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STENT

[Technical Field]
[0001]
Thepresentinventionrelatestoastentwhichis
to indwell a stenosis, an occluded portion, or the
appearing in a body lumen so as to maintain a paten
of the body lumen.
[Background Art]

[0002]

In recent years, for example, in order to treat

myocardinal infarction or angina pectoris, a method
usedinwhichastentiscausedtoindwellalesion
ofacoronaryarterysoastosecureaspaceinside
Insomecases,inordertotreatastenosisappeari
body lumens such as other blood vessels, biliary du
bronchialtubes, esophagi,andurethrae, asimilar
beenused. Thestentisclassifiedintoaballoon-
stentandaself-expandable stent,dependingonfun
methods for stent indwelling.

[0003]

In a case of the balloon-expandable stent, the ste
itselfhasnoexpandablefunction. Afterthestent
on an outer side of a balloon of a balloon catheter

adilatableballoonandisinsertedintoatargetp

caused
like

cy state

has been
(stenosis)
anartery.
nginother
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stentisexpandedandplasticallydeformedbytheb alloon. In
thismanner, the stentisfixedly and closely attac hedtothe
insideofthebodylumensuchasthebloodvessela ndthelike.
Incontrast,inacaseofthe self-expandable stent ,thestent
itselfhastheexpandablefunction. Thestentisa ccommodated
into a catheter in a state where the stent has a co ntracted
diameterinadvance. Afterreachingatargetarea, the stent
isexpandedbybeing pushedfromthe cathetersoas torelease
thestatehavingthecontracteddiameter. Inthis manner,the
stentisfixedlyandcloselyattachedtotheinside ofthebody

lumen such as the blood vessel and the like.
[0004]

The stent needs to be provided with a sufficient

vasodilationholdingforceforholdingaexpandeds tateofthe
blood vessel. However, the vasodilation holding fo rce
(strength) held by the stent becomes aload, thereb y causing
apossibilityofrestenosisinthebloodvessel. A ccordingly,
itispreferablethatthestentbecomesflexibleaf terthestent
indwells the blood vessel and a predetermined perio doftime
elapses. Therefore, for example, PTL 1 discloses a stentin
which portions adjacent to a metal wire-shaped body whichis
formedinahelicalshapewhilebeingfoldedintoa wavedshape
are connected to a biodegradable linear body. The stent
configuredinthiswayisprovidedwithsufficient vasodilation

holdingforce,andcansatisfactorilyimprovesteno sis. After
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the predetermined period of time elapses, the biode
linear body becomes biodegraded and flexible, there
achieving improved following property along the def
of the blood vessel.

[0005]

In addition, PTL 2 discloses a stent in which apex
adjacentto ahelical body whichisformedinahel
while being folded into awaved shape are caused to
other, and in which at least one connection portion
connecting the facing apexes by means of welding, s
orthe like is provided while a helix is wound one
stent configured inthis way hasthe helical shape,
the flexible helical body is provided with strength
degree by the connection portion. Accordingly, the
achievesfollowingpropertyalongthedeformationo
vessel while being provided with a sufficient vasod
holding force.
[Citation List]
[Patent Literature]

[0006]

[PTL 1] JP-A-2009-82245

[PTL 2] U.S. Patent No. 8366765
[Summary of Invention]
[Technical Problem]

[0007]

gradable

by

ormation

es
ical shape
face each
for
oldering,
turn. The
andthus,
to some
stent
ftheblood

ilation



10

15

20

25

However, accordingtothe stentdisclosedin PTL 1
example,whenthestentiscrimpedontheballoono
when the stent passes through a lesion after being
into the blood vessel, or when the stentis operate
expand,thebiodegradablelinearbodyisdisconnect
metal wire-shaped body, thereby weakening vasodilat
holding force of the stent. Furthermore, there is
possibilitythatthestentmaybeinhibitedfromex
adesiredshape. Inaddition,accordingtotheste
INPTL2,thefacingapexesareconnectedtoeacho
ofwelding,soldering,orthelike. Consequently,
whenthe stentis crimped ontheballoonorthelik
stent passes through a lesion after being inserted
blood vessel, or when the stent is operated so ast
the stentis less likely to be disconnected. Howev
isapossibilitythatthestentmayhaveinsufficie
property to move along the deformation of the blood
[0008]
The present invention is made in order to solve th
above-described problems,andanobjectthereofis
a stent which can prevent linear configuration elem
configuring the stent from being unexpectedly disco
from each other, while achieving expansion holding
excellent flexibility of the stent.

[Technical Problem]
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[0009]

Inordertoachievethe above-describedobject,a
accordingtothe presentinventionincludes astent
is configured to include linear configuration eleme
that has a cylindrical shape having agap as awhol
connection portion and a second connection portion
integrally formed with the stent body in each of th
configuration elements adjacentto eachotherside
an axial direction of the stent body having the cyl
shape, and which are connected to each other while
overlap in the axial direction and in a circumferen
direction of the stent body, and a connection membe
includes a biodegradable material for connecting th
connection portion and the second connection portio
other.

[Advantageous Effects of Invention]

[0010]

A stent configured as described above includes a
strengthened expansion holding force since linear
configurationelementsconfiguringthe stentareco
each other by a connection member, and the connecti
includes a biodegradable material.  Accordingly, th
connection member is biodegraded after the stent in

body lumen and a predetermined period of time elaps

first connection portion and a second connection po
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disconnected from each other, thereby achieving exc
flexibility. Then, positions in an axial direction
circumferentialdirectionofthefirstconnectionp
thesecondconnectionportionwhichareconnectedt

overlap. Accordingly,forexample,whenthe stent
onaballoon,whenthestentpassesthroughalesio

inserted into a body lumen, or when the stentis op

as to expand, itis possible to prevent the first c

portion and the second connection portion from bein
unexpectedly disconnected from each other.

[0011]

Ifttheconnectionmemberisafillingmemberforf
aportion betweenthefirstconnection portionand
connection portion which are connected to each othe
connection member can be firmly connected to the fi
connection portion and the second connection portio

[0012]

If atleast one of the first connection portion an
second connection portion which are connected to ea
hasaprotrudingportionformedsoastoprotrudef
body, and if at least the other one of the first co
portion and the second connection portion has a rec
housingportionforhousingtheprotrudingportion,
portion houses the protruding portion. In this man

firstconnectionportionandthesecondconnection

ellent
and a
ortionand
oeachother
iscrimped
nafterbeing
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nnection
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be firmly connected to each other, and can be less
be disconnected from each other.

[0013]

If the stent body includes multiple helical member
formed in a helical shape wound around the stent bo
axial direction, and if the first connection portio
secondconnectionportionconnecttheadjacentheli
to each other, the stent is provided with flexibili
helicalmemberhavingahelicalshape,andthesten
with proper rigidity by the connection portions. |
manner, the stent achieves improved following prope
the deformation of the blood vessel while including
sufficient vasodilation holding force.

[0014]

Ifthefirstconnectionportionandthesecondcon
portion which are connected to each other are arran
tobecomeclosetoeachotherwhenbeingtwistedin
where the helix is tightened, when tensile force is
to the first connection portion and the second conn
portioninthedirectionwherethehelixistighten
isreceivedinthedirectionwherethefirstconnec
andthe second connection portionbecomeclosetoe
Accordingly, the first connection portion and the s
connectionportionarelesslikelytobedisconnect

other.
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[0015]
Ifthefirstconnectionportionandthesecondcon
portion which are connected to each other are arran
tobecomeclosetoeachotherwhenbeingtwistedin
where the helixis loosened, when a tensile force i
to the first connection portion and the second conn
portioninthedirectionwherethehelixisloosene
isreceivedinthedirectionwherethefirstconnec
andthe second connectionportionbecomeclosetoe
Accordingly, the first connection portion and the s
connectionportionarelesslikelytobedisconnect
other.
[0016]
Ifthehelicalmembersadjacenttoeachotherint
direction are connected to each other only by the f
connection portion and the second connection portio
foraportiontobeconnectedinthecircumferentia
soastoconfigurethe same helix, the helicalmemb
connectedtoeachotherbyanintegral structure ex
the axial direction, but are connected to each othe
axial direction only by the first connection portio
second connectionportion betweenwhichthefilling
interposed. Therefore, it is possible to improve f
property along the deformation of a body lumen by i

flexibility of the stent.
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[0017]

Ifthestentbodyfurtherincludesanannularbody
endlessly in both ends of the helical member, it is
tostrengthenvasodilation holdingforceinbothen
of the stent.

[0018]

Ifthefirstconnectionportionandthesecondcon
portion have a through-hole to be filled with the ¢
member, the connectionmember canbe more firmly co
thefirstconnectionportionandthesecondconnect
and the first connection portion and the second con
portioncanbelesslikelytobedisconnectedfrom

[0019]

If the filling member includes a drug, the connect
member is biodegraded, and the drug is gradually el
Accordingly,itispossibletopreventrestenosiso
vessel.

[0020]

Ifthestentbodyisformedofanon-biodegradable
material, the stent can include more sufficient vas
holding force.

[Brief Description of Drawings]
[0021]
[Fig. 1] Fig. 1 is a plan view when a stent accor

to an embodiment contracts.
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[Fig. 2] Fig. 2 is a deployment view when the ste

according to the embodiment contracts.
[Fig. 3] Fig. 3is an enlarged plan view illustra
a part when the stentaccording to the embodiment c
[Fig. 4] Fig. 4 is a sectional view taken along |

4-4 in Fig. 3.

[Fig. 5] Fig. 5 is a deployment view when the ste

according to the embodiment expands.

[Fig. 6] Fig. 6 is an enlarged plan view illustra
aportionwhenthe stentaccording totheembodimen

[Fig. 7] Fig. 7 is an enlarged plan view illustra
a part when the stentaccording to the embodiment ¢

[Fig. 8] Fig. 8 is a sectional view illustrating
modificationexampleofthestentaccordingtothe

[Fig. 9] Fig. 9 is a sectional view illustrating
modificationexampleofthestentaccordingtothe

[Fig. 10] Fig. 10 is a sectional view illustratin
modificationexampleofthestentaccordingtothe

[Fig.11] Fig.11lisaplanviewillustratingab
catheter for causing the stent to indwell a body lu

[Fig. 12] Fig. 12 is a sectional view illustratin
distal portion of the balloon catheter.

[Fig. 13] Fig.13isasectional viewillustratin

distalportionoftheballooncatheterwhenaballo

[Fig. 14] Fig. 14 is a plan view illustrating a
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modificationexampleofthestentaccordingtothe
[Description of Embodiments]

[0022]

Hereinafter, an embodiment according to the presen

invention will be described with reference to the d
In some cases, a dimension ratio in the drawings ma
exaggeratedanddifferentfromaratiousedinprac
to facilitate the description.

[0023]

A stent 10 according to the present embodiment is
in order to treat stenosis or an occluded portion a
in blood vessels, biliary ducts, bronchial tubes, e
urethrae, or other body lumens. In this descriptio
inserted into a lumen is referred to as a “distal e
“distal side”, and an operating hand side is referr
a “proximal end” or a “proximal side”.

[0024]

The stent 10 is a so-called balloon-expandable ste
which expands using balloon-dilating force. As ill
in Figs. 1 to 4, the stent 10 includes a stent body
is configured to include linear configuration eleme
thathasacylindricalshapehavingagapasawhol
portions 30 that connect the linear configuration e
adjacent to each other side by side in an axial dir

of the stent body 20 having the cylindrical shape,

embodiment.

rawings.
y be

ticeinorder

used
ppearing
sophagi,
n, aside
nd” or a

ed to as

nt
ustrated
20 that
nts, and
e,connection
lements
ection X

and a



10

15

20

25

12

connectionmember40thatconnectsthe connectionp

to each other. In the stent 10 according to the pr
embodiment, the connection member 40 is formed of a
member for filling a portion between the connection

30 which are connected to each other.

[0025]

The stent body 20 includes multiple helical member
which are formed in a helical shape wound aroundth
inthe axialdirection X by the linear configuratio
having a zigzag shape folded into a waved shape, an
bodies 23 and 24 which are formed endlessly in both
the helical member 21.

[0026]

The respective helical members 21 are formed so as

drawahelixof360
side by side in series, thereby configuring one hel
respective helixmembers21linclude afolded portio
protrudes by being folded into a waved shape. The
the helical members 21 is not particularly limited.
addition,thenumberofthefolded portions25disp
respectivehelicalmembers21lisalsonotparticula

Since the stentbody 20includes the helical member
inahelicalshape,thestent10isprovidedwithf
Accordingly, the stent 10 is likely to be deformed

followalongthe deformationofabodylumensucha

°,andallofthehelicalmembersarearranged

ortions30
esent
filling

portions

s21
estent10
nelements
d annular

ends of

to

ix. The
n25which
number of
In

osedinthe

riylimited.

21 formed

lexibility.
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stheblood
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vesselandthelike. Therefore,itis possibleto
influence on the living body.

[0027]

The helical member 21 disposed on one end side of
stent10andanannularbody23adjacenttothe hel
21 areintegrally connected to each other by aring
which is a linear configuration element. In additi
helical member 21 disposed on the other end side of
10 and an annular body 24 adjacent to the helical m
areintegrallyconnectedtoeachotherbyaringme
is a linear configuration element. Since both end
ofthestentbody20includetheannularbodies23
endlessly,evenaftertheconnectionmember40isb
a vasodilation holding force is strongly maintained
end portions of the stent 10.

[0028]

Asillustratedin Figs. 3and 4, the connection po
30includesafirstconnectionportion31whichis
formed on one side of the helical member 21 adjacen
sideintheaxialdirectionXofthestentbody 20,
connection portion 32whichisintegrally formed on

side ofthe adjacenthelicalmember21. Thefirst

portion 31 and the second connection portion 32 are

respectively formedinthe folded portions 25which

other in the adjacent helical members 21. Itis pr

reducethe

the
icalmember
member 26
on, the
the stent
ember 21
mber27which
portions
and24formed
iodegraded,

in both

rtion
integrally
tside by
andasecond
the other

connection

faceeach
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todisposeoneormoreconnectionportions30inth
helicalmembers 21 (withinarange of 360
helicalmembers2ladjacenttoeachotherintheax
X are connected to and integrally formed with each
acircumferentialdirectionYsoastoconfigureth
and are connected to each otherin the axial direct
by the connection portions 30 between which the con
member40isinterposed, exceptforaportionconne
circumferentialdirectionY. Thatis,thehelical
adjacent to each other in the axial direction X are
connectedtoeachothersoastobe continuouslyli
axialdirection X by anintegral configuration with
body 20 such as the ring members 26 and 27, but are
to each otherinthe axial direction X only by the
portions 30 between which the connection member 40
interposed. The helicalmembers21adjacenttoeac
theaxialdirection X canbe partiallyconnectedto
so as to be continuously linked in the axial direct
theintegral configurationwith the stentbody 20 s
ring members 26 and 27.

[0029]

The first connection portion 31 includes a first
protrudingportion33whichisformedtoprotrudef
shapeformedinawavedshapeofthestentbody 20,

housing portion 34 which is formed in a recessed sh

erespective

°inthe helix). The

ialdirection

other in

esamehelix,

ion X only
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second connection portion 32 includes a second prot
portion 35 which is formed to protrude from a zigza
formedinawavedshapeofthestentbody20andwh

inthe firsthousing portion 34, and asecond housi
36whichhasarecessedshapeforhousingthefirst
portion 33. The firstprotruding portion 33is hou
second housing portion 36 so as to have agap, and
protruding portion 35 is housed in the first housin

34 so as to have a gap. The first protruding porti
comeinto partial contactwith the second housing p

and the second protruding portion 35 may come into
contact with the first housing portion 34.

[0030]

In a state where the stent 10 contracts, positions
the first connection portion 31 and the second conn
portion 32 in the axial direction X of the stent 10
by anamount of an axially overlappedlengthL1. T
overlappedlengthL1maybechangedwhenthestent
However, itis preferable that the axially overlapp
L1 is present (positions overlap) in all states fro
contracted state to an expanded state (refer to Fig
6).

[0031]

Furthermore, in a state where the stent 10 contrac

positions of the first connection portion 31 and th
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connection portion 32 in the circumferential direct
the stent 10 overlap by an amount of a circumferent
overlapped length L2. The circumferentially overla
length L2 may be changed when the stent 10 expands.
itispreferablethatthecircumferentiallyoverlap
L2 is present (positions overlap) in all states fro
contracted state to an expanded state (refer to Fig
6).

[0032]

In this way, since the first connection portion 31
the second connection portion 32 overlap at the pos
the axial direction X and the circumferential direc
thestent10,whenthestentl0expands,theconnec
the first connection portion 31 and the second conn
portion 32 is satisfactorily maintained soasto be
eachother. Accordingly,itis possibleto prevent
connectionportion3landthesecondconnectionpor
being disconnected from each other.

[0033]

Inthestentl0accordingtothepresentembodimen
the stent 10 expands, tensile force is applied to t
connection portion 31 andthe second connection por
atensile direction T which tilts at an angle
to the axial direction X. For example, as in a ran

illustratedbyachainlineinFig.7,thenumbero
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ially
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pedlength
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portions 25disposedbetweenthe otherconnectionp ortions 30
adjacentaroundoneconnectionportion30servinga sthecenter
is two in afirstrange Al. In contrast, the numbe ris four
inasecondrangeA2. Accordingly,asoneofthef actors,the
reasonisthatwhenthe stent10 expands, agreater repulsive
force is generated in the first range Al having the smaller
number ofthe folded portions 25 compared to the se condrange
A2. Then,thetensiledirectionTofthetensilef orceapplied
to the connection portion 30 when the stent 10 acco rding to
the present embodiment expands tilts at the angle 0 in a
direction where the helix of the stent body 20 is t ightened.
Forexample,theangle Bis30degreesto80degrees. Inthis
way,inthestent10,dependingonconditionssuch asstructures
and the like, the tensile direction T of the tensil e force
appliedtothe connectionportion30isdefined. T hetensile
direction T can be identified by analysis or experi ments.

[0034]

Then, the first connection portion 31 and the seco nd
connectionportion32whichareconnectedtoeacho therinthe
stent 10 according to the present embodiment are ov erlapped
and arranged so as to become close to each other wh en being
twistedinadirectionwherethehelixistightened . Therefore,
whenthestent10expands,evenifthetensileforc eisapplied
tothe connection portion 30 inthe direction where the helix
istightened, theforceisreceivedinthedirectio nwherethe
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firstconnectionportion31andthe second connecti
32becomeclosetoeachother. Accordingly,botho
less likely to be disconnected from each other.

[0035]

Inaddition,inthefirstconnectionportion31,a
through-hole 37 penetrating toward the central axis
stent10isformedinthefirstprotruding portion
second connection portion 32, a second through-hole
penetrating toward the central axis of the stent 10
in the second protruding portion 35.

[0036]

The connection member 40 is formed of a biodegrada
material,coversthefirstconnectionportion3lan
connection portion 32, and fills a gap between the
protrudingportion33andthesecondhousingportio
betweenthesecondprotrudingportion35andthefi
portion 34, the first through-hole 37, and the seco
through-hole 38. The connection member 40 is confi
include a biodegradable material which is softer th
material configuring the stent body 20 and the conn
portion 30. The stent body 20 having a helical sha
providedwithproperrigidity. Whilethestent10
with a sufficient vasodilation holding force, and t
10 is provided with following property along the de

of a body lumen such as the blood vessel and the li
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addition, since the connection member 40 covers the
connection portion 31 and the second connection por
andfillsthefirstthrough-hole37andthesecond
38, itispossible to preventthefirstconnection
and the second connection portion 32 from being dis
from each other by improving the strength of the co
member40joiningthefirstconnectionportion31a
connection portion 32. In addition, since the conn
member 40 is formed of the biodegradable material,
connectionmember40isbiodegradedafterthestent
thebodylumen,andisdisconnectedfromtheconnec
30. Accordingly, the stent 10 is allowed to have e
flexibility, thereby achieving improved following p
along the deformation of the body lumen.
[0037]
Inacaseofthestentbody 20, althoughdimension
dependingonanindwellingtargetportion, the oute
when the stent body 20 expands (when the diameter i
decreased)is1.5mmto30mm, andpreferably2.0m
The thicknessis 0.04 mmto 1.0 mm, and preferably
0.5mm. Thelengthis 5 mm to 250 mm, and preferab
200mm. Thepitchofthehelix(distancebetweent
helical members 21) is 0.5 mm to 3 mm, and preferab
to 1.5 mm. The axially overlapped length L1 is 0.0

mm, and preferably 0.1 mm to 0.5 mm. The circumfer
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overlappedlengthL2is0.005mmto0.2mm,andpre
mmto0.05mm. Thethicknessoftheconnectionmem
is, thelengthofthe gapbetweenthefirstprotrud
33andthe second housing portion 36 andthelength
betweenthesecondprotrudingportion35andthefi
portion 34, is 0.005 mm to 0.1 mm, and preferably O
0.05 mm.

[0038]

Then,itispreferabletointegrallyformthesten
20inasubstantiallycylindricalshape,theconnec
30,andtheringmembers26and27byusinganon-b
metalmaterial forexample,metalmaterialsofsta
a cobalt-based alloy such as a cobalt-chromium allo
like, elastic metal such asaplatinum-chromiumall
like, or a super elastic alloy such as nickel-titan
and the like.

[0039]

The stent body 20, the connection portion 30, and
ring members 26 and 27 are manufactured in such a w
non-configuration portions of the stent body 20 and
are removed by using a metal pipe, thereby configur
integrallyformed product. Thestentbody20,the
portion 30,andtheringmembers26and 27 whichus
pipe can be formed by means of cutting work (for ex

mechanical polishing orlaser cutting), electrical

ferably0.01
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machining, chemical etching, or the like. Furtherm ore, a
combination thereof may also be used.

[0040]

The connection member 40 is formed of a biodegrada ble
material such as a biodegradable polymer material,
biodegradable metal material and the like. For exa mple, as
the biodegradable polymer material, it is preferabl etouse
abiodegradablesyntheticpolymermaterialsuchas polylactic
acid, polyglycolic acid, lactic-glycolic acid copol ymer,
polycaprolactone, lactic acid-caprolactone copolyme r,
glycolic acid-caprolactone copolymer, poly- y-glutamic acid,
andthelike,orabiodegradablenaturalpolymerma terialsuch
ascellulose,collagen,andthelike. Inaddition, forexample,
as the biodegradable metal material, itis preferab le touse
magnesium, zinc, or the like.

[0041]

Whentheconnectionportion30isfilledwithand covered
withthe connectionmember 40, a coating solution p repared by
dissolving the connection member 40 in a solvent is applied
by using a pivot or the like, for example. The sol vent is
evaporated, and the connection member 40 can be for med after
being dried and solidified.

[0042]

The solvent is not particularly limited, but it is
preferabletouseanorganicsolventsuchasmethan ol,ethanol,
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dioxane, tetrahydrofuran, dimethylformamide, aceton
dimethyl sulfoxide, acetone, and the like.

[0043]

In addition, as a modification example of the sten
according to the present embodiment, as illustrated
8, without covering the surrounding area of the fir
connection portion 31 and the second connection por
the connection member 40 may fill a gap between the
protrudingportion33andthe secondhousingportio
betweenthesecondprotrudingportion35andthefi
portion 34, the first through-hole 37, and the seco
through-hole 38. In addition, as illustrated in Fi
connection member 40 may cover only an outer surfac
firstconnectionportion31andthe second connecti
32. Inaddition,theconnectionmember40maycove
outer surface of the stent body 20 in addition to t
surface of the first connection portion 31 and the
connection portion 32.

[0044]

In addition, as a modification example of the sten
according to the present embodiment, as illustrated
10,acoverbody50includingadrugmaycoverano
onaside where the stentbody 20, the connection p
and the connection member 40 come into contact with

lumen.
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[0045]

The cover body 50 includes the drug and a drug loa ding
member for loading the drug. The cover body 50 may be
configuredtoincludeonlythedrugwithoutincludi ngthedrug

5 loadingmember. The coverbody50 may covertheen tire outer
surface of the stent 10, and may cover only a porti on of the
outer surface. Inaddition, the coverbody 50 may alsocover
both side surfaces interposing the outer surface of the
connection member 40 or the like therebetween, or a n inner

10  surface opposite to the outer surface.
[0046]
For example, the drug included in the cover body 5 0

includes anticancer drugs, immunosuppressive drugs,

antibiotics, anti-rheumatic drugs, anti-thrombotic drugs,
15 HMG-CoA reductase inhibitors, insulin resistance im proving
drugs, ACE inhibitors, calcium antagonists,
anti-hyperlipidemic drugs, integrin inhibitors,
anti-allergicdrugs, anti-oxidants, GP lIb/lllaant agonists,
retinoids, flavonoids, carotenoids, lipid improving drugs,
20 DNA synthesis inhibitors, tyrosine kinase inhibitor S,
antiplatelet drugs, anti-inflammatory drugs,
biologically-derived materials, interferon, and nit ricoxide

production-promoting substances.
[0047]

25 Forexample, the anticancer drugsinclude vincrist ine,
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vinblastine,vindesine,irinotecan, pirarubicin,pa

docetaxel, and methotrexate. For example,

immunosuppressive drugs include sirolimus,
derivatives such as everolimus, pimecrolimus, zotar
biolimus, AP23573, CCI-779, and the like, tacrolimu
azathioprine, cyclosporine, cyclophosphamide, mycop
mofetil, gusperimus, mizoribine, and doxorubicin.

[0048]

For example, the antibiotics

actinomycin, daunorubicin, idarubicin, pirarubicin,
aclarubicin, epirubicin, peplomycin, zinostatin sti
andvancomycin. Forexample,theanti-rheumaticdr
methotrexate,sodiumthiomalate,penicillamine,or

For example, the anti-thrombotic drugs include hepa
aspirin, anti-thrombin, ticlopidine, and hirudin.

[0049]

For example, the HMG-CoA reductase inhibitors incl
cerivastatin, cerivastatin sodium, atorvastatin,
atorvastatin calcium, rosuvastatin, rosuvastatin ca
pitavastatin,pitavastatincalcium,fluvastatin,fl
sodium,simvastatin,lovastatin,pravastatin,andp
sodium.

[0050]

For example, the insulin resistance improving drug

include thiazolidine derivatives such as troglitazo

sirolimu

include mitomycin,

clitaxel,

olimus,
S,

henolate

malamer,
ugsinclude
lobenzarit.

rin,

ude

Icium,

uvastatin

ravastatin

ne,
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rosiglitazone, pioglitazone, and the like. Forexa mple, the
ACE inhibitors include quinapril, perindopril erbum ine,
trandolapril, cilazapril, temocapril, delapril, ena lapril
maleate, lisinopril,andcaptopril. Forexample,t hecalcium
antagonists include nifedipine, nilvadipine, diltia zem,
benidipine, and nisoldipine.

[0051]

For example, the anti-hyperlipidemic drugs include
bezafibrate,fenofibrate,ezetimibe,torcetrapib,p actimibe,
K-604, implitapide, and probucol.

[0052]

For example, the integrin inhibitors include AJM30 0.
For example, the anti-allergic drugs include tranil ast. For
example, the anti-oxidants include a-tocopherol, catechin,
dibutyl hydroxy toluene, and butyl hydroxy anisole. For
example, the GP lIb/llla antagonists include abcixi mab. For
example, theretinoids include all-trans-retinoic a cid. For
example, the flavonoids include epigallocatechin,
anthocyanins, and proanthocyanidins. For example, the
carotenoids include [3-carotene and lycopene.

[0053]

For example, the lipid improving drugs include
eicosapentaenoic acid. For example, the DNA synthe sis
inhibitors include 5-FU. For example, the tyrosine kinase
inhibitors include genistein, tyrphostin, erbstatin , and
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staurosporine. For example, the antiplatelet drugs
ticlopidine, cilostazol, and clopidogrel. For exam

anti-inflammatory  drugs include steroids such

dexamethasone, prednisolone, and the like.
[0054]
Forexample,thebiologically-derivedmaterialsin
anepidermalgrowthfactor(EGF),avascularendoth
factor (VEGF), a hepatocyte growth factor (HGF), a
derived growth factor (PDGF), and a basic fibroblas

factor (BFGF). For example, the interferon include

interferon- For the nitric

vla.

production-promoting substances include L-arginine.

example,

[0055]
Itispreferabletousepaclitaxel,docetaxel,sir
and everolimus in view of the fact that all of thes
generallyusedforstenosistreatmentinthe blood
can be efficiently shifted into cells in a short ti
particular,itispreferabletousesirolimusandp

[0056]

As the drug loading member, it is preferable to us
polymer material, and particularly preferable to us
biodegradable polymer material whichis biodegraded
body. After the stent 10 indwells a body lumen, if
biodegradablepolymermaterialloadingthedrugis

thedrugisgraduallyreleased,therebypreventing

include

ple, the

as

clude
elialgrowth
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in a stent indwelling area. As the biodegradable p
material,itispossibletoemployamaterialwhich
as that of the above-described connection member 40

[0057]

Atcoveredwith the cover body 50, the outer surfa
thestentbody20,theconnectionportion30,andt
member 40 are coated with a coating solution prepar
dissolving the drug and the drugloading memberin
The solventis evaporated, and the drug and the dru
member can be covered after being dried and solidif

[0058]

The solvent is not particularly limited, but it is
preferabletouseanorganicsolventsuchasmethan
dioxane, tetrahydrofuran, dimethylformamide, aceton
dimethyl sulfoxide, acetone, and the like.

[0059]

The thickness of the cover body 50 is 1
and is preferably 3 pumto 30  pm.

[0060]

Next, amethod of causing the stent 10 according t
present embodiment to indwell a body lumen will be
by exemplifyingacasewherethestent10iscaused
the blood vessel. When the stent 10 is caused to i
balloon catheter 100 illustrated in Figs. 11 and 12

[0061]

olymer

isthesame

ceof
heconnection
ed by
asolvent.
gloading
ied.

ol,ethanol,

itrile,

pmto 300  um,

othe
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toindwell
ndwell, a

isused.
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The ballooncatheter 100 hasanelongated catheter main
body 120, a balloon 130 disposed in a distal portio n of the
catheter main body 120, and a hub 140 fixedly attac hed to a

proximal end of the catheter main body 120.

[0062]

The catheter main body 120 includes an outer tube 150
whichis atubular body whose distal end and proxim alendare
open,andaninnertube 160whichisarrangedinsid etheouter
tube150. Theoutertubel50hasadilatinglumen 151inwhich
adilatingfluidisflowedinordertodilatetheb alloon130.
The inner tube 160 has a guidewire lumen 161 into w hich a
guidewireWisinserted. Thedilatingfluidmaybe eithergas
orliquid, and forexample,agas suchasheliumga s,CO ;gas,
O, gas, andthelike, oraliquid such as aphysiolog ical salt
solution, a contrast medium, and the like may be us ed.

[0063]

Thedistal portion oftheinnertube 160 penetrate sthe
insideoftheballoon130,andisopenonthedista Isidebeyond
theballoon130. The proximalside thereof penetra tesaside
walloftheoutertube150,andisfixedlyattached totheouter
tube150inaliquid-tightmannerusinganadhesive orbymeans

of heat sealing.
[0064]
The hub 140 includes a proximal opening portion 14 1

functioning as a port which communicates with the d ilating
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lumenl151loftheoutertubel50soastoflowthed
Theproximalportionofthe outertube 150isfixed
tothe hub 140in aliquid-tight manner using an ad
meansofheatsealing,orbyusingafastener(not
for example.
[0065]
Itispreferabletoformtheoutertube 150andth
tube160byusingamaterialwhichisflexibletos
Forexample,asthematerial,polyolefinsuchaspo
polypropylene, polybutene, ethylene-propylene copol
ethylene-acetate vinyl copolymer, ionomer, a mixtur
or more of these materials and the like, thermoplas
such as soft polyvinyl chloride resin, polyamide, p
elastomer, polyester, polyester elastomer, polyuret
fluorine resin, and the like, silicone rubber, late
or the like can be used.
[0066]
Asaconfigurationmaterialofthehub140,itis
to preferably use thermoplastic resin such as polyc
polyamide, polysulfone,
methacrylate-butylene-styrene copolymer, or the lik
[0067]
Inordertoefficientlyspreadoutapredetermined
whentheballoon130dilates,theballoon130hasa

portion 131 which is formed in a substantially cyli

ilatingfluid.
lyattached
hesive, by
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portion and which

substantially the same diameter. Afirstdecreased

portion132whosediameterdecreasesinatapereds

the distal side is disposed on the distal side of t

cylindricalportion13loftheballoon130. Aseco

diameter portion 133 whose diameter decreases in a

shapetowardtheproximalsideisdisposedonthep

thereof.

[0068]

The distal side ofthefirstdecreased diameter po

132isfixedly attached to an outer wall surface of

tube160inaliquid-tightmannerusinganadhesive

of heat sealing. The proximal side of the second d

diameter portion 133 is fixedly attached to an oute

surface of the distal portion of the outer tube 150

liquid-tight manner using an adhesive or by means o

sealing. Therefore, the inside of the balloon 130

communicate with the dilating lumen 151 formed in t

tube 150, andthedilatingfluidcanflowintothe

fromtheproximalsideviathedilatinglumen151.

130iscausedtodilate bythedilatingfluid flowi

balloon 130. The balloon 130 is brought into a fol

bydischargingthedilatingfluidflowingintothe

[0069]

In a state where the balloon 130 is not dilated, t

has
diameter
hapetoward
he
nddecreased
tapered

roximalside

rtion
theinner
orbymeans
ecreased
r wall
in a
f heat
can
he outer
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ded state

balloon130.

he



10

15

20

25

31

balloon 130 is shaped in a state of being folded so
wound around the outer peripheral surface of the in
160inthe circumferentialdirection. Theballoon

in this way can be molded by means of blow molding
atube materialis pressed into a mold after being
pressurized inside the mold so as to be dilated by
flowing from the inside.

[0070]

It is preferable to form the balloon 130 by using

material which is flexible to some degree. For exa
thematerial,polyolefinsuchaspolyethylene,poly
polybutene, ethylene-propylene copolymer, ethylene-
vinyl copolymer, ionomer, a mixture of two or more
materials and the like, thermoplastic resin such as
polyvinyl chloride resin, polyamide, polyamide elas
polyester, polyesterelastomer, polyurethane, fluor

and the like, silicone rubber, latex rubber, or the

be used.

[0071]

Whenthe stent10is caused to indwell the blood v
by using the balloon catheter 100, for example, bef
stenosisinthebloodvesselistreated,airinside
130 and the dilating lumen 151 is first removed as
possible. Theairinsidetheballoon130andthed

151 is replaced with the dilating fluid. In this c

astobe
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130shaped

in which
heated and

the fluid

mple, as
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balloon130isinafoldedstate. Inaddition,the
the inner tube 160 is replaced with a physiological
solution.

[0072]

Next, asheathis causedto indwell the blood vess
apatientby means ofa Seldinger technique, for ex
a state where the guidewire W is inserted into the
lumen 161, the guidewire W and the balloon catheter
insertedintothebloodvesselthroughtheinsideo
Subsequently, while the guidewire W is caused to mo
the balloon catheter 100is moved forward so thatt
130 reaches the stenosis.

[0073]

Next,inastatewheretheballoon130islocated
stenosis, a predetermined amount of the dilating fl
injected through the proximal opening portion 141 0
140 by using an indeflator, a syringe, a pump, or t
The dilating fluid is fed into the balloon 130 thro
dilating lumen 151, thereby dilating the folded bal
In this manner, as illustrated in Fig. 13, the cyli
portion 131 of the balloon 130 spreads out the sten
plasticallydeformsandspreadsoutthestent10.
it is possible to satisfactorily maintain a state w
stenosis is spread out by the stent 10.

[0074]
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Thereafter, the dilating fluid is aspirated and
discharged through the proximal opening portion 141
balloon 130is broughtinto a deflated and folded s
stent 10is caused to indwell the stenosis while th
spreadsoutthestenosis. Thereafter,theguidewir
ballooncatheter100areremovedfromthebloodves
sheath. In this manner, manual skills are complete
entirebodyofthestent10whichiscausedtoindw
lumeniscoveredwithendothelialcellswiththela

If the cover body 50 is disposed thereon, the drug

in the cover body 50 is gradually eluted, thereby p

the occurrence of the restenosis.

[0075]

Then, the stent 10 according to the present embodi
includes a strengthened expansion holding force sin
linear configuration elements configuring the stent
connectedto each otherbythe connection portion 3
connection member 40 which connects the first conne
portion 31 and the second connection portion 32 to
includes a biodegradable material.  Accordingly, th
connectionmember40isbiodegradedafterthestent
thebodylumenandapredeterminedperiodoftimee
the first connection portion 31 and the second conn

portion 32 which are connected by the connection po

aredisconnectedfromeachother,therebyachieving
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flexibility and achieving improved following proper
the deformation of the blood vessel and the like.
positions in the axial direction X and the circumfe
direction Y of thefirstconnectionportion 31 and
connectionportion32whichareconnectedtoeacho
Accordingly, forexample, whenthe stent10iscrim
balloon 130, when the stent 10 passes through a les
being inserted into the body lumen such as the bloo
andthelike,orwhenthestent1l0isoperatedsoa
itis possible to preventthefirstconnection port
the second connection portion 32 from being unexpec
disconnected from each other. The first connection
31l andthe second connection portion 32 are lessli
unexpectedly disconnected from each other. Accordi
vasodilation holding force of the stent 10 is satis
maintained, and the stent 10 can be expanded into a
shape.
[0076]
Inaddition,theconnectionmember40isformedby
the filling material for filling a portion between
connection portion 31 and the second connection por
which are connected to each other. Accordingly, th
connection member 40 can be firmly connected to the
connection portion 31 and the second connection por

[0077]
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In addition, the first connection portion 31 and t
secondconnectionportion32whichareconnectedto
havethefirstprotrudingportion33andthesecond
portion 35 which are formed so as to protrude from
body 20, and the concaved second housing portion 36
first housing portion 34 which house the first prot
portion33andthesecondprotrudingportion35. A
sincethefirstprotrudingportion33andthesecon
portion 35 are respectively housed in the second ho
portion 36 and the first housing portion 34, the fi
connectionportion31andthesecondconnectionpor
firmly connected to each other, and is less likely
disconnected from each other.

[0078]

In addition, the stent body 20 includes the multip
helicalmembers 21 formedin ahelical shape extend
axial direction X of the stent 10, and the first co
portion 31 and the second connection portion 32 con
adjacent helical members 21 to each other. Accordi
stent 10 is provided with flexibility by the helica
21havingthehelicalshape,andthestent10ispr
properrigiditybytheconnectionportion30. Int
the stent 10 achieves improved following property a
deformationofthebodylumensuchasthebloodves

likewhileincludingasufficientvasodilationhold

he
eachother
protruding
the stent
and the
ruding
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dprotruding
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rst
tion32are

to be

inginthe
nnection
nect the
ngly, the
I member
ovidedwith
hismanner,
long the
selandthe

ingforce.



10

15

20

25

36

[0079]

In addition, the first connection portion 31 and t
secondconnectionportion32whichareconnectedto
are arranged so as to become close to each other wh
twisted in the direction where the helix is tighten
Therefore, even when a tensile force is applied to
connection portion 31 andthe second connection por
the direction where the helix is tightened, the for
received in the direction where the first connectio
31 and the second connection portion 32 become clos
other. Accordingly, the first connection portion 3
secondconnectionportion32islesslikelytobed
from each other.

[0080]

In addition, the helical members 21 adjacent to ea
otherintheaxialdirectionXareconnectedtoeac
by the first connection portion 31 and the second ¢
portion 32, except for a portion to be connected in
circumferential direction Y so as to configure one
Accordingly, the helicalmembers 21 are notconnect
other so as to be continuously linked in the axial
X by anintegral configuration with the stentbody
the link members 26 and 27, but are connected to ea
inthe axial direction X only by the firstconnecti

31 and the second connection portion 32 between whi

he
eachother
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tion32in
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filling member 40 is interposed. Therefore, it is

to improve following property of the stent 10 along
deformationofthebodylumensuchasthebloodves

like by improving flexibility of the stent 10.

[0081]

In addition, the stent body 20 includes the annula
bodies 23 and 24 formed endlessly in both end porti
helicalmember21. Accordingly,avasodilationhol
can be strongly maintained in both end portions of
10.

[0082]

In addition, the first connection portion 31 and t
second connection portion 32 respectively have the
through-hole 37 and the second through-hole 38 whic
be filled with the connection member 40. According
connectionmember40canbemorefirmlyconnectedt
connection portion 31 and the second connection por
andthefirstconnection portion 31 andthe second
portion 32islesslikely to be disconnected frome

[0083]

In addition, the stent body 20 is formed of a

non-biodegradable metal material. Accordingly, the
can include more sufficient vasodilation holding fo
[0084]
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the presentinvention can be modified in various wa
the technical idea of the present invention by thos
in the art.
configuring the connection member 40 may include a
thedrug,thedrugapplicabletotheabove-describe
50 is applicable. If the drug is included in the c
member 40, the connection member 40 is biodegraded,
drug is gradually eluted. Accordingly, it is possi
prevent the restenosis of the blood vessel from gen
[0085]
Inaddition,accordingtotheabove-describedembo
the first connection portion 31 and the second conn
portion 32 which are connected to each other are ar
as to become close to each other when being twisted
direction where the helix is tightened. However, t
connectionportion31andthesecondconnectionpor
be arranged so as to become close to each other whe
twisted in the direction where the helix is loosene
Accordingtothisform,whenatensileforceisapp
firstconnectionportionandthe second connection
thedirectionwherethehelixisloosened,theforc

in the direction where the first connection portion

second connection portion become close to each othe

Accordingly, the first connection portion and the s

connectionportionislesslikelytobedisconnecte
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other.

[0086]

In addition, without being configured to include o
helicalwire, the stentbody may be formed sothat
wires are arrayed in parallel. In addition, instea
helical shape, the stent body may be formed so that
bodies having an endless shape are arrayed and conn
each other by the connection portion in the axial d
X. In this case, it is preferable to dispose a
non-biodegradable link member for connecting the an
bodiestoeachothersothattheannularbodiesare
from each other after the filling member is biodegr

[0087]

In addition, in the stent 10 according to the
above-described embodiment, the first protruding po
is housed in the second housing portion 36, the sec
protruding portion 35 is housed in the first housin
34, and one connection portion 30 includes two sets
protruding portions and housing portions. However,
connection portion may include one set of the protr
portion and the housing portion, or may include thr
sets of protruding portions and housing portions.

[0088]

In addition, as in a modification example of the s

illustrated in Fig. 14, a protruding portion 63 may

ne
twoormore
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inafirstconnectionportion61,andahousing por tion64may
be formed in a second connection portion 62. The p rotruding
portion 63 may be housed so that the protruding por tion 63
cannot disengage from the housing portion 64 in an in-plane
direction (direction parallel to a plane on which t he first
connectionportion6landthesecondconnectionpor tion62are
located). A wide portion 65 whose width is wider t han that
of a proximal end portion is formed in a distal end portion
of the protruding portion 63, and a housing recess 66 for
housingthewide portion 65sothatthewide portio n65cannot
disengage from the housing recess 66 is formed in a bottom
portionofthehousingportion64. Then,thefirst connection
portion 61 andthe second connection portion62 are connected

to each other by a connection member 70 including a

biodegradablematerial(specifically,afillingmem berformed
ofthebiodegradablematerialfillsaportionbetwe enthefirst
connection portion 61 and the second connection por tion 62).
Accordingtothisconfiguration,thefirstconnecti onportion
61 and the second connection portion 62 are firmly connected
to each other, and can be much less likely to be di sconnected

from each other.

[0089]
In addition, a through-hole filled with the connec tion
membermaynotbedisposedinthefirstconnection portionand

the second connection portion.
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[0090]

In addition, the stent may be a self-expandable st

which expands by using its own elastic force.

[Reference Signs List]

[0091]

10 STENT,

20 STENT BODY,

21 HELICAL MEMBER,

25 FOLDED PORTION,

30 CONNECTION PORTION,

31, 61 FIRST CONNECTION PORTION,

32, 62 SECOND CONNECTION PORTION,

33 FIRST PROTRUDING PORTION (PROTRUDING PORTION),
34 FIRST HOUSING PORTION (HOUSING PORTION),
35 SECOND PROTRUDING PORTION (PROTRUDING PORTION),
36 SECOND HOUSING PORTION (HOUSING PORTION),
37 FIRST THROUGH-HOLE (THROUGH-HOLE)

38 SECOND THROUGH-HOLE (THROUGH-HOLE)

40, 70 CONNECTION MEMBER,

63 PROTRUDING PORTION,

64 HOUSING PORTION,

L1 AXIALLY OVERLAPPED LENGTH,

L2 CIRCUMFERENTIALLY OVERLAPPED LENGTH

T TENSILE DIRECTION,

X AXIAL DIRECTION,

Y CIRCUMFERENTIAL DIRECTION

ent
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CLAIMS

1. A stent comprising:

a stent body that is configured to include linear
configurationelements,andthathasacylindrical shapehaving
a gap as a whole;

a first connection portion and a second connection

portionwhichareintegrallyformedwiththestent bodyineach
ofthelinearconfigurationelementsadjacenttoea chotherside
by side in an axial direction of the stent body hav ing the
cylindricalshape,andwhichareconnectedtoeach otherwhile

positions overlap in the axial directon and in a
circumferential direction of the stent body; and
a connection member that includes a biodegradable
material for connecting the first connection portio n and the

second connection portion to each other.

2. The stent according to Claim 1,

wherein the connection member is a filling member for
fillingaportion betweenthefirstconnection port ionandthe
second connection portion which are connected to ea ch other.
3. The stent according to Claim 1 or 2,

whereinatleastone ofthefirstconnection porti onand
thesecondconnectionportionwhichareconnectedt oeachother

hasaprotrudingportionformedsoastoprotrudef romthestent
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body,andatleasttheotheroneofthefirstconne
andthesecondconnectionportionhasarecessedho

for housing the protruding portion.

4. The stent according to any one of Claims 1 to 3,
whereinthestentbodyincludesmultiple helicalm
formed in a helical shape wound around the stent bo
axialdirection,andthefirstconnectionportiona
connectionportionconnecttheadjacenthelicalmem

other.

5. The stent according to Claim 4,

wherein the first connection portion and the secon
connection portion which are connected to each othe
arrangedsoastobecomeclosetoeachotherwhenb

in a direction where the helix is tightened.

6. The stent according to Claim 4,

wherein the first connection portion and the secon
connection portion which are connected to each othe
arrangedsoastobecomeclosetoeachotherwhenb

in a direction where the helix is loosened.

7. The stent according to any one of Claims 4 to 6,
whereinthehelicalmembersadjacenttoeachother

axial direction are connected to each other only by

ctionportion

usingportion
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connection portion and the second connection portio
foraportionconnectedinthe circumferentialdire

to configure the same helix.

8. The stent according to any one of Claims 4 to 7,
wherein the stentbody furtherincludes an annular

formed endlessly in both ends of the helical member

9. The stent according to any one of Claims 1 to 8,
wherein the first connection portion and the secon
connection portion have a through-hole filled with

connection member.

10. The stent according to any one of Claims 1 to 9

wherein the connection member includes a drug.

11. The stent according to any one of Claims 1to 1
whereinthe stentbody is formed of anon-biodegra

metal material.
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