nmenber to the top df2 the arched segnent
that connects the first |inear segnent and the second
i near segnent of t he second annul ar nenber el enment

iafméﬁhne%t?’n iy alr 2 %im%e %%slg?mﬂ}%o‘!ﬁﬂléﬁ%ﬂolsg&mems
connec S Wﬁ’ﬁﬁ%@ﬁﬁg{’ftﬁﬁ% HEVEUIKE eéﬁg?%r dRentgps of
n‘{) Sltut{g%%ar{'lgﬂltgaéresh[@% q:?{glml 'c?x ?tu aaé}%liln%tlon at

each end 'S SO

des!rgi‘eﬁrﬁé‘antI%Q @'rﬁ?%% S@tg'@ﬂat Sst¥nteafily 284! b duced in
nmenber are respec y al1gne
curvature deformat:on at the time of bending of the stent,
thus making it possible to minimize the damage of the
tumens at the time of introduction of the stent into the
objective 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 shown in Fig.

Fig. 3 is a-n enlarged b!an view illustrating an
expanded state of the stent shown in Fig. 1;

m Fig. 4 is a partially enlarged view of Fig. 2;

Fig. 5 shows embodiments of the connecting
elements in the present invention, illustrating conditio'nsr
_connected with the arched segments;

Fig. 6 is a development of a stent according to

another embodiment of the present invention;

Fig. 7 ié 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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20 along the proximal or distal end of the stent.
Enbodi nent 1 Fig. 1 is an enlarged plan
view of a stent according to one enbodi nent of the
present invention, Fig. 2 is a devel opment of the
stent shown in Fig. 1, Fig. 3 is an 25 enlarged plan

view illustrating an expanded state of the 15 stent
shown in Fig: 1, and Fig. 4 is a partially enl arged
view of Fig. 2. As shown in Fi 1 to 3, the stent

of enbodinent 1 is a tubular nmenber conprising el even
annul ar nenbers 51 arranged in the |ongitudina
direction of the stent for keeping a body |unmen open,
and connecti Fggel ®nisntss deaerangentbyf thr ersmbeioweiiing to
the | ongitudinally adjoining two

another embodiment of the present invention;

Fig. 10 is a development of a stent according to
another embodiment of the present invention;

Fig. 11 is a development of a stent according to
another embodiment of the present invention;

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 presentinvenﬁon(secondinvenﬁOnk

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

Fig. 15 is a partiailly 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 pfior 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 hoyﬁng 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
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annul ar nenbers 1, 1 to connect themw th one
anot her. Each annul ar nmenber 1 conprises three pieces
of first 10 annular nenber elenments 11 and three
pi eces of second annul ar nenber el enents 12, which
are alternately interconnected in the circunferentia
direction to define the annul ar nenber, which is
expandable in the radial diyection. The first annul ar
nmermber el enents 11 and secold 15 annul ar nenber
el ements 12 under the conditions that the stent is
ag@folded onto a plane are continued in the vertica
difection as shown in Figs. 2 and 4. The first
annul ar rErberlelienentdebk liopgkendestt Ar eeent of the prior
aIgngitudinally extendi ng, parallel l|inear segnents
1941 112, 113 of first, second and 20 third
BposiNeédnSorThersetonddt ndar Isegmeinin 112 and third
l!near 5%%”%%% %%%n re %& %geagaggobepg£ﬁé gg%'ghgetween
first |inear segment ff hss & Iengtﬁ | onger han
thaatli otande Segoncthanthdidild Hadgdngsédgnent$. thheannular
first lLinear segnept 111 _an econd |j ngar. segnent
nahEh b OO EFRGTh, hh R e S SRk L N S8R R one
seormvexliets nasegymaht | @nd hehe 16his@cbiwked r neagmaegnehtthe
a third linear segment 113.a cagnnect ed an
LT Ehad ehdrEnme bl PEARE, A St CRIREEHES el che
radiwellhamd] vide kiecondf atinell amnwerberenbea! enenthe 2top of
[ hcl t hr l.ongl tudinal |y extendLn aral l el y
o rebf R LS (OB AL TEOR A S ENTL N L BLEL eoment
andhi rltk | $esard segrent segiikatsedontiel shreandsegmehdr IiR@nber
nd third Lipear nt ,121.are of the sa | engt h, .
o ethe f i PEP Tt Pneh BoghEnt it s Uiikngrtt | Suberning
tdaanhibdr ofiertyers 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 Qf'eéch 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
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10 second and third linear segnents. The first |inear

segnment 121 and second |inear segnent 122 are

connected by an arched segment 124 which is convex

rightward, while the second |inear segnment 122 and

third I'inear segnment 123 are connected by an arched

segnment 125 which is convex 15l eftward.

About the first and second annul ar nenber el enents

11, 12, the second annul ar nenbgr el ement 12 and the

first annul ar nmenber elenent 11 | ocated above the

second annul ar nenber elenent 12 is connected by an

20 arched segment 3, which is convex |eftwards and

| ocaead brbwaenirt I\ighi ASt ahdne=igy. sagiena paktiedl 1y henlarged

second annul ar nenber elenment 12 and the third |inear

seghiewt ot Fdgof2the first annul ar nmenber el enment 11,

whi |l e the second annul ar nmenber el enment 12 and the

first annul &s retnben & st L3613] ohat etk debdve midd diment

second annul ar nenber elenment 12 is 17 connected by

anlargshedubedaenmoinbeni chmprisomny exlenieghtavendlandnembers

| ocat ed between the third Iinear segnment 123 of the

sedormdrangeldarinnetiteer lori gitedinal dinéctiven f of sthéi séant for

segnment 111 of the first annular nenber el enent.

Fuker@ingaar hedyolumean searde BNGinconagcsing elements 2

hal ving line X, X of the annular menber to the top

of AE AN GV ey tthd egisc hedweashdhe tamgituginadyaadjoining two

dlstance fromthe radially halving line X,_ X to the

to%"BfJ lahamgmbangeci edl aFQ:h%@ngég?gemeTZM“mlﬂf(Q gnother.
atio betmeen a distance 10 fromthe radially

ha FfHg qanelar gnembegndul e mpsipes thremepis ﬁeéf of first

t he arched segnent that, _connects the second

Ii%@%?ﬁ%%dﬁﬁ bﬁiZQQH@eﬁﬁﬁ i rafd; HitGe skififept @issecond

Gt | aneRRe el GReRtaG) Johg. MhiEhX Gr3 pelternatety

L BRRL e, Lgﬁf%?%%é{?‘?s@@%gﬁ%iZ%-”ﬁ'ﬁ&fn‘e
DS ARBRT, ORI 3R, PR Y Beggtion
{he oo Yokt 408 Ml RS TRTREE doona
e dr ARG IWBdits AW dh8et N dddWdlons 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 efement 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
VHnear 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 leftward, while the
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segnent 123 of the second annul ar nenber el enment 12,
and a distance fromthe radially halving line X of

"~ the annul ar nenber to the top of the arched segnent

114, that connects the first |inear segnent 111 and
the second |inear 25segnment 112 of the first annul ar
menber elenment 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 dfnul ar menbers 1, 1
are out of phase with each other by a half 5

wavel engt h of the annular nmenber elenment, and are

PSS Sodull 135 MO8 MANGaTSTR Y 110 are

L'l R&dns Nhy113n0f ik d | | gr.
el erren? ?%E;nbtyh efat Sldé Eékﬁﬁpaqgﬁmﬁgph |s convex
ar gherggpgent 125, which 10 ‘connect s second | i near

segnent 122 and third |inear segnent. 123 of the
second annul@h WRELQJthel-eRRIHdg 1¥h8nste|2:%r[) gé‘ﬁnﬁ'lgne '‘member

in the same longitudinal strai'ght |ines hree

cornefie g 1¢ eRBNG 8 o3 hﬁﬂéé‘glo%@@a&h%n?téS&'ﬂeﬁasé OMBrallel
in Fig. 5B. 15The above stent 1's flexible enough

resipeyt tsedeeditgg 1incerzhe ﬁmubarflﬁenb%rei:dﬂi@tand third
constitute the stent wall are conposed of repeated

walieldare spgtrients., amk tdusovacighbants é ridMchatd ldiy thicd
to lumens. Further, it is easy to provide the stent
wi timearl ate@mbnlhohe1 Sirceotf bhcaddomel Ngngth, but the first
linear segment 121 has a length longer than that of the
second and third linear segments. The first linear s-eg-ment
121 and second linear segment 1-22 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
teftward.
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 a‘nnulér member element 12 is connected by an
‘arched segment 3, which is convex leftwards and (ocated
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 annu*la'r
member element 12 and the first annular member element

11 located below the second annuiar member element 12 is
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20 two annul ar nenbers are joined together at the
arched segnents each connecting the second |inear
segnent and the third linear segnent with snal
anplitude of a wavelike pattern and since the ratio
between the distance fromthe radially halving |Iine
of the annular nenber to the top of the 25arched
segnent that connects the second |inear segnent 19
and the third |inear segnment of the first annul ar
menber and the distance fromthé radially hal ving
line of the annular nmenber to the top of the arched
segnent that connects the first |inear segnent and

RN W0 SRR TLobH S mng% p—
el S 0, 8 e v

PRSI S U, TR 2 e o

LONE &L LB MBNF T kP AAHETIS@ARRLISE AL ABEHLYBMHLS:

deformation at the tine expansi on o sten and

are reduced p gV alur g igt el i Q{Bt%tnéebe rﬁea radially

bendi ng of the stent,” thus nmaking I p033|b

M RigTy ggs »f I Y r
T WAy OARBORS X ) 99 URRYAb "AEHIERY PIRK 18 of tne

appbingd cterbadi Reat s%gment 115, 125§’Q%d'a”%ﬂ§ta?n {r%n the

present invention w |l be denonStrated below, naking

retearNce hatfing Iﬁneﬂxe epd gﬁeef@ﬁdbﬁefﬂezuhtﬁo@mected
nodi fication of 20 the stent of enbodi nent 1,

wherehadt begnaé ho 1f4 distanges. ,f koratibepadicddd Ya distance
halving line to the respective tops of the arched

setoamt the srasditalty HaRingndindieXasehed: segngs Mémber to

114, 3 and arched segnments 124, 4, 115 are

redpectépelof dhiegnacchedh seemandt hiet5at thide poaxietdk the

Ewgeggnd linear segment 112 and the third hnearsegment113
of the first annular member etement 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 between a
distance from the radially halving tine 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' 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,
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25t he annul ar nenber 5 on the proximal side of the
stent or ,20 at the distal end of the annul ar nenber
6 on the distal side of the stent, and the connecting
elenents 2 are forned into a shape shown in Fig. 5E
As illustrated in Fig. 6, the stent conprises six
annul ar nenbers la-if, which are radially 5
expandabl e, and the adjoining two annul ar nenbers 1
are connected to each other by three wavelike
connecting el enents 2 as shown'® Fig. 5E. The arched
segnments of the annul ar nenbers situated at each end
of the stent are respectively aligned 10 along the

F@i'na‘?f rsf%f%'rrﬁﬁdth atsh% ?hat a%ih dandd¥ from the

a i s designe € posIitions

of ftanﬁaar heacivﬁwm?ﬁ&s)(la& r@% %gfeec:?v 9k "Mftfh%]h&ched:

position of the arched seg by s ort'eni ng t

firsdghighaar sem%@ts thllg-5econpybi 'Eﬁe:ﬁﬁgﬁe%% 13%nular

and third 15 |linear segnents 113 of annul ar

MeRem igé asrent 11%@%Jth%ffbh%tsel IWPRAN em%rlgjy a half
of the second annul ar nmenber el ement 12 on the sid

of wdeegxinmalofenth&f 4MeuBnNUnE mBsPeLIeMEAthe and are
ot her hand, the annular nmenmber if is designed such

thamémm@cte@r@t ef pdre &f chedasepeRNisgmeni2f18ndetich
4 are aligned with the position of the arched

segoemiectklSsbyositbr tameany segrienst 11heaindegimnd s {inear
111 of the first annular nenber elenment 11 and the -
fi setgrenéari 3 agimthesfiiil argad@ardmd mear sbomenits112@n the
and third linear segnents 123 of the second annul ar
nmehdldr sedenmrid 121 on @atthefstive afchdéd deghradnemP®f which
t he annul ar nmenber 11. _
connects second linear segment 122 and third tinear
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 trackabitity 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 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 cor_anects the second linear segment
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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

annul ar nmenber el enents 11 of the annul ar nmenber 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 | engt heni ng the second Iineﬂé segnents 122 and

third Iinear segnments 123 of t second annul ar

menber elenments 12 of the annul ar nenber 1a on the

side 10 of the proximal end of the stent to align

t he, APSiHd i a 6 3¢/ _ ' :
pogair?(ipoiniéo { e“glr%c reg%rsbg-g?réﬁtg??lrie ;ﬁ%gé%&% member
Therid effe Oldibbgn8BOVEo ATDAYE MRAWiARYEXPLIIRBL tide of the
trackability to lumens since the whole stent”is

1 el 1308RHSEr LR FAFPOREpt @ DAL NgrdriEd N8B gridnt that
is easy to provide the sten? with a lateral hole. In
addioiirmgctsi tthies MesSiibheat Osaydhéntlagpdgesnel ddwond linear
bl ood vessel s which nay occur at the tinme of

i nsegment aff the steohd anadlbe sicebee ikesappo ads, there
since the tops of the arched el enents are prevented

20id ramamwlyadnyechehgremihi nmgiten fekipansierg bheexpansion
stent and mnimzed in curvature deformation which

magtf odber sterthe tilne addiéod| nghef abdpistirgt .two annular
Further, the stent is scarcely changed in |l ength at

t h@memirersf aegpansinetteleradofpagitacef t the ratdhoe des mgerents,
the distance fromthe radially halving |ine 250f the
anfWhliah aeeblie tiwpheof dheowavelibechedtaegneand 2hus the
t hat connects the second |inear segnent and third

i RRg Sdgtbm wavalike | pattanms| afeneffissr Blogmemurvature
and the distance fromthe radially halving line of

t rdetRrfuakiohetodher binaeof pxpanEiRn apEHB® SdgAbnand are

thr%tdfggcrileicrlt. SchIQ/%-ture deformation at the time of bending of
the stent, thus making it possible to minimize damages of
blood vessel which may occur attﬁe-thne 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 tine 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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5 first linear segnment and second |inear segnment of

the second annul ar nenber elenent is set to 7:8.

Enbodi nent 3 _ Enbodi nent 3 of the present
invention will be denonstrated bel ow, maki ng

reference to Fig. 7. 10The stent of enbodinent 3 is a
nodi fication of the stent of enbodinment 1, in which

the connecting elenments 2 are forned into a shape as

shown in Fig. 5D. As shown in Eig. 7, the stent

conpri ses ten annul ar nenbers izqg\hi ch are radially
expandabl e and arranged in 15 the direction of the

| ongi tudi nal axis- of the stent, the adjoining annul ar

me redafl by .t . .
o) | distaleh dBRLC HhABURCHC AHIEY 5 8n' Ui Yigtat side
af refreptd d | St iBRt af Ond kabj |1t .
e SRR I8 1 S i B8; PO RS2 ke hgiiea into
I et _ endi . rther:pids .

pr o%\?lgdngpteﬁg’ti%ﬁt %Ftr?% ﬁj'at)grgallmhgbﬁrgie?ﬁﬁg(ﬁjgt isdnt,he stent
t heolmphises this i shaf el RBRNL & &1 ?ap"l?,ve\}?hﬁ%féﬁ@ radially
produci ng curvature deformation when expandi ng the

st exfpaardlaBid)i Hredhe £djoValng etwiel ahMRiIbP mMMBErs 1 are
may occur at the tinme of bending of the stent, thus
25rakinegtield ppssidd¢h t @theei dbyanyhfesaoeaokliklke GbRALcting
23 vessels which nmay occur during insertion of the
st efgmientts Phessitiewnoitb& igp@Eed. Further, the stent
does not show change in length at the tinme of

expansi on. Hitbediarehtedd segments of the annular members

situated at each endr of the stent are respectively aligned
along the proximal 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
desigr;ed such that the positions of the arched segments
124 and 4 are aligned with the position of the arched
segmehts 115 by shortening the first linear segmenis 111 of
the first annular member element 11 and the first linear
segmenis 121, second linear segments 122 and third linear
‘segments 123 of thé second annular member etement 12 on

the side of the distal end of the annular member 1f.
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5Enbodi ment 4 of the present invention will be
denonstrated bel ow, making reference to Fig. 8.

The stent of enbodinent 4 is _a nodification of the

stent of enbodinent 1, in which ratio of the

di stances fromthe radially halving line X to the
respective tops of the 10 arched segnents is set to

3:5, and the distance between the second |inear

segnent 112(122) and the thi rdféinear segnent

113(123) is set to two tines o he di stance between

first linear segnent 111(121) L second |inear segnent
112(122), and the connecting elenments 2 are 15

formed into a | [ [

Fig. 8, the_gﬁtgggﬁ%?légg;m om{egﬁcgggu@}rﬁng%‘cér@ay be
1 wWhbaB Bhe 1EAYIALININgXPREJSBLB NI REERANIEIN dhisNe 12 and
| ongi tudi nal direction thereof, and the adj 0i ni ng

anniipd TEIDEF S sbgntedls aamnestedhko fafth MhA8TadYmember
t hree connecting elements 2 20wmth a shape as shown

i n dliegneh€s 11 of the ankbeapfmeenBati onesh steNtside: of the
no |l ess excellent in trackability to lunmens than the

st distderamnstofitee isteartodai thesiptadtidis Wiotiee arched
stent is flexible enough to respond to bendi ng.
Furdgdmements i1 Rawyti ot Qo sidiohe sfettie 2Brchbdasegments
|ateral hole.ln addition, the tops of the arched 24

el drihtaged epr ewdhe ddf fenptivedoon gddwr satcwmsd linear segments

‘def or mati on when expanding the stent and minimzed in

122 and third linear segmenis 123 of the second annular
member elements 12 of the annular ﬁnember 1a on the side
of the proximal end of the s't-ent to align the positions of the
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 toc 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 o 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 in length at the time of expansion thereof since
the ratic between the distance from the radially halving line

of the annular member to the top of the arched segment



curvature deformation which may occur at the tinme of
bendi ng of the stent, thus nmaking it possible to
avoi d bdamages of the bl ood vessels which may occur

“when introducing the stent into the site to be
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applied Further, the stent does not show change in
length at the tine of expansion, In this enbodi nent,
the ratio of distances fromthe radially halving line
of the annular member to the tops 10 of respective
arched segnent is set to 3:5 B# the stent is
scarcely changed in length at the tinme of expansion
because of the fact that the distance between the

Co s PPREE ST ”é@@gqﬁh"&.earé%%rﬁée A Himde ‘tinear
I o o 0 SRR 2B % TFblemnd the

e A B, AT v sonio
”D‘ilr'\éhci‘?ér’ 98 t‘ﬁe t%?) by et rom%r%‘)f% ggnttq%fycbﬂneéts the

which the rati o of distances

halfiishg (1r r t Qe%;rﬁ?eﬁ?sﬁﬁ"ﬂ I Y8 cbPRP ﬂi\etzﬂe %gnl%q'[t of the

segnents is set to 3:5, and the connecting
ar g elc@nB & ndlliaram¥1ABe ras|csThewW] isNsEt o P8, AS shown

in Fig. 9, the stent conprises fourteen annul ar
nemEde sdimasmhgch are radially expandabl e and
arranged in-the

Embodiment 3 of the present invention will be

demonstirated below, making reference to Fig. 7.

The stent of embodiment 3 is a modification of
the stent ofr 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 ihe stent, the
adjoining annular members 1, 1 are conneéted to each
other by three wavelike connecting elements 2 shown in Fig.
SD. 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 pr-ev-ént-ed 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 a'ny damage of the blood
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25 longitudinal direction thereof, and the adjoining
annul ar nenbers 1, 1 are connected to each other by
three connecting elements 2 with a shape as shown in
Fig. 50. The af orenmentioned stent is no
| ess excellent in trackability to lunmens than the
stent denonstrated in enbodi nent 1 since the whole
stent is flexible enough to respond to bendi ng.
Further, it is easy to provide the stent with a
lateral hole In addition, the to&bs of the arched

el ements are prevented fron1curvature def or mati on
when 10 expanding the stent and mnimzed in

gg%g%gégﬁ de_ﬁo&rgra h&no\éﬁb‘g ﬂgk?/rhgcﬁjsredt thei‘ tbg s?ent into
d I
okl ORBES 68 BBBLOCT SEARRRS YL DD ot show

app&ﬁ&%%&ﬁ m%}etﬁé%e”ﬁ\ftéh%gpgﬂg Jr?“ed at the

expansi on becaus that the

ratg @ p l%éh?%es fromthe radially halving Iine of
t he annu er to the top of each arched segnent

is set to 3 Eg}m bR®NY ©f the present irB/en.tion will be

Enbodi nent 6 the present invention w

20¢RImBSist bk el oy, FRdsting referenes dorfg9s. 10

The stent of enbodinent 6 is a nodification of the

stent of enbpHiemee&nt, of %Wﬁcﬁdﬁrﬁéﬁtaﬂpiét@dﬁo‘iﬁfﬂc@lon of
wavel i ke elenments 11, 12 is set to 6/7, and

comhecktagt abfewanb 6 d2miehtf or nied wRidh &a\t\ﬂyﬁffo'tﬁéaalstances-

shown in Fig. 5B. 25As illustrated in Fig. 10, the

st émmctgrissbaliyvalaveireniii@rxX to the respective tops of the
arched segments is set to 3:5, and the distance between
the second tinear segment 112(122) and the third linear
segment 113(123) is set to two times of the diétance‘.
between first linear segment 111(121) & second linear
segment 112(122), and the connecting e!emeﬁts 2 are
formed into a shape as shown in Fig. 5C. As shown in Fig.
8, the stent c-oinpris_e_s fourteen annufar members 1 which
are radially expandabte and arranged in the longitudinal
direction thereof, and the adjoining annular members 1, 1
are connected to each. other by'thrée 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 s.tent

with a lateral hole. In addition, the tops of the arched
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26 nmenbers 1 which are radially expandabl e and
arranged in the |ongitudinal direction thereof, and
t he adj oi ni ng annul ar nmenbers 1, 1 are connected to
each other by three connecting elenents 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 bendi ng as
well as the stent denonstrated in enbodi nent 1.
Further, it is easy to provi de2¢the stent with a

| ateral hole. In addition, the tops of the arched
elenents are prevented 10 from curvature defornation
andla%*the stent and mnimzed in curvature

def Fl’ﬁ‘:\ Db I'én rTB?eB@Eﬁ‘?dat Rt | iR UGS ngugr¥ature
e bR, dnd TR e BB smizec 1
f’é%é&fﬁ'aﬁ' ehdfeRuratiSne e BEPh e T ayart &t al nihe; dime of

%P&I?ﬁ*ogftp?‘%ﬁ%ft%?gs ﬁ?'gﬁ\%%lfmo% -.lrlao%sible to avoid
Semig PR, USSR ey e wnon

enbm'om.gﬂg thd ‘é’i‘éﬁE ihit§. ﬁ?%”&&’egig ﬁlgegf)rﬁfljét% atggmher

of S-shapedformas s

| Nyfs 9sed it égﬁssh%@t Q Q{)réﬁgﬁ th ?@Hgﬁgnﬁi alrhe tme of

menbers 1 whrch are ra Iy ex bl e arran
I Nekp@a dsqeal t Ut PRis @'nﬁ@ﬁﬁ'nﬂ%ﬂthe{r?@fratﬁf‘%fta tances from

adj ol ni ng annul ar menbers 1, 25are connected to

eagie atdweialby r&l&hﬁ@eﬂnbhb¢3t@r§ﬁﬁhlé¥9 mémber to the tops
of respective arched segment is set to 3:5, but the stent is
scarcely changed in length at the time of éxpansion
because of the fact that the distance between the second
finear segment and third linear segment is set to two times
as large as the distance between the first linear segment
and second finear 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
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el ements 2 as shown in Fig. 5A The whole stent is
flexi ble enough to respond to bending as well as the
stent denonstrated in enbodinment 1, so that the stent
of the present enbodinent is excellent in
trackability to lumens. 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 expandi ng the stent and
mini nized in curvature defornmafPon which may occur at
the tinme of bending of the stent, thus nmaking it is
possi bl e to 10avoi d danages of the bl ood vessels when

'nt@ﬂgm@%é:hgﬁ%g%ﬁ nﬁr%#- S' At LhdCad 81&:%% L Annular

Fur the | I'S scarcely vari

at hamyd e _qf expapsi %HPSE?QE %”bQ\%I!cﬁe %t@er by three

Enbodi ment 8 6f the present 1 nvention

15dQmsL{; zﬁgng %{ﬁle?l‘f’s W?tﬂgarﬂg? ne§ sti‘ﬂ)ﬁhgln Fig. 5¢.

A stent of ment Is a nodified form

embodi nent Iy ENapbiSheiifondlii 81&ht dgsaanr@s fé:@c%llent in
the radially halving line to the respective tops of

t herackedpitsedt@nanisnsetinah 3tde atérthed&piYestra®ed in
elements 2 are 20 nmade into a shape as shown in Fig.

SFenfisodlirmesitr at ethta g whblet Becat Rt fR(TPIESERouUgh to
si x annul ar nenbers 1 which are radially expandabl e

ande sp oadges bendireg.| oRgirthuei Nkl i dieasot torpidwideothe stent
and-the adj oi ni ng annul ar nmenbers 1, 1-are connected
t owett ha ol diirr ey hioleee bwnadditiog, ek&aen®532025mhéhaached
shape as shown in Fig. 5F. The stent of the present
28e Eeditserirei prewvegl leghtfrom t cackabide tdeformatioms when
since the whole stent is flexible enough to respond
t oe bR AGIdAg Jath evesite dsanterdaemizednonsurvabdre reformation
enbodi ment 1. Further, it is
which may occur atl 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
time of expansion because of the fact that the ratio of
distances from the radially halving line of the annular
member (o the top of each arched segment is set to 3:5.
Embodiment 6
Embodiment 6 of the present invention will be
demonstirated below, making reference to Fig. 10.
The stent of embodiment 6 is a modification of
_the stent of embodiment 1, in which the ampiitude 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. 6B.

As illustrated in Fig. 10, the stent comprises twelve annular
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easy to provide the stent with a lateral hole. In
addition, the tops of the arched el enents are
prevented from curvature deformation when expandi ng
the stent and minimzed in curvature deformation

whi ch may occur at the tinme of bending the stent,
thus making it is possible to avoid danages of the
bl ood vessel s when introducing the stent into the
site to be applied. Further, the length of the stent
Is scarcely varied at the tinme2& expansion thereof.

_Enbodi nent 9. Fig. 13 is a devel opnent of a
stent illustrating anot her enbodi ment of the present
i nvention, {1 I, partially enlarged view
of nEMReEst 1 s |ﬁ”P:| rgad@jly expandabmeagtdeﬁfr@:ﬂged in

as illustrated.in

t t
i gaf® f&Rah Ve”tc#ff??fi@?r?ah%‘éﬁar feitbahe Fdigiingapanular

dapl d _ he | d
Gf"?‘s% dS harcol . 3R SAPBERTRG (G AR o hehbdos throe

d| re |%cr:1! BI gr%gg&o(%ﬁttsthﬁir e“éqggrhl’hees#ﬁ égt%ge:ﬂ%‘ﬁfvé‘ 8" ﬁﬂ@ 58.
e PRI fgPLE ST LG 0 mens

m\é@.ﬁe?mt? %ggﬁ g?gn't”a%h?féﬁﬂ%t?%ﬁm ée?&,s%nd to

t her eo ividu wave

,COB%tdle‘g‘%stW%H"@‘ée{ﬁé t%lnqnﬁgh%éﬁalt@dtllﬂe Bﬂ%c%%ent 1.

a substantially si nu30| wave e adjoinin

anFWr@ﬁeFe”p%SeZsﬂt@rﬁrdﬂ'd@theOQ%HF E}Hr QuPé‘tér{l%ﬁ hole.

connecting elenents 8 by connecting tops 711 o

Mot 2d &7 eh, 1A Eb?@ghfeﬂw&e@l%ﬂe%éﬁﬁ%%re prevented

wavel i ke el ements 71 of one annul ar menber

bofdemsciianird "eetdanabicd Whenmapa dirg) QH‘%ms?lent and
71a in the waveli ke elenents 71 of the othér annul ar

membaimized in cuth@tapauliafoMERRdn Whicit M3Vt occur at the
constituting a lumnal wall of the stent and is a

r addived | of @xepadicaplas phet soenf,othbel Hidking iunENpbssible to

di ameter 100f the bl ood vessel after pl acenent of the

staneoid rdaina d@ ©oolf \thes di o dkher eswell sarw ivenbaitsodBtifg the
respectively conposed of six wavelike elenments 71

hatiend ertoMiBEapde taVieé orpphed .bdfagther, the length of the
circunferentially connected. The annul ar nmenbers 7
ardeatrigngedrcaly variiedgat dbkntimeiafeexpansobntimereof.
stent. As illustrated in Fig. 14, the wavelike
ell:"efﬁbrﬂdlmelabﬁprl ses nountain 15 el ements 7la and

trough el enents 71b, each of which has an M shaped

wavef orm i nﬁmﬂiﬁem t7r owghtHeonpr ewent aimjemidoweeamill be
two nount ai ns &wvvo troughs). The nountain el enent 7la

i Segnenisieatad drelow.r @ft@hmm\nemgranpettooﬂglzl bet ween

two nountains, while the trough elenent 71b is

provi ded widhsterbudi apmbr@imgnd 7ops 7alnbedifeet foom of

Vtrough

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
_rédially expandable and arranged in the Ilongitudinal
direction thereof, and the adjoini‘ng annular members 1, 1

‘are connected to each other by S-shaped three connecting
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20l n order to inprove the expandability of the stent
30 under the sane wavelength, it is preferred to

i ncrease the anplitude of waveform of the wavelike

el enments 71. The stent is |lengthened at the tinme of
expansi on thereof if the nountain (trough) having the
top 711 (bottom 712) in the 5 mddle of the trough
el enent 71b (rmountain elenent 7l1a) is protruded on
the side of the trough elenent 71b (nountain el ement
71a) of the wavelike element 787hus, it is preferred
that the nountain (trough) having the top 711 (bottom
712) is protruded on the side of the mountain 1

0

o hEtpesle 4 sPRNGEE Fig otk of rbngnfBinle'ht i flexible
hayl 711 . 2). i.s¢ 4/

e nelbn 4 e Pod@P (o IR 457 well a3 Ol stent

tr %&.aﬁiﬁ?ﬁ%dﬂﬁ) e?rfbﬁg?we‘@ﬁ]\étglrfgk$oe;t%érgﬁmthgl'sg}?ﬁ of the

adjoirning two annul ar e out

Phasg d A e@ﬁﬁlad‘?gﬂagﬁt by axRaifeNevR! EHLLGIIYN% lumens.

wavel | ke el enent are connected by the connécting

el erpither? ithid Reaspne peodiibdimal seditalWath diReral hole,
The adj oi ning two annul ar nenbers 7, 7 are 20

conpeaieNtivel, Waed diss toP tRélarbHcBOEI OMenkd ak@sppévented
to each other. As illustrated in Fig. 14, the tops

71%r6hn tdlﬁvfmuméaid@;ﬁoehétiﬂ@nt RWHER ekpERRfifg’lkeaBoEgt and
the waveli ke elements 71 of the annul ar nenber 7 on

t henipriaizerl ini dgrvagueoreRiredationt Rehikat g gdéupfat the

the troughs of the 25npuntain el enents 7la anong the

wavahekefebendhtg di tdfe sAbnt, thus making it is possible to
avoid damages of the blood vessels when introducing the
stent into the site {o be applied. Further, the length of the
stent is scarcely varied at the time of expansian thereof.
Embodiment 8

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

A stent of embodiment 8 is a modified form of
embodiment 1, in which the faﬁo of distances from the
radially halving line to the respective tops of the arched
segments is set to 3:4, and the- connecting elementsr‘? 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 tongitudinal
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



the annul ar menber 7 on the distal side by the
connecting el enents 8. The connecti ng
el enents 8 are made into a curved shape (waveform as
illustrated in Fig. 5F, and three 5 connecting
el ements 8 are respectively provided between
;adj oi ning two annul ar nenbers 7, 7. Further, the tops
of the wave patterns of the wavelike elenents 71 are
fornmed to have a snmooth contour. In Fig. 14, the
right side of the drawing is Zet as 10 the dista
end of the stent for the sake of convenience.
Further, the term "nountain" denotes the section of

- erfdea iweang: t bhait eikseddrnéex im ghtraakdbibhty e tohelwerms since the
"trough" denot the section. of the wave.that is..

YRR SE T 1 War BLCEOPLReFROLRE VISt i HEPOaVE? | RERding as well
asel enBnsrenth @unddshapads 18 wauefghEnd s1a wametdier, it is
el ement conposed of a conbi nation of a nountain o
eaglerkkhtPHav1dRy Bhe EE6U§h dtweenlat®rabuRPaens In addition,

' M s d) d ro e L0g qpe no ] _

¢ %Etmggﬁgtméﬁ?roggés %gg%g%ﬁedgkfgﬁéEgd ). 1t Pgé?%ﬂggd from

cunotaethriehat delferwavdlonke efhement dxpanZimeverchs m tscknt and
ta any wavel i ke element with a specifj¢c waveform

ML BHZRE %ﬂatcﬁvarﬁéreonéetf%ﬂ@ﬁl(’&new%%t ath) eccur at the
tiRRI WeEN HMAIRPNLAENSS (AN, t "AR@NShakhhgl SitP098i bb8ssible to
’ to-use any wavel i ke el ements with various waveforns:
aveydh demafijes eranpthe waledbilkeveswebnt svidn whindiradweing the
mount.ai,. ns ., (twg .25t roqughs)._have i he _sa wave . hei.ght
S R RS FRPed TR g 2e BPHES  oF UMTE ke dnigid of the
stehtwWhisClachweempurhaiiag Gtwehkr aughs brhaxgatslibar ehbreof . '
wave heights as illustrated in Fig. 15b. Al though
Empedrimeritedr segnents (ridgelines of the nmountains or

trough§ig§hq£3pqg§tgtghgvgﬁ§pwb§ﬁap89_Qéﬁﬂ?!gn§5 fﬁf%sﬁrating.

substantially in the formof "a sinusoi dal waveform
anphibes segnembedameninot nerkessarithg requpreseno haveinvention,

orfUCTpoPUDSL NN 3l | V! MSOL S pe sl TV TBY D%r e
stent shown in Fig. 13. S

The stent of the present invention compfises, " 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 Jjoined together 1in the longitudinal
direction thereof by. three connecting 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



1

<

1

%]

20

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 el28nent (that corresponds
to the first |linear segnment of the first annul ar
menber el ement or second annul ar nenber el ement in

- Enbvitivenvady ploation thahgomdtidnges thaamavrékeoelement 7 is in

| i near segments that 15 constitute the trough or
fABING @h F a Sovenatitiatipesihweolddlesives dheeandjoin ingt two annular
constitute the trough or nountain (that correspond to

[ hral d i f
ﬁ%gngeﬁs%% dr@?ainéﬁ%geﬂweariﬁrofu hrtfle! ddHRICHAE HIBRENRS 8 by

rst annufar nenbeéer el enent or second annul ar
nmenber. el ene ' ' 1 ]
R a; B o oy S b ROhs A A 1R%n, efents, 7 1o in the
| i near segnment in . the mddle position_(th
oM el bestARBBLSt £k 08 QBB 1Y A eEIERa £3 baloms 412, of the

| ength shorter than the linear segnent in the | ower

wosgh iafrthet mauntain relementss 71 a inHeetwavalikei ¢legents 71 of the
segnent). The stent of the above 25enbodi nent is
etheebinentiar memtaakability to | unens since the 33

whol e stent is flexible enough to respond to bendi ng

for thRe ARERASHEMYer hR APAH GFnIBARTS LRMGINAN WallNef the
the lumnal wall of the stent in the above enbodi nent

g@ﬂ%h@g? t%L.;ﬁrcﬁ'ai| Wgﬁ%@@é g%&r&qsfo!il maﬂmgaa Whﬁnspt&%meter

orm S O provide the& stent w

ateral hole. The, stent, is,apt to
G hBHIOSH FSH afie RlaceaIRgt AF LS Sieb Thie BlshisisSeh Ihe
reasons that the annul ar nenbers are connected
arRNWBE MarmRers dhats resRECHivRIMICAIMPasselfetix wavelke pieraerts 71
of the trough elenent of the wavelike elenments 10 of
lomdng ramuMashapstbeavefaim bed heing siradimfdrentialiyuepnnected. The
positioned in the mddle of the nountain el enents of

SieulBen Rk s 7 seeatrangdd ihiteabhgitudimall dire otiohesf thy stent.
t he connecting elenment, and that the protruded | ength

§§ ghggtﬁgﬁt %rprri%it gﬁg@@% \Atlﬁvé:ihs MRk k8 ebRRELs iountain

e mountain (depth of the

trough f the. waveli . .

SR = o LAt < BRpET2 M efoth bR ot B3 s Mighaped
the m dd|l e of the shaped el enent, .so that the stent, .
VAVRIBE g SR o UREE D, EE1 DR AHA( e b?@&eed? fypmountains
nount ai n when expandin? the stent. Further, it is _

(two troughs). The mountain element 71a is provided with a trough having a

bottom 712 between two mountains, while the frough 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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20 possible to mnimze damages of the bl ood vesse
when guiding the stent to the site to be applied
since the whol e M shaped el enent produces little

war page. [Flexibility, shorteni ngandvessel dianeter
hol di ng capacity tests] 25Figs. 16-18 show conpari son
results relating to 34 flexibility (bendability),
shorteni ng and vessel dianeter hol ding capacity of
the stents havi ng devel opnents as shown in Table 1.
Fromthe results shown in Fig 38, the stent of 5 the
present invention is substantially equal to the stent
of the prior art in flexibility. Fromthe results

h ' ' /. lhe . of.. t.h tyi j
OB Tl b ThREn S pERFEE B e o
: _ [ i 1 d tphat :
snemaltfagBhns bastontt o Bk R tkE plefents ga- The

i at l,ectian rati PVIETEN
PrEVERESY PngRREARH 81 SRE ik, B SkeHIRBR 5Bt if the
H ] t . . . . . . e
SRRRFAIR, (RRSush) L ASYIRSTE SRR B (B T12) in o
| NGHEIONof Shauli gl i AlelYe #1YYb (T hRtSiEBIcRledt® 1a) is
prior art i n vessel 15dianeter-holding capacity.
Fopréfiedd @XM 1Hd Ysid@e 3% UHRITRRS uWRS eTBARe Y 7MibXi{Rtbun tain
the stent at one end and pushing a part of the stent .

5 eramert & fapmof hendi eesl €ndet kikendnt heg 1st enthuandit is
measuring a | oad which corresponds to the

di sdfagesdntthat the mountain (trough) having the top 711

{bottom_ 712) is protruded 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 ({(boitom 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 half
wavelength of the wavelike element and are connected by
the connecting etements 2 in the same longitudinal straight
lines.

The adjoining tﬁzo annular members 7, 7 are
connected between the iop 711 and bottom 712 closest to
each other. As illustraled 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 connected to the bottoms 712 of the froughs of the

mountain elements 71a among the wavelike elements 71 of
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20magni t ude_ The neasurenent of shorteni ng was

‘carried out by using a balloon of a 3.0 nm di aneter

to expand the stent at a pressure of 8 atm (for the
reference stent, at the recommended pressure)
for 30 seconds, and a profile 25projector (nmade by

M tutoyo Corporation) to determne the 35 |Iength of
t he expanded stent after expansion. In
order to determ ne the vessel dianmeter hol ding
capacity, conpression test was3darried out with

Aut ogr aph (nmade by Shi madzu Corporation) on the stent
expanded by 5 pressurizing the stent at 8 atm (for

t heyyef , _ '
DU SRR, b bR TR AR R M Y ghecting
resgidigohigda. a were divided by the nunber of the

a_nnul ar rrerrbe_rs to det_errri ne the result as the vessel
di ameter hol g4hRg €8RAYING elements 8 are made into a

curved shape (waveformj as illustrated in Fig. 5F, and three
connecting elements B are respectively provided between
adjoining two annular members 7, 7. Further, the tops of
the wave patterns of the wavelike elements 71 are formed
to have a smooth contour. —

in Fig. 14, the right side of the drawing is set as
the distal end of the stent for the sake of convenience.
Further, the term “"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 ftrough
between two mountains {M-shaped) and a tfrough eiement
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-ﬂough {(one mountain)
between two mountains (two troughs). It is possible to use
any wavelike elements with various waveforms su.ch as, for
example, wavelike elements of which two mountains (two

troughs) have the same wave height as illustrated in Fig.
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36 TABLE 1 Remarks Enbodinment 1 Fig. 2(ratio of
di stances fromthe radially halving line to the

- respective tops of the arched segnments is 4:5, shape

of the connecting element: Fig. 58) Enbodi ment 2 Fig.
6(ratio of distances fromthe radially halving |line
to the respective tops of the arched segnents is 7:8,
shape of the connecting elenent: Fig. 5E, the tops of
the arched segnents at both ends of the stent are
aligned with each other.) EnbodePnent 3 Fig 7(ratio of
di stances fromthe radially halving line to the

respective tops of the arlched segnents is 45, the :
h f th i . Fig., 5 Fi g. .

B(rato U WAYRIs o FPBfRe daarity "Rkeuibguntains (two
gé];é]ﬁgégigﬁgvlev%ih‘%@%n‘ff v}ahveg %ﬁ%%ﬂsﬁ%%@@&?t{%tg% 5|h Fig.

t e "connecti ng e

0 e MUNGEB S Hh8SE SAMENs Il e o ne

|4i RGN PEHEYr &L GPSPRAk | NG2E i BERAL) MEXRYH dBUiement

tw ce e di stance béet vee

are substantially in the form of a sinusoidal waveform,
these segments are not necessarily required to have such a
substantially sinusoidal waveform. They may be in the form
of a straight line or parallel line.

In the above embodiment, the linear segment
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 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. H’oWever, the two linear
segments that constitute the trough or mountain (that
cofrespond to the second linear segment and third linear
segment of the first annurlar member element or second
annular member element ‘in Embodiment 1} afe not
necessarily required to have the same length, the linear
segment in the middle position {(that corresponds to the
second linear segmen;) 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

embodiment is excellent in trackability to lumens since the
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Enmbodi nent 5 Fig. 9(ratio of distances fromthe
radially halving line to the respective tops of the
arched segnents is 3.5, shape of the connecting
element: Fig. 5C) Enbodinment 6 Fig. 10(ratio of

di stances fromthe radially halving line to the
respective tops of the arched segnents is 4:5, shape
of the connecting elenent: Fig. 58, anplitude of
wavel i ke elenment is 6/7 of that in enbodi ment 1)
Enbodi ment 7 Fig. 11(ratio of d@Pstances fromthe
radially halving line to the respective tops of the
arched segnents is 4:5, shape of the connecting

| . i a. i Fi . i L
o) SR, ey RENSIBIEIIRINGR & 8o shBHEPI Phaing for the
: L i - .
of TERSES (LAHE 180 pARUIAFIRBFEREE b fidiifis TSERminal

| | tai . " . . .
a7 SPRf1 B I AT Bl I abigf bR g doTRBASd Diural
el GPBPé1iRRBABE Rie (18SRGYIAY CaMames nlpad & 85 H L Uf-ﬁrt‘her, it is

wavel i ke el ement: si nusoi dal wavef orm shape of the
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 annular members
are connected between the top. of the mountain located in
the middle of the trough element of the wavelike 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 other annular member by the
connecting element, and that the protruded iength 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 m_embers are
joined-'toge-ther 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 blocod vessel when
guiding the stent to the siie to be applied since the whole
M-shaped element produces little warpagef
{Flexibility, shortening and vessel diameter hoiding
capacity tests]

Figs. 16-18 show comparison results relating to
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connecting elenent: Fig. 5A) Enbodi nent 9

Conparative stent 1 Fig. 1 9(bl ood vessel -retaining
portion with a wavelike pattern and joint elenents
with a waved form Conparative stent 2 Fig. 20(bl ood
vessel -retaining portions with a wavelike pattern are
connected to each other at the tops and bottons of

t he waves) Conparative stent 3 Fig. 21(bl ood

vessel -retaining portions with a wavelike pattern are
connected to each other at the3#ops and bottons of

t he waves) 37 CLAI M

flexibility (bendability}, shortening and vessel diameter
holding capacity of the stents having developments as
shewn in Table 1.

From the results shown in Fig. 16, the stent of
the present invention is substantially equal to the stent of
the prior art in flexibility. From the results shown in Fig.
17 the stent of the present invention is superior in
shortening to the stent of the prior art. Further, it will be
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 ﬂu?resuué
shown in Fig. 18, the stent of the present invention is
substantially equal to the stent of the prior art in vessel
diameter-holding capacity.

For the flexibility, measurement was made by
lfix_ing 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 balloon of a 3.0 mm diameter to expand the stent
at a pressure of 8 atm. (for the reference sient, at the
recommended pressure} Vfor 30 seconds, and a profile

projector (made by Mitutoyo Corporation) to determine the



1. A flexible stent excellent in vascul ar-
trackability and expandability, conprising: b5a
plurality of radially expandabl e annul ar nenbers
aligned in an axial direction thereof; and

one or nore connecting elenments |ocated between said
axi al | y-adj oi ni ng annul ar nenbers to connect themin
the axial direction thereof, 10each of said annul ar
menbers conprising a plurality %f P4- shaped el enents
and a plurality of inverted M 3 aped el enents, which
are alternately arranged in the circunferenti al _
direction of the annul ar nenber and joined end to end
to | | - ind
aay R 1 RE TR HEER LG ORI BBy ¢ ough

sai d one or lWB?d%P%egtétEQnﬁh%”ﬁ%?ﬁ%é‘?%ﬁ‘a%ét@? ﬁ;aldmg

a crest segnment of sald Inverted M shaped el enents o

on rcﬂﬁgB At close og; pf ! Qe
se%a nt &)’? sai ﬁ/‘%gﬁg%édg%terrent St‘%e:crk??%@e ‘g]tjﬁe“r’ﬁgnnul ar raph
Nehfide WEISh m 38 226 [ o 5t En M shard sRbae8kpaindied by
conposed of two crest segnments having an anplitude
angre8eut rIAHghtI$6 0sEINt la@Cqteni ibhahy ddfer@icsasient, at
two crest segnents having an anplitude, and wherein

eaehe of e St ¢ Aderd ¢t edsirapefioel Iese sohdscariffosadballoon
of two trough segments having an anplitude and one

cr esta SE@mant A%z hpetaired Thet hesuitdditedafa seedet divided by
trough segnents and having an anplitude, said

anthé trugha bafr biid e Grgihu g mesvin bt ss & dd dtesimapesl the result
el enent being in the range of 1/2 to 7/8 tinmes the

anpbi tthede esfs el hdiametigh redghieot sapficitye i nvert ed

M shaped el enent, and said anplitude of the crest

segnment of said 30 inverted P4-shaped el enent being

in the range of 1/2 to 7/8 tines the anplitude of the
crest segnents of the M shaped el enent. -



38 2. The stent according to claim1,
wherein the adjoining two annul ar nmenbers are out of
phase with each other by a half wavel ength of the
wave el enent. 3. The stent
according. to claim2, wherein the adjoining two
annul ar nenbers are out of phase with each other by a
hal f wavel ength of the wave el enent and connected by
the connecting elenments in the sane | ongitudina
straight I|ines. 4. 3Fhe stent according to
claim1, wherein the connecting elenents are in the
formof a straight |ine. 5. The

st ent accordlng to claim1, wherein the 15 connecting
el ef®BtBtare in the formof a curved Iine.

6.{ The Stent accerding to craim I, gl Rl tWo 10 STX

Coﬁﬂﬁbdﬂ%ﬂ?i eMENER Aat® bPdsERAet ol & é‘ réd*é |r?g line to the |

bet ween sai d adj ’P Ve rH?Ut iar S is 45, shape of |

7i The stent acc¢ dyanga] F

e he—&

of bl.t’E'rﬁg(')dsﬁrtn%htté are ljfél %tt:dt'&\éf x]‘ﬁEt'?% uu né: Ivmg f"n: to the

prioxi mal or dlSti{h %0 % nis is 7:8, shape of

ctl lement: Fig. SE the tops of the arched

segme'nts at both ends of the stent are aligned with each
other.) _

Embodiment 3 Fig. 7{ratio of distances from the radially haivzng ling to the |

) respective tops of the arched segments is 4:5, the shape |
_ of the connecting element: Fig. 5D}

Embodiment 4 Fig. 8(ratio of distances from the radially halving Ime tothe |
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

_ _ linear 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 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 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 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)

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

stent 1 pattern and joint elemants with a waved form)

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

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

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

stent 3 pattern are connected to each other at the tops and
bottoms of the waves)
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CLATMS

1. A flexible stent excellent in wvascular-
trackability and expandability, comprising:

a plurality of radially expandable annular members
aiigned in an axial direction thereof; and 7

one or more connecting elements located between said
axially-adjoining annular members to connect them in the axial
direction thereof,

each of said annular members comprising a plurality
of M-shaped elements and a plurality of inverted M-shaped
elements, which are alternately arranged in the
circumferential direction of the annular member and joined end
to end to form a repeated wavelike pattern,

said ad301n1ng two annular members being connected
through said one or more connecting elements between a top of
a crest segment of said inverted M-shaped elements of one
annular member and the closest bottom of a trough segment of
salid M-shaped element of the other annular member; wherein
each of said M-shaped elements is composed of two crest
segments having an amplitude and one trough segment located in
the middle of said two crest segments having an amplitude, and
wherein each of said inverted M-shaped elements is composed of
two trough segments having an amplitude and one crest segment
located in the middle of said two trough segments and havingK
an amplitude, said amplitude of the trough segment of said M-
shaped element being in the range of 1/2 to 7/8 times the
amplitude of the trough segments of the inverted M-shaped
element, and said amplitude of the crest segment of said
inverted M~shaped'elemen£ being in the range of 1/2 to 7/8
times the amplitude of the crest segments of the M-shaped

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

by a half wavelength of the wave element.

3. The stent according to c¢laim 2, wherein the
adjoining two annular members are out of phase with each other
by a half wavelength of the wave element and connected by the =

connécting elements in the same longitudinail straight lines.

4, The stent according to claim 1, wherein the

connecting elements are in the form of a straight line.

5. The stent according to claim 1, wherein the

connecting elements are in the form of a curved line.

6. The stent according to claim 1, wherein two to
six connecting elements are provided at even intervals between

sald adjoining two annular members.

7. The stent according to c¢laim 1, wherein the
wave elements of the annular members situated at each end of
the stent are respectively aligned along the proximal or

distal end of the stent.



