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1 DESCRI PTI ON Fl exi bl e 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 [unen suchkas 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 expa ' met hods such as
bal | oon dil ati on, se|f39§3%§¥%mﬁﬁ|§§fng a shape nenory
mat eri al, mechani cal 15 expansion, or the |ike. The
nost widely used nethod is the balloon dilation. In
gﬂe balloon dilation, a stent is introduced into a

EXiBL si BEENh tWethodgoOshetdkpaRidabdityhalandn excelient
cat heter, expanded by inflation of balloon to dilate
irapkabi bty oo tleodiv@sseald retained at the dil ated
site 20 even after renoving the deflated balloon from
fliechknt@al Fieldscent generally conprises | unina
di anet er-hol ding portions for dilating and hol di ng
t he di anet dhefptdeehdmbnvsmihonsrebbbosl tesaelsteamtdthat is
joint portions for connecting the |um na
dingrretndie-choh da rgu prart i wodyi tot i@ ihoaon taidditaheter of a body
direction of 25 the scent, and the stent is adapted to
keeye h tsu el pasdeib @d shapeedbt er expansi on.
Background Art

So far, stents have been used to expand a

diameter of the body lumen such as the blood vessel and
keep it to the expanded luminal diameter. The stent may be
expanded by various methods such as balloon dilation, self-
expansion using a shape memory material, mechanical
expansion, or the like. The most widely used method is the
balloon dilation. In the balloon dilation, a stent is
introduced into a desired site in the body together with a
bailoon catheter, expanded by inflation of balloon to dilate
a diameter of the iumen, and retained at the dilated site
even after removing the deflated balloon from the site. The
stent generaily comprises luminal diameter-holding portions
for dilating and holding the diameter of the lumen such as
blood vessel, and joint portions for connecting the luminal
diameter-holding portions in the longitudinal direction of

the stent, and the stent is adapted to keep its expanded
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Proposed stents conprising |lum nal dianeter- holding
portions and joint portions include, for exanple, a
stent conprising plural cylindrical conmponents which
are 5 separately expandable in the radial direction
t hereof and are connected to.pne another so as to
align on a conmmon axis (JP- -181993 A); a stent
conprising a tubular nenber expandable in the radia
direction, the tubular nenber being constituted by a
[ f.elongated 10 nenbers intersecting wth
LegFg%o%fﬁgﬁl ‘?58%%%%1657 A); a stent corrprl Si ng at
| east two Pnltar¥ aﬁre- e circular. ?
bent to fof MR PYEFal Pignbs s%g‘tpd'ﬁtsi'%gl U@t’F‘é gHiiameter-
Eﬁg overl ap |n sel nents connected at aX|aI bends;
dipg| padi! rdcdlodf‘ neRbEOD hanalyde, feasexesmple, a
one pair of allgned axi al bends; and the at |east two
é’feem &0 WERbEINg csméete@yb@darﬂcaéagtor@n@nents which are
substantially rigid H0|nt at | east one pair of
seirfratedyi &xwandakilzp iogdhe ssadmIAdiradient thereed and
of a tube having a patterned shape which has first
ang secumeichednteropat Earekhdmvd ;mga 80t axas gextemdangommon
in first and second directions (JP HL0- 503676 A); and
axssent) RviHBEar &p@a3st AYct ur e stemytr i sbngp pisiplgur al i tybular
of open cylindrical segnents, each segnent being
ped inbesk b xam hdbeneonitectied Staditd, dire ci¢gRENtthRei fgbular
i nterconnected at end portions thereof by a plurality
plemdedi agany igdesciennedti pg ehenpnigalidy of elongated
H11- 505441 A). 3 These stents of the prior art have

Hﬁ@tﬂbé@%@émb%tﬁ@&ew‘?m edhe B¥otHsy (3P Id6bPUbsacs7 A):
| oad on the [unmen sucCh

a stent comprising at least two unitary wire-like circular
members each bent to form a plurality of substantially
sﬂaighL 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 extending in first and second directions (JP H10-
203676 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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as the blood vessel in the vicinity of edges of the

expanded stent, resulting in obstruction or stenosis

of the lunen. 5 Further, it can not be said that these

stents have sufficient flexibility, and thus it is

often difficult to insert the:§tent into the

objective site if the lumen has a three- dinensionally

meandering course. In addition, the stents nay cause

wounds in the blood vessel during insertion into 10

the objectiye. sSit therg i ranched bl.o .

vessel . at |.I-;ﬁweesc)lén }ea'{\{esd (gfgéﬁtei g)ﬁ?of)taaﬁsﬂ%é/r%itﬁgn improved
(fficult to for Lateral. hole in th | aced stent.

by thBte ohfebfeRd 1BSY Sin8UE 2 Jaah Shafite Eimen such
| engt h the stent s shorteped b expansion, i.e.,

8§ [ gLOQHoV?e‘"rﬁeHg',” f%%"é%l’b%réfﬁégﬁﬁemfi e 1gxpanded

vi ew of the above circunstances, the present

PHGBAt | DRASHAE Meet nBASITBCHIUVI @6 SHEINGS A ot He lumen.

wth excellent expandability, which is excellent in

Fruadkasi (it Gaponaturensai thtkahthiane i stayoksinaeet pufficient

ﬂass t hrough the three 20 di nensi onal ly neanderi ng

Tlenghd)ity sudsdarthiug 1iy s eeftierondiféhouttedongnsamtl the stent

enables to provide the stent with a |lateral hole. A

iant toeor dibpgctiove hestreesdfit thgentuone i . bas farsthree-
i nvention) conprises a plurality of annular nenbers 25
divneEm sien abldi ah ey redkeaimdabt euase . ar ¢nakidgherbmn het stents
| ongi tudi nal direction thereof, and one or nore

e e T e Ty OF e Tepdton inio
theesebijeetihereple. If there is a branched blood vessel. at
the inflated position, it is hardily difficult to form a lateral
hole in the placed stent. Further, the stents have such a
problem that the length of the stent is shortened by
expansion, i.e., so-called shonening.
Disclosure of Invention

In view of the above circumstances, the present
invention 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
shortening, and enables to provide the stent with a lateral
hole.

A stent according to the present invention (i.e.,

first invention) comprises a pilurality of annular members

which are radially expandable and are aligned in a
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sai d annul ar nenbers each conprising first 5 annul ar
menber el ements and second annul ar nenber el enents
which are alternately interconnected in the
circunferential direction of the stent, said stent,
when unfol ded onto a pl ane, gPssessing such
configurations that said first®annular 10 nenber

el enent includes three |ongitudinally extending
paral l el |inear segnments of first, second and third

L . ts, .th ond .l inear segnent _and third -
1pRETtualdghetirainting ZEEPSTn ABRG AWl B YR GoPLpCting
| inear . segnent having a |length |onger than that of

B TERRSR Bind 1 PR 8 | et < KPB § C6 AN g 3 members
| i near segnment and second |inear segnent being

a\aﬁﬁe%&j B\ YR i B hidte degvaiiu dipabtdiiasd ¢ Brtharerf,
(towards the proximal end of the stent), while said )
second | i né& dse@fehd|&nd MRIMBerenege degredmpmeing first
connected by an arched segnment protruded rightward 20
@rowatars amemhel aiémnenthe andntjecsaid swoutar member
annul ar nmenber el enents each including three

ledag € 08t nawmhjicéxt errdi n@ltpanaltbéy |imteacorsegotads of  the
first, second and third |linear segnents, said second

il neam feegrednal ahidechion d¢f hikear sseghent bei ng equal 25
in length, while said first |linear segnent having a

length 5 | gaddr tdtwnt hatwhkrsai dnsec@ed angntdiré plane,
i near segnments, said first |linear segnent and second

biowss s SRIgENS BRI NBonNGPROEStiRFh st Hat ak@higd fegfMnnular
protruded rightward(towards a distal end of the
séember M¥1kon8Atd includes three longitudinally extending
parallel linear segments of first, second and third linear
segments, the seéond linear segment and third linear
segment being equal in length, while the first linear
segment having a length longer than that of the second and
third linear segments, said first linear segment and second
linear segment being connected by an arched segment
protruded leftwards (towards the proximal end of the stent),
while said second linear segment and third linear segment
being connected by an arched segment protruded rightward
(towards a distal end ofthe stent),

said second annular member elements each
including three longitudinally extending, parallel linear
segments of first, second and third linear segments, said

second linear segment and third linear segment being equal

in length, while said first linear segment having a length
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5 second |inear segnent and third |inear segnent being
connected by an arched segnent protruded | eftwards
(towards the proximal end of the stent), about the
first and second annul ar nmenber elenents, the second
annul ar nmenber elenent and the first 10 annul ar
nmenber el enent | ocated above t'he second annul ar nenber
el enent bei ng connected by an arched segnent, which
is convex leftwards (towards the proximal end of the

t I ed:b en_the first, Linear.segnent of
Fh8ek B0Re SRR SRR cr e tRR A bt [REiRERE Sedtents.
lLinear. 1 egnent of the first annul ar nmenber el enment,
SAIToT R0 TIEHAn SHRASH A0S Gl ReeH aFia S9@Ma 7 bibeing
annul ar nbeB el enent | ocated bel ow t he second
ﬁﬁﬁ\ﬂ%?t‘?r‘genber Yel en@ft Dbei AECRBAnect SEBP IR ar ciptruded
segnent, which is convex rightward &tomards the .
B v agdltovards saestiptahderd | eéatbg petamion thkile said
third linear segnment of the second annular menber
sesmdnd dhdleaie 3¢g8tent neard sddriedt loheaite ségment being
annul ar nmenber el enent, the adjoining two annul ar
fremiee stédi nlgy coanecasdhtgyd t hee gomartt | pip Bluehedt slefttwards
correspondi ng arched segnents of the first annul ar
(ernard s2bh el pnerimaride b leo$ adandtamty| ar menber
el enents. 6 The term "correspondi ng arched segnents”

here neanablomtn &hehefirsegnanids tshatoganngeindi® member
first linear segnent and the second |inear segnent,

PSS ShatsSSSTENanUIEL oo Shergeneriha, g e
anenAG rsaERE &1 (AImeMNeStated above the second annular
member element being connected by an arched segment,
which is convex leftwards (towards the proximal end of the
stent) and located between the first linear segment of the
second annular member element and the third Ilinear
segment of the first annular member element, while the
second annular member element and the first annular
member element located below the second annular member
element being connected by an arched segment, which is
convex rightward (towards the distal end of the stent) and
located between the third finear segment of the second
annular member element and the first linear segment of the

first annular member element, the adjoining two annular

members being connected by the connecting elements at

~corresponding arched segments of the first annular member

element and the second annular member elements.
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the third |inear segnment and the first |inear segnent.
In order to substantially elimnate change in | ength
of the stent when expanding the stent, it is
preferred to construct the stent such that the first
i near segnment is |onger than 0 the second |inear
segnent and third linear segnent, and that the
adj oi ni ng annul ar nenbers are connected at portions
of the arched segnents that connect the second |Iinear

segnent an [ I pear nment. of the respective .
annul ar rreﬁr-brgs{edrf—‘hrtﬁglr,rglggol%ém%féFggadtsrfa?g%%ms here
ratio 15 hetween a distance frogma radially halvin .
miehsr Wid Ehedr sRebants Watosanners hendgst linear
segnent that nnect s thde second |inear segnent and
SRRty ANfledne SEHReMd oH NGRS 1$eE8M@RKuI AF AWihBerrched
el ements, and a distance froma radially halving line
§EIReMEndhat FemiEect 2ddhe osaces dinerés seshv@nt and the
segnent that connects the first |linear segnent and
ther s dnari saganesdgrenttwon ahie heet oelg ments athat connect
nmenber elenments are set to a value within the range
thelthird 7iigean tseggte nheandgtbe dirsgxpeamsaonsefgrmbeat. In
stent and effects of the connecting el enents should be
pBdeakdo i swbshacdimtly tdlemexpaedechaned haslangth of the
tendency to 7 increase the |length thereof when the

satht Waterearwpheddhgt aheestent| 63sist haeibrleddtd tbnstruct
has a tendency to decrease the length when the ratio

ohet Baéndi stiancenexcerds fir&t8|irakt Nesgnidet ad QoMdWr than
annul ar nmenbers nay be out of phase wth each other.

thepaEldenialindar i §eRME" &hd hadirbhginadiroisi g di® and
annul ar nenbers are out of phase wth each

that the adjoining annular members are connected at
portions of the arched segments that connect the second
linear segment and third linear segment of the respective
annular members. Further, it is preferred that the ratio
between a distance from a radially halving line of the
annular member to a top of the arched segment that
connects the second linear segment and the third linear
segment of the first annular member elements, and a
distance from a radially halving line of the annular member-
to a top of the arched segment that connects the first linear
segment and the second linear segment of the second
annular member 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




10

15

20

25

other by a half wavel ength and are connected by the
connecting elenents in the sane | ongitudi nal straight
| ines. The connecting el enent may have the shape of a
10 linear or curved |ine. However, it is preferred
that the connecting el enent s a waveform havi ng one
or nore wave peaks, fromthe ‘viewpoint of flexibility
and formation of lateral holes. It is preferred to
provide two to six pieces of the connecting el enents
ar, interval occasi o 15, demands. The
Eﬁ%%%%g?egtpe%t Eeaﬁtﬁhgﬁﬁrr&ﬁ rm‘f"ﬂﬁrﬂe“ap trﬁglopl’&i%?n the
nnul ar menber ,and those o ééhe distal side of the
ISt Cq iUl | fafbeN ARy be-al Pted! ThESI i Aedendency to
segnents of the first annular nenpber elenment and the
degaresse theylengdhowher Yredmdianplithatndihplance exceeds
el enment may be arranged circunferentially at regul ar
{Ber Fal dhemethenadiQningetared | aheneimberisi meay be out of
segnent and the second |inear segnent may be equal to
phasetverthak ash wedre t.hdn pranticuiarait segrefieraed that the
first linear segment, but 25 snmaller than that between
ah¢o peicand w o nean wegmene manelr 8 abhe ¢ bi rolf Ipimaae with each
segnent. As a material for the stent, it is possible
bbhease byst @ nhedss staeklehyhhstend tand alobhnected by the
nickel -titaniumalloys, and the like. 5 According to

coseaudngspeéemohté e phessame iIBYRITtLANNGI s B a388@NAnes.
invention), there is provided a stent conprising

radi al |y expandan @edfiny as|JYBERAr fhay 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 énd those on the distal side of the
dmtal annular member may be aligned. The linear
segments of the first annular member eiement and the
linear segments of the second annular member element may
be arranged circumferentially at regular intervals. The
ﬁﬂervalbetween the first finear segment and the second

finear segment may be equal to the interval between the

“third linear segment and the first linear segment, but

smaller than that between the second linear segment and
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conpri sing wavel i ke el enents each havi ng an M shaped
wavef orm and being joined together in the
circunferential 10 direction of the annular nenber,
and one or nore connecting el ements which connect
said annul ar nenbers in the Ieﬁfngitudi nal direction of
the stent, said annular nenbers being aligned in the
| ongi tudi nal direction of the stent, adjoining two
annul ar nmenbers being connected with 15 said

ngcting el epents by connecting a top of a small 20
mgn 'irﬁinglfneagf rso“:u%W%T ment in at | east one wavelike
el ement of ,one annyl ar nber with a bottom of a spall
trough of AR CAok (PR StoPdast heassdhixeo use
el epent of the other annular nenber. In the present
PAOEMIG B, StRB!t U 9 %Mt alan talkans nichalddt arimordlloys,
that is convex toward the distal end of the stent (or
estahe 1idfrd the proximal end of the scent), while
the term"trough" neans a waved section that is
concave tofdraptdiengli $0alaese adnthheaspent (of thevexresent
25 toward the proximl end of the stent). The term
tvae alt| ke - o elaereent o ndt nae nishapdt eway éé op nd vidbadsaastent
wavel i ke el enent conprising a conbination of a
gcoumpaiging enenadodliyt he smparhdabhg a taoughabet weedmbers
two nountains (Mshape) and a trough el enent of the
veviep hisiintg & apeinkai ne feleinRenebwh t hayghy (46VeVIS€Haped
M shape). The wavelike element is never limted to a
panté totar 23T @PBeiRGOybeddt hagethRe WAVEhekeirt g rential
has one trough (or nountain) bétween

direction of the annular member, and one or more

connecting elements which connect said annular members

in the longitudinai direction of the stent, said annular

- members being aligned in the longitudinal direction of the

stent, adjoining two annular members being connected with

said connecting elements by connecting a top of a small

mountain of a trough element in at least one wavelike

element of one annular member with a bottom of a small
trough of a mountain element in at least one wavelike
element of the other annular member.

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

stent), while the term "trough" means a waved section that

- is concave toward the distal end of the stent {or convex

toward the proximal end of the'stent). The term "wavelike
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two nountains (or troughs). Further, four line
segnents (ridgelines of the nountains and troughs)
whi ch constitute 10 each M shaped wavel i ke el enent,
take the formof a substantially sinusoidal wave, but
they do not necessarily takesihe formof the
substantially sinusoidal wave.” They nay be in the
formof a linear or parallel line. In that case, the
i ne segnment including a connecting point between the

p | enent,, a the, rever sed M,shaped el enent .
%i?méggnggtﬁo &ﬁet‘\‘h{g?plelq]egra%% t (ngaﬁbs fProyavelike
annul ar, nmenber. el ement or, second annul ar nmenber
EIEMANL AW R 1578 hC8MR HEatiof MegnBiRUNSa| B RjGment of
“nwan the two |ine segnents form ng the nountain or

Su¥R (@ V7 ¥EPS R the Ldh et We edbdvifl MPweHa i8sgishape)
or third linear segnent of the first annular menber _
enchedt brok@Borkl i@l tar ofretber Wl ety vingpwavemountain
the two |ine segnents formng the nountain or trough
ed Wee nndwes s iird U g hseduienezr sed Mvehapled. sankhe wavelike
| ength, and the |line segnent of the m ddle 25 position
gtermespdiadiney etrol inhid eskdond pantau lsegskap)e ,npyotOdbe that
shorter than the |line segnent of the | ower position
(lcer wespolikengl¢mdame Hds rainki heanighegpenhburHenia,) between
is preferred that the nountain positioned in the

tivddira opartdiens qfort Weolughighs i Putrbigevaved dKkeligleen®dfments
is protruded on the side of the nmountain in the wave

eHialingisnes the MYlnaliner @:trfdqu?%d{;{hé ewhiidR @onstitute
the trough causes el ongation of the stent when

t@ﬁg@ﬂngmgzﬁﬁﬁiescﬁt &hvehild NIerhBRtPT Abikednkengs Pof o1 4
substantially sinusoidal wave, but they do not necessarily
take the form of the substantially sinusoidal wave. They
may be in the form of a linear or parallel line. In that case,
the line segment including a connecting point between the
M-shaped element and the reversed M-shaped element,
corresponds to the first linear segment of the first annular
member element or second annular member element, and a
length of the line segment is longer than the two line
segments forming the mountain or trough (corresponding to
the second linear segment or third linear segment of the
first annu.lar member element or second annular member
element). However, the two line segments forming the
mountain or trough are not necessarily required tot have

the same length, and the line segment of the middle

position (corresponding to the second linear segment) may




10

15

20

25

preferably 1/2 to 7/8 of the wave hei ght of the
wavel i ke 10 elenent. In addition, the adjoining two
annul ar nmenbers may be out of phase with each other.
In that case, it is preferred that the adjoining two
annul ar nenbers are out of paq§e wi th each other by a
hal f wavel ength of the waveli ke elenent and are
connected by the connecting elenments in 15 the sane

| ongi tudi nal straight lines. . 20 The connecting

| e the formof a linear.ljne qr a .
gl?r\l‘/rgﬁblr@é}ﬁ‘?%i str"b e?'é}?‘e&et%mﬁ i%l% W\B tci8w‘§fxp031t'°n
onnectin | enent s at, requl.ar interval s between the

EPbr e oA tHiFdelEoa s6atirPa) denands. 1t

woul d be upderstood that the waveli ke element in the.
second i nvErtfiCon!t iIf RARERriaR Ak theneegiahpspositioned
constituting the M shaped wavelike el enent are |inear
Hhdhe migdd B8 IR rtip Dhodalomo otriearg h & oy éBgowea Y @likigeelement
wavel i ke element of the first present invention, in

i oot hedeid sen25the neddesegfredhei smicongbaint ham the wave
second and third linear 11 segnents and in which the

ad¢ oi e hgs itnwe atimel am o pextiaéns prateudemhechedhat side of the
arched segnent that connects the second |inear

begnght cancs ¢ hieetdngationeaf segnetént Avb@li egpandimg the
present invention, it is possible 5 to expect the

sbdhow ngethect sthél)ptdweudwd elshgih i teCehl@Mhtain is
in trackability to lunens since the stent as a whole

tpﬁéﬁ@ﬁ@@ﬁy fhexibbl i7yB to¥ hendi \ngn)aeecnéisgh@f ofhenkacGiavelike
at the annul ar nmenbers form ng the tubular wall of
tfe€ment. 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 elements in
the same fongitudinal straight lines.

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

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

element of the first present invention, in which the first

linear segment is longer than the second and third linear
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stent are conposed of repeated waveli ke patterns, and
it is 10 easy to forma lateral hole; (2) the

adj oining two annular nenbers are connected by the
connecting elements at the arched segnment that
connects the second |inear seg nt and the third
linear segnent with small wave anplitudes of the wave
pattern, there is substantially no change in length 15
of the stent when expandi ng the stent, provided that

rati o _hetween the djstance from a radiall
R v kb ISt Tar b G ot ety larr enembers
arched se nt that  connects the second | i near
?é&ne%‘?nﬁggﬁﬁﬁje ahi 188! i1 edssfgment thatrepanects the
annul ar nmenber el enent, and the 20 distance froma
s&GdViRgai fgamMaatornanthan{urdr limadyes egm eite
top of the arched segnent that connects the first
| i near segferRohig H® dB6oMd s avetri nysgndan  oft isepossible
second annul ar nenber el enent has been set to a val ue
tal 1axpeeit ihe t Felloargg obffeohs 1: 1) otAe8. wh)lesi sbent is
the 25 adjoining two annul ar nmenbers are connected by
ekeelPenbniecttragkadibidys tat ftureetrpssoficehdhar chbsnt as a
segnents that are the nountains of the wavelike

pdtdler poshestsaps fdbxibhétyarichdse sdgnmgntbe edgskr ed the fact
fromcurvature deformation at the tine of expansion

bhat hehet aminwing anenibeusedor mincWhat tilkular wall of the
deformation at the tinme of bending of the stent, thus

SekhRGaid MY bsedt 8f Mdp dhiedt e Wankee pfttbPRs, and it is
lunmens at the tine of introduction of the stent into

tBey @b e6FhV e SidteraBrheie PeS) RELCL PloiiAY R4D annular
members are connected by the connecting elements at the
arched segment that connects the second linear segment
and the third linear segment with small wave amplitudes of
the wave pattern, there is substantially no change in length
of the stent when expanding the stent, provided that the
ratio between the distance from a radiaily halving line of
the annular member to the top of the arched segment that
connects the second linear segment and the third linear
segment of the first annular member element, and the
distance from a radially halving line of the annular member
to the top of the arched segment that connects the first
linear segment and the second linear segment of the
second annular member element has been set to a value

falling within the range of from 1:2 to 7:8. (3) since the

adjoining two annular members are connected by the
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10 Fig. | is an enlarged plan view of a stent
accordi ng to one enbodi nent of the present invention;
Fig. 2 is a developnent of the stent shown in Fig. 1;
Fig. 3 is an enlarged plan view illustrating an 15
expanded state of the stent Shﬁ%ﬂ in Fig. 1; Fig. 41is
a partially enlarged view of F 2; Fig. 5 shows
enbodi ments of the connecting elenents in the present
invention, illustrating conditions connected with the

r egments; 20 Fi Is.a devel opnent of a stent
e R oM sl ol niRrSorot Hliar acghe “$88ments
invention;, Fig. 7 [s. a de opnent of a stent
1028 arRgth Fasdpbeirsmbansontase e RAH&IR, the tops of
Lnvention; Fig. 8 is a devel opnent of a stent )
égéoﬁtﬂpﬁg?q & SEMETHH AT SeibRE| TEHD 6ETVRéUpeedeh@rmation at
invention; 13 5 Fig. 9 is a devel opnent of a stent
boegortdme 0 exfiv@ASi 0B Hedt séentheapdes® reduced in
invention; Fig. 10 is a devel opment of a stent
aecyediung e foampahiern earbddierelimef of heeprddagntof the stent,
invention; Fig. 11 is a devel opnent of a stent
thusr dnedking Enqdesileitbotio neminiohizde theesdéamage of the
invention; Fig. 12 is a devel opment of a stent
heoarnls ng tt dheantrher oénbadi ognctdnt bd phesestent into the
i nventi on;
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 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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Fig. 13 is a devel opnent of a stent according to 10 an
enbodi nent of the present invention (second
invention); Fig. 14 is a partially enlarged view of
Fig. 13; Fig. 15 is a partially enlarged view
illustrating a nodification of1éhe stent of Fig. 13;
Fig. 16 is a graph for making a conparison 15 between
the flexibility of the stent of the present invention
20 and that of the prior art; Fig. 17 is a graph for

making a c arpson in shortening between the stent .
of the preseft Pn\'/ﬁn?i S 5 p'f”l%.{?t ocffttEheStgﬁrﬂgra%\FP,rd'ng to

Fig.,.18 is aph for king a caonparison in vesse
RATGATE SIpBATIyT BBt bhnehBTesEm! bTVERE 9P esent

i nvention ?_ndthat_of the prior art; Fig. 19 is a )
devel opment 18f 40sien® develepgpest afta stemtgacogrdsng to
a devel opnent of a stent of the prior 14 art; Fig. 21

B At ey srapegtiment pitbat peesemd Frventin; Best

Mode for Ca(ryin? Qut the Invention In the stent

defi ned asFapové] iheardeive!betmeert of he sienhnzecbrdimg to
the radially halving Iine of the annular nenber to

amno ther efmbelimenéd fstheepteskatt tonaetitant he

second |linear segnent and the third |inear segnent of

t he Fig. 12 is a development of a stent according to
another embodiment of the present invention;

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

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

Fig. 15 is a partially enlarged view illustrating a
modification of the stent of Fig. 13;

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

Fig. 17 is a graph for making a comparison in

shortening between the stent of the present invention and

‘that of the prior art:

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

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

Fig. 20 is a development of a stent of the prior
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first annul ar nenber el enent, and the distance from
the 10 radially halving line of the annular nenber to
the top of the arched segnent that connects the first
| i near segnment and the second |inear segnent of the
second annul ar nenber eleneng |s set to 3: 4. At the
sane tinme, the adjoining two ahnular nenbers are out
of the phase with one another by 15 a half wavel ength
of the wavelike el ement and connected wth one

% ther by the connecting elenents in the sane

ongi tudi nal straight |ines. The annul ar nenber

situated at . ea end_of, the stent o desi t hat
t he archedk'gegﬁﬁnt@ 8f d@avc%l%ﬁqlﬁ’btr Orrér?oesrt cof the prior
regpect ively aligned 20 along the proximl or distal
of the stent. Enbodi nent 1 across the bottom Fig.
1 is an enlarged plan view of a stent according to

Bfs o bodentat cb‘ﬁWWé‘QJrQegérmﬁ hQ¥etdaN Fig. 2 is a

devel opment of the stent shown in Fig. 1, Fig. 3 is

an 25 enl algeth®| atent cdefinedtaat ahy v, dhgandddo between
state of the 15 stent shown in Fig. 1, and Fig. 4 is a
paet idistgnesl drgen tiveewadfaFiyg. halvmsg dhinen afn tRiegsannular
1to 3, the stent of enbodinent 1 is a tubular nenber
Umrpmesﬁ rig éheveopaonuler amtbedssefnieatridrgeddmnébes the
| ongi tudi nal direction of the scent for keeping a body

bemam dpkne sand expmeatt i19d elfesetiisd2 i es HangegmEgnt of the
threes between the | ongitudinally adjoining two

pnsYl anmemrerdembbrt @ leonane! hhemtMd Ndpsra o8t Bedm the
Each annul ar nenber 1 conprises three pieces of first
radially halving line of the annular member to the top of the
arched segment that connects the first linear segment and
the second -Iinear segment of the second annular member
element is set to 3: 4. At the same time, the adjoining two
annular members are out of the phase with one another by
a half wavelength of the wavelike element and connected
with one another by the connecting elements in the same
longitudinal straight lines. The annular member situated at
each end of the stent is so designed that the arched
segments of each annular member are respectively aligned
along the proxim_al or distal end of the stent.
Embodiment 1 across the bottom

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 annul ar nenber elenents 11 and three pieces of
second. annul ar nenber elenents 12, which are
alternately interconnected in the circunferentia
direction to define the annular nmenber, which is
expandabl e in the radi al direq&i The first annul ar
menber el enents 11 and second 5 annular nmenber

el enents 12 under the conditions that the stent is
unf ol ded onto a plane are continued in the vertica

ti sho in,Figs.,2-and 4. . The fir ul ar
gr!é%rﬁg SE‘I Ce nt’nl\fngncﬁudggq hi &% 1 Bnéf t BdiPRl I'?/ y enlarged
extendln'g Baral el I i near segnents 1 11
vigWo0f Fig325¢ first, second and 20 third positi ons.
The second | i near segrrent 112 and third Iin
segment 118 Salsgwntma Fafe Mel@yth, thet Sf%@tqurﬁmbOdlment
| i near segnent 111 has a |length |onger than that of
ihts aelbpdlahdnErmb@r cRéapTsdfetevaneaninudar members
| i near segnent 111 and second |inear segnent 112 are
tomtéarepe dy ian the arohed usHgredntditestiminclofi $heonstxnt for
| eftward, while the 16 second |inear segnent 112 and
kkiepdnig n@arbcs@zgnﬂ;umaﬂsww, cangectedni®ctingareleadents 2
segnent 115 which is convex rightward. On the other
aeraln gehie betbnd eanmdtave ernbiee [ dn glterdimally ao0pd utesy two
three longitudinally extending parallel linear

aeonEalrs Méinbérg, 1123 ob fddshecteenad adth hbhé another.
| i near segnments. The second |inear segnment 122 and

Eiol anldmes’ SeofBRl 1’21c@frﬁﬁ@fsé§etﬁ§‘% lenatbs I first
the first |linear segnment 121 has a |l ength | onger than

aRnlu gl 8o Peeonm s L' G dNeRFe 8BS dPsecond
first linear segnent
annular member eiements 12, which are alternately
interconnected in the circumferential direction to define the
annular member, which is expahdable in the radial direction.
The first annular member elements 11 and second
annular member eiements 12 under the conditions that the
stent is unfolded onto a plane are continued in the vertical
direction as shown in Figs. 2 and 4. The first annular
member element 11 includes three longitudinally extending,
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 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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121 and second linear segnent 122 are connected by an
arched segnent 124 which is convex rightward, while
the second linear segnent 122 and third |inear
segnent 123 are connected by an arched segnent 125
which is convex 15 |eftward. out the first and
second annul ar nenber elenents” 11, 12, the second
annul ar nmenber elenent 12 and the first annul ar
menber el enment 11 | ocated above the second annul ar

er .el. nt _12 | 0 cted .an . 20 _arched
SETEne UTRT srom Bl 2 hEY WAL 1ufger (Ratment 113 are
bet ween,the first |inear segnent 121 of the second
BPTER e feblr 30 eRerDed SRE TSIk nTdd |Whiah s convex
segnent 113 of the first annular nenber el enent 11,
VEV8RE-second annular nenber el enent 12 and the
first annular nenber elenent 25 1 1 |ocated, bel ow the
second ann@rrth@nbéhes| end, 1the sseroguhnasned asy mamber
arched segnment 4, which is convex rightward and
ebeatedt b%?v\b’e&ludﬁst threlel | oagitwdigrely €x3enafingheparallel
second annul ar nmenber elenent 12 and the first |inear
begmntsegmentshd i rst2anndR& oknbest elseeand and third
Further, a ratio of a distance froma radially
hHaleangdgments. X Tofe tdecaniaull are apndegnient he22oanef third
the connected arched segnent 115, 125 to a di stance
fiheat hee ghddhal R thadvé nefl te Xanfe tierid®r t Guofthe first
t he unconnected arched segnment 124, 114 (1.e., a
rigitd #r betyaeana dist ange H fdwFIn hrori gdirakhyrhhalndth bt the
line X of the annular nenber to the top of the arched

§6@Wd 4Ad thidl 1$9888Csa dhBnts. 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 eflement 12 and the first annular member efement

11 located below the second annular member e!ement 12 is
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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 Hi ear 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

he top, of the arched se nt 125 haf 20 connects
%Rg%ee(gto%% |9¥1ea%”se%¥@ﬁgg‘f2§eaﬁ‘aé{‘he 4hi P’thqﬂﬁedrs convex
seqnent 123 of  the, second annul ar nber el ement 12,

L by ar t%ﬂ@el‘??aﬁ?(ﬁhgegéﬂ’cﬁ%ﬂl\j‘%atl fAglinerRr xegnent 123
the annular nmenber to the top of the arched segnent .
2i4thehHeCRBANRRBUAE M BIOer nede megheh? 1@andadhe first
t he second |inear 25 segnent 112 of the first annul ar
heesdr seigremt 111 of 1 i es hammeu | atenmee mdue & @ legnant.
"ratio of distances fromthe radially halving line X

to the resbucthee, t apsraifiot hef aachbdtasegefiteh) asradially
set to 4:5. The adjoining two annular nenbers 1, 1
heéviowg lbhepbiaseX'wiatfhtleachrotinear byeamibhalft® the top of the
wavel engt h of the annul ar nenber el enent, and are
conerccpieecdechat sepanedf 1tk dodhad segmenanktib.from the
whi ch connects second |inear segnent 112 and third
tadepnly segwveny liBeofX the fiig sthanfvh abfMeRBelunconnected
elenment 11 on the left side, and at a part of the

arened seimrintlamn4wh ¢4 10 econgecs § oSeeifle bN@AMdistance
segnent 1 and third |linear segnent 123 of the

£XANEhaNRY AR | I']P%fvizw:gem“r‘ﬁb_ Zt&fitri{e%@/hgng rShmber to

in the sane |ongitudin straig

the top of the arched segment 115, that connects the
secpnd 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 between 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 annular member element 11,
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three connecting elenents 2 having a configuration as

shown in Fig. 5B. 15 The above stent is flexible

enough to respond to bending since the annul ar

menbers that constitute the stent wall are conposed

of repeated wavel i ke patterns, gnd thus excellent in
trackability to | unens. Furthé¥, it is easy to

provide the stent with a lateral hole. Since the

adj oining 20 two annul ar nenbers are joined together

t the ched .se nts each _cqnnecting the second
Parelh ik hene (SRS h8 @ ra | TACH SEoHeRtanFeR from the
smal. | litude of a wavelike attern and since the

F36118) Both@drngnding sKatRet e o $RBCHIRI RY Phithenqrched
line of the annular menber to the top of the 25 arched
SE&HBRANYAt Sonfédt & héd:8econd g negtiodagRent twe aadnular
the third Iinear segnent of the first annul ar nenber
ahemmersi 3t ahcarer it i dumael winhl eiawh | oHeeofbyhe half
annul ar nmenber to the top of the arched segnent that
sonvietesgthe ofrsthé i reanudagnemte mbet helsecend, and are
linear 5 segnment of the second annul ar nmenber is set
intar&ontieated ist scqaar! pfattye chrobed sdgmagit df1 5 havhich
stent by expansion of the stent. In addition, the
adimeacthy teywcannul arnearﬁmwgmm conmect gl dat tRard S linear
of the arched segnments, which are the tops of the

vavghiekst patd eymsheafndst hwanihar 19 d@BeokiERtent 11 on the
wavel i ke patterns are free fromcurvature defornmation

pbfit hedle mandf SXRANSEPD Of thRe Hiaid daed Ahentr 98 edvhich
in curvature deformation at the time of bénding o
g;&%ﬁé@f&’ WS nBKi e bt POSSHYU St 1O SN Jhee €RIRPCSinear
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 fumens. Further, it is easy to

provide the stent with a lateral hole. Since the adjoining

-two annufar 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
radiaily halving line of the annular member to the top of the

arched segment that connects the second linear segment
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bl ood vessel which may occur at the tinme of guiding
the 15 stent to the site to be applied, Enbodi nent 2
Enbodi nent 2 of the present invention will be
denonstrated bel ow, making reference to Fig. 6. The
stent of enbodinent 2 is a nod{éication of 20 the
stent of enbodinent 1, wherein the ratio of distances
fromthe radially halving line to the respective tops
of the arched segnents is set to 7:8, and the arched

se ts 25, 114, 3 and arched, segnents, 124, 4, 115

AT TR LRI T o SROMETh Ohe Hhotkst ailer Member
proxi mal end of 25 the annul ar nenber 5 on the

B ki KEP sgb%t%?C?hé‘rgmntth@r padaallynehaising dhyeofof the
the annul ar nmenber 6 on the distal side of the stent,

anh ek cormadiehgtel thentto 2 afe ther netichado sagsnape that
shown in Fig. 5E. As illustrated in Fig. 6, the stent
coprests shg diral aine@rbesegment , antd cthar éecond linear
radially 5 expandabl e, and the adjoining two annul ar
segreentl odr the copanectedan ouéachmarhererbystdetdo 4:5, there
wavel i ke connecting elenents 2 as shown in Fig. 5E
Thesaacbety segyeshamjet ire lamgtharo frthieerssengi byatagansion
at each end of the stent are respectively aligned 10

alf ongh & hestrrotxi malinor adicitidn endhef bligoshang . thét annular
is, the annular nenber la is designed such that the

ROSiiB ONs afe ot s eted QQQP@T% b¥4tped aF cH & segments,
aligned with the position of the arched segnent 12

highrrd e e 1o §1 68Lthé | ReAFe BREUGethY, 89 PNMhus the
I'i near segnments 112 and third

tops of the wavelike patterns are free from curvature
deformation at'the time of expansion of the sient 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 proximail end of

the annular member 5 on the proximal side of the stent or
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15 linear segnents 113 of the annul ar nmenber el enent
11 and the first linear segnents 121 of the second
annul ar menber elenment 12 on the side of the proxinal
end of the annular nenber. On the other hand, the
annul ar nmenber If is designed,guch that the positions
of the arched segnents 20 124 and 4 are aligned wth
the position of the arched segnents 115 by shortening
the first linear segnents 111 of the first annul ar
' n 1 [ [ [ e , :
BRMSE ffsﬁ@? End o?nﬁwéggﬁgrl]éhrhie;ﬁgﬁler 8CORPM & &ﬁ%tsai side

second I near segnent s I near segne

R L
BB S Bl D1L 5  C o BIERL R 37 0718, R stont

| i near.segnments 113 of the first apnul ar nmber .
ECNBAISS T 156K AR WhiHul B ReRJSr @%ﬂ tVlrﬁTEf%hd@F@r radially
the 5 gi tal end of the stent to align the positions
XA aivdﬁedangedh@qt%djpwlwgt KWMhea posilarome o ane 1 are
arched segnents 124 and 4, while by | engthening the .
§OcURICIgAedO seGfht SthET2 BNd tHieel wakslikegmsmaecting
123 of the second annular nenber elenents 12 of the

aha ant srehted sihown imd & .d8ELO of the proximal end

of the stent to align the positions of the arched
segnents 12Hen ehchiee pesigmemd sofot hehar ahredular members
segnents 114 and 3. The stent of the above enbodi nent
Bétexieed | ehteanh teragkabithéystont uarasrsspeetively aligned
whol e stent is flexible 15 enough to respond to
beodigngheFprokemali ori disesly elrtd 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 alighed 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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provide the stent with a lateral hole. In addition, it

is possible to avoid danages of the bl ood vessels

which nmay occur at the tine of insertion of the stent
into the site to be applied since the tops of the
arched el enents are prevent edg2€ fromcurvature

def ormati on when expanding th tent and mnimzed in

curvature deformati on which may occur at the tine of

bendi ng of the stent. Further, the stent is scarcely
changed indength. at the ti of expansj on _t her eof

si nce theTlha‘?isﬂtgé?W@é?]t t%gemgst Qﬁg efdoﬁ?@ﬁ@enqs may be
radi al hal vi line 25 of the annul ar nenber to the

g & Whéeargéﬁgd"% 99cemd KBRRdctSeIme Rk ohd2 and
| i npear segment and third |linear segnment of the first

SR alinffbes e @edHs and 3 hef dhst ahidstf raymnuhar member
radially halving line of the annular nenber to the
ﬁéﬁ"lﬁn{%& ar Hedhee@romu|ahan eqohsactld e the iskde of the
i near segnment and second. |inear segnment of the

dés tald ud Birt hreendlen teltemantgm sthsetposiio®his of the arched
Enbodi nent 3 Enbodi nent 3 of the present invention
egeldmbatsddnbhswidhedhleel pos itimkisngp fr etfher eacehed RBggments
7. 10 The stent of enbodinent 3 is a nodification of .

tii2e! strecht4 ofy teivboliymean gih ehiinghtied $8eoceanpséhRdsegments
el enents 2 are forned into a shape as shown in Fig.

302 dwdshAwd i NnEdr sleghentd ePR3CHPthEESsé€8nd annular
annul ar menbers | which are radially expandabl e and

TEMMESY SI8 eSS TR UIBE PR8I R RS sice
BPNMRE LAD Lith 8AChd 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 excelient 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, it is
possible to avoid damages of the blood vessels which may
occur at the time of insertion of the stent into the site to be
applied since the tops of the arched elements are prevented
from curvature deformation when expanding the stent and
minimized in curvature deformation which may occur at the
time of bending of the stent. Further, the stent is scarcely
changed in length at the time of expansion thereof since

the ratio between the distance from the radially halving line

of the annular member to the top of the arched segment
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ot her by three waveli ke connecting elenments 2 shown in
Fig. 5D. The aforenentioned stent is excellent in
trackability to |unens since the whole stent is
fl exi bl e enough to respond 20 to bending. Further, it
is easy to provide the scent wih a lateral hole. In
addition, the tops of the arc el enrents are
prevent ed from produci ng curvature defornmati on when
expandi ng the scent and mnimzed in curvature
gﬁf?rnat on ch may oc [ at the tinme of be d|n I

8 sf:glﬂne?h%s B8 R&IGHY i NS HEa™ 8 Ly a W Inear
damage of t | 0o vessel s which may occur
8&9 gnt ns%Ftltg ?rﬁﬁe%@%H afnt%enih@rsﬁ@"ﬂé"ﬁe and the

plied. Further, the stent does not shom1 change in

ﬂéﬁb@ﬁcgt ey i e off agigdhsi dre | emsbdiiet of the annular
Enbodi nent 4 of the present invention will be
qeeBHaer dedhBel o, ofdii @ it edeneg menti hab comeects the
stent of enbodinent 4 is a nodification of the stent
bifr séntoniements agm enthiachd r steiconfl thoedirst segesentr af the
the radially halving line X to the respective tops of
secdtd achedaseyeenberi slemenb i8: St dnd7t&e di st ance
between the second |inear segnent 112(122) and the
Embddimenat 3 segnent 113(123) is set to two tines of
the distance between f i r st linear segnent 1 1

1(121) L seeppédiment 3sesimeife 1pZ2ekdAt idvbhfion will be

connecting elements 2 are 15 forned into a shape as

geeMBnisirt8d BElohs ﬁ@mg rie'%bgenc‘?e tbhﬁugt ent

conprlses fourteen annul ar nber s
The stent of embod:ment 3 is a modification of

the stent of embodiment 1, in which the connecting

elements 2 are formed into a shape as shown in Fig. 5D.

- As shown in Fig. 7, the stent comprises ten annular

members 1 which are radially expandable and arranged in
the direction of the longitudinal axis of the stent, the
adjoining annular members 1, 1 are connected to each
other by three wavelike connecting elements 2 shown in Fig.
5D. The aforementioned stent is excellent in trackability to

lumens since the whole stent is flexible enough to respond

-to bending. Further, it is easy to provide the stent with a

lateral hole. In addition, the tops of the arched elements
are prevented from producing curvature deformation when
expanding the stent and minimized in curvature deformation
which may occur at the time of bending of the stent, thus

making it possible fo avoid any damage of the blood
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are radially expandabl e and arranged in the

| ongi tudinal direction thereof, and the adjoining
annul ar nmenbers 1, 1 are connected to each other by
three connecting elements 2 20 with a shape as shown
in Fig. 5C. The aforenentioneq¥ tent is no |ess
excellent in trackability to mens than the stent
denonstrated in enbodinent 1 since the whole stent is
fl exi bl e enough to respond to bending Further it is

e the stent 25 wit er al . In .

TRt B WRILAT Y FeR Bluitby sf sertinial dhe stent into

even ed from prod g rvature def ormati on when
Bheh it R ton B mp Hah i Felveh it (HEURk gkl not show
deformation which may occur at the tine of bending of
keargentn | f’*‘I’f‘lﬂsth'rﬁ‘I%lﬁbeltﬂ"‘{ﬁ)ﬁl BX®aSibi d 5 damages
of the blood vessels which nay occur when introducing
Eebréveinditd the site to be applied. Further, the
stent does not show change in length at the tinme of
expansi on, Bmbtad isn entbodi neht thehe nesté ot ofndéstisomwesvill be
from the radially halving |line of the annul ar menber
e mioan stoad e O befl omespezkivg raafareth cegmeftigi. s8set to
3:5, but the stent is scarcely changed in |length at

the tinme offrexpatehonof beaaseinfenhedf pstat kb difieation of
di stance between the second |I|inear segnment and third

kheearte$@IGENE i 150 8@ drft 1WO j i chrﬁsrét%géfaﬁlé hgistances
di stance between the first |inear segnent 15 and

fﬁgﬁgggiﬂtsarﬁggggﬁgﬁmgmﬁ@ enb &R 8B S t8ps 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
formed into a shape as shown in Fig. 5C. As shown in Fig.
8, the stent comprises fourteen annular members 1 which
are radially expandable and arranged in the longitudinal
direction thereof, and the adjoining annular member‘s 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

embodiment 1 since the whole stent is flexible enough to
respond to bending. Further, it is easy to provide the stent

with a lateral hole. In addition, the tops of the arched
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denonstrated bel ow, making reference to Fig. 9. The
stent of enbodinent 5 is a nodification of 20 the
stent of enbodinent 1, in which the ratio of distances
fromthe radially halving line to the respective tops
of the arched segnents is set,}t0 3:5, and the
connecting elenents 2 are fo d into a shape as
shown in Fig. 5C. As shown in Fig. 9, the stent
conprises fourteen annul ar nenbers 1 25 which are

radi al |y expandabl e an rranged in the 25 .
Pi%gf%ﬂg§nalgﬁ?rec@ﬁ%\ﬁgpﬁ8 eof ?F%Wd tt'?eroégf(ém@ng curvature
nnul ar  .menbers 1, 1 are connected o each other by \
Bt a5 RUMbcliRy e SrRARS TBOWINE oS Ehabood sRUMMized in

Fig. 5C. Th ?forerrenti oned stent is no | ess excellent

cH Vﬁtwsck‘iﬁ Prnatign uwdsh nEiAY h@ &teht at the time of
denonstrated in enbodinment | since the whole stent is _
Pendin@E ehoddie t 8tepéspbib st onigdridiongit FEesikéble toj savoid
easy to provide the stent wth a lateral hole. In
dedneig®s e thops b adhe viashels otlimnt snaye occur when
prevented from curvature deformati on when 10 expandi ng

tir asd enitn gnth @i st e £ eich tion ther \siter to detom@mpgtliied. Further,
whi ch may occur at the tinme of bending of the stent, -

thes stemki dpes podssblewt chearogd damigagthl dthahle dothe of
vessels which may occur during insertion of the stent

extoartsiors] t én toisempridietle ntoweerratidec SidiBtafes from
be shortened at the 15 tinme of expansion because of

the fagiafipahaibengating ¢ tHeSHIERaf TREMBEr to the tops
radially halving I'iTne of the annular nenber to the
g@ﬁ@ipéé@ﬂé‘réﬂﬁ%éegg‘é‘?ﬁeirﬁ 8elsd 013 8.5 BHPdIHNEYent is
scarcely changed in length at the time of expansion
because of the fact that the distance between the second
linear segment and third linear segment is set to two times
as large as the distance between the first ilinear 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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Enbodi nent .6 of the present invention will be 20
denonstrated bel ow, making reference to Fig. 10, The
stent of enbodinent 6 is a nodification of the stent
of enbodinment 1, in which the anplitude of the
wavel i ke el ements 11, 12 is s;&sto 6/7, and the
connecting elenents 2 is forfeéd into a waveform as
shown in Fig. 5B. 25 As illustrated in Fig. 10, the
stent conprises twelve annular 26 nenbers 1 which are

i : a b nd, arranged_in he | ongi.t udi nal
@ﬁ%ﬂq%ﬁ%ﬁeﬁg@%éﬁg d Er?]%r%(aﬁoiﬂpﬁlg %ulaéﬁ%'ﬂé'ﬁger%nm“ar
1, 1 are cgognnected to each othe thre connectij ng
D1 MRS 2 Wi t aaéﬁap%oﬁg‘eé:ht&ld; % FP§chspotgefyeby three
Eresent_stent is excellent in trackability to | unens

PRCEe ¢ HE dnSdrPaN 8 NERLZ | Wit @xShiaP @ dtidh @ Wt é8pbha. 668
bending as_wel |l as the stent denonstrated in )
embodi nent The FHarejaentienes adent éspnevilgsst lgxcellent in
stent with a lateral hole. |In addition, the tops of
trRcleabhidty eltonehumrane ptesrnttde 16 tlardm dermansteated in
def ormati on when expanding the stent and mnimzed in
embadimeritf bratncenthei shhoby stent st ffaxible nenofugh to
bendi ng of the stent, thus making it is possible to
sespordhrregbe rodirigie blurdd evesseilss edwmn tonprodudienghe stent
the stent into the site to be applied. Further, the
wettgt b dbtehal hdlstentni siddaicnl yiNaritepAtof hehdi BRched

of expansion thereof. Enbodi ment 7 Enbodiment 7 of the
presanitd nyest ipg Wi le defrshamaisty 2@k D8I Bk oMY when

reference to Fig. 11. A stent of embodinent 7 is a

8RB ®ithd A8 &ftent 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 segmeént 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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20 enbodinent 1, in which the connecting el enents 2
are of S- shaped formas shown in Fig. 5A As
illustrated in Fig. 11, the stent conprises thirteen
annul ar nmenbers 1 which are radially expandabl e and
arranged in the |ongitudinal L rection thereof, and

t he adj oi ni ng annul ar nmenbers 1, 1 25 are connected to
each other by S-shaped three connecting 27 elenents 2
as shown in Fig. 5A. The whole stent is flexible

FESHEe 8, LSRR, S 1956 B SR RLE o3 Yy ange in
P oS TR AT 48 B0F S "o PSR Bl annutar

with a lateral hole. In addition, the tops of the
QIeMRLES enent  afEeprefBREsded r dm cBAGAt uodher by three

def ormati on when expandi ng the stent and minimzed_in
QMR GHE A et M@ ten vt riysbaoe as shewni e big. 5B.
bendi ng of the stent, thus making it is possible to 10

dVg dpdaseges otenheidl exdaléendl snwieackabridttyciteg lumens
the stent into the site to be applied. Further, the
Bbmgeh téfe t whobks estend dsarftekib hear eexd aght e tieepond to
expansi on thereof. Enbodi nrent 8 Enbodi nent 8 of the
presskimg ias/enelloaswihé dientlld enorrstredeedihetomodiment 1.
maki ng reference to Fig. 12. A stent of enbodi nent 8

Farshewdiifti el dasi 0b peobodeneme dtehd WhitthatRgteral hole.
ratio of distances fromthe radially halving line to

IMeadestest i YRet 08P sObft iecabehpd d SE@RBIE s aréehbrbVented
3.-4, and the connecting elements 2 are 20 made into a

phaRe AR vdaWe [ defbmalfonAwhbhueiPa8EihY the stent and
minimized in curvature deformation which may occur at the
time of bending of the stent, thus making it is possible to
avoid damages of the blood vessels when introducing the

stent into the site to be applied. Further, the fength of the

stent is scarcely varied at the time of expansion thereof.

Embodiment 7

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

A stent of embodiment 7 is a modified form of
embodiment 1, in which the connecting elements 2 are of S-
shaped form as shown in Fig. 5A. As illustrated in Fig. 11,
the stent comprises thirteen annular members 1 which are
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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Fig. 12, the stent conprises six annular nmenbers 1

which are radially expandabl e and arranged in the

| ongi tudi nal direction thereof, and the adjoining
annul ar nmenbers 1, 1 are connected to each other by

“three connecting elements 2 2 7with a shape as shown

in Fig. 5F. The stent of the esent 28 enbodinent is
excellent in trackability to lunmens since the whole
stent is flexible enough to respond to bendi ng as wel |

t., denonstrated. in oginment 1 Further, it .
BlehlSafd &'as TG Ra Eienc A L e MpghaiSiRTETe foxible
additipon, 5 the tops of the arched el ementFI are
EPMBedthJrﬁs%‘aﬁgat Pe G@Pcﬂﬁﬁlﬁi & wies!lexp&natAg t stent

e stent and .mnimzed in curvature deformation
RBRNSY 268 Huri Nate MRS dkm @B tof! .heli hgadf thRe sdedrt of the
thus making it is possible to avoid damages of the
Br 66@ e &5BPS diieA nit nts cRNERME R hd NLArack@biidyotehéumens.
site to be applied. Further, the length of the stent
Feairdbarceltyivgaesd b0 phevideethe skpabswoth téheredefral hole.
Enmbodi nent 9 Fig. 13 is a devel opnent of a stent
Im | agddititimg thenbe per odntioei aeoheaf alemengseaest prevented
i nvention (second 15 invention), and Fig. 14 is a
frarmi aldrw snirer geelf virmatobnt hehe at entp shawngi bhEi gtent and
13. The stent of the present invention conprises, as
iinuatizatdedni @ urivesurd3 daTd ridatiidi rweeshamay asccur at the
menbers 7 which are radially expandabl e and arranged
timéhef2Penanaig wh nale &teent i outhai#Ring TMCis possible to
adjoining two annular nenbers 7, 7 are | 0i ned

hoottihdrathadde bondid UBidal 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 shown in Fig. 5F. As illustrated in
Fig. 12, the stent comprises six annular members 1 which
are radially expandable and arranged in the longitudinal
direction thereof, and the adjoining annular members 1, 1
are con'nected to each other by three connecting elements 2

with a shape as shown in Fig. 5F. The stent of the present




direction thereof by three connecting elenents 8. The
annul ar nenbers 7 are conposed of circunferentially

connected wavel i ke el ements 7 of an M shaped wavef orm
25 and arranged in the |ongitudinal direction thereof.
The 29 individual wave porti orbr%hat constitutes the

wavel i ke elenment 7 is in the rmof a substantially
si nusoi dal wave. The adjoining two annul ar nmenbers 7,
7 are joined together through t he connecting el ements

BrRtRARERL RS RN B o KaliHy BhEhe@onScpince the
Bilco P el SR mgea?e‘fraé’ﬁhh?ﬁé J@iﬁ%ﬁ%@e SREhADS Be wel

of tge ot her nnular menber 7. The annul ar nmenmber 7 is

dhe SRS @tmﬁ@%rat@m Wi b adiment the ﬁtérrhher it is
and is a radially expandable portion for holding
E@ER A0 diraheids “thre tsie ml ovtthvasdateraf thels adétr@ﬂdltlon
of the stent in the blood vessel. The annul ar nenbers
thar etopspeefi vbley comivedd efemientswaadiel kprelvemtad from
71 having an M shaped waveform and 15 bei ng
ciury@ttigeentiefloryn abimrect wéh.emhee mpanicingrerther s stent  and
are arranged in the longitudinal direction of the
gsiienimizAsd iin loustvaieed idefégnatibnthéivavelaikeoccur at the
el enent 71 conprises nountain elenents 7la and trough
cimeenfsbéhdingpcdf ahe Wtienht, haisuan nMRhagert Wevpbesible to
i ncl udi ng one trough (one 20 nountain) between two

mmﬁald@m@gr/]@stbﬁuﬂhé)blabﬁ VBRISE P NwRlciTeIHEr6kBué g the
provided with a trough having a bottom 712 between

EYentoitiatAe. st 1t® biee 43 9U8. Further, the length of the

stent is scarcely varied at the time of expansion thereof.

Embodiment 9

Fig. 13 is a development of a stent illustrating
another embodiment of the present invention (second
invention), and Fig. 14 is a partially enlarged view of the
stent shown in Fig. 13.

The stent of the present invention comprises, as
illustrated in Figs. 13 and 14, thirteen annular members 7
which are radially expandable and arranged in the
longitudinal direction thereof. The adjoining two annular
members 7, 7 are joined together in the Ilongitudinal
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
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el ement 71b is provided wth a nmountain having a top
711 between two troughs. 25 In order to inprove the
expandability of the stent 30 under the sane

wavel ength, it is preferred to increase the anplitude
of waveform of the wavelike el nts 71. The stent is
| engthened at the tinme of exp ion thereof if the
nount ai n (trough) having the top 711 (bottom 712) in
the 5 mddle of the trough elenent 71b (nountain

| eneng 7la) is protruded on the side. of the trough .
B ENETuan M A gt A1 @R endhet 7155 NSE LHE Sauls kavavelike
el ement, 71., Thus, it,is eferred that the nountain
EIEBRAT hdSi My thR fagm A 2 @heEnredly i dakyave.
n the side of the nountain 10 el enent _71a (trough

NSl A DN dof Won@ Nk i kee Bt/ 71arengoined together
rotruded | ength of the nountain (trough) having the
Flapoumb thet commezfing alemsintshed Hey ghonofectieg tops 711

‘nmountain el ement 7la (depth of the trough el enent 71b)

of théhenaanvdlaike off etrenttrdugThed eamipaitei iig bt wo threwwawvelike
15 nenbers 7, 7 are out of phase with each other by a

bdé menbs el €ngfhoafe tdrenubael mieen bleen@ntarashdbateoms 712 of
connected by the connecting elenents 2 in the sane

twagittodghalofstithad gimto uhtanes. e e eatisoi Ml Ag ihWehe wavelike
annul ar menbers 7, 7 are 20 connected between the top

é1dmancit Pt op ¥H8 611WeEdnhalgAGhedhbelr, 7 As _
illustrated in Fig. 14, the tops 711 of the nountains

of the troyglk ehamRNES MEnMBRI7tNE WAVELIKeconstjtuting a
el enents 71 of the annul ar nenber 7 on the proxi nmal

Rifi®nal wall of the stent and is a radially expandable
portion for holding a luminal diameter of the blood vessel
after placement of the stent in the blood vessel. The
annuiar 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
itlustrated in Fig. 10, the wavelike element 71 comprises
mountain elements 71a and trough elements 71b, each of
which has an M-shaped waveform including one trough. (one
mountain) between two mountains (two troughs). The
mountain element 71a is provided with a trough having a
bottom 712 between two mountains, while the trough
element 71b is provided with a mountain having a top 711

between two froughs.

In order to improve the expandability of the stent
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are connected to the bottons 712 of the troughs of the
25 nmountain elenents 71 a anong the wavel i ke el enents
71 of 31 the annular nenber 7 on the distal side by
the connecting elenents 8. The connecting el ements 8
are made into a curved shape anveforn) as
illustrated in Fig. 5F, and t ree 5 connecti ng

el enents 8 are respectively provided between adj oi ni ng
two annul ar nenbers 7, 7. Further, the tops of the

Vi tern t he veI ke, elenent 71 re f.orned
PR N TR, LRl Bthy 1 iE Rat e (5§ Gui Pl gase the
et as t he di st end of
Q{%H%P ?Pg.e RIS ernbo%é%%nwveht@ﬁ Blp ek s &im The
r} denotes the sectl on of the wave that is
éb‘ﬁ%x'sr §aidran e ghat eth detimeenPft pyRgHYsicderibrase e hdf the
sectl on of the wave that is convex leftward. Further,
U R UM nbtrowedte) i Ravengnbhe werh Bhi MBRates 7512) in the
waveform' is a wavelike el ement conposed of a
go el |ganif o @ ftra ugdure i@ mesitefdin (Mvungaomesitgroegt 71a) is
bet ween two nmountai ns (M shaped) and a trough el enent
haofngd ede omodhteaisn disetofetnet o ugbughen{ertef $bd(Mountain
shaped ). It is to be noted that the waveli ke el enent

ebe@@Emeveér d)i nof etheo way elilvel iddenekerert1 Wi t Thaus, it is
specific waveform provided that it has one trough

b peke Moaht aha) th@tvmermm\mnwo(umb@lm)(hmuﬁgougﬂ@s)top 711
It is possible to use any wavelike elenments with

ieotiwra vayehorigs susfiudfedf @n enamMXitie Wavelthiee mountain
el enents of which two nountains (two

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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25 troughs) have the sane wave height as illustrated
in Fig. 32 15a, or wavelike elenents of which two
nountai ns (two troughs) have different wave heights
as illustrated in Fig. 1 5b. Although four I|inear
segnents (ridgelines of the ntai ns or troughs)
that constitute the M shaped enent 5 are
substantially in the formof a sinusoidal waveform
these segnents are not necessarily required to have

S s A VPPl Y 0 B S By R BapEcting

tr|1e abo%/etérrbodi ment, the linear segnent 10 i ncluding
g %8]%’9 T4t connects the M shaped el ement and the

rever sed I\/i%haped el enent (that corresponds to the

first IineaN&e&§fEMe6iinGe §lemendaniParaiendepde into a
el ement or second annul ar nenber el enment in

ERpY&dreNang (waveforengas Ildngératednn kdg- oFFtvnd three
l'i near segnents that 15 constitute the trough or
FOMteeHE g He\Wenents e ane Ireseectivedyeproviidaed between
constitute the trough or nountain (that correspond to
aléosRTugdt W Pna@arn skegneme nabershifr, d71 i nBartheegrére tafps of
the first annul ar nmenber el enent or second annul ar
heerbera et eprabte ims Eobddierent v ilee ee hom &0t nettsaaei Fyrmed
required to have the sanme length, the |linear segnent

1o Haeena dsiine gidsicto oo it.hat corresponds to the
second |linear segnent) nmay have a |l ength shorter than

the [|inearn seigrent i mhéheidovenideosiftipg diddting is set as
corresponds to the third Il near segnent). The stent

et Besedpvendd Mol NBrdnt SFEXCalée8bKd of convenience.

trackability to lunmens since the
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" s 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
ény 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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33 whole stent is flexible enough to respond to
bending for the reasons that the annul ar nenbers
constituting the lumnal wall of the stent in the
above enbodi nent conprise plural mavelike el enent s
havi ng an M shaped form Furt?g# iIs 5 easy to
provide the stent with a late hole The stent is
apt to slightly shorten the length after expansion
for the reasons that the annular menmbers are

ect ed he n the top .of t untain | ocated i.n
T SE (TS ribht wgHehelhay dRBKETaiRs (two
| enent 0 of ann nd the pottom o
f‘F%UGEéa 2 oo (8RB0t Wave ReUanEson s U RIaALaHnin Fig

ment s oEﬁt he vvavel i ke el enents of the other,

| ar AHRRB&ATDy TONE  ldBRREctFRgMPBARNLIAGRIkHRE of the
the protruded |l ength of the nmountain (trough) in the
mwtﬁéﬂél%héﬁewgémmh@ft chasiguie yhe bi-sheped element
mount ai n (depth of the trough) of the wavelike
arensggbsrantisdiy tine téd of aimg @ fwaargimusoimbabewaveform,
are joined together at the mddle of the M shaped
thesense gwoenthadrehpodt ratesmsdsy me quireat doehave such a
deformation at the top of the nountain when expandi ng

sbhbésdwertialljusimesoideliwa2@foossi bTé ey miay Bezén the form
damages of the bl ood vessel when 25 guiding the scent

bo 4 raigRrttionbeopnphi #desiinge. t he whole M shaped
el ement produces little warpage. [Flexibility,

o HL Bk Ssmeednlent reeanney, seqren
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. 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 middle 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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34 flexibility (bendability), shortening and vesse

di anmeter hol ding capacity of the stents having

devel opnents as shown in Table 1. Fromthe results
shown in Fig. 16, the stent of 5 the present
invention is substantially eq;g% to the stent of the
prior art in flexibility. Fro he results shown in
Fig. 17, the stent of the present invention is
superior in shortening to the stent of the prior art.

Mot N > n t Qoq .t the okt enin
0TS sl L% f1e8fol §TBEGIE R’ ESRestiRE By for the
appropri at.e lLection of the ratio of distances fro .
PRE s gt rets a8 huTre oo tisd coafedtived: the fiminal
t he arched segnents. Fromthe resujts  shown in Fig.
P11 RE Gignstont i taree%wﬁm%nho mgnt compri¥e plural
substantially equal to the stent of the prior art in o
\%%‘é@ﬁkewﬂ@i’ﬁﬁ@ttér bpyigign@edfaghepedoiotme Further, it is
flexibil'ity, measurement was nmade by fixing the stent
&aond cepcyhdeptiaai sip at wath aflategadtleales m
renote fromthe fixed end to bend the stent, and
measuri ng d Neadtanichs captedponslsghdly hehdirdphacdreentength
20 magni tude. The neasurenent of shorteni ng was
adter eelxpamnsion Usimdha bald smnsothat 3tiDe mandi wreat enembers
to expand the stent at a pressure of 8 atm (for the
eeberceanteestedt bettwé ba thecooperdedhpr @ssumgpihofod8ted in

seconds, and a profile 25 projector (made by Mtutoyo
Coepadiatd len)oft @hdettesbighe dlRgndht of the wavelike elements
of one annular member and the bottom of the trough
positioned in the middle of the mountain eiements of the
wavelike elements of the other annular member by the
connecting element, and that the protruded length of the
mountain (trough) in the wavelike element is 4/5 of the
height of the mountain (depth of the trough) of the wavelike
element. Further, the adjoining two annular members are
joined together at the middle of the M-shaped element, so
that the stent causes no curvature deformation at the top of
the mountain when expanding the stent. Further, it is
possible to minimize damages of the blood vessel when
guiding the stent to the site to be applied since the whole
M-shaped element produces little warpage.

[Flexibility, shortening and vessel diameter holding
capacity tests]

Figs. 16-18 show comparison results relating to
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| ength of the expanded stent after expansion. In order
to determ ne the vessel dianeter holding capacity,
conpression test was carried out with Autograph (rmade
by Shi madzu Corporation) on the stent expanded by 5
pressurizing the stent at 8 at (for the reference
stent, at the recommended presSure) for 30 seconds
with a balloon of a 3.0 mmdianeter. The resultant
data were divided by the nunber of the annul ar

?ﬁsgp--o rygne. the r [t as the yessel .

di arr'g{'z'rtg/hoﬁglgﬁgrgcﬁggwty.ngér Aﬁlfligl%ﬁar %ssel diameter
di ment 1Fi 2(ratjo of distances fromthe

hRIRlh By hapadly [t the ¢ msSrispehenyBG e Vetoprpents  as

arched se S Js 4:5, shape of the connecting

SNEHKAL N %f%m%é{) Enbodi nent 2Fig. 6(ratio of

di stances fromthe radially halving line to the

respectiveFropm bhet Resadtheahoayhent sFig. 716, Hmapetent of

of the connecting elenent: Fig. 5E the tops of the

bhehedeseghenny edtti oot hs epdb sopnthellyt erual doathgnedent of

with each other.) Enbodinment 3Fig. 7(ratio of

thet ances @rlonint hkexiddiidyl y habw ridhe imesw st lsdhown in Fig.

respective tops of the arched segnents is 4:5, the
4Mapettoé tdterconodcttbreg qdrensamt Fhg.erBDp nEmedistgnérior in

4Fig. 8(ratio of distances fromthe radially halving

bhoeteaihbetoesipecttonttopshad glieraaehed Fggmet siti will be
3:5, the shape of the connecting elenent: Fig. 5C the

dinsteane det waan sheonshbirnealnged®et tandtpahdion of the
i near segnent is twice
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




the di stance between first |inear segnent and second
i near segnent) Enbodi nent 5Fig. 9(ratio of distances
fromthe radially halving line to the respective tops
of the arched segnents is 3:5, shape of the connecting
el ement: Fig. 5C Enbodi nent 6%@ 10(rati o of

di stances fromthe radially h ing line to the
respective tops of the arched segnents is 4:5, shape
of the connecting elenent: Fig. 5B, anplitude of

lei.k I nt . J | 7 t.ha n_enbodi nent
E@nﬁﬁébn@ﬁh%”%w%id? o ek gy St SRER S (T ¢ e
radially h V|n line to the respective t _ e .
ar ched seg n‘?% P5 @[etser{é'ﬂbn%f %e"%%ﬁﬁgﬁ’i%eter holding
el ement: Fig. 5A) Epbodinment 8Fig. 12(ratio of
GeRanitYs EPBIR ERRSIRRI B FY wawcragrueﬁeovd wigh Autograph
respective tops of the arched segnents is 3:4, shape
6Mafe BynSUM Agzal &neRP OT &t RN 5PN Erktds it egcpgnded by
13(Protruded |l ength of the nmountain in the mddle of
phestsigiighn g sthg ssigint et Boadimai ffoeitdle refferemce stent, at
wavel i ke el ement, shape of respective waves that
tbﬁsfec@mmmvémdkmramm) faim&Dbi skat onwalefwith a balloon
shape of the connecting elenent: Fig. 5A)
ChrnpaBaldi mefri dia i@ modThessdsulebaitndagapardiondwided by
a wavel i ke stent Ipattern and joint elenments with a
tWageduihobey €bropar ain nakhg. melnbleoedtyegsekr mahdl NthRIresult
portions with a wavelike stent 2pattern are connected
be Bashvetbel ditarhbeetoRs| @ity Rodpaestypf the waves)
Conpar ati veFi g. 21(bl ood vessel-retalnlng portions
with a wavel i ke stent 3pattern are connected to each
other at the tops and




bottons of the
fl exi ble stent
vessel s, conpri

menbers aligned in the | ongitudinal

the stent, and

whi ch said adj oi ning two annu

wi th each ot her

wherei n said annul ar

I menber

s alternately connected with each ot her

waves 37 CLAIMS 1. An expandabl e
excellent in trackability to bl ood

sing radially expandable annul ar

5 direction of
%25?0“ ng el ements by

I nmenbers are connected
in the | ongitudinal direction thereof,
menbers each conprises first
menber 10
in the

one Oor nore cCo

el ements and second annul ar

circunferenti al

direction of the smgmbrkgl\herel n said

EritsddiRBALY ar 1
stent includes

three |linear se

o connrnt

g e

‘El’)g Hfﬁ?@%tdn’&e@ fr P HP%EV[ gg}rbm

((.[1 shape o
i e SR i %3 shape of

Iln%_)cna.
1'neda

nt
i near segnent
second and thi
{segnment and sai
connect ed by an

IFS. R(ralin & distancen dom fﬁ?aqrad‘éalb‘ﬂ@fwnia Tipe to the
rBERerSIVE; topar e #rched fagmenimis i@, shape of

rtaemqs@afstmgam{e@t, Fai aEf ithe ttops wédie arched
degrmrts @t Ibbﬂ“eandse@mlwtstejﬁiaﬂg aligned with each
cdingred 20 segnent that is convex

Eeddosimrdnt 3vhi | €
i near segnent
that i's convex

Rigi HratReondisianaes frons #eeihialgialvifg Nifle to the
bespuLtivenaps ik dhd aréibd aégrheﬁtssi%gmsnthe shape
rdf@r'ﬂé &@ﬁﬁ’ectu ee’lér‘nenfifﬂt'gffI @:?)00”0' annul a

I nc UCIES ftﬂe

i near segnent g

R o T

the connéctmg e ement F|g 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. S(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 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(blood vesselretaining portion with a wavelike
pattern and joint elements with a waved form)

Comparative
stent 2

Fig. 20(blocd 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)
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38 third linear segnents, said second |inear segnent
and third I|inear segnent being equal in length, while
said first linear segment being different in length
fromsaid second and third linear segnents, said
first linear segnent and seco%¢.5 I i near segnment being
connected by an arched segnent”that 1is convex
rightward, while said second |inear segnment and third
| i near segnment bei ng connected by an arched segnent
that is convex Ieftmards,(gﬂZhiﬁﬁ said first annul ar
menber el ement and 10 sec ul ar menber el enent

are connected sych that _the, second. annul ar nber .
el ement and-t he rgf‘pe?rfhglﬁgr'e rfi%él?reel éﬁ@ﬁtqel%%%?é@”t n
bove t he second annul ar nmenber el enent are connected
g&ﬂ%‘ﬁaéﬂdﬁéd seymen?laedt | ¥essRiIex | EPMMAFERINghd radially
| ocated between the first |inear segnment of 15 the )
S&PATHI BRNAI AN AEMBEr M BHRRES a@digRe dt hiny dthendangitudinal
segnent of the first annular nenber el ement, while the
gicrid oanedl Hire ndtoel. ansheme admoeefcesnexntiogaelements
nmenber el ement | ocated bel ow the second annul ar nenber
Byewdrichbsiand adnaeting two eanauthedneegens ahatcosanected
20 convex rightward and | ocated between the third
Wwiitlearacbeghieat iof thbel sregidtnd iaaiut are ol oipet helr e nt

and the first linear segnent of the first annul ar

menber el ewdrdreint heabdl] ainmnigt Wo eanbd &y BBRIPEr Somprises
bei ng connected by the connecting elenents at

fiost espA0dh Rgmas Bibest 238MRaHSs 0Andd st hbr ahranRY Afember
menber el ement and the second annul ar 39
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 linear segment and third
linear segment being equal in length, while the first linear
segment being diﬁerentih length from said second and
third linear segments, said first linear segment and said
second linear segment being connected by an arched
segment that is convex leftward, while said second linear
segment and third linear segment being connected by an
arched segment that is convex rightward,

wherein said second annular member element in

the development of the stent includes three longitudinally

extending, parallel linear segments of first, second and
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menber. 2. The stent according to claim1, wherein
said first linear segnent is |onger than said second

linear segnent and third Iinear segnent, and wherein

the 5 adjoining two annul ar nenbers are connected at
the arched segnments that connggt the second |inear
segnment and third |Iinear segnent. 3. The stent
according to claiml or 2, wherein a ratio of a
distance froma radially halving line of the 10

aRmd ain BBDEE giRehits, tPPi Plsddenar Fl*i’\eéjars%@q&ted'ﬁp%tnd third
e

connects the sécond Ii near segment and th

'Iirﬂ@éf.ség‘éﬂ@m 1984 ﬁ%apgag. rf‘ h "RIEE EL% Lst linear

to a distance from I\ilngllneo

%E”Jm WBIEB f ot
corthect's F’?grg?{&nee'gfp' IsEl’;e't'g; ?E(E& Sﬁ%n@(g@oené;gﬁd and
R SRR IS, PRSP, TP PR s conc
h d
IR reRelheind fonneinak bvi an hehosk Radment that
The stent accrdln to a\e/of clains 1 tog 3, wherein
{HeC40; &’h.ﬁhg rg:hnﬁ‘ffé'ﬂ n@ﬁb@r§e§r®6utf”@faf fRg@ent and
Each other by a half wavel en% and wherein the
mfajf&l IhGaf e aRhBNArD fEhdFen Bes eshist @t ayched segment
connecting elenents in the sanme | ongitudi nal straight

thatds ognyexHefbvartsaccording to any of claims 1 to

5, 40
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 and the third linear
segment of the first annular member element, while the
second annular member element and the first annular
member element located below the second annular member
element being connected by an arched segment 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 corresponding arched segments of

the first annular member element and the second annular
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wherein the connecting elenent is in the formof a
straight line. 7. The stent according to any of clains
1to 5, wherein the connecting elenent is in the form
of a curved 5 line. 8. The stent according to claim
7, wherein the connecting eleygnt is in the formof a
wavel i ke shape and has a nountain. 9. The stent
according to claim?7, wherein the 10 connecting
elenment is in the formof a wavelike shape and 15 has
MefrA epountains. 10. The stent according to any one
of claine 1 to 9, wherein two to six connecting

el ements ape pray dad At accdil {\rlB %%%lalmet1“§§@‘%§g§ﬂn said

adj oi ni ng vvo annul ar manber St ent

ny, 0 ein the arched
8 storli 088 ° aEOM Tt oS relbb o " INA, SHTs, EdEhryhainoar

tent are, respectively aligned, alon . :

Sedmaat o rbc?‘stm Fha B1SEhy SeBfSN1o” ARd sodherein the
accordln x e of clains 1 to 20 11, mhereln t he
?ldﬁlgér?'% rta‘(YBh"f‘ Qégﬁén'fnsera &% aer SOTHHPGI A ahdhse@rched
el enents and second annul ar nmenber el enents are
APOAREEd SelfiPAngRNAAG). 118, SFRO N dhbeadcsPEME Ntoaasy third
one of claims | to 11, wherein a distance between
Haiep § isegmigiear segment 25 and second | i near

segnent is equal to a distance between 41
The stent according to claim 1 or 2, wherein a

ratio of a distance from a radially halving line of the
annular member to the top of the arched segment that
connects the second linear segment and the third linear
segment of the first annular member element, to a distance
from the radially halving line of the annular member to the
top of the arched segment that connects the first linear
segment and the second linear segment of the second
annular member element is in the range of 1:2 to 7:8.

4. The stent according to any of claims 1 to 3,
wherein the adjoining two annular members are out of
phase with each other.

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

6. The stent according to any of claims 1 to 5,




10

15

20

25

5 said third linear segnent and first |inear segnent,
and a distance between said second |inear segnent and
third linear segnent is greater than the distance
between said first |inear segnment and second |inear
segnent. 14. An expandable fleyble stent excellent in
trackability to lunens, conprising radially expandable
annul ar menbers and one or nore connecting el ements
whi ch connect said annul ar nenbers in the |ongitudina
t I 1% £
WHEEiPd ethocttid SMHA TETBRIB 360 of g straignt
veformand being joined together in the
cirdunferential direction of the annular nmenber, said

I li d | d
S T TR IR B S e o .
ted th h d t
T B S0, A ST ke

| enent in at | east one wavel i ke el enent of one
mful ar nenber and a top of a trough in a nmountain
el enent of at _|east one waveli ke el enent of the other

annul ar meftber Thes staet Aeperduesr e nglaidncirai whearein the
wherein the 20 nmountain in the mddle of the trough
eparnaeting glemeaddis dn the $odm off ehavavahika sloipe and
the waveli ke elenment, the protruded |ength of the
hrasneamo betagnin the range of 1/2 to 7/8 tines the
hei ght of nmountain of the wavelike elenent. 16. The
scent acco®di nfhteo sileaitmalaicordil’by t@5cidieneiVrn whesrein the
adj oi ning two annul ar nenbers are out of 42
connecting element is in the form of a wavelike shape and
has plural mountains.

10. The stent according to any one of claims 1 to
9, wherein two to six connecting elements are provided at
even intervals between said adjoining .two annular members.

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

12. The stent according to any one of claims 1 to
11, wherein the linear straight segments of the first annular
member elements and second annular member elements are
arranged equiangularly.

13. The stent according to any one of claims 1 to

11, wherein a distance between said first linear segment

and second linear segment is equal to a distance between
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phase wth each other. 17. The stent according to

claim 16, wherein the adjoining two annul ar nenbers

are out of phase with each other by a half

wavel engt h, and wherein the adjoining two 5. annul ar
menbers are connected by the qumecti ng elenments in

the sane |longitudinal straight lines. 18. The stent
according to any of clainms 14 to 17, wherein the
connecting elements are in the formof a straight

iLNg. 9. ot Alng; j 4
%‘8'?7}“%% hin B Sstee@héﬁp 4 NG id ﬁ‘pés(eggeg:e?rﬁ%en]t, and a

erein the Tonnecting el enmen
| Lne .ent i t .
ipemgter LVERn | 58Ty Ypeth® “EHaA SPRMERILBAR) i
B 2 BheB! s Siaaral thafinth s GitaRee” e een said
ccording to any one of, clains %4 to 20, wherein the
51 TRE 30 8RB e 82k HeS SRR BN fBREEF AMP blat od at
oo e b ok 8redaSErcHaele et S5eriont i

trackability to Jumens, comprising radially expandable
annular members and one or more connecting elements
which connect said annular members in the longitudinal

direction thereof, said annular members each comprising

‘wavelike elements having an M-shaped waveform and being

joined together in the circumferential direction of the

annular member, said annular members being aligned in the

“longitudinal direction of the stent, said adjoining two

annular members being connected through said connecting
elements between the top of the mountain in the trough
element in at least one wavelike element of one annular
member and a top of a trough in a mountain element of at
least one wavelike element of the other annular member.
15. The stent according to claim 14, wherein the
mountain in the middle of the trough element is protruded
on the side of the mountain of the wavelike element, the
protruded length of the mountain being in the range of 1/2
to 7/8 times the height of mountain of the wavelike efement.
16. The stent according to c¢laim 14 or 15,

wherein the adjoining two annular members are out of
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phase with each other.
17. The stent according to claim 16, wherein the
adjoining two annufar members are out of phase with each

other by a half wavelength, and wherein the adjoining two

annular members are connected by the connecting elements

in the same longitudinal straight lines.

18. The stent according to any of claims 14 to 17,
wherein the connecting elements are in the form of a
straight line. |

19. The stent according to any of ciaims 14 to 17,
wherein the connecting elements are in the form of a curved
line.

20. The stent according to any one of claims 14
to 19, wherein two to six connecting elements are provided
at even intervals between said adjoining two annular
members.

21. The stent according to any one of claims 14
to 20, wherein the wavelike eiements of the annular
members situated at each end of the stent are respectively

aligned along the proximal or distal end of the stent.




