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1 DESCRI PTION Fl exi ble stent with good expandability
and excellent trackability to blood vessels 5
Technical Field The present invention relates to a
stent that is inplanted in a human body to maintain a

di aneter of a body [unmen such ag bl ood vessel s.

Background Art 10 So far, stents have been used to
expand a diameter of the body |unmen such as the bl ood
vessel and keep it to the expanded | um nal dianeter.

The stent may be expande i t hods such as
bal | oon dil ation, self- e@p‘g sq/%#]P(jks}'i%)ngea shape nenory

mat eri al, mechani cal 15 expansion, or the |ike. The
nost widely used nethod is the balloon dilation. In
on di.lation,. .a stent is _intr

he. bal. d [
doF BRibIRE o Sth Ao With, *eRehoeXFeh o5 Bibdy osnd  excellent

cat het er, expanded by . inflation of balloon to dilate
a &r%ﬁgtaé?'?éﬂ’ f‘PiS’li n€88&!%et ai ned at the dil ated

site 20 even after renoving the deflated balloon from

t hd asghBicghd igddent general Iy conprises I uninal

di anet er-hol di ng portions for dilating and hol di ng .

the di amet er Tohet peels@meh isucendion bfertaeskel a gignt that is

joint portions for connecting the |um na

di amgplemted dinng homhaond ddyttee hangtaiianaliameter of a body

di rection of
lumen such as blood vessels.
Background Art

So far, stents have been used to expand a

diameter of the body lumen such as the blood vessel and
keep it to the expanded luminal diameter. The stent may be
expanded by various methods such as balloon dilation, self-
expansion using a shape memory material, mechanical
expansion, or the like. The most widely used method is the
balloon dilation. In the bailloon dilation, a stent is
introduced into a desired site in the body togsther 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 defiated balloon from the site. The
stent generally comprises luminal diameter-hoiding portions
for dilating and holding the diameter of the lumen such as
btood vessel, and joint portions for connecting the luminal

diameter-holding portions in the longitudinal direction of

the stent, and the stent is adapted to keep its expanded
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25 the stent, and the stent is adapted to keep its
expanded 2 shape after expansion. Proposed stents
conprising lum nal diameter- holding portions and
joint portions include, for exanple, a stent
conprising plural cylindrical c onents which are 5
separately expandable in the radiral direction thereof
and are connected to one another so as to align on a
common axis (JP-H06-181993 A); a stent conprising a

t upul e Ieintheradial di recti on,
QH uIarrg}én‘g) Eeln [ [

the t g constituted by a plurality
of el ongat ed rs_int rsectin wi t h one anot her,.
(P 58 531667 VB9 8 S stRnteonPraPrlbinb | diefiah diameter-
unjtary wre-like circular. nmenbers each tt rm

2" bodrin e p ot Sisceid i miny Ptz g inctude, ' for eXample, 2
non overl appi ng segrrents connected at axi al ben
t nétant| &P PriDI NG r BhHAR! eI 9T IRRY n@ompoegﬂt%whlch are
one pair of aligned axial bends; and the at |east two
m?@tﬂaa‘?atrfﬁwo@)épaarﬂ%tét%d”byﬂaﬁ regsalomérection thereof and
substantial ly idjoint at |east one pair of
al agﬁe@%@aptgdng@ phrR HUBOthes08® As to Aalégn fody redcommon
of a tube having a patterned shape which has first
an@dxsecont? AH&Elr8 paO3er is) ;hari ngt@At axesmgxtisidgnga tubular
in first and second directions (JP HL0- 50367.6 A);
anthemytent esMpgdndakdeenipt thed uradéatprdiseedicon, the tubular

plurality of open cylindrical segnents, each segnent
bem@mber being constituted by a plurality of elongated
- 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
one pair of aligned axial bends; and the at least two
circular members connected by at least one substantially
rigid joint at least one pair of aligned axial bends (JP HO08-
155035 A}, a stent formed of a tube having a patterned
.shape which has first and second meander patterns having
axes exiending in first and second directions (JP H10-
503676 A); and a stent with an open structure comprising a
plurality of open cylindrical segments, each segment being
defined by an interconnected struts, the segment being

interconnected at end portions thereof by a plurality of

diagonal interconnecting elements {(JP H11-505441 A).
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defined by an interconnected struts, the segnent being

i nterconnected at end portions thereof by a plurality

of 25 diagonal interconnecting elenments (JP

H11-505441 A). 3 These stents of the prior art have

been i nproved to some extent, but3they still put a

| oad on the |lunmen such as the blood vessel in the

vicinity of edges of the expanded stent, resulting in
obstruction or, stenosis of the lunmen. 5 Further, it

can not be sal BeSiats tefeke af dites prave auf tiavenbeen improved
flexibility, and thus it is often difficult to insert

t hd OstSEHn € ientle ntheboldj ebeiyvstsilt puitf at heauoen thas lamen such
t hree- dinensionally neandering course. In addition,

t hé@stiéa dlowy wassel ounte ivicthityblododdyessadf the expanded
during insertion into 10 the objective site. If there

i s sd'ertd, ametsadtbhgodnvesbeltrattidhe ornfd @ gdsposids Otgw lumen.
t he

it is hardily difficult to forma lateral hole in

pl Faethedgnit clas thef .béhgasHery 5t We?séugg%/ﬁts PhaR/EBufficient

that the length of the stent is shortened by
eXPRngiinityl, - @nd St 3! edjss ftte%'&ﬂ'fi&étatﬁc'iﬂ%ﬁrg the stent

of Invention In view of the gtgove o] rcumsl ances

0 0L, 1SV CORLOR DHETT, | Bl LA (Y S three.
cHag I HRUALRS JAUESS, T AT the stents
TEANAGT & Bl ' W Bhg S YRS A iba\lolgldf\sggs]:erlnguring insertion into
the objective site. If there is a’ branched blood vessel at
the inflated position, it is hardily difficult {o form a lateral
- hole in the placed stent. Further, the stents have such a
problem that the iength of the stent is shortened by
expansion, i.e., so-called shortening.
Disclosure of Invention
In view of the above circumstances, the present
invent_»ion has been made to provide a flexible stent with
excellent expandability, which is excellent in trackability to
lumens (thus making it possible to pass through the three-

~dimensionally meandering lumens), substantially free from

\shrortening. and enables to provide the stent with a lateral

hole.



shorteni ng, and enables to provide the stent with a
|ateral hole. 4 One aspect of the present invention
provi des an expandabl e flexible stent excellent in
trackability to blood vessels, conprising radially
expandabl e annul ar nenbers aligned in the

| ongi tudinal direction of the stent, and one or .nore
connecting el enents by which said adjoining two
annul ar nmenbers are connected wth each other in the
| ongi tudi nal direction theregf, wherein said annul ar
nmenbers each conprises first "annul ar nenber el enents
and second annular nenber elements alternately

One FRBES B Bl eSSt thvSiiiar aviovidasy 3N Sivatidla, flexible stent
excelenbizr trableabmty ton b&)odieésbelsﬂmm;ﬂ‘ism@eaataﬂweXMd@tﬂé annular

di di n I ree
membgEs: Aidnedf i Vine; lortitisiinlt irBelion o1 tiestegboad: ene or more
conneatudg %ﬁ?@meﬁitﬁbﬂ wHIES @a'idl a@ﬁﬂn[n@e@\rfﬁﬁhﬁuh@'nﬁ‘@n@@ﬂéﬂare Ronnected

| ength,, whi]e the f|r r se | onger
with ¢ athfe v dbra lopdifidinal direcd Q@'ﬁ@z’t Swhegig said annular
member§teatﬂfd cBAfpHYds! flﬂﬁaénﬁﬁlﬁﬁ%bmbé‘reb@néﬁ@nﬁﬁHe§e&¥nd annular

ar.ched segnent is convex leftward while said

mempgE SHEMERSS t%raatql)ﬁe%nr‘s%ﬁﬂnwg bRAGHY c&mrn@&ttb@ sijcumferential
direcibahed segMefdnt! hatheldin  GIY ©irst GHH ITT@?ﬁlB@IL ”el%?h@ht in a

cond annul ar nenber el enent in th nment
develapmenteAf theFtenbingudes 'PBE@U@&H‘@I"Maﬂixt?ﬂdbﬂgerﬁﬁfﬁﬁel three linear

| segnﬁt@'dfqlrs{ | RRJNd éﬁ&l iod Jindlar e g?ﬁﬁnt%e Ws@&%& Wddthird linear

i near segnents sal secon |rd |ne
segmexiseRiag rausy ia deagth, Mhllﬁm@‘ﬂﬁ flrwwllm%arsaegment deing longer than

said 'sleﬁéaﬁ SRR M40 sbgREH s! 'é%ﬂ% fR&y Qnﬁ%é’%t?n&‘rlﬁmar segments

[ 1 near segnent s, Tsal and secon

being; cgnaected day e c&sﬂh@dt%egmnérihai dRedoregymdeftwands, while said

secoﬁ&% Hn‘cgﬁﬁé?@rr e r‘?f'%'n@&%@ﬂyé’ conhed dﬁgdant Eh%ﬁjgiggﬁﬁient that is

ein Anect & an arc egnen
convex rlghtward whereln said second annular member element in the

development of the stent includes three longitudinally extending, parallel linear
segments of first, second and third linear segments, said second and third linear
segments being equal in length, while said first linear segment being longer than
said second and third linear segments, said first and second linear segments
being connected by an arched segment that is convex rightward, while said
second and third linear segments being connected by an arched segment that is
convex leftwards, wherein said first annular member element and second annular

‘member element are connected such that the second annular member element
 and the first annular member element located above the second annular member

element are connected by an arched segment that is convex leftwards and

- located between the first linear segment of the second annular member element



convex | eftwards, wherein said first annul ar nenber
el enent and second annul ar nenber el enent are
connect ed such that the second annul ar menber el enent
and the first annul ar nenber el enent | ocated above the
second annul ar nenber elenent are connected by an
arched segnent that is convex |eftwards and | ocated
between the first |inear segnent of the second annul ar
menber element 5 and the third linear segnent of the
first annul ar nenber elenent, while the second
annul ar nenber el enent and tﬁe first annul ar nenber
elenent | ocated bel ow the second annul ar nenber

n ar ched

ein connect e
and 3&%55 F Werg MRt Pgégéeﬁrsée?%‘é'ﬁrt’ﬁé Iy @Hmﬁesrwh"e the
secoﬁd%ﬁﬁlllaﬂfneMb@r @ém@mww rmnbﬁﬁu@lremembérrﬂem@ﬂ located

st |inear se nt of r annul ar nenbe
belov) (e, RECORe SR MO SIRMI bRBb ARG by an arched
segnfsttitBat I%dc&)(ve)@ ﬂghﬁ@é\’@eéﬁd Necba r@ﬁv%eﬁt thléol'h'iﬂdolﬂ%é?'fsegment of

t he ched, segnen connect the second
the segord pppelar glﬁj‘ﬁ@ﬁ[ selﬁrnemeamq! rt!ata Hrsd Iy&afnaegmmta@f the first
annulBRBmbet! 8RN, Ble é@]%lﬁlﬁgﬂ%téﬂrﬁjléf‘ rﬁbef@B@ﬁfgScoﬁnected by

Anot her aspect provides t he rati o between
the cgngestieg eleaands aipertiopshel thengrehed S@gmfaatSawhml'aﬁonnect the
secoﬁ&”ﬁﬁ& tHr Iﬁfé%roéeg%rﬂé‘:&?ghéeﬁ@”éngh écoﬁ&”ﬂﬁﬁﬁl%r member

secon I'i near segnent the th I near segnent

eleméﬂt&‘hfethﬁl espective @nmularemestbesenent s, and a di st ance

froma radially halving line of the annular nmenber to

a top of the arched segnent that connects the first

i near segnent and the second |inear segnent of the

second annul ar nenber elenents are set to a val ue

within the range of 1:2 - 7:8. Al'though the degree of

expansi on of the stent and effects of the connecting

el ements shoul d be taken




into account, the expanded stent has a tendency to 7
i ncrease the length thereof when the ratio between the
di stances 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 nenbers
may be out of phase with each other. In particular,
the adjoining two annular nenbers may be out of phase
with each other by a half wavelength and are
connected by the connecting elenents in the sane
| ongi t udﬁﬁa?/h%'t aspemtprovidessthatibecratiocbetweere leedistance from a
may have the shape of a |inear or curved |ine.
radigihalying ling of theannuler mesebente eclopeet theyasthataegment that
has a waveform having one or nore wave peaks, from
conpgetsy theyssaendotingae segmentyandribief thirdalinear slednagndr af the first
holes. It is preferred to provide two to six pieces of
annuld Bwinket ielgmentsreand atdistageeafromnieeradingy awalving line of the
occasi on demands. The arched segnents on the proxinmal
anngiaremsimber t@raotopra§ thenarched segbwmntahat tdoowects thadirst linear
di stal side of the distal annular nenber may be
segmeninend the benead Heemrrsegroént rof the ssecomdil annular member
menber el enment and the linear segnments of the second
eleraanty are aehisen wleewvithindpe bangerafriy@d- 7:8. Although the degree of
circunferentially at regular intervals. The interval
expbosiadenl the sténtsand ieffeats sédhe monrectinghelegeadadshould be taken
i near segnment may be equal to the interval between
intot aeceunt; dhel empandedgstent lzasl & Hentlensy td i near
segnent, but snmaller than that between the second
i near segment and 8 the third |linear segnent.



As a material for the stent, it is possible to use
stainless steel, tungsten, tantalum nickel-titanium
alloys, and the like. 9 According to the present
invention, it is possible 5 to expect the follow ng
effects: (1) the whole stent is excellent in
trackability to lunens since the stent as a whole
possesses flexibility to bending because of the fact
that the annul ar nenbers forgning the tubul ar wall of
the stent are conposed of repeated wavelike patterns,
and it is 10 easy to forma lateral hole; (2) The

adj oining two annular nenbers are connected by the

increfEINeRé1 NBngteMRESAL wHe ﬁéh%tiéegﬁa%eémaFthe distances s
connects the second linear segnent and the third

less |thBAar 1S2OMyilt Wt hagrab| %ﬂ%negg'tbtd&eréagé tpéﬁénq]m\lfxghen the

pattern, there is substantially change 1 n | engt

ratio (tﬁ’l’lf1 thi ¥listhAk areedexpandi pgrihBe tﬁb%joirﬁr’i ;é'gﬁjl;ﬁ?/art M&mbers may

e ratio between the distance froma ra

be oltaby ighhse PthPeachhstHNUl ajn Elilat 0 Jﬂfiénogdgirnﬂfg %8 annular

arched segnent that connects 'the secon

mem@é’r@rﬁﬁ%ﬁ/ l?é“é)dt?ﬁ £HH§ethha"é;éaéflt gﬁ‘%geggf 0§ tﬁﬁgfiv&a?}elength and

annul af nenbe enent, stance from a

aro G388, M coRpeBlnd PG o5 (5 Cffe ghiina sraoh

lines.| i near segnent and the second |inear segnent of the
second annul ar nenber el enent has been set to a val ue

The connecting element may have the shape of a linear or
curved line. However, it is preferred that the connecting element 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



falling within the range of from1:2 to 7:8. (3) since
the 25 adjoining two annul ar nenbers are connected by
the 10 connecting nenbers at the tops of the arched
segnents that are the nountains of the wavelike
pattern, the tops of the archedgsegnents are free
fromcurvature deformation at the tinme of expansion
of the stent and are reduced in 5 curvature
deformation at the tinme of bending of the stent, thus

metHeng Hit dpase &t & d Wi m ze the damage of t he
| unens at the tinme of introduction of the stent into

the objectipng 4 tfiag é@rrlﬁf F&%Sftfrie?té%hf’f |Pr|?sv"' sitdle to use

Fig. 1 is an enlarge 'an view of a stént or di ng

s 59, S 96 YR Ly by o

a I e Ian V|eM/|IIustrat|ng an 15 expanded
s?y?g §¢9 kI%S,tent shown in Fig. 1; Fig. 4is a
partially enlarged view of Fig. 2; Fig. 5 shows

enbodi nents of the connecting elenents in the present
invention, illustrating conditions connected with the
arched segnents; 20 Fig. 6 is a devel opnent of a stent
according to another enbodi nent of the present

i nventi on;
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Fig. 7 is a devel opnment of a stent according to

anot her enbodi nent of the present invention; Fig. 8 is
a devel opnent of a stent according to 25 another
enbodi nent of the present inventién; 11 Fig. 9is a
devel opment of a stent according to another enbodi nment
of the present invention; Fig. 10 is a devel opnent 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
according to ‘another enbodi mrent of the present
invention; Fig. 13 is a devel opnment of a stent
according to 10 an enbodi nent of the present

i nvention (second invention); Fig. 14 is a partially

enl arged vi evcafordihg 16 tHd dprdfeint Lk all yis - .
enlarged viewillustrating a ?r%di ficat .ﬁé‘g@o t'?hé 'stt éﬁtposs'ble

oftcFi gxpléct File 1‘“%"?‘{% a@?f%‘&rtsmm‘lrjgfﬁg%gr{gﬁrggégpstent is

15 bet ween the fl exi bi of the ste

| eeoslint andl taEkabil g Pd Olufdis’ gﬂmégbiéﬁﬁge%tent as a

graph for making a conpari'son i S

LW%?I?PF;ﬁségﬁe@ 36X bl Y "f Oé‘e%ra%gt o ot aCor the fact
that the annular members ferming the tubular wall of the
stent are composed of repeated wavelike patterns, and it is
easy to form a lateral hole: (2) the adjoining two annular
members are connected by the connecting elements at the
arched segment that 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
connecis the second linear segment and the third linear
Segment of the first annular member element, and the
distance from a radially halving line of the annular member
u>the_top of the arched segment that connects the first
linear segment and the second linear segment of the
second annular member element has been set to a value
falling within the range of from 1:2 to 7:8. (3) since the

adjoining two annular members are connected by the -
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20 Fig. 18 is a graph for making a conparison in

vessel hol ding capacity between the stent of the
present invention and that of the prior art; Fig. 19
is a devel opnment of a stent of thgyprior art; 25 Fig.
20 is a devel opnent of a stent of ?he prior 12 art;
Fig. 21 is a devel opnent of a stent of the prior art;
Best Mbde for Carrying Qut the Invention In the stent
defined as above, the ratio between the distance from

t he okl h ' Lhe of  t he ul ne r,.to
t he t’gﬂégpﬁy%eﬁi‘?c eglréeg;%r;erﬁh%wh%\&ggorﬂ%cw ?%E‘:hed segments
se Qe S d the third |ipear segnment of
FoERF, BLEeRhe HATERL 380 LOSIAR VALAIRRL SEER oFhe tops or
fr t radially halving Ijne of the annul ar nenber
t o iR BTG e aindflacare dykand romicatvabare GAgormation at
figﬁt ILnearHﬁegnent and the second |inear segnent of '
t he"8eddMP afiuieXPAYHAN efertlin Btosdr and3are peduced in
t he sanﬁ time, the adjoining two annular nenbers are
ouP ubVatHEe datoinaiione adnshgetimey of Haending of the stent,
wayel ength of the waveli ke el ement and connected wth
onEdfotRa@kipy@ t He REsEdbIendoel mimitsizen the shamage of the
| ongi tudi nal straight |ines. The annul ar nmenber
sitwaedys 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.
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:
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at each end of the stent is so designed that the
arched segnents of each annul ar nenber are
respectively aligned along the proximal or distal end
of the stent. Enmbodinent 1 Fig. 1;i{s an enlarged plan
view of a stent according to one enbodi nent of the
present invention, Fig. 2 is a devel opnent of the
stent shown in Fig. 1, Fig. 3 is an enlarged plan

view illustrating an expanded state of the 13 stent
shown in Fig.Fig.agdiki g. d%\!réi alky_enl
view of Fig. 2. As shown in Fig ﬁ't élf ?hgtg %onOl'dlng to

mbadorRet I |

Znnul gr éngg?g%og@égyrﬁée "P%Sﬁ%ﬁéhgz Eﬂdgﬂgren

di t f sf

and connecti np 3f enents § dEFEIRedn B W e S Baitnaeiording to
th I I b 1, 1
toe%"aﬁﬁ’é%I“?hEMrﬁgIaﬁ . MenBPe sk RN an: rerber

1 conprises t eces of first 10 annul ar nenber
el ements 11 aﬁbgt hfi $idceevelopsnend ofnpuisientesassording to

ich are alternately interconnected in
hgﬁﬁ @ﬁﬁf%ﬁﬁ?fjéf“%m &t the peeaentninveatiannul ar
menber, whi CD:J S ehga_ndabl e in the radial direction.
The first annul@r henlfer2 e¥ptapmentand sestadt aGcording to

annul atr nenber el ements 12 under the conditions that
t h@nother 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 illlustrating a
modification of the stent of Fig. 13;

Fig. 16 is a graph for making a comparison
between the flexibility of the stent of the present invention
and that of the prior art:

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

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

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

art:

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



stent is unfolded onto a plane are continued in the
vertical direction as shown in Figs. 2 and 4. The
first annular menber el ement,11 includes three

| ongi tudinally extending, parallel |linear segnents
111, 112, 113 of first, second and 20 third positions.
The second |inear segnent 112 and third |inear

arsegnment 113 are of the sanme | ength, but the first
l'i near segnent 111 has a |l ength |onger than that of
the secbmd-arfd tisrd |[deestomegnents. aThedritt Sbf the prior
artinear segnent 111 and second |inear segment 112 are
connected by an 25 arched segnent 114 which is convex

BesefMudedfowhChervhagldutsesndidddigaiosegnent 112 and
third lipear segnent 113 are connected by an arched
segment 125506 cH Rt cEpfdned | aat whode Othcherather between

thédand s tbhe Secongd ular, s r I nt 12 pncludes
three Iongitudinaﬁﬁg é%?%ﬁ%?gg BgﬁgﬁP§F%HQ?m%$ EhdShnurar
nemagiencs tizd, top2 ofl 2shef afriatsid segmeftarthathi ¢6nnects the

| hgar .segnents. The second |inear segment 122 and
seqqiiRL T Eamntt, S hPe i1t CARBSFoRRIReBE Of the
fitdre fdmmilati reabegeRRM2l, hag, 4 'tﬁ@gt@iéQ%.?HE[eTthPfam the
S e

_4hai of the 10 second and third |inear segnents.
raqiaily) hadgringghine om21thed aswodrar | memberségnerhe top of

ndZ2ran e AnngLee AT cARRUES SO LR WL LS g
andnidhe hseddnichdainsagneagnbt a6€ 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
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connected by an arched segnment 125 which is convex 15
| eftward. About the first and second annul ar nenber

el enents 11, 12, the second annul ar nenber el enment 12
and the first annular nmenber elenent 11 | ocated above
the second annul ar. nenber el enmed 12 i s connected by
an 20 arched segnent 3, which is convex |eftwards and
| ocated between the first |inear segnment 121 of the
second annul ar nenber elenent 12 and the third |inear
aﬁ%nent 113 of the_ first annul ar nenber elenent 11,

AUEN% oM RN akiaL arl . @enber ig.erfenits 12 pedtiakdy enlarged

first annul ar nenber elenent 25 11 | ocated bel ow the
s&d&vd @hdUlGar 2renber el ement 12 is 15 connected by
an arched segnent 4, which is convex rightward and

‘| ocat ed bet wasnshivavhhin Figsear tee@neftie €& nploft Benbodiment

second annul ar nenber elenment 12 and the first |inear

sdgrienta Tubwlat hmefmbelr avMilpisTRED eV BIAnBar members
Further, a ratio of a distance froma radially

the connected arched seg?rent. 115, 125 tio a fr’sttgncegt&nt for

f keepheg raadbaldy h@h‘i‘ér‘i‘gdfb@tﬁ;i(éaﬁﬁltfg)rznﬁsé:ftﬂ?%o‘telements 2

t he unconnected arched segmen

T alrrankpé wesy Fhﬂéétsaﬁ‘r}eg e?f”{ gﬁ‘e{ '?Snrg@ghgkhiérllgﬁlé’b ining two

line X of thé annul ar hé t ar che

saiEdiat Ime M 1 €096 $o! o nnect them with one another.
"Each annular member 1 comprises three pieces of first
annutar 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 co'ntinued in the vertical

.‘c‘iirection as shown in Figs. 2 and 4. The first annular

‘member element 11 includes three longitudinally extending,
parallel 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
linear segment 111 has a length longer than that of the
second and third tinear 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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second |linear segnent 112 and the third |inear segnent
113 of the first annular nmenber elenent 11, and a

di stance from the radially halving line X of the
annul ar nmenber to the top 15 of the arched segnent

124, that connects the first |linear segnent 121 and
the second |inear segnent 122 of the second annul ar
menber element 12; or a ratio between a distance from
the radially halving line X of the annular nenber to

TS e EUGETTES A UL R TRGR e 110 are

. the second I'I near s gnen

ec annpul ar_ menber el enent
ang a di &t@mce y]omﬁt hgpgggidgl FeaaNhgt I1|51e“6t“ch is convex
he; I menber to the top of the arched segnent
i'gﬁw}% %{fonnects the first linear segnent 111 and
the second Ii ear 25 se ment 112 of . the first _
annul ar nenb NeitBferfthar hendiertiease@onef anmediaro member
il "ratio, of distances fromthe radially halving
T plement h iBSpuea s dhrgps IsfngHaidinaly extending parallel
se nents") is set to 4:5. The adjoi ning two annul ar
ar 1Segraedisut13d, pAia2 W 2B asichfiothersdgoad and third
half 5 wavel ength of the annul ar nenber el enent, and
ar HnQat sregnreoted dfhe pacomd lihe#r e nﬁ@ﬁﬂeﬂ22 and third
115, which .connects second |inear segnment 112 and

trlinean r&agmeelgmﬂrm 183eofoft N d | é%ﬁn@nﬂké'r%%tr{fﬁe'm?{ the first

elenent 11 on the left side, and at a part
arhh@carsesje”glrm\ehZSAMl ¢las a 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
leftward.
About the first and second annular member
elements 11, 12, the second annular member element 12
and the first annular member element 11 located above the
second annular member element 12 is connected by an
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 ¢lement 12 is .
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10 connects second |linear segnent 122 and third |inear
segnment 123 of the second annul ar nenber el enent 12 on
the right side, in the sanme |ongitudinal straight
lines by three connecting elenenég 2 having a
configuration as shown in Fig. 5B 15 The above stent
is flexible enough to respond to bending since the
annul ar nmenbers that constitute the stent wall are
conposed of repeated wavel i ke patterns, and thus

exasb haktctigd t kali | i I Further, it s .
«moh ool WP KEN | bR d SR dHt LIS whight is  convex

easy to provide the stent wt ateral 'h

thaigHjtoi st d oy uha e ar.e. j oi,ned

togetgher at th@gairc egé]as%%rtre“;rggheg@ﬁ L@Wﬁgém%@"ﬁ%gmem 123
segan i N third li near  segnment )

w o | e @y MG RE" sleRFRt add sPReh the first
t hej O kstan fromth radial |y .
haf*'v’?ﬁ‘aﬂ??@"*S?ﬁ?h*e'“inﬁtﬁhe ﬁﬁ%[era%“f% nemberiatement.

25 arched segfr@ﬂhé at_connects {he second |inear

segnent 17 &n it ir §3% Reat sagritiptasyce hdrem sa radially

an d ang,th i stance fromthe radially
haﬁ%'ﬁé“&!ﬁ%f’(w %ﬁnﬂ)%ramlﬂr raenhleer oo othehtop of the
arg%sﬁ_éseg nt that connects the first |inear segnment

an CLERAn8TeNSShrs eaBeREnt 18, NS decandiistanas from the
rrerrbar. i}fsy set to 4:5, there is scarcely any change in

| efgehably thalvinantlibe eXpaXdi do téfe ttep sbenthel inconnected

addition, the adjoining two annul ar
arched segment 124, 114 (i.e., a ratio between a distance
from the radially halving line X of the annular member to
the top of the arched segment 115, that connects the
second linear segment 112 and the third linear segment 113
of the first annular member element 11, and a distance from
the radially halving line X of the annular member to the top
of the arched segment 124, that connects the first linear
segment 121 and the second linear segment 122 of the
second annular member element 12; or a ratio betwéen a
distance from the radially halving line X' of the annular
member to the top of the arched segment 125, that
-Connects the second linear segment 122 and the third linear
.segment 123 of the second annular member element 12,
and a distance from the radially halving line X' 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 annutiar mémber element 11
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menbers are connected at parts of the arched segnents,
.wWhich are the tops of the wavelike patterns, and thus
the 10 tops of the wavelike patterns are free from
curvature deformation at the timp,of expansion of the
stent and are reduced in curvature deformation at the
time of bending of the stent, thus making it possible
to mnimze damages of bl ood vessel which nmay. occur
at the time of guiding the 15 stent to the site to be

apmeﬁéimﬁﬂeqd'r'@ﬂgrr%@”md'a@eg%berQh&th(pﬁ?ﬁthes from the

invention will be denpbnstrate

refrefcfirdey tRa 6y f t S

nodi f | cat| on g*&%ollp%g%ﬂecﬁﬁ%o reﬁ%ﬁ%ﬂ@ﬁ%‘ 'f’zp fetirhe arched

th% nydi $f a ro e radial |l y .hal vi ng

to téh Hréegggec)tdl ve %C&; 6%’ arcﬁg’d3 Fé Qs ‘89 annular
'ﬁ ?_' he arched s m? 2\ 125, 114, an

arc segne sl Ae 18T5P a?%s}ﬂ’é&h@é‘%ﬁ a‘PF'@;ﬁéde a half
h. o her he prOX|naI end of 25 the annul ar

meﬁPb%YgZe ﬁ’heogf?oif'ﬁal afjidlaf tpembelt elemsenst and are

t he F“ st aI end of the annul ar nmenber 6 on the distal

si datebropnecied at adrant ebihetarghedesmgmentarel5, which

formed into a shape shown in Fig. 5E. As illustrated

|n°ﬁﬁfy‘e§f5th%e§10é1ﬂ liog@t seegmemndl B2 nender $hird linear

la-1f, which are radially 5 expandable, and the

adP&GMePt id Jrefiithe firdteenriubae member element 11 on the
teft side, and at a part of the arched segment 125, which
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 to
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
‘s_egments, each connecting the secdnd linear segment and
the third linear segment with small amplitude of a wavelike
pattern and since the ratio between the distance from the

- radially halving line of the annular member to the top of the

arched segment that connects the second linear segment
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connected to each other by three waveli ke connecting
el emrents 2 as shown in Fig. 5E. The arched segnents of
the annul ar nenbers situated at each end of the stent
are respectively aligned 10 al ong the proximl or
distal end of the stent. That is, the annular nenber
la is designed such that the positions of the arched
segnents 114 and 3 are aligned with the position of
the arched segnment 125 by shortening the first |inear

segmedt $hel.thirdedimdali By stnljgéézfi? erremﬁqaéﬁ member

i near segnents 113 of the annul ar

andandhetifeé r afisltbpeas ??Sﬁ?mtﬁeﬁzilaafeflng ﬁ%ﬁﬂ?gxiiﬁgp of the

annul ar nenber elenment 12 on e Si

encarph ut 8e fmeh’a@é mb h
annul ar nenber r r{%de@fgn(epgptsugh ?ﬁ%t $ﬁ%ﬁﬁé pPgfeent that
of d&}engrcqgeqhg;g S g%g 4 are_aljgned wt
the position of t ggréﬁqﬁg m%“ﬁlgn Qh%rtsé?ﬁﬂﬁd linear
th%ef S§ 111 o the fjrst annul ar
sgfnt P the" SUFCRE Arndlas ﬁegmbeéghmetltpw 5, there
n s 122 and third |inear nment s
Eé’ fe %ﬁ%‘?&c%ﬁﬂ’%%ngﬁ iBrbBPEheddnthe2ssanizby: mxpansion
SI ge ﬂf %he di s# end of .the annul ar nenber 1f. 19
The al rb metEbF t hel hr AREHOghentRe egdpeiniong Hwo annuiar
% ning the second |inear segnents 112 and third
PReGheRl & £rNBROtRg fat spaatmubbrtmenbeched segments,
‘which are the tops of the wavelike patterns, and thus the
lops of the wavelike patterns 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 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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el enents 11 of the annul ar 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 |inear segnents 122 and tRird Iinear segnent s
123 of the second annular nenber elenments 12 of the
annul ar nmenber la on the side 10 of the proximl end
of the stent to align the positions of the arched

seateris dibtar bhd fer RAY BHHIGIA! hBRBLENEUon the distal side

segnments 114 and e sten
i S p@X I n b t.0 Iu ns since_the
AL eﬁg nt, ﬁiﬁ?ﬁfg tobhgg H&aﬁ SfegpdRd2ge formed into
bendi r, y t V|dethe stent with
o Fab b SEnEYn . gid TBE RsPURisEialandn &lsvobd the stent
g‘(gﬁrof t he .bl ood ijssels whi ch may occur at the
t| e [$R8r Silgn I NUlETsrRaMbars tlie- kit whiche are radially
g%l ed@ %ge t he Oﬁ‘/%of t he arched el enents are
®r 80 t 8O frRFvg ntwicora mhohaexpeswibeyrs 1 are
the stent %régd mnimzed in curvature deformation
RSO atd®l  eifver obwenbireg ofwahelkentconnecting
Fur}her the stent is scarcely changed in length at
t R MY Zdarhown iar Eo§. SiEce the rati o between
the distance fromthe radially halving line 25 of the

annul ar menb&h a o atried & Op safg infen g clogd t&?@”%'ﬁnapar members

that connects the second |linear segnent and third

|l isdaated at each end 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
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 linear segments 122 and third linear
segments 123 of the second annular member element 12 on

the side of the distal end of the annular member 1f.
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segnment of the first annul ar nmenber el enent and the

di stance fromthe radially halving line of the annul ar

menber to the top of the arched segnent that connects

the 5 first linear segnent and s nd |inear segnent

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, making reference to Fig.

7. 10 The stent of enbodinent 3 is a nodification of

the stent of EheodiBMmbnt Nonhikh ta'?%h%m%%tq;i‘?%nts may be

el ements 2 are fornmed into a shape as shown In

5D.doA® shewengiireaing (He §bg;ﬁaq<f°ﬂﬂ'@aﬁ'e}a%§@1%ﬂés 112 and

annul ar nmenbers 1 which are radi y expan

ar rigrigdd lineky (H8gMERRE 07 1% Lhe tlh%ﬁtfé:égi gg‘hﬁgiaz member

of the stent, the “adj ol ni ng annul ar ‘
| i ti
Com LRClr Akl S SREEL 5T SRS Mg of the
- I | ' il to. | ince th
unSTEIE SRk ot R8T S8t bR Tien  Biponasitons of the arched

bendj ther., it, is, easy to provide the stent with
a %I(Ha@gTrearﬂ%oﬁ]i. %I Bhati eop o sHéonsp L hofthenease bigdl segments
roduci ng curvature

el t ar.e evented from
deﬁoﬁﬁa%?i;n“mgh"%%H&iﬂ@thgﬁi%geme Seicang ineari segments

cur, ure defar ion which may occur at the tinme of
beﬂﬁgaﬁttmrgﬂm?afm@mmm nt28t ofodbiebleetond annular
avoi d alglz damage of the bl ood
member elements 12 of the annular member 12 on the side
- of the proximal end of the stent 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 flexibie

enough to respond to bending. Further, it is easy to

provide the stent with a lateral hole. In addition, it is

. possible to avoid damages of the blood vessels which may

occur at the time of insertion of the stent into the site to be
applied since the tops of the arched elements are prevented
from curvature deformation when expanding the stent and
minimized in curvature deformation which mary 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 ratio between the distance from the radially halving line

of th_e annularr member to the top of the arched segment
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21 vessels which may occur during insertion of the
stent into the site to be applied. Further, the stent
does not show change in length at the tine of

expansi on. Enbodi nrent 4 5 Enbodi %g)nt 4 of the present
invention will be denonstrated | ow, maki ng
reference to Fig. 8. The stent of enbodinent 4 is a
nodi fication of the stent of enbodiment 1, in which
ratio of the distances fromthe radially halving line

X ‘tﬁatth%d [ he 10 arched, se
i fﬁeﬁﬁgtﬁﬁ 5 seshnd pnian SeRmEBtoaad {ird tinear
1 nd the third linear s :
%?"a% 4 t]ﬁé T8 3 neaniIane i tasEe e KaiAin and the
r 111(1 L second |inear segnent
ﬁ%&éb% an& 9 fﬁwe& 'dﬁé B‘f efdlving atigres Q‘forhﬁﬁ annular
b_pashap ?\igownlnFl C. As shown in Fig.
(Juisg ‘&hﬁ &4en &frﬁb@n%ﬁﬁ\ﬂ%rsmmené ﬂha\huczﬂﬂnects the
ﬁ ?dlally expandabl e and arranged in the
JituditRgAr dFeEER PO tABCeos e catidt HEnediroi seggnent of the
annul ar nbers 1, 1 are connected to each other by
t hFEE AR BﬂlMglreﬂ‘Eﬁ-‘ﬂEIrH%rEIeZﬂe\mttl‘sa;estl‘lapeTaB shown
in Flg 5C. The aforenentioned stent is no |ess
exEMbestimantt3ackability to lunens than the stent
deronstrated in enbodiment 1 since the whole stent is
flexi bl e enokighbtoadiment 3 of the present invention will be
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 excelleni 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 biood



10

15

20

25

respond to bending. Further, it is easy to provide the
stent 25 with a lateral hole. In addition, the tops of
the arched 22 elenments are prevented from produci ng
curvature deformati on when expanging the stent and
mnimzed in curvature deformati-on which nmay occur at
the time of bending of the stent, thus making it

possi ble to avoid 5 danages of the bl ood vessels which
may occur when introducing the stent into the site to

be wepbietd. whidhehay tdecateql rfif Sir'lﬁ‘ﬁbtrﬁfl‘tg‘f" GPAHE stent into

in length at the tine of expansion,

enbigrl neitle, toheh é abiph I9Eadi SEANGE, ' ?ﬁ‘ﬁets{};%prgta%%ﬂ%%ynot show

hal ving line of the annular nenber to

e sdioudlchic i BERt v T BTt P
ex@ﬁﬁi‘é’?h@%‘?‘?@ﬂse of the fact that the distance

bet ween second linear segnment and third |inear

betveen the” PUToHIRAR S0 4 5k bbolfiemiEan will bo

Ao T LHY R SE slothr b 576 o

it et b TH ot of pbtaonans At 18 roditication o

which the ratio of distances fromthe radi aliy

halt6ﬁ‘n§ eide of oempborcigpenti ¢ iropghetht natio of the distances
from the radially halving line X to the respective tops of the
arched segments is set to 3:5, and the distance between
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
for_med into a shape as shown in Fig. 5C. As shown in Fig.
8. the stent comprises fourteen annular mémbers 1 which
_are radially expandable and arranged in the longitudinal
direction therecf, and the adjoining annular members 1, 1
are connected to 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
embediment 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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arched segnents is set to 3:5, and the connecting
elenments 2 are forned into a shape as shown in Fig.
5C. As shown in Fig. 9, the stent conprises fourteen
annul ar nmenbers 1 25 which are radially expandabl e and
arranged in the 23 |ongitudinal %di rection thereof,
and the adjoining annular nenbers 1, 1 are connected
to each other by three connecting elenments 2 with a
shape as shown in Fig. 5C. The aforenentioned stent is

nodiesepnsel | gt | 1p % ySRTERNL) 1wl © WRRSEIE curvature

the stent denonstr at odi

WS stmBid s il h to . respond to bending. . .

FIA R BliQR WAL Bl bhdng cRfhy &g mifimized in

| a e. 4 i.tion, the tops of the arched .

el tecrq}'[eﬁ)tasﬂé}lree grere]f\?jﬁﬁgg'éborﬁv&ﬂpbat@r@dé’f%%tiebtn tpen time of

10 Lng thg stent apd i nimzed in curvature ]

deP%Wén%f{mﬁ}ﬁ @V%E’cu{“‘a\? tReékinge br Berdikdeofto avoid

the stent, thu Ki it possible to avoid damages

of AHBAH LR Q/ésygfgs gaﬁ% Y5 oRldur Wik ing mrager ticur  when

of .the stent into the site to be applied. However,

t heNEieuchag bBesisderthdatet thee site t torebef agxphied on Further,

because of the fact that the ratio of distances from

t hthea&tginty deesi mp1 i sboot tharegaul@r te r@ytberat ahe time of

the top of each arched segnent is set to 3:5.

En’lﬁl(Xdﬁbamﬁtoﬁ. Ernodhinené ntb otditdenpr ¢aent ait lvedf idistances from

W e

- the radially halving line of the annular member to the tops
of respective arched segment is set to 3:5, but the stent is
scarcely changed in length at the time of expansion
because of the fact that the distance between the second
linear segment and third iinear segment is set {o two times
as large as the distance between the first linear segment
and second linear segment.

Embodiment 5

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

The stent of embodiment 5 is a modification of
the stent of embodiment 1, in which the ratio of distances
from the radially halving line to the respective tops of the
arched segments is set to 3:5, and the connecting elements
2 are formed into a shape as shown in Fig. 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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20 denonstrated bel ow, making reference to Fig. 10.

The stent of enbodinent 6 is a nodification of the
stent of enbodinent 1, in which the anplitude of the
wavel i ke el ements 11, 12 is set bg 6/7, and the
connecting elenments 2 is fornmed into a waveform as
shown in Fig. 5B. 25 As illustrated in fig. 10, the
stent conprises twelve annular 24 nenbers 1 which are
radi al | y expandabl e and arranged in the |ongitudina

di rleqigidmdimeieoflir exttd olnhet ol @bRi NG rRNNYHA! aﬂgé?ﬁ@ annular
nect i n

1, 1 are connected to each other by three con

el amemibel swi tih a1shgpe aéoﬁﬁ%é{aghgite%%ﬂomﬁ L by three

present stent is excellent 1n trac

R T R R RENC

bending as well as t

Stent wth a | BeeriRTRamenti Spe3Et thh 1% s s qpxcettent in
or e kAN O kTR R TR EL che artt ot g mansirated in
et RO BERd’ b4 LSS BH ol T2 eft pincHgpsbie enough to
TreeS ol O B nklig! P ister apib iSo@asurtongrowite the stent

| en of e 15 stent is scarcely varied at the tine
of ngﬁal%igllquﬁe'réb‘?le- Enbbdiarﬁibﬁtt%lannbbei tepts 706f the arched

t he present invention will be
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, 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 to the top of each arched segment is set to 3:5.
Embodiment 6
Embodiment 6 of the present invention will be
demonstrated below, making reference to Fig. 10.
- The stent of embodiment 6 is a modification of
the stent of embodiment 1, in which the amplitude of the
wavelike elements 11, 12 is set to 6/7, and the connecting

elements 2 is formed into a waveform as shown in Fig. 5B.

As illustrated in Fig. 10, the stent comprises twelve annular
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denonstrated bel ow, making reference to Fig. 11. A
stent of enbodinent 7 is a nodified formof 20
enbodi ment 1, in which the connecting elenents 2 are
of S- shaped formas shown in Fig.,, 5A As illustrated
in Fig. 11, the stent conprises.?ﬁirteen annul ar
menbers 1 which are r-adially expandabl e and arranged

“in the longitudinal direction thereof, and the

adj oi ning annul ar nenbers 1, 1 25 are connected to

eaah eah beir PV Swhhéﬁe%ﬁtehm @'ipe%gqgnﬁg&ﬁ'b%&%‘t Srfanged in

as shown in Fig. 5S5A e sten

engHaE Lo ]SRRIt Qi ' as stent . .

dem)nstratded in %{{bggﬁéﬁtbr}%tﬂ}g‘%@gt aﬂf{quteeﬁtd]&fmﬂﬂg annular

pr §g odiyment | xcellent in trackability to

Iums%gﬁb urt1her? i%ress Ceéi@ﬂ?et%t%qo e sidfter by three

Wi t l.at I le. .In.addition, the tops of the )

arc e@ngl%etﬁégtgqugeﬂrlﬁvgnt‘%bﬁ" fRofiN@RYaeGr 8hown in Fig. 5B,

def gation mhin ?xgﬂnding the stent and mninzed in

cur VAP urff SREO ndlfdl WS cexe®llepdurinattrakability oto lumens

bendingﬁg&athe t?nt, thus making it is possible to 10 ‘

avGilg G 8s Wnolge Hhavptl (sdbe xibteneintughudigrespond to

thﬁ stent into the site to be applied. Further, the

| eRGMARItAE Walbras ithessderd! ¥ amoirestrat eichéntemb otiment 1.

exgansion t hereof. Enbodi nent 8 Enbodi nent 8 of the

pr EdEthamhvihtisorady Itderasidentinet seead wellove (ateral hole.

making reference to Fig. 12.
In addition, the tops of the arched elements are prevented
from curvature deformation when expanding the sten{ and
minimized in curvature deformation which may occur at the
time of bending of the stent, thus making it is possible to
avoid damages of the blood vessels when introducing the
stent into the site to be applied. Further, the length of the
stent is scarcely varied at the time of expansion thereof.

Embodiment 7

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

A stent of embodiment 7 is a modified form of
embodiment 1, in which the connecting elements 2 are of S-
shaped form as shown in Fig. 5A. As illustrated in Fig. 11,
the stent comprises thirteen annular members 1 which are
radially expandable - and ~arranged in the longitudinal

direction thereof, and the adjoining annular members 1, 1

are connected to each other by S-shaped three connecting
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A stent of enbodinent 8 is a nodified form of

enbodi nent 1, in which the ratio of distances fromthe
radially halving line to the respective tops of the
arched segnents is set to 3:4, ay the connecting
elements 2 are 20 nade into a shape as shown in Fig.
5F. As illustrated in Fig. 12, the stent conprises
six annul ar nenbers 1 which are radially expandable
and arranged in the |ongitudinal direction thereof,

anc letieeadjsonasy showhain reinpesA 1, The aWRoSENSESHEds flexible
a

to each other by three connecting elenents 2 25 with

sh&reoaghshaon respandSFio TeeplfiRlg Ofad Ny BIESYY 2fie stent
enbodi ment is excellent in trackabilMity to [unens

si memidres teat@ @ B eRim b dikes k! géﬁofggdgg?g%gdrtﬁz}po%m of the

to bending as well as the stent t

enpodig@nt dmFHET Rt | s 'ﬁc%@?’qtt Qrprtg}ﬁif:ﬁ(gaéigglg dp lumens.

stent with a |lateral hole. i on,

det o an when ceean: M A€ Ule “Shaf WAl Selterat hote.
bontl AT RHAERL IR b OE VR 0 Bigmengsedrs prevented
Che i S Hhe FREGLARUD pahap) Bapardindctna sdent and
Liﬁath of the. stent is scarcely varied at the tinme of

78Rl RUTY 2hptri defermaiign mhichamay occur at the

devel opnent of .a stent illustrating
Ylme g‘? E)endmg of the stent, thus making it is possible to

avoid damages of the blood vessels when introducing the
stent into the site to be applied. Further, the length of the
stent is scarcely varied at the time of expansion 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 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

- made into a shape as sho.wn in Fig. 5F. As illustrated in
Fig. 12, the stent comprises six annular members 1 which
are radially expandable and arranged in the longitudinal
direction thereof, and the adjoining annular members 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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anot her enbodi nent of the present invention (second
15 invention), and Fig. 14 is a partially enlarged
view of the stent shown in Fig. 13. The stent of the
present invention conprises, as g lustrated in Figs.
13 and 14, thirteen annular nmenbers 7 which are

‘radi al | y expandabl e and arranged in the 20

| ongi tudi nal direction thereof. The adjoining two
annul ar menbers 7, 7 are joined together in the

Iomnibtmhlirmlentdluéeék'c@ﬂéh?rF‘rPftr@él&hSﬂ‘?t Q%n?gtrﬁéﬂs since the

el emrents 8. The annul ar nenbers are canpose

el I BIE 5 HEFRIR Bl o0 wor

di racty 0 di vi du
{1 e e BeniBtafoi 8] EHhUHRAPIH L RFurthor, it i
for S |y 30|
adjéc;gl% ng t#vgsgﬂﬁél gb rmgﬁ'ﬁéﬂs %a\aﬁ ?PB?IeGOtlégetH'éradd'tlon
g cQ ting el nts 8 by connecting tops
iﬂé otoBR. A nihencaseRaR o mieienafes prevented from
g@saetl i ke (? nments 71 of one annul ar nmenber 7 and
bo U2 ordetaEmatiggh ovheme mxpeading erthe s stent and
7la in the wavelike elenments 71 of the other annul ar
Hb'é}'"7'Zef‘ﬂe'%nﬁh‘df&?tﬁéﬁbdemFlﬂsahiqj‘arwhaohsmayt pogur at the
a 10 Iumnal wal |l of the stent and is a radially
expdR@aiie begpdingnof otheoksdend, athusi meakihgnit ¢s plossible to
t he bl ood vessel
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 9
Fig. 13 is a development of a stent illustrating
another embodiment of the present invention (second
invention), and Fig. 14 is a partially eniarged 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 connecting elements 8. The
-annular members 7 are composed of circumferentiaily

. connected wa'velike elements 7 of an M-shaped waveform,

and arranged in. the longitudinal direction thereof. The
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after placenment of the stent in the bl ood vessel. The
annul ar nenbers 7 are respectively conposed of six
wavel i ke el ements 71 having an M shaped wavef orm and
15 being circunferentially connected. The annul ar
menbers 7 are arranged in the |ongitudinal direction
of the stent. As illustrated in Fig. 10, the wavelike
el enent 71 conprises nountain elenents 7la and trough
el ements 71b, each of which has an M shaped waveform

rnahm:tirvrlgume Wwauegh b@m.@ﬁ? MpHakal Bbr%q'ynlgﬁe{bt“ﬁre wavelike

mount ains (two troughs). The nountain 71a

pr @lietad il 7hia f7 QHeh 1BRM Ngr & ﬁf ?Qb?%éypeér‘?ﬁ?gordal wave.

two nmountains, while the trough

1. bet
Pr VGl dq e ahAIBK o 8Rs 131 7 TSR Pogether
th 2 I [
pr oy e e B0 ST Bl aiRERE R ibyabeniianiing tops 711
h I I h d
the I?Yné SuGEIEF 3 fhe, Lisuch lemsauacdii in the wavelike
(t ? I?v q]?hetop 711(bottom712) inthe 5
i %d#e of g Z Fel 2rdit ! argn emdbgrailn an@nkattoms 712 of
71@\ Iné pratruded on the side of the trough el enent

EndfAtgt Ok thenMmoumtain takse merdis kélal énethe wavelike

I Thus, referred that the nountain (trough)
ha?r‘ﬁ&'?ﬂést%[& qfti & pdhesnana2)las meabaded. on t he

side of the npountain
he. annular member 7 is a part constituting a

luminal wall of the stent and is a radially expandabie
portion for holding a luminal diameter of the blood vessel
after placement of the stent in the blood vessel. The
annular members 7 are respectively composed of six
wavelike elements 71 having an M-shaped waveform and
being circumferentially connected. The annular members 7
are arranged in the longitudinal direction of the stent. As
fillustrated 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
meu_ntain) between two mountains (two troughs). The
mountain element 71a is provided with a trough having a
~ bottom 712 between two mountains, while the trough
element 71b is provided with a mountain having a top 711

between two troughs.

In order to improve the expandability of the stent
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10 el enment 71a (trough element 71b.) of the wavelike
el ement 71. The protruded | ength of the nountain
(trough) having the top 711 (bottom 712) is 4/5 of
the height of the nountain ele { 7la (depth of the
trough element 71b) of the wavelike elenent 71. The
adj oi ning two annul ar 15 nenbers 7, 7 are out of phase
with each other by a half wavel ength of the wavelike
el ement and are connected by the connecting el enents

2 Umdér TREeshangi b ai ghte L] They o

adj oi ni ng tmséﬁﬁlg:ﬂngﬁo%§gﬁ7, ﬂ?‘%réwg%”ceo@n TilQfrease the

be t ott 712 cl osest t each

ot RETETALRS | B8 Vv REior ThE YRy RERe SlectehiRe71. The

no ik N f rough el enments 71b_anong the .

et ftors deddfenS Pl RE Hiing a61 rerBansics thareof if the

proxi mal .sid are, connected to the battons 712 of the
BHBtarn. e i

t r SUHE B0 AT ORTRguREY NG| Hhentep7¥dl hnbrgitem 712) in the

maveghﬁe elepent 71 of 29 the annul ar nmenber 7 on

t e Ol Hae Hpryebh ebamentng’be(@awntadn alement 71a) is

connefti el enents 8 are made into a curved shape

(WRlet AR hen I ihatsidedof e giraarghaatieareet 7%5b (mountain

connecting el enents 8 are respectively provided

beR R AH] ditA hgof wdhannwav ehidberdemedt FurtherThus, it is

the tops of the wave patterns of the wavelike

elphefesred dhatf dheedmountain (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 (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 are out of phase with each other by a half

- wavelength of the wavelike element and are connected by
the connecting elements 2 in the same longitudinal straight
lines.

The adjoining two annular members 7, 7 are

connected between the top 711 and bottom 712 closest to

- each other. As illustrated in Fig. 14, the tops 711 of the
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 troughs of the

‘mountain elements 71a among the wavelike elements 71 of
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to have a snooth contour. In Fig. 14, the right side
of the drawing is set as 10 the distal end of the
stent for the sake of convenience. Further, the term
“mountai n* denotes the section of;4he wave that is
convex rightward, while the term"trough" denotes the
section of the wave that is convex leftward. Further,
the wording "wavelike el ement with an Mshaped 15
waveform' is a wavelike el ement conposed of a
corfinanonlal membeain eherret digvingiense 1y ousd connectmg
bet ween two nountai ns (M shaped) and a trough el enent
haw igmemd sngunt ai n bet ween two troughs (reversed M
shaped ). It is to be noted that the wavel i ke el enent

is 20 never ITHEt edolfh @BY; |éﬁ-ﬁ‘ ?Lt%m?@t Wi rou@hade into a

specific waveform provide as one

(Orﬁxw&tﬁhﬁg tg%%@? ol HP '5%“” @esrﬂgz‘aéégotrirrp“qg 8F, and three

It is possibl use any vvavel

o G e TR 0, afhs B oh valiL e Vinee between
or SRARiHR’ ST Al JBrum BB 6 RS Bunt a nE UithsT. the tops of
t-”"“%h?%%pg ReftanaR s o Eaﬂ%’v%ﬁb%gﬁégébté‘éééﬁtﬁﬁér% formed

é nount ai ns ﬁr troughs) that constitute the
§ IS@H CePefBMP Odhace @t antially in the formof a
si nusoi dal vefor

lg 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 trough
between two mountains (M-shaped) and a trough element
~having one mountain between two troughs (reversed M-
shaped ). It is to be noted that the wavelike element is
never limited to any wavelike element with a specific
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 such as, for
example, wavelike elements of which two mountains (two

troughs) have the same wave height as illustrated in Fig.
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t hese segnents 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

t he above enbodi nent, the |inear jg(?gmant 10 i ncl udi ng
a point that connects the M shaped el enent and the
reversed M shaped el enent (that corresponds to the
first linear segnment of the first annular nmenber

el ement or second annul ar nenber el ement in

E j : I I h f .
reareBr Waldlje WIBMBaEIHE M ofye gnotntains (two
[ . | . ts that
rorreags) RAVE it e hoAvES ahei AR st bliikicates in Fig.
ar.,segnent .and third |inear segnent of

th du |
thg |$g? %Lt:ﬂ](?'dphne WF dIRGaft seosepta @hdgedines of the

e cﬂl SI ement ip ErrbEdi nent 1) are not 20 necessaril

re 3 B5nQFetiHe9Bslet hah g AN stifai i tber Mstiyaped element
in_the mﬂdlerﬁgsition (that corresponds to the

seBORd PHR&IATHAgNNt N nbhendfiarm |ehgah sirseidahawaveform,
thﬁp | i near segnment in the | ower position (that

cotNE§Fo @I ME Nth@ rehinet INewasssrjheme)quifleed Yoehtave such a
of the above 25 enbodinment is excellent in

t ragRggiantip ity siovssi ddheeavbéodin. Wieley ghewyt bieSin the form
fl exi bl e enough to respond to bending for the "reasons

t haf a tedraniglitatineerepa rednst iifinei ng the | uninal

wal | of the stent in the above enbodi nent conprise

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

embodiment is excellent in trackability to lumens since the
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wavel i ke el enents having an Mshaped form Further, it
is 5 easy to provide the stent with a lateral hole.
The stent is apt to slightly shorten the length after
expansi on for the reasons that the,annular nenbers
are connected between the top of the nountain |ocated
in the mddle of the trough el ement of the wavelike
el ements 10 of one annul ar nenber and the bottom of
the trough positioned in the nmddle of the nountain

el e | ke el ement s of the other .
anrate, Stehfcs YRS cnETEN, o tasRorddg biending for the
th d ength of the nountain (trough) in the )
vva\e/re |§éh§ gﬂ‘érh ‘ﬁ? &’/%"Braf h@%@%ﬁ%rﬁoaﬁgktﬁémg the luminai
no i n pth ,of the trough) of the wavelike )

o el D3RR et ath sl Hhevews rmhedimentroemprise plural
are joined together at the. mddle of the M shaped

el HBNEIks efgmentr havimgcamdd-sbapeddanme. Further, it is
deformation at the top of the nountain when expandi ng

t h€ 38 ¥nk0 PHAYisks thiet site ndowpblssa bledetralrialer ze

damages of the bl ood vessel when guiding the stent to

the site to behepgtiesdt sisncapthéowmlight sbhpeten the length
el ement produces little warpage. [Flexibility,

sh&fteni Ay pansiensbor diteeret ea sah i figat cERGCARYIUlar members
tests] 25 Figs. 16-18 show conparison results relating

toake ddmrelwteid bétwadaditiéylopsSee' iR8 Ro@h¥ain located in
vessel dianeter
the middle of the trough element of the wavelike elements
of one annular member and the bottom of the frough
positioned in the middle of the mountain elements of the
wavelike etements of the ~other annular ﬁwember 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 annuiar members are
joined fogether at the middle of the M-shaped element, so
- that the stent causes no curvaturé deformation at the top of
the mountain when expanding the stent. Further, it is
-~ possible to minimize damages of the biood vessel when
guiding the stent to the site to be appl.ied since the whole
M-shaped element produces littie warpage.
[Flexibility, shortening. and vessel diameter holding
capacity tests]

Figs. 16-18 show comparison results relating to
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hol di ng 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. %% 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

10 i 3k 8 by ropr.i ate sel.ection of .

(i RIIRYT P@Pﬁ‘fé@é@ﬁ?’omﬁﬁ@ﬁ%’ﬂﬁaﬂ B! vYﬁﬁSPﬁ)ned'ametef
X r dive ps..of the arched segnments. From

FheR IR, CERRRELYS bEPIN% o STBREsCHEAYTEE tHEvelopments as
pr [ Lon ks substantially equal to the stent

of gihhe Brﬂ%?ﬁéwei J||1 vessel 15 di aneter-hol ding

capacity. For. the fhexi bility, measurenment was nmade by

fixing the sfd@Matnéne & tenBhow nip oFpart 16t the stent of
st Eﬂt 5 mmrenote fromthe fixed and to bend the

st bAE, PARFeved e Ml o | igad wins bantierll pspoussl tto the stent of
di spl acepent 20 nmagni tude. The neasurenent of

shg'g?'eﬁifr@f vidst dar flexibiity by Rusimg thebald switsofsteown in Fig.
3.0_mm di aneter to expand the stent at a pressure of

8 &fm {eor stentefodr etbe spessprmt imeentesamMmendediperior in
pressure) for 30 seconds, and a profile 25 projector

“(nablerbgnihgut oy biber pasait of) the HeieF e t 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 the results
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
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 balloon of a 3.0 mm diameter to expand the stent
at a pressure of 8 atm. (for the reference stent, at the
recommended pressure) for 30 seconds, and a profile

projector (_made by Mitutoyo Corporation) to determine the



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

Aut ograph (made by Shi madzu Cbrggratlon) on the stent
expanded by 5 pressurizing the stent at atm (for
the reference stent, at the recomended pressure) for
30 seconds with a balloon of a 3.0 nmdianmeter. The
resultant data were divided by the nunber of the

Z‘Eg#gf%rmﬁ’gf’ﬁﬁgé%%%iﬁ@Qf@%g't‘ﬁ\éﬁé“ xg@?ﬁ%f@}e vessel
adial Iy hal JngrFEE f‘%ﬁ@ﬁsnr’r%@%@@?qswéé’%%@ Jamgser holding

arche ge ments is 4: shape of the connecting
gLy, °°5%Pf8ﬁt§d&a shwag. carFirg oout With Autograph
tances fr the radially halving line to the
FEARR, % GRIBAdH ratighined ither ete shapepanded by
of the connecting elenent: Fig. 5E, the tops of the
ar M&ﬁs%ér‘@ﬁt& %t sherd ahdd @imt héfat éhe aedeseingrdstent, at
E each otherﬁ) Enbodi nent 3 Fig. 7(ratio of
di§ EnELSAMHHe HS d apr asisy el fong3I0i seconds with a balloon
respective tops of the arched segnents is 4:5, the
sh@bea &0t mmcdiasteteq. el Ehenreskiltanbata were divided by

the number of the annular members to determine the result

as the vessel diameter holding capacity.
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8(ratio of distances fromthe
line to the respective tops of the
s 3.5, the shape of the connecting
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of _the arched seg
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of C0hedingenklt i ng
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halving line to the respective tops
ments is 3:5, shape of the connecen

Enbodi nent 6 Fig. 10(ratio of
' ving line to the

the arched segnentBeim@rias 5, shape
leige Résatio ofidistabBes fnopt tHeudsdially halving line to the
iespectivetophal the arehedi seymherts is 4:5, shape of |
thi(ooatnieeting lrRbARTES, $BPM t he

ddinkbtiménat 21 ng
rched segnents i
| ement: Fig. 5A)
i stances fromtH

Y
Ul

espective tops (f

| Fige6ratio I @istaaBES bW T i Eidly fialving I
Sodbet \FE &&% oﬁﬁt% %tgﬂe%ﬁfi”ggsﬁélﬁng line to the

tﬁ%{?%ﬁe@%m& g%g IS 7:5, shape of

{ , 1 ops of t
& : he, dop he arched
ie| t: FEin S5E Enbodinment 9 Fig.

EW@?W&@?I eng

he trough is 4/5
vavel-i-ke el enent
Emabodiment 4vavel

Al b O S O M QY

& steny arg iplipaed with each
9 of(rafi ohgiskances ram the radtdlydabiing line to he |
rgsPecliventopst ofi ihehaiolied sHgréets is 4:5, the shape
| of $heypennéctineelententeFignBEy t hat
iHi@. &(raticeof distaresor Al thBa%aTaly alving line (o the

$hape of the coTm&@pédt@eﬁb@ﬁ%ﬂtbe@&heﬁ@egmems is 3:5, the shape

of the connecting element: Fig. 5C, the distance between
secon_d linear segment and third linear segment is twice
t_he distance between first linear segment and second
linear segment)

Embodiment 5

Fig. -9(r§ti.o 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(rati9 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(ratic_> 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 middie 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
stent 1

Fig. 19(bi09d_ vessel-retaining portion with a wavelike
pattern and joint elements with a waved form)

| Comparative
stent 2

Fig. 20(blood vessel-retaining portions with a wavelike
pattern are connected to each other at the tops and
bottoms of the waves)

Comparative
{stent 3

Fig. 21(blood vessel-retaining portions with a wavelike |
pattern are connected to each other at the tops and

bottoms of the waves)




Conparative Fig. 19(bl ood vessel -retaining portion
wth a wavelike stent 1 pattern and joint elenents
with a waved form Conparative Fig. 20(bl ood

vessel -retaining portions with a waveli ke stent 2
pattern are connected to eachSother at the tops and
bottonms of the waves) Conparative Fig. 21(bl ood
vessel -retaining portions with a waveli ke stent 3
pattern are connected to each other at the tops and
bottons of the waves 35 CLAIMS 1. An expandabl e
flexible stent excellent iRLAIMEckability to bl ood
vessel s, conprising radially expandable annul ar
menbers aligned in the |longitudinal direction of the
steht, &y on@xﬁﬁnﬂ@bbeconrfelaxm:geel e NEetnd st by whcehlent in

crasbLatle RnBin, UM, MEIBEE S5, ComCe) 8 WA e

each other.in "the | ongl
ananﬁQnmembeusaadubaednanbetﬁeeangmw@ayﬁamsdlféatlon of the

stéﬂ%“ %_ ngﬁger el ements and second annul ar menber .
dment's al't er nat el§P™ ToMPECEEE 1St hedGRANBEhERY | Whtiigh  said
admgunmnﬁ(ﬂwﬂﬂaﬁﬂulhﬂimémHEEQfar&h§o§ﬁ§8£ed“@f£ﬁ'Qaéﬁ'gther in

fIrSt | ar. menber elenent in a devel opnent of
the, T&a9 l%ﬁ Hdds FEsGHiea fReneodxt endi ng, parall e

t hivee relime ¥a 192 HBN 1SR O mdhb St < é%ﬁﬁng @?91%@% g st gnnular

i near. segnents, said second and near- segrnent
me @Inflements and second annular member elements alternately

connected with each other in the circumferential direction of
the stent,

wherein said first annular member element in a
development of the stent includes longitudinally extending,
parallel three linear segments of first, second and third
linear segments, said second and third linear segments being
equal in length, while the first linear segment being longer
than said second and third linear segments, said first and
second linear segments being connected by an arched segment
that‘is convex leftwards, while said second and third linear
segments being connected by an - arched segment that is convex
rightward,

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

extending, parallel linear segments of first, second and



equal in length, while the first |inear segnent being
| onger than said second and third |inear segnents,
said first and second |inear segnments being connected
by an arched segnent that is convex |eftwards, while
said second and third |inear 36Gegnments bei ng connected
by an arched segnent that is convex rightward,
wherei n said second annul ar nenber elenent in the
devel opment of the stent includes three |ongitudinally

thex%egding, parallel linear segments of first, second

and 38"Cthi FETRESr sRinBsCosdi @nsecdnirindingprd segments

beindeaguseImBNEndiel NGrRIYE! i ¢ efrlq'#%’ Wid e saldyont being
first |inear segment being |onger than said seco

longgr tHadl pridafesenrents] thmixt flimtar andgsentsd said first

and | NRAH - {LIBNS, pei ected by an arched segnent
that s convex rigﬁ%%%r il | §°§Qggﬁ§dan§y?hﬁpd arched
seguetdar tihagnent sohebrg rdghitecirel] hide afLhedss€@M@NEnd third
1id vex Leftwards, wherein said first annul ar .
T %gﬁxéé%méﬁg%té%ﬁagsgaﬂﬂchﬁﬂuﬁ%raﬂeﬁﬁgpegléﬁﬁﬂe%ﬁethat is
congmndetfagnhasdish t hat the second annul ar nmenber el enment
and.the first .gnnyl ar nmenber_ el enent |ocated above

t h&PEEEGRY SAAEI af L hBhberNRREABNINGRe T oflegaat  Bpdan second

annafleltedmeRpERNte tdiddnt S Mv%nln%fctt%ﬂr ds.aqd { t et%le second
between the first |inear segnent of the second annular

annie ffe e Rfre AL CRARB L Iend hithe | fhostr segmiar oferibfer element
lochickst AYW &he second annular member element are connected

by an arched segment that is convex leftwards and located
between the first linear segment of the second annular member
- element and the third 1linear 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
that is convex rightward 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 portions of the arched segments which
connect the second and third linear segments of the first and

- second annular member -elements of the respective annular



menber el enment, while the second annul ar nenber

el ement and the first annul ar nmenber el enent |ocated

bel ow t he second annul ar nmenber el enent being

connected by an arched segnment that is convex

ri ghtward and | ocated between7the third |inear

segnment of the second annul ar nmenber el enent and the

first linear segnent of the first annul ar nenber

el enent, the adjoining two annul ar nenbers bei ng

connected by the connecting elenents at portions of
MEPRBTAr ched segnents which connect the second and

third |inear segnments of the first and second annul ar

menber el ements of the respective annular 37 nenbers.

2. Zhe sthmtsheebrdiagrdbngl abmelaimhar eiwhexetiat a0 reftio of a

didtamhkst r dially.halying Iine_ of the

lan%ul%réﬁ%ﬁbérgggﬁaﬁﬁg 8%¥6Pgtﬁéngr8ﬁ2&*§%§ﬁEﬁFth§Fmber to

theohpecps tthe seodnd |sepaint SegaENtoaRdctBe thli @cond linear
menber el enment,

j r t of the first annul ar
Se‘%dé&g@diaz%%gggef T ithe Lri2aes | SeHEPIE P T | be ofiksle annular
mergreml| al emenber tioo 4 heisopneé Ehenarahed 380880, B ing line
he first |inear segnment and the second

N Ofcgﬁnects
| FHBaPt ¥ egiredte®ies hkosdbendtamnafartheenbeshed epegent that

corirfedt t hehd angg-st0f 1420 & L T tent according,.
to claim1 or 2, wherein thge%gn(ﬁ o n%ﬁléjst\;\e%leanrﬁcgpd linear
Seqfisieref aFBeogeoomphruildt hmembér eflkeent is in the range

of 1:2 to 7:8.

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

other.

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

Athe same longitudinal straight lines.

S. The stent according to any of claims 1 to 4,



4. The stent according to any of clains 1 to 3,
wherein the adjoining two annul ar nenbers are out of
phase with each other by a half wavel ength, and
wherein the adjoining two anmpylar nenbers are
connected by the connecting elements in the sane

| ongi tudinal straight lines. 5. The stent according to
any of clains 1 to 4, 38 wherein the connecting
elenent is in the formof a straight line. 6. The

wh@&@ﬂh aceor 8bAfletiAY Qfeneh@ By 1b0€%e Wﬁ? of Epe traight
.connecting elenent iS in the formot a curve 7

1if%e stent according to claim6, wherein the

connecting element is in the formof -a waveli ke shape
and has a nountain. 8. The stent according to claim
6, ﬁhereﬂhetﬁ@en¢omwm0mdumgﬂﬂﬂnﬂny|df|dnaﬁmgf1ngacg arherein

d ' t 9. The stent
e ANPE G, SR RIS, S T

Si X connecting elenents are provided at even
|ntgrvalg bet ween sai d adj oi ning two annul ar nenbers.
10. ‘The &P&nt SH&Wr di AGCPBIERY of® ofcktial n61 t wh@rein the

conhereifgt ke cakelted Sealerts phfhgraan e
situated at each end of the stent arg g%@%%@?%&éhape and has

a BPPRLEdn-al ong the proximal or distal end of the
stent.
8. The stent according to claim 6, wherein the

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

9. The stent according to any one of claims 1 to g8,
wherein two to six connecting elements are provided at even

intervals between said adjoining two annular members.

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

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

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

wherein the linear straight segments of the first annular

member elements and second annular member elements are

arranged equiangularly.

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

wherein a distance between said first linear segment and

second linear segment is equal to a distance between



11. The stent according to any one of clains 1 to 10,
wherein the linear straight segnents of the first
annul ar nenber el ements and second annul ar nenber
el enents are arranged equi angularly. 12. The stent
according to any one of claid3s 1 to 11, wherein a
di stance between said first |inear segnent and second
| i near segnment is equal to a distance between 39 said
third Iinear segnent and first |inear segnent, and a
di stance between said second |inear segnment and third
saiq ndirdsehinear | Segmeniter anHanfitet dilsheace begmefm, and a
di [ e S a econd lin )
G S o T L e 8 PR aril SFRTEa 1inear
SeqRl a¥s gnaffear cumpni shegdashahas beobess 3aadar 8nged linear:
[ inal. dlrectlon t hereof for keeping a
Se%‘%&g‘: Iéﬁl?rpe%eg%glr?n% B FSdre connecting el enents 2
for connecting |ongitudinally adjoining two annul ar
menbers 1, 1 with one another. Each annul ar nmenber 1
conprises first annular nenber elenents 11 and second
annul ar menber elenments 12 which are alternately
jointed together in the circunferential direction of
t he annul ar nenber 1. The annular nenbers | are
expandable in the radial direction thereof. The stent
is flexible and excellent in trackability
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to lunmens, thus nmaking it possible to allow the stent

pass through the three-di nensionally neandering

| unens. The stent is substantially free from
shortening and makes it possible to provide the stent
wth a lateral hole. 40

ABSTRACT
The stent of the present invention is a tubular
member comprising annular members 1 arranged in a

longitudinal direction thereof for kéeping a body lumen

open, and one or more connecting elements 2 for

connecting longitudinally adjaining two annular members 1,
1 with one another. Each annular member 1 comprises first
annular member elements 11 and second annular member

elements 12 which are alternately jointed together in the

circumferential direction of the annular member 1. The

annular members 1 are expandable in the radial direction
thereof. The stent is flexible and excellent in trackability
to lumens, thus making it possible to allow the stent to

pass through the three-dimensionally meandering lumens.

‘The stent is substantially free from shortening and makes it

possible to provide the stent with a lateral hole.



