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Description

STENT

Technical Field
[0001]
[Cross Reference for Application]

The present application is based on Japanese Patent
Application No. 2009-227417 filed on September 30, 2009,
and the disclosed contents thereof are referred to and
incorporated on the whole.

[0002]
[Technical Field]

The present invention relates to a stent which is
indwelled at a stenosed region or an occluded region
appearing in a lumen of an organism so that a patency
state of the lumen is maintained, and particularly to a
drug eluting type stent called DES (Drug Eluting Stent)
in which drug is coated on the outside surface of a stent
body.

Background Art
[0003]
A stent is a medical device used for improvement of

a stenosed region or an occluded region appearing in a



The present invention relates to a stent which is indwelled at a stenosed
region or an occluded region appearing in a lumen of an organismso that a
patency state of the lunmen is maintained, and particularly to a drug
eluting type stent called DES (Drug Eluting Stent) in which drug is coated
on the outside surface of a stent body. Background Art [0003] A
stent is a nedical device used for inprovenent of a stenosed region or an
occl uded region appearing in a lunmen in an organismsuch as a bl ood
vessel, a bile duct, a trachea, an esophagus, an urethra or the like, and
i s a networkmkeinkencyhi pdorcabrmbsdyhf asmed cByposiuveessilvelay bfidenidngt ,usi ng a
thin strut, a straight or curved linear portion or a bent portion of a U
shape or thetirekbeen theesapbaglane ansortedhspeak, tihet @ i&kewawyd drsmaand
di sposing a plurality of wavy annular bodies, in each of which such wavy
struts arenditspekediannulathyrandlconagctrednica egchluethersivienyan al i gned
relationship with each other in an axial direction. [0004]

forming, using a thin strut, a straight or curved linear

portion or a bent portion of a U shape or the like on the

same plane, so to speak, into a wavy form and disposing a

plurality of wavy annular bodies, in each of which such

wavy struts are disposed annularly and connected to each

other, in an aligned relationship with each other in an

axial direction.

[0004]

While a stent is used, for example, in a coronary

artery of the heart, for restenosis prevention after the

percutaneous transluminal corcnary angioplasty (PTCA), it

is recognized that, if a stent on which drug is not

coated, that is, a bare metal stent, is used such that it

is reduced in diameter in advance and reaches a target

region, in which it is expanded so as to be indwelled in

a lumen, then, although the restenosis rate is low in

comparison with that in a case where only PTCA is used

without using a stent at all, restenosis occurs at a

ratio of approximately 20 to 30% in the stent indwelling

region. Principal causes of the restenosis are intimal

hypertrophy by migration and growth of vascular smooth



While a stent is used, for exanple, in a coronary artery of the heart, for
restenosis prevention after the percutaneous translum nal coronary
angi opl asty (PTCA), it is recognized that, if a stent on which drug is not
coated, that is, a bare netal stent, is used such that it is reduced in

di ameter in advance and reaches a target region, in which it is expanded so
as to be indwelled in a lunen, then, although the restenosis rate is lowin
conparison with that in a case where only PTCA is used wi thout using a
stent at all, restenosis occurs at a ratio of approximately 20 to 30%in
the stent hwdaet| fagleegi on. Principal causes of the restenosis are intimal
hypertrophy by m gration and grow h of vascular snmooth nuscle cells.

[ 0005] [000A¢cordi ngly, developnment of a DES is carried out recently in
whi ch drug capabl e of suppressing mgration and growm h of vascul ar snooth
nmuscle cells is coatediamglihe daterommehiacer of BEStentcdrefedredet o
sonetine as "stent body") such that the drug is eluted in a stent

i ndwel | i ngreeghenyt onpiBYERt dFa§t eApsbse AS blhppdeddintomigrampbe,
sirolimus or carcinostatic which are antibiotics is used. The coating of

the drug isngagtbRehoyt sHSBulLhat spEBEhNGULLAUI deliNgl Udi BGaacdr vg and a
bi oconpati bl e pol ynmer which are dissolved in solvent is coated by a dipping

met hod, a §Héa%u€§£h§9rf9&eao@'éegEeﬁEplE%@Ek?@d”@EhQQmEQEHEY ;g drug al ong
a strut which configures a stent body) or the like so that a predeternlned

amount -of dLug,exp,shs. onothg gﬁgfagggo&rhae 15t 27k, bady, a0d. hep ¢ he coat | ng

liquid is dried and However, since, in order to

cause the Eﬁ?&&?i?ﬁ |pg§?£%ego gﬁg?EeS@fESFlghe gg ent rgaches a{target

region in a lunen A ern 'S reduced in %lane er
once, the stent is ex %yded and o be. i.ndwel | ed 3b|en1occurs

Chat the ditaTRbS: Fhbortgs: Bh gﬁ%8§§865 aboer TR ehr Srpednefulh

is used. The coating of the drug is carried out such that
coating liquid including a drug and a biocompatible
polymer which are dissolved in solvent is coated by a
dipping method, a spray method, or a direct application
method (applying drug along a strut which configures a
stent body) or the like so that a predetermined amount of
drug exists on the surface of the stent body and then the
coating liquid is dried and solidified.

[0006]

However, since, in order to cause the DES to be
indwelled in a lumen, after the stent reaches a target
region in a lumen in a state in which the stent is
reduced in diameter once, the stent is expanded and put
so as to be indwelled, a problem occurs that the drug

coat layer coated on a bent portion or the like 1is



exfoliated fromthe surface of the stent body in response to expansion and
deformation of the stent (particularly in the bent portion) and the drug
itself is destroyed and conmes off fromthe stent body. Particularly, where
the drug coat | ayer has brittleness, the problemjust above is remarkable.
[ 0007] Therefore, in WO03/009779A2 (refer to paragraph nunbers

[ 0065], [0066] and so forth), it is disclosed to forma drug coat |ayer in
the formof aline or in the formof a dot in a region other than a bent
portion ("stress region" or "nechanical profile"]) of the stent or forma
drug coat FEayediptnethé rPor mmhef sardeteabfa thentstportt bonly [100@8sponse
However, there is the possibility that, in a stent in which a drug coat

| ayer is fopnmedpbnsthe Badmdeffoamdat ont be ameunrtt coft t(hea rdrivglray ybe
insufficient, and this is not preferable. Further, even in a stent in which
a drug coatnl ayer beatf ppredonn bhe taemdeiiga iltiske fati sa deeftriog@other than
the curved portion, there is the possibility that a start point of

def or mat i onchysexpaEnsirom WRY: eeknei dedwi.t hpaprendipenli opnetet hgedrug coat
| ayer or, depending upon a case, a start point of deformation may

drug coat layer has brittleness, the problem just above

is remarkable.

[0007]

Therefore, in WO03/009779A2 (refer to paragraph
numbers [0065], [0066] and so forth), it is disclosed to
form a drug coat layer in the form of a line or in the
form of a dot in a region other than a bent portion
("stress region” or “mechanical profile”]) of the stent
or form a drug coat layer in the form of a dot at a bent
portion.

[0008]

However, there is the possibility that, in a stent
in which a drug coat layer is formed in the form of a dot,
the amount of the drug may be insufficient, and this is
not preferable. Further, even in a stent in which a drug
coat layer is formed in the form of a line at a portion
other than the curved portion, there is the possibility
that a start point of deformation by expansion may

coincide with an end portion of the drug coat layer or,

depending upon a case, a start point of deformation may



exist in a portion in which the drug coat |ayer is forned. Therefore,

is the possibility that strain or stress concentration nmay occur
| ayer and the drug may be exfoliated fromthe surface of the

drug coat

there

in the

stent body and then the exfoliation nay propagate therearound to destroy
the drug coat | ayer and cause great comng off. In particular, where the
stent is expanded in a radial direction, the magnitude or the |ike of
is not constant and is different for each procedure, and coating
of the drug is carried out for a bent portion to be expanded w thout taking
whi ch posi Xt békoAedogtdrar tinpoitvtchoft itefdrumt ¢t | htvecohsi fermedon

even if coating is carried out uniformy except a bent portion,

if a startTperatooé, dehereni sohhandoanikndipgrthen eftrthe drugteeat | ayer

expansi on

Ther ef or e,

coincide with each other,

then strain or stress concentrati on occurs in the

drug coat tayeentandtexfiohbgat boanrdest tuet dongandacomangrobfidoththe drug
occurs. Sunmmary of the Invention [0009] The present invention has
been nade dpougohye bheeproblesrdesesinbedecabayeacandsi thiessaanebpeay of the
present invention to provide a stent which mnimzes occurrence of strain

and stressz€@neRsh rehé08xEP1 dadi Y8 mePabrbpyghtHPORdeheruBti e by
of the stent in a radial direction, and is free fromcom ng off

of the dru@e@@goﬁo@ﬁei@r88n¥§g£eﬂ§§eknaHéecause great coming off.

expansi on

In particular, where the stent is expanded in a radial
direction, the magnitude or the like of expansion is not
constant and 1s different for each procedure, and coating
of the drug is carried out for a bent portion to be
expanded without taking which position becomes a start
point of deformation into consideration. Therefore, even
if coating is carried out uniformly except a bent portion,
if a start point of deformation and an end portion of the
drug coat layer coincide with each other, then strain or
stress concentration occurs in the drug coat layer and
exfoliation, destruction and coming off of the drug
occurs.
Summary of the Invention
[0009]

The present invention has been made to solve the
problem described above, and it is an object of the
present invention to provide a stent which minimizes

occurrence of strain and stress concentration in a drug



[ 0010] A stent of the present invention which achieves the object
descri bed above is characterized in that the thickness of a drug coat |ayer
coated on the outside surface of a stent body gradually decreases toward a
bent portion so that occurrence of strain or stress concentration in the
drug coat | ayer upon deformation by expansion of the stent is reduced
greatly and the drug coat |ayer itself can be easily deforned in accordance
with deformation of the stent, and coming off of the drug is prevented by
both of them [0011] In the invention of claim1, since the

gradual | y deetebavay poehi dafehepeiant kg eKPerAeSs 6fF the dtegtcéat | ayer
is gradually decreased toward the bent portion is forned, even if a start
poi nt of therdéfalmatirentbynexpadsionfotet fisowt enmishi Pt afl ithel e from t he
bent portion of the strut, the drug coat |ayer at the start point of the
def or mat i cdragdatdegpooxin tynobnt hecst ant upei.nt is thinner. Accordingly,
occurrence of strain or stress concentration in the drug coat |ayer is
reduced greatby, and com ng off of the drug can be prevented. [0012]

Besi des, since the application anmount of the drug is small at the gradually

decreasi ng porti qn,st@ds0 dhecigk ugrddset fimeadtlyn fohl oMsaupidetor mei on of

the stent, and also in this regard, com ng off of the drug can be

prevent ed. o 9048] described above is characterized in that the
thickness of a drug coat layer coated on the outside
surface of a stent body gradually decreases toward a bent
portion so that occurrence of strain or stress
concentration in the drug coat layer upon deformation by
expansion of the stent is reduced greatly and the drug
coat layer itself can be easily deformed in accordance
with deformation of the stent, and coming off of the drug
is prevented by both of them.
[0011]

In the invention of claim 1, since the gradually
decreasing portion wherein the thickness of the drug coat
layer is gradually decreased toward the bent portion is
formed, even if a start point of the deformation by
expansion of the stent shifts a little from the bent
portion of the strut, the drug coat layer at the start
point of the deformation and the proximity of the start

point is thinner. Accordingly, occurrence of strain or

stress concentration in the drug coat layer is reduced



Particularly, since the stent is configured such that com ng off of the

drug can be prevented w thout using an additive such as a plasticizer, no
bad i nfluence is had on an organism and the safety is high. [0014]
to the invention of claim?2, a predeterm ned range around the

Accordi ng

start point (a bent point)

of deformation by expansion of the bent portion

is configured as a no-coat |ayer. Therefore, the drug is not coated in a

region in
to appear.
cope readi

and is easy to handl e,

whi ch occurrence of strain or stress concentration i s nost

likely

Therefore, the stent can sugpress conin% of f of the drug and can
é

pyearih, varflogsmérpansfonfstacedrivg gan

conveni encé0PhZ2lise. [0015]

Besides, since the application amount of the drug
is small at the gradually decreasing portion, also the
drug itself readily follows up deformation of the stent,
and also in this regard, coming off of the drug can be
prevented.

[0013]

Particularly, since the stent is configured such
that coming off of the drug can be prevented without
using an additive such as a plasticizer, no bad influence
is had on an organism and the safety is high.

[0014]

According to the invention of claim 2, a
predetermined range around the start point (a bent point)
of deformation by expansion of the bent portion is
configured as a no-coat layer. Therefore, the drug is not
coated in a region in which occurrence of strain or
stress concentration is most likely to appear. Therefore,
the stent can suppress coming off of the drug and can
cope readily with various expansion states in an
indwelled region thereof, and is easy to handle, easy and
certain to procedure and very good in convenience in use.

[0015]

WBIFEE@N{Eedi-on t her eof ,
easy and certain to procedure and very good in



According to the invention of claim3, since a thin filmcoat |ayer of the
drug is forned within a predeterm ned range around a bent point of the bent
portion, the drug can be readily secured quantitatively while com ng off of
the drug is suppressed. [0016] According to the invention of claim
4, since the drug coat layer is formed froma mxture of the drug and a
pol ynmer, a coating process for the outer surface of the strut can be
carried out readily, and also the workability is inproved. [0017]
According to the invention of clainms 5 and 6, the polyner is a .
bi odegr adabl e pol{peprdieh B, thorirxanplen @bl glaeni ¢, agidcepal ygipcolic
acid or a lactic acid-glycolic acid copolynmer. Therefore, after the stent
i s indwel | édlintncantoigarirsmt the pobgnmes Vbirolkedconvéhgnand protects the drug
i s biodegraded and the drug is rel eased, and consequently, retenosis in the
stent indwekkedteegiordcannhe prevent edbenthpodnttaioft yhe[ 06@18]
portion, the drug can be readily secured quantitatively
while coming off of the drug is suppressed.
[0016]
According to the invention of claim 4, since the
drug coat layer is formed from a mixture of the drug and
a polymer, a coating process for the outer surface of the
strut can be carried out readily, and also the
workability is improved.
[0017]
According to the invention of claims 5 and 6, the
polymer is a biodegradable polymer such as, for example,
polylactic acid, polyglycolic acid or a lactic acid-
glyceolic acid copolymer. Therefore, after the stent is
indwelled in an organism, the polymer which covers and
protects the drug is biodegraded and the drug is released,
and consequently, retenosis in the stent indwelled region
can be prevented with certainty.
[0018]
According to the invention of claim 7, since a

primer coat layer is provided between the stent body and

the drug coat layer, the stent is good in bonding between



According to the invention of claim?7, since a priner coat |ayer is

provi ded between the stent body and the drug coat |ayer, the stent is good
i n bondi ng between the stent body and the drug, and low in exfoliation.

[ 0019] According to the invention of claim8, since an inclination
angle of the gradually decreasing portion is 1 to 45 degrees, when the
stent is deforned by expansion, strain or stress concentration is |less
likely to occur in the drug coat |ayer, and this stent can be fornmed or
produced readi | ﬁ%OOZO According to the invention of claim9, the
stent bodyths ﬁ%@ dopfva2egl fhar fEaB . shapelby dnspssrada&a@n-oi ni ng
together a plurality of wavy annul ar bodies, each of which is forned froma
wavy strut [BBY¥Phg a bent portion, in an aligned rel ati onship with each
other in an axial direction. Therefore, a stent of a predeterm ned | ength
can be obtai ned Bcocomierd ing the wavgnanowl af bbaims§, andnoetawonl y
production of the stent body but al so production of a DES are facilitated.

[ 0021] incliAecoodi agglie bhethaveprtidanlak dkairmainowperttibe drsug coat

| ayer wherein a plurality of thin filmcoat |layers are lamnated is to be

formed by di sehapgiBgreesti ngechi guedsteam asnazzbemadd bRDeixpgnishennozzl e
along the strut, the coating length of the thin filmcoat |ayer

strain or stress concentration is less likely to occur in

the drug coat layer, and this stent can be formed or

produced readily.

[0020]

According to the invention of claim 9, the stent
body is formed in a cylindrical shape by disposing and
joining together a plurality of wavy annular bodies, each
of which is formed from a wavy strut having a bent
portion, in an aligned relationship with each other in an
axial direction. Therefore, a stent of a predetermined
length can be obtained by connecting the wavy annular
bodies, and not only production of the stent body but
also production of a DES are facilitated.

[0021]

According to the invention of claim 10, when the
drug coat layer wherein a plurality of thin film coat
layers are laminated is to be formed by discharging

coating liquid from a nozzle and moving the nozzle along

the strut, the coating length of the thin film coat layer



of an upper layer is set shorter than the coating length of the thin film
coat layer of a lower layer so that the gradually decreasing portion is
formed in a stairway shape. Therefore, the gradually decreasing portion can
be fornmed readily. [0022] According to the invention of claim 11,
upon such formation of the gradually decreasing portion as described above,
the nozzle is noved fromone of such struts toward the other strut at the
bent portion. Therefore, the gradually decreasing portion can be fornmed or
produced rapidly. [0023] _ According to the invention of claim 12,
si nce the dfugnceaperayerveirsifopredsherngratsprayher cartiihkj éengthe
formation of the drug coat |ayer can be carried out readily and rapidly.
Particul arby wherehan Pnkjpetok$s usgdrfof théoWermabiyem, sth&éhbhdsshef the
drug is little, and the drug coat |ayer can be formed with a high degree of
accuracy. §0824p11y decreasing portion is formed in a stairway
shape. Therefore, the gradually decreasing portion can be
formed readily.
[0022]
According to the invention of claim 11, upon such
formation of the gradually decreasing portion as
described above, the nozzle is moved from one of such
struts toward the other strut at the bent portion.
Therefore, the gradually decreasing portion can be formed
or produced rapidly.
[0023]
According to the invention of claim 12, since the
drug coat layer is formed using a spray or an inkjet, the
formation of the drug coat layer can be carried out
readily and rapidly. Particularly where an inkjet is used
for the formation, the loss of the drug is little, and
the drug coat layer can be formed with a high degree of
accuracy.
[0024]
The other objects, features and advantages of the

present invention will become apparent by referring to

the embodiment illustrated in the following description

10



The ot her objects, features and advantages of the present invention wll

becone apparent by referring to the enbodinent illustrated in the follow ng
description and the acconpanying draw ngs. Brief Description of the
Drawi ngs [0025] [FIG 1] FIG 1 is a schematic front view show ng

an enbodi rent of the present invention. [FIG 2]

and the accompanying drawings.
Brief Description of the Drawings
[0025]
[FIG. 1]

FIG. 1 is a schematic front view showing an
embodiment of the present invention.
[FIG. 2]

FIG. 2 is a schematic front view showing the
embodiment in a used state.
[FIG. 3]

FIG. 3 is an enlarged plan view of a stent in a
state in which it is reduced in diameter.
[FIG. 4]

FIG. 4 is an ehlarged plan view of the stent in an
expanded state.
[FIG. 5]

FIG. 5 is an enlarged plan view of a bent portion.
[FIG. 6]

FIG. 6 is a schematic sectional view taken along
line 6-6 of FIG. 5.
[FIG. 7]

FIG. 7 is a schematic front view of a coating
apparatus.

[FIG. 8]

11



FIG 2 is a schematic front view show ng the enbodinment in a used state.

[FIG 3] FIG 3 is an enlarged plan view of a stent in a state in
which it is reduced in dianeter. [FIG 4] FIG 4 is an enlarged
plan view of the stent in an expanded state. [FIG 5] FIG 5 is an
enl arged plan view of a bent portion. [FIG 6] FIG 6is a

schematic sectional view taken along line 6-6 of FIG 5.

FIG. 8 is a schematic sectional view taken along

line 8-8 of FIG. 7.
[FIG. 9]

FIG. 9 is a sectional view of a mandrel part.
[FIG. 10]

FIG. 10 is a flow chart of a ccating process.
[FIG. 11)

FIG. 11 is a flow chart of the coating process
following the flow chart of FIG. 10.

Mode for Carrying Out the Invention
[0026]

In the following, an embodiment of the present
invention is described in detail with reference to the
drawings.

[0027]

First, generally describing a stent, as shown in
FIG. 1, the stent is configured from a cylindrical stent
body 2 formed from thin struts 3 and having, so to speak,
a reticulate state, and a drug coat layer 4 (refer to FIG.
©6) coated on the surface of the stent body 2.

[0028]

The stent 1 is indwelled into the inside of a blood

vessel or the like by using, for example, such a stent

delivery system as shown in FIG. 2. The stent delivery

12



G 7] FIG 7 is a schematic front view of a coating apparatus.
G 8] FIG 8 is a schematic sectional view taken along line 8-8 of FIG

[ FI
[ FI
7. [FIG 9] FIG 9 is a sectional view of a mandrel part.

system 10 is configured from a shaft body 13 of a double
tube structure formed from an inner tube 11 and an outer
tube 12 disposed coaxially with each other, a foldable
and expandable balloon 14 provided at a distal end
portion of the shaft body 13, and a branch hub 16 having
an injection port 15 for injecting fluid for balloon
expansion.

[0029]

In order to indwell the stent 1 into a blocd vessel
by using this stent delivery system 10, the stent 1 1is
first reduced in diameter and mounted on the stent
delivery system 10 in such a manner as to enclose the
balloon 14 in a folded state, and a guide wire is fitted
into the inside of the inner tube 11 which is open at the
distal end thereof, whereafter the stent delivery system
10 on which the stent 1 is mounted is guided to a
predetermined position in the blood vessel by using the
guide wire as a guide. Then, fluid is injected from the
injection port 15 so that it flows into the balloon 14
through a lumen between the inner tube 11 and the outer
tube 12 to expand the balloon 14. When the stent 1
attached to the balloon 14 is expanded outwardly in a
radial direction from the inside, then the stent 1 is

extended and plastically deformed in the radial direction

13



[FIG 10] FIG 10 is a flow chart of a coating process. [FIG 11]

FIG 11 is a flow chart of the coating process following the flow chart of
FIG 10. Mdde for Carrying Qut the Invention [0026] In the

foll ow ng, an enbodi nent of the present invention is described in detail
with reference to the draw ngs. [0027]

and/or an axial direction and is allowed to indwell in
the expanded state in the blood vessel.
[0030]

The stent 1 of the present embodiment is described
in more detail. In the stent body 2 of the present
embodiment, as shown in FIGS. 1 and 3, alternate
arrangements of a bent portion K1 of a U shape having a
small opening angle «, another bent portion K2 of a Vv
shape having a great opening angle o, and a linear
portion S formed from a straight portion or a curved
portion are shaped annularly to form a wavy annular body
C (also referred to as “cell part C”). The length of each
cell part C in the axial direction is “L1.” Then, a
distal end of the bent portion K1 of the U-shape in one
cell part C and a proximal end of the bent portion K1 of
the U-shape in an adjacent cell part C are joined
together successively at a joint portion F to generally
form a cylindrical body, so to speak, in a reticulate
state, wherein a plurality of cell parts C are connected
to each other and the length of which in the axis
direction is “L2.” It is to be noted that the stent body
2 shown in FIG. 1 is configured from 14 cell parts C.
[0031]

When the stent body 2 is enlarged in a radial

14



First, generally describing a stent, as showmn in FIG 1, the stent is
configured froma cylindrical stent body 2 formed fromthin struts 3 and
having, so to speak, a reticulate state, and a drug coat |ayer 4 (refer to
FIG 6) coated on the surface of the stent body 2. [0028] The stent
lisindwelled into the inside of a blood vessel or the |like by using, for
exanpl e, such a stent delivery systemas shown in FIG 2. The stent
delivery system 10 is configured froma shaft body 13 of a double tube
structure forned froman inner tube 11 and an outer tube 12 di sposed
coaxi al |y dirfackaeh érbera gohbkdabed shdtexphmdablie Ballodn 14 peovi ded at
a distal end portion of the shaft body 13, and a branch hub 16 having an
i njection pbatgd8 fotoi apeekpagdeHustdater whalkkdontbxpapsinong p0g29]

o increases as shown in FIG. 4 and portions of the struts

3 which configure the bent portion K1 or the bent portion

K2 are spaced away from each other such that an gap

portion O is enlarged widely.

[0032]

In the bent portions Kl and K2 of the stent body 2,

preferably the bent portion is bent not at an acute angle,

but is bent or curved in a U shape or in a gently arcuate

shape. By the configuration, also occurrences of strain

applied to the drug coat layer 4 hereinafter described

upon expansion can be reduced, and the effect of

suppressing exfoliation, damage, destruction or coming

off of the drug coat layer 4 is high. However, the curved

structure of the bent end portion is preferably curved to

such a degree that it does not swell by a great amount

toward an outer direction, that is, to such a degree that

the bent end portion does not swell outwardly in an arc.

Since the bent end portion is shaped in this manner, the

outer diameter upon contraction in diameter can be

reduced, and also insertion into an in vivo organism (for

example, a blood vessel) of a small diameter is

facilitated.

15



In order to indwell the stent 1 into a blood vessel by using this stent
delivery system 10, the stent 1 is first reduced in dianmeter and nounted on
the stent delivery system 10 in such a nanner as to enclose the balloon 14
in a folded state, and a guide wire is fitted into the inside of the inner
tube 11 which is open at the distal end thereof, whereafter the stent
delivery system 10 on which the stent 1 is nmounted is guided to a
predeterm ned position in the blood vessel by using the guide wire as a
guide. Then, fluid is injected fromthe injection port 15 so that it flows
into the baPPédm 14 through a | unen between the inner tube 11 and the outer
tube 12 to expand the balloon 14. When the stent 1 attached to the ball oon
14 is expanded ouiwarid ynatremalahdiat Tormchd obhd¢ romenheodmgi de, then the
stent 1 is extended and plastically deforned in the radial direction

and/ or an axtakrdbiecti natandailshaklagetdiboompdwebllinyt he expanded state
in the blood vessel. [0030] The stent 1 of the present enbodi nent is
descri bed kpAdporerdekainplel nsthenstest shedy,2tahtthempreseantenbadi ment, as
shown in FIGS. 1 and 3, alternate arrangenents of a bent portion KI of a U

shape havipgiaysnmghht@Reni BY pngkenam anobher gbeat opogbiianaK209f a V shape
havi ng a great opening angle a, and a linear portion S fornmed from a

straight pepbheR-BEsBACHAYEY PRIJIAN ahe-Shapeds Al afl ¥ahouhOorMmaywavy
annul ar body C (also referréd to as "cell part C'). The length of each cel

part Cin Bg?bﬁﬁhab}ghgegkhogoi%o}k%iérghgggf@rgb§§ahs%ﬂq ofsthe bent

portion Kl the pe In one ce par and a proximal end of the bent

Pt coon varonihigst 20888 | 8089136 AGEAbACRh: RALhaSIALELANBY 1 oget her

successiver a oirnt poértion to generally rma cylindrical body, so

to speak, insa re%icuLate state, g@g %En a plurality of cell parts C are
connect ed £55&5ERT6PhaP BRATt Ré Feng h6f which in the axis direction is

"L2." It i? b Ee noted that the stent body 2 shown in FIG 1 is configured
from 14 cellf gé ts C. [0031] Wien the stent body 2 is enlarged in a radi al

In the stent body 2, the area occupied by the strut
3 in a state in which it is mounted on the balloon 14
preferably is 60% to 80% of the area of the entire outer
peripheral face including the gap portions O.

[0035]

The width of the strut 3 preferably is 40 um to 150
um, and particularly preferably is 80 um to 120 um. The
length L1 of each cell part C in the axial direction
preferably is 0.5 mm to 2.0 mm, and particularly
preferably is 0.9 mm to 1.5 mm. The diameter D1 of the
stent body 2 upon non-expansion preferably is 0.8 mm to
2.5 mm, and more particularly is 0.9 mm tc 2.0 mm. The
Length L2 upon non-expansion preferably is approximately

8 mm to 40 mm.
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direction froma contracted state shown in FIG 3, it is changed into an
expanded state wherein the opening angle a increases as shown in FIG 4 and
portions of the struts 3 which configure the bent portion K1 or the bent
portion 1(2 are spaced away from each other such that an gap portion O is
enl arged w dely. [0032] In the bent portions KI and K2 of the stent
body 2, preferably the bent portion is bent not at an acute angle, but is
bent or curved in a U shape or in a gently arcuate shape. By the
configuration, also occurrences of strain applied to the drug coat |ayer 4
her ei naf t ef088&dri bed upon expansi on can be reduced, and the effect of
suppressing exfoliation, damage, destruction or comng off of the drug coat
| ayer 4 is high. Fomeyeronthe cthievedestrioetdure of cherbedtoendoportion is
preferably curved to such a degree that it does not swell by a great anount
toward an edmeridir eati onhetrhabrics ont ahsucls taudegrfeent hat-ublke boeiyt end
portion does not swell outwardly in an arc. Since the bent end portion is
shaped in thastAannar] yt hemettber pdipaneter fupen acpiedatikironniea di amet er can
be reduced, and also insertion into an in vivo organism (for exanple, a

bl ood vessgla);t@ﬁ:na siat| edimpet erchs faehhttiaheds chOO33f out by As the
material for formng the stent body 2, preferably a material having

b|000”pat'?bhb%anSt%%e%apaﬁgmtﬁghsebaﬁﬂkﬁbas%@k%he%ﬁ. pt @8l ant ant al um or
tantal um all oy, platinum or platinumalloy, gold or gold al | oy,

cobal t - based gl h%ymegﬂgﬁlthEEogquhéllo%@s&h%%”%%@ﬂ%ﬁl%%@t@ obi um al | oy

and so forth are preferably used. As stainless steel, SUS316L having the

hi ghest corrasi;an nesi SLanGe e, IRsh PLef €ndh&-ica1 discharge

machining method based on a mold, a cutting method (for
example, mechanical grinding, laser cutting) or the like.
[0037]

After such forming, an edge of the struts 3 is
removed by chemical polishing or electrolytic polishing
to finish the struts 3 so that they may have a smooth
face.

[0038]

Further, after the formation into a predetermined
pattern, annealing may be carried out. The annealing
improves the plasticity and flexibility of the overall
stent, the indwelling property in a bent blocod vessel and
reduces physical stimuli to be applied to the inner wall
of the blood vessel, and can reduce main causes of
restenosis. The annealing is preferably carried out such

that the stent is cooled slowly after it is heated to
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[ 0034] In the stent body 2, the area occupied by the strut 3 in a
state in which it is nounted on the balloon 14 preferably is 60%to 80% of
the area of the entire outer peripheral face including the gap portions O.
[ 0035] The width of the strut 3 preferably is 40 pmto 150 pm and
particularly preferably is 80 pmto 120 pm The length Li of each cell part
Cin the axial direction preferably is 0.5 nmto 2.0 mm and particularly
preferably is 0.9 nmto 1.5 mm The dianeter D1 of the stent body 2 upon
non- expansi on preferably is 0.8 mMmto 2.5 nm and nore particularly is 0.9
mmto 2.0 BdP°TheocLeRgPACLRndponanoanexpadsisornpiabamgblty (f€rappr oxi mat el y
8 mmto 40 nm [0036] Formation of the stent body 2 is carried out
by renovi ngxamylet helxpdr teenofhantsbyens ahdomya rogiea)bedy thpar eincul arly a
metal pipe) to forma predeterm ned pattern. For exanple, the formation is
carried oubxbyer enrbmi ngyt hetgap poritiednsn0 theonsua fetalo fpiche By ean .et chi ng
nmet hod which utilizes masking called photo fabrication and a chem cal, an
el ectrical [dpsgoharge nmachi ni ng met hod based on a nold, a cutting nethod
(for exanple, nechanical grinding, |aser cutting) or the like. [0037]

After such form ng i, gdoea plothenstrols Suks senoyed byaepes] cal
polishing or electrolytic polishing to finish the struts 3 so that they may
have a SnDQEBpEﬁﬁemethod, a spray method, an ink jet method and a

nozzle jet method can be used for the formation of the

drug coat layer 4, in the present invention, a spray

method, an ink jet method and a nozzle jet method are

preferable.

[0040]

Here, the spray method is to jetting drug to the
outside surface of the stent body 2 together with an air
flow to form the drug coat layer 4, and the ink jet
method is to apply drug in the form of fine particles to
the outside surface of the stent body 2. Further, the
nozzle jet method is to apply drug to the outside surface
of the stent body 2 from a nozzle.

[0041]

When the spray method or the ink jet method is used,
formation of the drug coat layer can be carried out
readily and rapidly. When the ink jet method or the

nozzle jet method is used, the loss of the drug is little

and a drug coat layer can be formed with a high degree of
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[ 0038] Further, after the formation into a predeterm ned pattern,
anneal ing may be carried out. The annealing inproves the plasticity and
flexibility of the overall stent, the indwelling property in a bent bl ood
vessel and reduces physical stinuli to be applied to the inner wall of the
bl ood vessel, and can reduce nain causes of restenosis. The annealing is
preferably carried out such that the stent is cooled slowy after it is
heated to 900C to 1200C under an inert gas environnent (for exanple, m xed
gas of nitrogen and hydrogen) so that an oxide film my not be formed on

t he surfacecefréhg-stent. [0039] Al t hough vari ous nethods such as,
for exanple, a dipping nethod, a spray nethod, an ink jet nmethod and a
nozzl e jet [ABEAOd can be used for the formation of the drug coat |ayer 4,
in the present invention, a spray nethod, an ink jet nethod and a nozzle
jet method are pre&frecabtiee §004P]method, imergetthetspdagndenbodléeés to
jetting drug to the outside surface of the stent body 2 together with an
air flow tegetomathbe drugbeeatallayedi4feardtt beliynkn ehenptrbad siss offo appl y
drug in the formof fine particles to the outside surface of the stent body

2. Furtherapbheingzakeq eb mBkhedtiss dkosapphyedodg the tshenaubsidge 2surface
of the stent body 2 froma nozzle. [0041]
while the configuration of the drug coat layer 4 to be
formed is similar, a case wherein the nozzle injection
method is used to form the drug coat layer 4 is described
below.
(00431
FIG. 5 is an enlarged plan view of a bent portion,
and FIG. 6 is a schematic sectional view taken along line
6-6 of FIG. 5. 1In the present embodiment, such a drug
coat layer 4 as shown in FIGS. 5 and 6 is formed on the
outside surface of the stent body 2 described hereinabove.
In the present embodiment, a lamination method of
spraying and applying coating liquid by a large number of
times along the strut 3 is used to form the drug coat
layer 4 such that the thickness B thereof gradually
decreases toward a bent portion K. Then, preferably a
primer coat layer 5 is provided between the stent body 2
and the drug coat layer 4. Since the primer coat layer 5

is configured from a material having an adhesive property

to polymer which configures a drug coat layer hereinafter
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When the spray nethod or the ink jet nmethod is used, formation of the drug

coat |layer can be carried out readily and rapidly. Wen th
or the nozzle jet method is used, the loss of the drug is
coat layer can be fornmed with a high degree of accuracy.

e ink jet method
little and a drug
[ 0042]

Since the spray nethod, ink jet nethod and nozzle jet nethod are basically

different only in the process of applying drug to the outs
the stent body 2 while the configuration of the drug coat
formed is simlar, a case wherein the nozzle injection net
form the dfagcedaed) ayee gopdidesbeibegnbéhews tpogaspdy 2
enl arged plan view of a bent portion, and FIG 6 is a sche
vi ew t akendalhigngs| pned6- CofisE&@&nbly ) nthhespersens eabvodn
coat layer 4 as shown in FIGS. 5 and 6 is forned on the
exfoliation.

[0044]

i de surface of

| ayer 4 to be

hod is used to
andrft@e 5 i s an
mati ¢ secti onal
ment, such a drug

In the drug coat layer 4 of the present embodiment,

the thickness B of the linear portion S of the stent body

2 which is formed from a linear portion or a curved

portion is substantially uniform as shown in FIG. 5,

while the thickness B from the linear portion S

to the

bent portion K gradually decreases, and a gradually

decreasing portion 6 is formed such that, at and in the

proximity of the bent point P, it has no coat layer with

no drug coat or has a very thin drug coat layer.

[0045]

In particular, when a nozzle hereinafter described
is moved along a predetermined pattern of the stent body
2 and forms a drug coat layer 4 of the predetermined
thickness B using a lamination method of discharging drug
to the surface of the stent body 2 to form a plurality of
thin film coat layers 4a of a small thickness b, if the
coating region of each thin film coat layer 4a is
adjusted as the nozzle approaches a bent point P and the
proximity of the bent point P and the layer number of the

thin film coat layers 4a is reduced stepwise, then the
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out side surface of the stent body 2 described hereinabove. In the present
enbodi nent, a | am nation nethod of spraying and applying coating |iquid by
a large nunber of times along the strut 3 is used to formthe drug coat

| ayer 4 such that the thickness B thereof gradually decreases toward a bent
portion K Then, preferably a primer coat layer 5 is provided between the
stent body 2 and the drug coat |ayer 4. Since the prinmer coat layer 5 is
configured froma material having an adhesive property to polymer which
configures a drug coat |ayer hereinafter described, the bonding between

t he stent bodgkReandBt A€ dhegdigggeedt Camseqgent b@ gerpelugtldt is low in
exfoliation. [0044] In the drug coat |ayer 4 of the present

enbodi nentdetheashidckaadslB. of Thihe, | & neat L porshaped ofathelsyent body 2
which is formed froma linear portion or a curved portion is substantially
uni f or m asdshewasingFb&rthonwhi bentkectiheckness bBnftr paintie Pl lamelarthgorti on S
to the bent portion K gradually decreases, and a gradually decreasing
portion 6 psokenied sdchhthaentapoand iPnchihebpr @xirfiedy oftt he benbepoi nt P,
it has no coat |layer with no drug coat or has a very thin drug coat |ayer.
[ 0045] noted! Bhpar theukarmawhen arnerzl enher einaf tektdesekibad is noved
al ong a predetermned pattern of the stent body 2 and forns a drug coat

| ayer 4 OfléhﬁeEéﬁﬁgkgéB‘BéchEbQEnQ%Sd@tgﬁung a | am nation nethod of
di scharging drug to the surface of the stent body 2 to forma plurality of

thin f|In1? ? ayers 4a of a small thickness b, if the coating region of
each thin m coat |ayer 4a is adjusted as the nozzl e approaches a bent

point P and the proxifiiy.of {fecpentopaigt Fnand e layer pupber sf the

thin filmcoat |ayers 4a is reduce epmnse
gradually decreased toward the bent portion K and the

proximity of the bent portion K in this manner, then when
the stent 1 is to be expanded in a radial direction, even
if the start point at which the stent body 2 begins to
its deformation is shifted a little from the bent point P
of the bent portion K, since the thickness of the drug
coat layer 4 which exists at the start point of the
deformation and in the proximity of the start point is
small, occurrence of strain or stress concentration on
the drug coat layer 4 decreases significantly.

[0047]

In particular, although the position of the bent
point P on the stent body 2 geometrically is a so-called
inflection point at the bent portion K, when actually a
balloon or the like is used so that expanding force is

caused to act from the inside of the stent to expand the
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t hi ckness B of the drug coat |ayer can be gradually decreased readily.
Thus, a vall ey-shaped gradually decreasing portion 6 centered at the bent
point P and the proximty of the bent point P can be fornmed. It is to be
noted that the formation of the thin filmcoat |layer 4a is hereinafter
described in detail. [0046] In case the thickness B of the drug coat
| ayer 4 is gradually decreased toward the bent portion K and the proximty
of the bent portion Kin this manner, then when the stent 1 is to be
expanded in a radial direction, even if the start point at which the stent
body 2 begPf§nfoli 8 defrafiati 6arestsrinst é8casStret] @oindmatthe@hBeht point P
of the bent portion K, since the thickness of the drug coat |ayer 4 which
exi sts at thé&ogmaktopopbht tbe bhetdeboitiani &nodndhien sthetpbexdivni?ty of t he
start point is small, occurrence of strain or stress concentration on the
drug coat bayers4ideoptaséyayisganf icdielyioh004iht but varliesparti cul ar,
al t hough the position of the bent point P on the stent body 2 geonetrically
i S a so-cabkedndnhbeapbantpei actahgt bie rkent opobtfi aheKexpheniact ual |y a
balloon or the like is used so that expanding force is caused to act from
the insideretckhapptentl te expardriifie 3 and cannot be specified

unambiguously. However, in case the gradually decreasing

portion 6 of the drug coat layer 4 is formed and the

thickness B of the drug coat layer 4 is gradually

decreased toward the bent portion K and the proximity of

the bent portion K, then even if the position of the bent

point P of the stent body 2 is shifted a little, the drug

coat layer 4 deforms following the stent body 2, and the

strain or the stress concentration which occurs on the

drug coat layer 4 is very small. Besides, since the

application amount of the drug is small at this portion,

also the drug itself is likely to follow up the

deformation of the stent body 2. As a result, both of

them improve the effect of preventing coming off of the

drug significantly.

[0048]

It is to be noted that, since the bent point P is
not specified clearly in such a manner as described above,

in FIG. 5, it is indicated by a broken line as a region

in which the bent point P may possibly exist.
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stent 1 in a radial direction, the start point at which deformation of the
bent portion K of the stent body 2 occurs is not always an inflection point
but varies dependi ng upon the acting direction of the expanding force
applied to the struts 3 and cannot be specified unanbi guously. However, in
case the gradually decreasing portion 6 of the drug coat layer 4 is forned
and the thickness B of the drug coat layer 4 is gradually decreased toward
the bent portion K and the proximty of the bent portion K then even if
the position of the bent point P of the stent body 2 is shifted a little,
the drug co@®4Payer 4 defornms following the stent body 2, and the strain or
the stress concentration which occurs on the drug coat layer 4 is very
smal | . Besi des, dilrvse & e dppthilcat i omepdumt ofhe ecatugl 1% smal | at this
portion, also the drug itself is likely to follow up the deformation of the
stent bodyd@créssangesattjobothisfshbem inpFdode thehethethdofapeeventi ng
comng off of the drug significantly. [0048] It is to be noted

t hat, sincen&heehenpopoioh P ssradthspeci bredeekeay| yhentsicknassahner as
descri bed above, in FIG 5, it is indicated by a broken line as a region in
whi ch the benbnpotRinPridy pessi bhyeexiustis [0049% o 5 um; Whenlayparticul ar
exanpl e of the gradually decreasing portion 6 is showmn in FIG 6 which

i ndi cates thenbentrperti RiK stiai ghhtyiapeetenably theot bpgkagss b of one
thin filmcoat layer 4ais 1 umto 5 pnmy the |ayer nunber of the thin film
coat 'ayerﬁef%gtthlo%OtéQ;béne L6Pgt B Xof st B RRNtoPROLDONmMK LEaS0 pm to
1000 pm and the length Y between end portions of upper and (ower thin film
coat | ayer a ver e h - n.th t ace:soneti nes
not equal)§F§ %ég§¥§o§l?%%g8%ﬁlQgﬁeﬁ?P?%éﬁ?ngkiﬁgﬁggnggﬁgFgmgroFﬁ%ﬁe
gradual |y decreasipg Lon_6 i |l e h e a p erably
islto 6ogagﬁr§§§@a%§9%%%e@%rébé?%%?%’iéh% ?%ngghgeg%ggéénlEgshégéase

where the jnclinati le G i I 1.1.d , .the.effect of
ot event | ng ROt ROCof FooF TR HF g & EURPbI 188 bull SoulLCPaHES. whil e

e |3 LRGBOSR LL L LTEL oL e o amunt L2 e, 08t e TaY e oo

exceeds 60 degrees, since there _
portion 6 is smaller than 90 degrees, and preferably is 1
to 60 degrees and more preferably is 1 to 45 degrees. 1In
the case where the inclination angle 6 is smaller than 1
degree, the effect of preventing coming off of the drug
is exhibited over a wide range, while there is the
possibility that the drug amount to be coated may
decrease, which is not preferable. On the contrary, where
the inclination angle 6 exceeds 60 degrees, since there
is the possibility that the effect of preventing coming
off of the drug may lower, this is not preferable. Then,
the gradually decreasing portion 6 whose inclination

angle 6 is 1 to 45 degrees can be produced readily by a

lamination method hereinafter described.
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is the possibility that the effect of preventing com ng off of the drug may
| ower, this is not preferable. Then, the gradually decreasing portion 6
whose inclination angle 0 is 1 to 45 degrees can be produced readily by a
| am nati on net hod hereinafter described. [0050] Wil e the exanpl e
descri bed above relates to a case in which the range of 50 pmto 1000 pm
centered at the bent point Pis determned as a no-coat |ayer wherein the
drug coat layer 4 is not forned, since, in such a no-coat |ayer as just
described, the drug is not coated at a position at which concentration of
the strainlP85RBst likely to occur, the stent has a high drug com ng-off
suppression ability. Thus, even if a situation that the stent nust be
expanded by a gredhideoune arxamhéci ddaerlieddpabpreonedfitehetst entasecurs,
this situation can be coped with readily. Thus, the stent is easy in
handl i ng, easyhapt rtéki abhgel ripSdcedurte dnd Ogeod demteomderiteride i n use.

[ 0051] However, the present invention is not necessarily limted
only to a heancoabihayer isanetkehaibent aporEt nor ddarnyl dyave wore ity Semver a
thin filmcoat |ayers 4a. [0052] The drug coat layer 4 is configured

froma m xtung ebad daygrandig pelyFeirmell)i $iMod, UM issicpr ef eraloat
configured as a mxture of a drug and a bi odegradabl e pol ynmer. When pol yner

whi ch covengyardapr gheet sekhe 18ty it bindegriaded rafder-ddhetstent is

indwelled in an organism the drug is released and restenosis at the
position at which concentration of the strain is most
likely to occur, the stent has a high drug coming-off
suppression ability. Thus, even 1f a situation that the
stent must be expanded by a great amount at the indwelled
position of the stent occurs, this situation can be coped
with readily. Thus, the stent is easy in handling, easy
and reliable in procedure and good in convenience in use.
[0051]

However, the present invention is not necessarily
limited only to a no-coat layer, and the bent portion K
may have one to several thin film coat layers 4a.

[0052]

The drug coat layer 4 is configured from a mixture
of a drug and a polymer. This mixture is preferably
configured as a mixture of a drug and a biodegradable
polymer. When polymer which covers and protects the drug

is biodegraded after the stent is indwelled in an

organism, the drug is released and restenosis at the
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stent indwelled region is prevented with certainty. As the biodegradable
polymer, it is preferable to use one of polylactic acid, polyglycolic acid,
and lactic acid-glycolic acid copol yner. [0053] The m xture rates
of the drug and the polynmer of the thin filmcoat |ayers 4a of the drug
coat layer 4 may be equal to each other or may be different from each
other. For exanple, the ratio of the drug to the pol yner may i ncrease
gradually fromthe | owernost |ayer toward an upper layer of the thin film
coat |layers 4a which contacts with the primer coat |ayer 5. [0054]
FIG 7 is atschehntiveliednrevgiew of Rrevaniagd aAppar aeusaiPf®. 8A%s a
schematic sectional view taken along line 8-8 of FIG 7; and FIG 9 is a
sectional vhewbdbdagmaddbék paitymef0%5] is preferAbla toatismgoapparkat us
which forns the thin filmcoat |ayer 4a on struts by a | am nati on nethod,
for exanplpolglehtacceatdngprappgigatusiasashawnand EeGBic7aand-8 is used. In
the coating apparatus 20, a frame 22 provided uprightly on a base 21 is
covered w ghyaotianspasesbpsypibetic resin plate (not shown) fromthe
[0053]
The mixture rates of the drug and the polymer of
the thin film coat layers 4a of the drug coat layer 4 may
be equal to each other or may be different from each
other. For example, the ratio of the drug to the polymer
may increase gradually from the lowermost layer toward an
upper layer of the thin film coat layers 4a which
contacts with the primer coat layer 5.
[0054]
FIG. 7 is a schematic front view of a coating
apparatus; FIG. 8 is a schematic sectional view taken
along line 8-8 of FIG. 7; and FIG. 9 is a sectional view
of a mandrel part.
[0055]
As a coating apparatus which forms the thin film
coat layer 4a on struts by a lamination method, for
example, such a coating apparatus as shown in FIGS. 7 and
8 is used. In the coating apparatus 20, a frame 22

provided uprightly on a base 21 is covered with a

transparent synthetic resin plate (not shown) from the
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outer face thereof to forma chanber 23 having air tightness in the inside
thereof. A duct 24 is provided contiguously to a top portion of the chanber
23 so that air whose tenperature and humdity is controlled is supplied
froman air conditioner 25 to place the inside of the chanber into a state
of a constant tenperature and a constant hum dity thereby to always keep
constant the drying solidifying condition when coating material W

herei nafter described is applied to the stent body 2. [0056] At a
| ower portion in the chanber 23, a holder 30 for holding the stent body 2
and novi ngonseains fagef shemevitng ot e rivoledehag®ear &€ phevilded2iand at a middl e
portion in the chanber 23, an application head 50 for applying coating

mat eri al Wttighthesst nnt tBeofinshelesttértreloddy R, dhcts4posi promidafior mati on
acqui sition neans 60 for acquiring position information in the X-Y

di recti onscontagGautéyi ap eoaog patre isystoEmtor dhentuwf 28e sof thlae st ent
body 2, that is, on the surface of the strut 3, and second position

i nf or mat i oaiacgubskt temperans ré0 sher haegdiifiyng spesinttren liekdf drsmati on in the
Z direction on the Cartesian coordi nate system are provided on a support
frame 26 aghpeheddt @rbheahr ane 22ndi@8%Akr 25 to EIMQ%H\MMQ @nsd deontrol

section 80 is provided externally of the chanber and controls the hol der
30, novingopeans 48andRp! ll%%fol %n sf&%%@ St aaradm@%l it %m@&%@@ Qg

acqui sition neans 60 and 70. s own in"FIG 8, a mandrel
34 of the hol.der téﬁ)l I s uGhusk t%ter% @4l %B.Jwa n SR Ct*P)]‘éCk' ng
section 33 connecte to a no Y% ich can tate b| |rect|ona and

gze [Sgggtg] BedY g 5315 8T%YARlY c%%‘éi’ltt%n%h%% ULLRT; RETIRNE Y 10f; the mandrel

hereinafter described is applied to the stent body 2.
[0056]

At a lower portion in the chamber 23, a holder 30
for holding the stent body 2 and moving means 40 for
moving the holder 30 are provided, and at a middle
portion in the chamber 23, an application head 50 for
applying coating material W to the strut 3 of the stent
body 2, first position information acquisition means 60
for acquiring position information in the X-Y directions
on a Cartesian coordinate system on the surface of the
stent body 2, that is, on the surface of the strut 3, and
second position information acquisition means 70 for
acquiring position information in the Z direction on the
Cartesian coordinate system are provided on a support
frame 26 attached to the frame 22.

[0057]
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The motor M2 is placed on a slide section 32, and the slide section 32 is
provi ded for novenent (in the Y direction) on a base plate 31. The base
plate 31 is placed on a novable table 42 which is noved (in the X
direction) along a traveling rail 41 which is a driving source of the
so-called linear notor type. Consequently, the holder 30 can nove the stent
body 2 in the X direction and the Y direction by forward and backward
rotation. [0060] Al t hough the outer dianmeter of the mandrel 34
preferably is substantially equal to or a little greater than the inner

di ameter of the sHemtvwibbly, 22 aenthel aaadiren 82, 1gmpdeeidedhi ch can be
exchanged in accordance with the inner dianeter of the stent body 2 and
have severakteuhedlgi afretbeschpabpregar edd Eacl rofl st i emiuedidelrs 3i0s coat ed
with black paint so that it nmay absorb light thereby to raise the contrast
rati o bet weenitbemstinat 48, ohpphe caniphettestdentl, badyl Dosnd itome gap portion
0. Further, the mandrel 34 has recessed portions 35 formed on an outer

ci rcunf er enhifakmbacent hepeakias oahewanisn 66l Gndd 790 t hat, when the stent
body 2 is mounted on the mandrel 34, a gap Gis produced between the outer
circunferenvpgkjface of the mandrel 34 and a |l ower face 3a of the strut 3
of the stent body 2. Consequently, when the coating material Wis applied

to the strut 3, the §o&fhng,material Whsnareyentedsf ram gemyag sound to a
pl ace between the surface of the mandrel 34 and the inner side surface of

the stent bodyngckBar gbyat 8, 8&hkEYe her TRkiaR 0f, 2 LRI RITcoat i ng | ayer

and conveni ence of the wor

section 33 connected to a motor M2 which can rotate
bidirectionally, and the stent body 2 is removably
mounted on an outer periphery of the mandrel 34.
[0059]

The motor M2 is placed on a slide section 32, and
the slide section 32 is provided for movement (in the Y
direction) on a base plate 31. The base plate 31 is
placed on a movable table 42 which is moved (in the X
direction) along a traveling rail 41 which is a driving
source of the so-called linear motor type. Consequently,
the holder 30 can move the stent body 2 in the X
direction and the Y direction by forward and backward
rotation.
[0060]

Although the outer diameter of the mandrel 34
preferably is substantially equal to or a little greater

than the inner diameter of the stent body 2, as the
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[ 0061] As shown in FIGS. 7 and 8, the application head 50 has a
di spenser 53 which is nounted on a bracket 51 which is attached to the
support frame 26 through a vertical table (not shown), which is noved in
the Z direction by a screw feed nmechanismor the like which is driven by
the notor M3 and which gradually discharges the coating material W
reserved in the inside thereof, and a nozzle section 54 for discharging the
coating material W [0062] As shown in FIG 8, the dispenser 53 has
a cylinder portion_55 which serves as a s%ringe operating mechani smand in
whi ch coat ragdnraleffal MAnPselesEPGEd, CaNpPst G CHENEIcen 156 AFFOVICGEE S or
sliding novenent in the cylinder portion 55, and a driving section (not
shown) suchibbl &hgotonesr daahpdeaubitc theckasingmbboly Br essli hgvehe pi st on
portion 56 by a predeterm ned force F. [0063] The nozzl e section 54
i s confi gusedetrrbnrancat taehehgreeaber p5épprevi.-dedaah afl omer end of the
cylinder portion 55, and a nozzle 58 depending fromthe attachi ng nenber
57, and a hbhodrpashignobashown) tal biagcwhipeh nttheoc aakitng tmaker adls ML | ows
fromthe cylinder portion 55 to the nozzle 58 is forned.

light thereby to raise the contrast ratio between the

strut 3 of the mounted stent body 2 and the gap portion O.

Further, the mandrel 34 has recessed portions 35 formed

on an outer circumferential face thereof as shown in FIG.

9 so that, when the stent body 2 is mounted on the

mandrel 34, a gap G is produced between the outer

circumferential face of the mandrel 34 and a lower face

3a of the strut 3 of the stent body 2. Consequently, when

the coating material W is applied to the strut 3, the

coating material W is prevented from coming round to a

place between the surface of the mandrel 34 and the inner

side surface of the stent body 2 thereby to achieve

formation of a uniform coating layer and convenience of

the work.

[0061]

As shown in FIGS. 7 and 8, the application head 50
has a dispenser 53 which is mounted on a bracket 51 which
is attached to the support frame 26 through a vertical

table (not shown), which is moved in the Z direction by a

screw feed mechanism or the like which is driven by the
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[ 0064] The outer dianeter of the distal end of the nozzle 58 is 10
pmto 1000 pm and the inner dianmeter of the distal end of the nozzle 58 is
1 pmto 500 pm preferably 5 pmto 250 pm so that the coating material W
having a viscosity hereinafter described may be extruded at a

predet erm ned di scharge speed. Were the dianeter is smaller than 5 pm the
coating material Wdoes not flow out snoothly, and a high pressure is
sonetinmes required for the discharge. On the other hand, where the dianeter
exceeds 250 pm there is the possibility that the coating material Wmay
not subst ahPtariy3pbangdbleich BeadhBotHl (1apPRIrE&SoRNEhECSEERE body 2 which
is currently used. [0065] Meanwhi | e, the nozzle 58 is preferably
pol i shed swatsrialniinkfabgevedcessebeantsprej ebeirens ofngheé sgekace t her eof
as far as possible in order to prevent adhesion of the discharged coating
mat eri al Webhetehopdandrpdéesehabbynaf bheexanplieg staemiedsWst eel, carbon
steel, nickel, titanium chrom um glass, alum num oxi de, zirconium oxide,
di anond or [@a06pirpl ex of them are used. [0066] The di spenser 53 is
provi ded such that it is spaced apart fromthe struts 3 such that the

di stance N bet weexs tdieonozzh erB68. ahd the SispénSerny3beaa predeiedsatrned

| ength and the coating material Wis continuously extruded w thout being

interruptedotowsndsthansunf aeevet bReaskiitisgd BE@&b&h@gnaééh@na&mand
pl aced on the surface of the struts 3. ere such a continuous extrusion
method as hy§t idesstbhedohs iHgeHatuRibor M @BPkiecathea,0h bheton
portion 56 provided for sliding movement in the cylinder
portion 55, and a driving section (not shown) such as a
motor or a hydraulic mechanism for pressing the piston
portion 56 by a predetermined force F.
[0063]

The nozzle section 54 is configured from an
attaching member 57 provided at a lower end of the
cylinder portion 55, and a nozzle 58 depending from the
attaching member 57, and a flow path (not shown) along
which the coating material W flows from the cylinder
portion 55 to the nozzle 58 is formed.

[0064]

The outer diameter of the distal end of the nozzle
58 is 10 uym to 1000 um, and the inner diameter of the
distal end of the nozzle 58 is 1 pm to 500 upm, preferably

5 um to 250 um, so that the coating material W having a

viscosity hereinafter described may be extruded at a
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coating materi al

Wto a desired portion of the stent body 2 can be

achi eved. Further, the coating material Wcan be di scharged quantitatively
havi ng high controllability, and the quantitative adjustment of the

t her apeuti c substance can be carried out with a high degree of accuracy and
with certainty. Besides, since, in the chanber which is adjusted to a
constant tenperature and constant hum dity state, conditions for drying and
solidifying the coating material Ware fixed, production of the stent 1 to
whi ch the coating nmaterial Wadheres can be carried out readily and

rapi dly. [Po8Fptermined qhachpsgesppyedf tHecrdatingdhamersal 1V di schar ged
fromthe nozzle 58 is 0.1 cp to 10 cp, preferably 1.0 cp to 4.0 cp. Were
the viscostmylisrhigherSthan the raagengamhighiple¥sdresi soteddiowed or the

coating materi al

W cannot sonetines be discharged fromthe nozzle 58. Were

t he vi scosoty smodbomiy,taad theighngegstheecoat Engetratesi akgWisenet i mes
overflows fromthe strut 3, resulting in failure to forma uniform

appl i cati ofotayee. df 9668} gdhe @ stlancecie betaveen thersozizd ed b8mandrt he
strut 3is 0.1 pmto 200 pm preferably 1 pmto 100 pm Were the di stance

N is greatgrcéban tbe nangenetberg tHeadpossibility that the coating

material W may not substantially be able to be smoothly

applied on the stent body 2 which is currently used.

[0065]

Meanwhile, the nozzle 58 is preferably polished so

as to minimize recesses and projections of the surface

thereof as far as possible in order to prevent adhesion

of the discharged coating material W thereto, and

preferably, for example, stainless steel, carbon steel,

nickel,

titanium, chromium, glass, aluminum oxide,

zirconium oxide, diamond or a complex of them are used.

[0066]

The dispenser 53 is provided such that it is spaced

apart from the struts 3 such that the distance N between

the nozzle 58 and the strut 3 may be a predetermined

length and the coating material W is continuously

extruded without being interrupted toward the surface of
the struts 3 from the nozzle 58 and placed on the surface
of the struts 3. Where such a continuous extrusion method

as just described is used, uniform application of the
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problemthat the coating material Wis interrupted. Wiere the distance Nis
smal l er than the range, there is another problemthat the coating materi al
Woverflows fromthe strut surface. [0069] The first position

i nformation acquisition nmeans 60 is inmage pickup neans attached fixedly in
position on the support frane 26 through a bracket (not shown) as shown in
FIG 7, and has a canera section 62, and a |line sensor section (not shown)
di sposed so as to extend in the axial direction of the stent body 2. The
first position information acquisition nmeans 60 scans the surface of the
stent bodyc2afangymekesarsniwicthar geaticéd ePrthenseénthsodfentobodie hol der
30 to capture an inmage on the surface of the stent body 2 and transmts the
i mage to t Receonbeokcbeevedn 8Durigedesthé bedaaboyepaseéntel thecamndeel 34
is painted with a black paint so as to raise the contrast ratio between the
strut 3 of dihehaoygrtiedusthéntabadyl? andinkehdgp pontironl@bandtghsor bs

| ight, an obtained image of the stent surface is high in |um nance of the
strut 3 butnbownhenghunicnancevef athesgapnpobtti ahcOchEhapel.are, the control
section 80 can binarize the obtained surface inmage of the stent body 2 with
a sui tabl eslhyrtraneecha beaebireRatieoulewsyhf aceihmngegrekoort he strut 3 and
the gap portion O to obtain coordinates of the strut 3, that is, position

informati ogcefirkhe shiuli3hi Bethei Xty . di o6t o8s. sFHELhery the control
section 80 cal cul ates coordinates of "a trajectory whi ch passes the center

of the strup 3pbasedien the,abt,aiagd BOSI LhaR chRfORRRLL0 chRet RE XY

directions (X-Y coordinates of the strut 3), and the Obtained data of the

center {raLgaLoLYane shoted ale aRAIEY 0L Lhe goqunal saection BO. pon

application o e coating material I'S essenti hat the application
L5 a0 SOyl LN, LOe1 P CLET L 1A e B ALA.E, a0 phsat o L
of the stent 1 to which the coating material W adheres
can be carried out readily and rapidly.
[0067]
The viscosity of the coating material W discharged
from the nozzle 58 is 0.1 cp to 10 cp, preferably 1.0 cp
to 4.0 cp. Where the viscosity is higher than the range,
a high pressure is required or the coating material W
cannot sometimes be discharged from the nozzle 58. Where
the viscosity 1is lower than the range, the coating
material W sometimes overflows from the strut 3,
resulting in failure to form a uniform application layer.
[0068]
The distance N between the nozzle 58 and the strut

3 is 0.1 pm to 200 um, preferably 1 pm to 100 um. Where

the distance N is greater than the range, there is a
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The second position information acquisition nmeans 70 i s di spl acenent
measurenment neans in the Z direction attached fixedly in position to a

| ower end of a bracket 71 attached to the support frane 26, and is
configured froma | aser displacenent sensor 73 called vertical sensor for
measuring a displacenent of the struts 3 in the Z direction. [0071]

The surface of the strut 3 strictly is not snoboth but has recesses and
projections, and in order to quantitatively accurately apply the coating
material Wto the strut having such recesses and projections, a

pr edet er m pedbanpountadf tbeatrioadimat eaitelkr IMLNWst sha ngppirived eso hatret he
distal end of the nozzle 58 noves strictly in parallel to the surface of

t he strut B8heAddertdinngl ¥, ithembaser dhspl abeneangsengberegldistarts
acquisition fromposition information of the strut 3 at a predeterm ned
posi ti on ofnbhaest erbbhedy t2atf ahecexanplieg abktariajph osteirddcstsart point,
scans the stent body 2 along a trajectory passing the center of the strut 3
whi |l e rot ari-Bg the stent Bodya2eforwardly and backwardly, collects

di spl acenent data of the overall stent body 2 in the Z direction. Besides,
the acquiredodiogpl acenent data is stored into the nmenory of the control
section 80 [ 0072] Though not shown, the control section 80 has a

processor, a nonitQg, fﬁrggygeéigléﬂdlﬁ9o£ﬁa£Bonaaeqﬁagﬂtabﬁ ﬂ@ghglgo
information thereof, carries out setting of an application method for

applying the 60abieng. h_rh%%ﬁ@/%ggaQﬁﬁﬁyfﬁf%@dfyﬁfﬁ(§§éf%ﬂyﬂ<5ﬁlﬂﬂ% route

al ong whic ppfi cat on head is to apply the ating material Wto

th trut 3 of t t t , t t t I
otati on of "PRe NaiirER 280 ThrRug el HRrc e A e e heans
40, the dISCh% ge -

7, and has a camera section 62, and a line sensor
section (not shown) disposed so as to extend in the axial
direction of the stent body 2. The first positiocon
information acquisition means 60 scans the surface of the
stent body 2 in synchronism with rotation of the stent
body 2 of the holder 30 to capture an image on the
surface of the stent body 2 and transmits the image to
the control section 80. As described above, since the
mandrel 34 is painted with a black paint so as to raise
the contrast ratio between the strut 3 of the mounted
stent body 2 and the gap portion O and absorbs light, an
obtained image of the stent surface is high in luminance
of the strut 3 but low in luminance of the gap portion O.
Therefore, the control section 80 can binarize the
obtained surface image of the stent body 2 with a

suitable luminance to fractionate the surface image into
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anount of the coating material Wto be discharged fromthe application head
50, scanning of the inmage pickup neans or the vertical sensor, and so
forth. [0073] The application nmethod signifies an application route
in the case where the application is to be carried out along the strut 3.

Al t hough the application route preferably is a route along which the
coating material Wcan be applied to the overall strut 3 continuously

wi thout an interval in which overlapping application is carried out, in the
case of the stent 1 in which the struts 3 cross with each ot her

conpl i cat etdhyg, struts3sendt thes gdpf bociiont & set cRtedut eoidénadess not

i nclude an interval of such overlapping application. In such an instance,
an intervabfi hhehsthuovér| appitngsapplbisg¢atiioon iing ctroalye ocarorfi édheout, or an

i nterval across which the application point junps froma certain point to
anot her posptuen3the sheuk-3 dirpravioded. Byrpaet) ytpeowbdinglan interval
in which overl apping application is to be carried out or an interval in

whi ch the apptieat BONcROELON ajreBPScbRdlihias crBRITER, tilag cafppldycatiiem route can
be shortened. Further, when the noving speed within an overlapping interval

(interval whikehsi snpassgdecby o Rhur @k rimiebagld iEShd Boeti niggher than
the noving speed within an interval which is passed only by once, the drug

can be apphied:yBhf @hrbYrhe18ndesi ed ROFt R0k ithe stert body 2, and the
effect of reducing the restenosis rate can be exhibited sufficiently in the

h
case of P&?@o?ﬁih Ee%ig?'tﬁgrgkgpka@BY EthQ%gpQ§ﬁ£M%§£ﬁcﬁﬁﬁlQﬁa%m%g

mat eri al s applied such that forns the gradually decreasing portion 6

wh t hi ck I t t i in th
prosent cnbBaT BNt L PECFEly GF B S04 o Tve & RETRSLE S rSIae si de of

Lhe St 3580 Lhe hontopoLtLon, KL pvard,phe, o ot o 0o apapelagylo (he one

. | §ancrea5|ng portron 6-can be’fprnpd
o0 O LOOTAL o ORo0h S 121,00, 91 a0 bl cali pr oute, 111
without being derailed from the struts 3, and also to
this end, it is very significant to specify the center of
the struts 3.
[0070]
The second position information acquisition means
70 is displacement measurement means in the 72 direction
attached fixedly in position to a lower end of a bracket
71 attached to the support frame 26, and is configured
from a laser displacement sensor 73 called vertical
sensor for measuring a displacement of the struts 3 in
the Z direction.
[0071]
The surface of the strut 3 strictly is not smooth

but has recesses and projections, and in order to
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(1) Were the coating material Wis applied to the strut 3 of the stent
body 2, at the linear portion S of the strut 3, it is preferable to set a
trajectory which passes the center of the strut 3 as the application route.
However, at the bent portion K of the strut 3, it is preferable to set a
trajectory which passes a position shifted by a predeterm ned distance in a
w dt hwi se direction of the strut 3 as the application route. The coating
material Wis liquid and exists in a state in which it swells upwardly on
the surface of the strut 3 due to the surface tension of the liquid, and
even if itagusntditedimadyserrdirkiedy Pprprily EhkekpaténBomatardeat Wngol ayer
havi ng an arcuate cross-section. Accordingly, where the coating material W
i s appliedthy atphtrhbvhogbencbf receesessiendepirbjkestlhipabl,eat o swel |
arcuately, it is preferable to set a trajectory which passes a position
shifted bypacpeedehénsunesloanoupt tobemihbhemeoating Wayestobet he strut 3 for
the first time as an application route to forma coating |ayer for the
second tinepgndegeto tRAtt BBeC@akiny kawebff @het Rezbhier dst bwesa traj ectory
whi ch passes a position different fromthe application routes for the first

time and tB@r§@€99dlhlgsra§1gmet@p@hb0@hk@ac@0@EethEOQ%QLt 3. (2) Upon
determ nation of an application route, it is preferable to use different

appl i cati op-rgubes ﬁg, the hb@@@rdﬁggha%@mén%n@ehg%rbe@tSQ@&%@on K. In the
| i near portion S, g rajectory which passes the center of the strut 3 may

be set as 5?@u§89£&8ﬁtE?Bmf&%%%t@%nd§%% 1%%0%% t WEY Gl 13N Eh% bent

portion K a trajectory I ch passes t center the strut in the

wi dt hwi se predetermined position of the stent body 2, for example,

at an application start point, scans the stent body 2
along a trajectory passing the center of the strut 3
while rotating the stent body 2 forwardly and backwardly,
collects displacement data of the overall stent body 2 in
the 7Z direction. Besides, the acquired displacement data
is stored into the memory of the control secticn 80.
[0072]

Though not shown, the control section 80 has a
processor, a monitor, a keyboard and so forth, and from
the position information thereof, carries out setting of
an application method for applying the coating material W
and determination of an application route along which the
application head 50 is to apply the coating material W to
the strut 3 of the stent body 2. Further, the contrcl
section 80 controls rotation of the mandrel 34 of the

holder 30, movement of the moving means 40, the discharge
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direction is set as the application route, then the coating material W

di scharged fromthe application head 50 does not follow up the noving
trajectory of the application head 50 by an influence of the viscosity of
the coating material W the dropping speed of the coating material Wfrom
the nozzle and so forth. Accordingly, it is preferable to set the outer
side relative to a |ine which passes the center of the bent portion K of
the strut 3 as the application route. [0077] (3) At a crossing
point of the struts 3, it is preferable to set a cross point of the center
axi al |inesmofinthefpkbeatostingsmdterivheWptoxiori tyseharhiedctaos poi nt as
the application route. At a location at which the struts 3 cross with each
ot her, sinceecabkppltihetappl heatli 6A,r eubesiRgt bér ¢her iorgss pwickiipeach ot her,
if a cross point of the center axial lines of the plural struts 3 or the
proximty @kahBeoer @68 peirntchs sehsas,t badappl ifoathon route, then al so

fl owi ng dowmn of the coating material Wcan be prevented favorably. [0078]
Now, a coatppgsnethod is described. FIG 10 is a flow chart of the coating
process, and FIG 11 is a flow chart of the coating process following FIG

10. [0079] <Prepgratigh St&PPon method signifies an application

route in the case where the application is to be carried
out along the strut 3. Although the application route
preferably is a route along which the coating material W
can be applied to the overall strut 3 continuously
without an interval in which overlapping application is
carried out, in the case of the stent 1 in which the
struts 3 cross with each other complicatedly, it is
sometimes difficult to set a route which does not include
an interval of such overlapping application. In such an
instance, an interval in which overlapping application is
to be carried out, or an interval across which the
application point jumps from a certain point to another
point on the strut 3 is provided. By partly providing an
interval in which overlapping application is to be
carried out or an interval in which the application point
jumps in this manner, the application route can be
shortened. Further, when the moving speed within an
overlapping interval (interval which is passed by a

plural number of times) is set higher than the moving
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First, before coating is started, the air conditioner 25 is rendered
operative to place the inside of the chanber 23 into a constant tenperature
and constant humidity state. Then, the syringe operating mechani sm 53
formed by conbinati on of the nozzle section 54 having the nozzle 58 of an
i nner dianeter corresponding to the width of the strut 3 or the coating
material W the cylinder portion 55 in which the coating material Wis
injected and so forth is set to the support frane 26. [0080]

Meanwhi |l e, the stent body 2 is attached, after nounted on the nmandrel 34,
to the chuskéng wechionad3ionftethel hehdeh 386 peskettlonedyabyaostandby
position and set such that the application start point of the strut 3 is
posi ti onedtiod @rtgcessede pappi dad3bnoforheymandeebe34rebt ppsttionbefnot ed
that the standby position is a position in the proximty of an entrance

portion 23&&fstbet chagher, 23niinthbeccasetWoer ectiheinmgvichg neans 40 is
provided at a |l ower portion of the chanber 23, as shown in FIG 7. [0081]

<l mage Pi ckyp:St&PPs rate can HBeegRNbEOkJSeckironi8Atagcent shanckrput of
i mge pickup paraneters and stores the inputted i nage pickup paraneters

into the S&Prﬁﬁ@Adsylgﬁe(§4ke The, {47891 P CKUP, PRANBE 85 Syidk B | PRyt ted, for
exanpl e, froma keyboard by an operator. The inage pickup paraneters

i nclude a égﬁggngfm59&§%sgnw0£ thepreadr elicfdcnal lBRGE Rhekup |ine number,

an i mge pic ine w |nage pi ckup operation speed. [0082]

gradually decreasing portion 6 whose thickness gradually
decreases toward the bent portion K as in the present
embodiment, it is preferable to move the nozzle 58 from
one side of the strut 3 of the bent portion K toward the
other side opposing to the one side. By such movement,
the gradually decreasing portion 6 can be formed rapidly.
[0074]

Upon determination of an application route, it is
preferable to take various countermeasures described
below.

[0075]

(1) Where the coating material W is applied to the
strut 3 of the stent body 2, at the linear portion S of
the strut 3, it is preferable to set a trajectory which
passes the center of the strut 3 as the application route.
However, at the bent portion K of the strut 3, it is
preferable to set a trajectory which passes a position

shifted by a predetermined distance in a widthwise
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The control section 80 issues an instruction to start inmage pickup after
the inputted i nage pickup paraneters are stored. Sinmultaneously, the
control section 80 renders the X direction noving neans 40x operative (S2).
Consequently, the holder 30 noves fromthe standby position to a position
bel ow the first position information acquisition neans 60 al ong the
traveling rail 41. The control section 80 confirnms that the hol der 30 cones
to the predeterm ned position (S3), and when the hol der 30 cones to the
predeterm ned position, the control section 80 renders the notor M2 of the
hol der 30 dpeeative 6 sharstrotabi ea dhet hepdtieatidn( 84Ntel-0083¢
Meanwhi |l e, the |ine sensor of the first position information acquisition
means 60 staatsnpmageepiekup in adgoridancd wixtibtaninmagetpitekap starting
instruction and scans the surface of the stent body 2 to pick up an inmge
of the sur{ngenpatt ewa1(85hpwihealpi ekedhup surdgeei & fstoredtasta3pl ane

devel oped inmage into a storage device (for exanple, a nenory, a hard disk

or the likghei Bot BgeCOOtFakeSEEh0BN80f The iABEE dyBYNBE cohputt ed to a
nonitor so that it can be confirnmed by visual observation. [0084]

Since, in &Bed§géﬁaaﬁdlgaggdgkléee stent bogw12, tbhedkumnanee 1ol the strut
3 is high and the |Ium nance of the gap portion O is |ow, the control

section 80, 1690YenLy ik € 2 RULEAGS tbMRIS sl ms%c%ll%'nnarhéggr!jgﬁgﬁy()fwﬂ@kée and
bl ack with réference to a certain l'um nance (S6), and cal ctl af es

coordinates, of a,ttALeqleLY %h G 1Rasses sLhepcent en B3 by a
reducti on process oﬁ ﬁ &t of "thé gtrut (%7§.U?868g1
times, since it is liable to swell arcuately, it is
preferable to set a trajectory which passes a position
shifted by a predetermined amount from the coating layer
of the strut 3 for the first time as an application route
to form a coating layer for the second time and set, for
the coating layer for the third time, a trajectory which
passes a position different from the application routes
for the first time and the second time as the application
route.
[0076]

(2) Upon determination of an application route, it
is preferable to use different application routes for the
linear portion S and the bent portion K. In the linear
portion S, a trajectory which passes the center of the
strut 3 may be set as the application route as described

above. However, in the bent portion K, if a trajectory

which passes the center of the strut 3 in the widthwise
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<Setting Step of an Application Method> Deciding fromthe acquired
surface i mage of the stent body 2 and taking whether an interval within
whi ch overl apping application is to be carried out and an interval across
whi ch the application point is to junp and the position of such intervals
into consideration, an application route is set such that, while the
application is perfornmed for a desired surface portion of the strut 3,
those intervals for overlapping application and those intervals for junping
are reduced in nunber or length as far as possible (S8). [0086]

<Di spl acemdntedvbasur esenét Sheptha &helZcBiiest rontre, then tRarther, the
control section 80 accepts and stores an input of displacenent neasurenent
par anmet er sceftihe secondaposi ti sahknfedmatomntheqappitcenioeansad0 which
serves as the displacenent neasurenent neans in the Z direction (59). Al so

these di spkacgsestnseasyl esentppahanebeisgateafopubtgdobythbe operator. The
di spl acenent neasurenent paraneters include a neasurenent start position, a

direction gfotheapeasunenento BydhhechkoNeateackr anehvpetBtitg BEASUr ement
speed and a neasurenent interva

the coating material W, the dropping speed of the coating

material W from the nozzle and so forth. Accordingly, it

is preferable to set the outer side relative to a line

which passes the center of the bent portion K of the

strut 3 as the application route.

[0077]

(3) At a crossing point of the struts 3, it is
preferable to set a cross point of the center axial lines
of the plural struts 3 or the proximity of the cross
point as the application route. At a location at which
the struts 3 cross with each other, since also the
application routes P therefor cross with each other, if a
cross point of the center axial lines of the plural
struts 3 or the proximity of the cross point is set as
the application route, then also flowing down of the
coating material W can be prevented favorably.

[0078]
Now, a coating method is described. FIG. 10 is a

flow chart of the coating process, and FIG. 11 is a flow

chart of the coating process following FIG. 10.
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[ 0087] The control section 80 renders a notor ML of the Y direction
novi ng nmeans 40y after the storage of the displacenent neasurenent
paranmeter (S10). If necessary, while the stent body 2 is observed by neans
of a video canera and a nonitor, the neasurenent positions of both the
stent body 2 and the displacenment neasurenent neans are adjusted so that

t he nmeasurenent position of the displacenent neasurenent neans and the
designation position on the trajectory coincide with each other (S11).

[ 0088] After the nmeasurenent position and the designation position
are broughtOPAPd coi nci dence with each other by the adjustnment (it is to be
noted that such coincidence is inputted to the control section 80 by the
operator) (8i2pa¥es)pn Bhepcontrol section 80 issues an instruction to
start nmeasurenent of the displacenment in the Z direction of the strut 3 to
t he second positibhrsnf odsedbiroOncesguhgi i & oataraas, 70h¢Sa3y. The control
section 80 causes forward and backward rotation by the notor M2 and

novenent i BohBetashal der est irendBy ebhepatern vl tho phedeepeat ethside _
Consequently, the stent body 2 repeats the rotation and the axial direction

novenent (S¥4knel BB8Rber 23 intEoBseguerbhy, tehRee ttheesecend position
informati on acqui sition nmeans 70 noves along a trajectory which passes the

center of EBES%BW hﬁmlﬁfi%yc%taft@ S@HéhontﬁQ g9£k§5&8095§9£%§mt data in
the Z direction (S15). The di splacenent data are stored into the storage

devi ce of h@‘éh‘éﬂ%h"%ﬁ%&h@a 80 Logehnar ;Wi et he cordinates. (i, f he

center trajecto

54 hav1ng the nozzle 58 of an inner diameter
corresponding to the width of the strut 3 or the coating
material W, the cylinder portion 55 in which the coating
material W is injected and so forth is set to the support
frame 26.

[0080]

Meanwhile, the stent body 2 is attached, after
mounted on the mandrel 34, to the chucking section 33 of
the holder 30 positioned at a standby position and set
such that the application start point of the strut 3 is
positioned on a recessed portion 35 of the mandrel 34. It
is to be noted that the standby position is a position in
the proximity of an entrance portion 23A of the chamber
23 in the case where the moving means 40 is provided at a
lower portion of the chamber 23, as shown in FIG. 7.
[0081]

<Image Pickup Step>
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[ 0090] <Application Step> The control section 80 accepts and stores
an i nput of application paraneters (S16). Al so the application paraneters
are an input by the operator. The application paranmeters include an
application start position, a direction of the application, a direction at
a cross point, setting of a trajectory adjustnent interval, an adjustnent
anount of the trajectory, an application speed, a discharge speed of the
coating material W a height of the application head, an application tine
nunber (Il ayer nunber) and sel ection of an appllcatlon head. [0091]

The control sectibie 8ooncsRkssaPt 1ot fUca¢errtd sRartrappbfcanedd after the
storage of the application paraneters. Sinultaneously, the control section
80 i ssues mhcknpt pactinehetre ppdesthecholtder 18pulby eneanagef ptikvésuX directi on
novi ng neans 40x (S17). Consequently, the stent body 2 is noved to the

appl i cati opastartepesiihtonthel swothgeapplkiicat i(6A)healh&0ihS838) pidkter the
stent body 2 reaches the application start position below the application
head 50 (Sp9raMesyrst heeconpnokesectbenef@mpisyesram bngkrbobirdnbio carry
out forward and backward rotation by the notor M2 and novenent in the axial
direction By bpermeber Mhsoihhgt phekshepirbadye2si snoDVEE hnshbedx axis
direction and the y axis direction in accordance with the designated

paranet ersoby -bepward ardchackwandenobati an byabereiep VBnand novenent in
an axial direction by the notor ML (S20 ). Si mul taneously, the control

section 80,GaUses Eﬂelﬁ%le' patikan 'ﬂ%ﬂ@ Qtht‘Pl mé\’ﬁ LR Ghe oL Bk g rection

by nmeans of the nDtor i n accordance with the designateéed parameters

(S21). At g? Eggdcoatlng material Wis discharged continuously from
the applica |on ead Consequently, while the application head 50 noves
al ong the fBB%b ation route determ ned in advance, application of the
coating materralf Wis carried out.

The control section 80 issues an instruction to
start image pickup after the inputted image pickup
parameters are stored. Simultaneously, the control
section 80 renders the X direction moving means 40x
operative (S2). Consequently, the holder 30 moves from
the standby position to a position below the first
position information acquisition means 60 along the
traveling rail 41. The control section 80 confirms that
the holder 30 comes to the predetermined position (S3)},
and when the holder 30 comes to the predetermined
position, the control section 80 renders the motor M2 of
the holder 30 operative to start rotation of the stent 1
(S4).

[0083]

Meanwhile, the line sensor of the first position
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[ 0092] During the application, since the space between the dista

end of the nozzle 58 and the stent body 2 is in a state in which it is
filled with the coating material W the coating material Wis discharged by
a fixed amount, and al so the anount of the drug on the stent body 2 is set
to the predeterm ned value with certainty. Besides, a web or a bridge does
not appear between the struts 3, and the drug coat |ayer 4 can be forned
with a very high degree of accuracy. [0093] After the coating is
conpl eted, the holder 30 is noved to the standby position by the X

di recti on ho#ongateansad@uisandohakesnsubOt heamaadiekg84picesnrt he hol der 30
to the outside of the chanber 23 and then renoves the stent body 2 on which
the drug ceatolayetedwishfannedafeom thepnmandreind4inp0084fion and The
present invention is not limted only to the enbodi nent descri bed above but

can be nodifigd tRevanieHSeNBANERhS byeatppbagn2skbl bedki npt he ambgai t hin
the technical scope of the present invention. For exanple, although the

embodi nment ,desgei bedrabeveadischoses) t herigs agluakéy decieagengsportion 6
al ong which the thickness B of the drug coat |ayer linearly varies toward

the bent portign Ksog %Tgngraébg}EFeefiﬁQ@ebQHEopQr%E@@a§e theishape of the

gradual |y decreasing portion 6 o he present invention is not limted to

this, but opLy LLahgipecespary (o thg.bhbekness Brof 1bhe) dingrgaat |ayer

to be redu nt porti in the proximty of the bent

por tion K and. the gcaduallodecheas] g 2ohL} OB SolfByuliekg various shapes
‘ monitor so that it can be confirmed by visual observation.
[0084]
Since, in the surface image of the stent body 2,
the luminance of the strut 3 is high and the luminance of
the gap portion O is low, the control section 80 converts
the surface image into a binarized image of white and
black with reference to a certain luminance (S6), and
calculates coordinates of a trajectory which passes the
center of the strut 3 by a reduction process of the width
of the strut 3 (S7).
[0085]
<Setting Step of an Application Method>
Deciding from the acquired surface image of the
stent body 2 and taking whether an interval within which
overlapping application is to be carried out and an

interval across which the application point is to jump

and the position of such intervals into consideration, an
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[ 0095]

Further, for the coating material W not only one kind but

also a plurality of kinds of materials may be used. \Were a plurality of
coating materials Ware to be applied, a plurality of syringes, nozzles and
syringe operating nmechani sns are prepared and successively changed over to
carry out coating. Such successive changeover of the syringe operating
mechani snms and so forth is controlled by the control section 80. Here, the
different coating materials Wrelate to a case wherein different polyners
are used or a single polyner is used but by different amounts, or different
drugs are asedioataocsi ngheediagses ased bhetbywHiiffetbat armdanesioor el se
different solvents are used. Wien a plurality of kinds of coating materials
are used ihsthesfomnaér forhe effsiicacy duw fadso wonplex, ohilch ssrvery,
advant ageous in that physical or spiritual stress to the patient is reduced
and so forthos§0086¢rvals forFutrtheéappahsoabbeinethod aehdf ahmiseg t he drug
coat layer 4 is not limted only to that of the enbodi nent described above,
but, for examplea13 sprayu@ping bbRk pebufBY he us@Ber or length as

far as possible (S8).
[0086]
<Displacement Measurement Step in the Z Direction>

Further, the control section 80 accepts and stores
an input of displacement measurement parameters of the
second position information acquisition means 70 which
serves as the displacement measurement means in the Z
direction (89). Also these displacement measurement
parameters are inputted by the operator. The displacement
measurement parameters include a measurement start
position, a direction of the measurement, a direction at
a branch point, a measurement speed and a measurement
interval.

[0087]

The control section 80 renders a motor M1 of the Y
direction moving means 40y after the storage of the
displacement measurement parameter (S10). If necessary,
while the stent body 2 is observed by means of a video
camera and a monitor, the measurement positions of both

the stent body 2 and the displacement measurement means
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[ 0097] Further, although the enbodi nent descri bed above is a wavy
stent having a predeterm ned pattern, the stent is not limted to such a

stent as just described, but may have any other pattern if

it has the bent

portion K. Industrial Applicability [0098] The present invention can
be utilized as a stent which reduces the restenosis rate extrenely after
per cut aneous translum nal coronary angioplasty (PTCA). dains

are adjusted so that the measurement position of the

displacement measurement means and the designation

position on the trajectory coincide with each other (S11).

[0088]

After the measurement position and the designation

position are brought into coincidence with each other by

the adjustment (it is to be noted that such coincidence

is inputted to the control section 80 by the operator)

(S12, Yes)), the control section 80 issues an instruction

to start measurement of the displacement in the 7

direction of the strut 3 to the second position

information acquisition means 70 (S13). The control

section 80 causes forward and backward rotation by the

motor M2 and movement in the axial direction by the motor

M1l to be repeated. Consequently, the stent body 2 repeats

the rotation and the axial direction movement (S14).

[0089]

Consequently, since the second position information

acquisition means 70 moves along a trajectory which

passes the center of the strut 3, the control section 80

collects displacement data in the Z direction (S15). The

displacement data are stored into the storage device of

the control section 80 together with the coordinates of

the center trajectory.
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1. A stent which includes a cylindrical stent body fornmed froma wavy strut
havi ng a bent portion, and a drug coat |ayer forned by coating a drug on
the outside surface of said stent body, at |east the bent portion being

def ormed for expansion and contraction together w th expansion and
contraction of said stent body in a radial direction, wherein said
drug coat | ayer has a gradually decreasing portion formed by gradually
decreasing the thickness of said drug coat |ayer toward the bent portion.

2. The stent according to claim1, wherein a predeterm ned range
around a bendopodint at the bent portion is configured as a no-coat |ayer on
whi ch said drug coat |ayer is not forned. 3. The stent according to
claiml, <appliwhetennsaephin filmcoat |ayer of the drug is formed within
a predeterm ned range around a bent point at the bent portion. 4. The
stent accordi ng tmhényoteo Dfsedaidm 40 tacSepwbesed nssatds dangigpat | ayer
is formed froma m xture of the drug and a pol yner. 5. The stent

according te ghpiM-4tion parameters (S16). Also the application
parameters are an input by the operator. The application
parameters include an application start position, a
direction of the application, a direction at a cross
point, setting of a trajectory adjustment interval, an
adjustment amount of the trajectory, an application speed,
a discharge speed of the coating material W, a height of
the application head, an application time number (layer
number) and selection of an application head.
[0091]

The control section 80 issues an instruction to
start application after the storage of the application
parameters. Simultaneously, the control section 80 issues
an instruction to move the holder 30 by means of the X
direction moving means 40x (S17). Consequently, the stent
body 2 is moved to the application start position below
the application head 50 (S18). After the stent body 2
reaches the application start position below the
application head 50 (S19: Yes), the control section 80
issues an instruction to carry out forward and backward

rotation by the motor M2 and movement in the axial
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wherein the polymer is a biodegradable polyner. 6. The stent
according to claimS5, wherei n the bi odegradabl e polyner is any one
of polylactic acid, polyglycolic acid and lactic acid-glycolic acid
copol ymer. 7. The stent according to any one of clainms 1 to 6, wherein
a primer coat |ayer is provided between said stent body and said drug coat
| ayer. 8. The stent according to claiml, wherein an inclination
angl e of the gradually decreasing portionis 1 to 45 degrees. 9. The
stent according to any one of claims 1 to 8, wherein said stent body
is formed dhractybindyi thé shape By for phag abweavyeanntbdly Body from the
wavy strut having the bent portion, and by disposing and joining together a
plurality mbvsedchnwaky anaxlardbodiesonnaad ahegmedxiel dtirenshiop wint h each
ot her in an axial

accordance with the designated parameters by forward and

backward rotation by the motor M2 and movement in an

axial direction by the motor M1 (S20). Simultaneously,

the control section 80 causes the application head 50 to

move in the Z axis direction by means of the motor M3 in

accordance with the designated parameters (S21). At this

time, the coating material W is discharged continuously

from the application head 50. Consequently, while the

application head 50 moves along the application route

determined in advance, application of the coating

material W is carried out.

[0092]

During the application, since the space between the

distal end of the nozzle 58 and the stent body 2 is in a

state in which it is filled with the coating material W,

the coating material W is discharged by a fixed amount,

and also the amount of the drug on the stent body 2 is

set to the predetermined value with certainty. Besides, a

web or a bridge does not appear between the struts 3, and

the drug coat layer 4 can be formed with a very high

degree of accuracy.

[0093]
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direction. 10. The stent according to any one of clains 1 to 9,
wherein said drug coat |ayer is formed by lamnating a plurality of thin
filmcoat |ayers individually formed by discharging coating liquid
including drug and pol ymer dissolved in solvent froma nozzle section and
noving the nozzle section along the strut, and the coating length of the
thin filmcoat |ayer of an upper |ayer fromanong the plural |ayers is set
shorter than the coating length of the thin filmcoat |ayer of a | ower
| ayer so that the gradually decreasing portion is forned in a stairway
shape. 11AfTére shentoattoyg di agcomptéaedn 10he holder whekein the
gradual |y decreasing portion of said drug coat |ayer is forned by noving
t he nozzl emseetli an themsanadofy puehtsbnuby whiecH Hlarecthenbewtriporti on
toward the other opposing one of such struts when the nozzle section
reaches thgechent 4part bad erkeBeoproxhg kyndiretheberbmpahki older

30 to the outside of the chamber 23 and then removes the

stent body 2 on which the drug coat layer 4 is formed

from the mandrel 34.

[0094]

The present invention is not limited only to the
embodiment described above but can be modified in wvarious
manners by a person skilled in the art within the
technical scope of the present invention. For example,
although the embodiment described above discloses the
gradually decreasing portion 6 along which the thickness
B of the drug coat layer linearly varies toward the bent
portion K or the proximity of the bent portion K, the
shape of the gradually decreasing portion 6 of the
present invention is not limited to this, but only it is
necessary for the thickness B of the drug coat layer to
be reduced at the bent portion K and in the proximity of
the bent portion K and the gradually decreasing portion 6
may have various shapes such as an arcuate shape.

[0095]

Further, for the coating material W, not only one

kind but also a plurality of kinds of materials may be
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12. The stent according to any one of clains 1 to 9, wherein said
drug coat layer is formed using a spray or an inkjet.

used. Where a plurality of coating materials W are to be
applied, a plurality of syringes, nozzles and syringe
operating mechanisms are prepared and successively
changed over to carry out coating. Such successive
changeover of the syringe operating mechanisms and so
forth is controlled by the control section 80. Here, the
different coating materials W relate to a case wherein
different polymers are used or a single polymer is used
but by different amounts, or different drugs are used or
a single drug is used but by different amounts, or else
different solvents are used. When a plurality of kinds of
coating materials are used in this manner, the efficacy
is also complex, which is very advantageous in that
physical or spiritual stress to the patient is reduced
and so forth.

[0096]

Further, also the method of forming the drug coat
layer 4 is not limited only to that of the embodiment
described above, but, for example, a spray or an ink jet
may be used.

[0097]

Further, although the embodiment described above is

a wavy stent having a predetermined pattern, the stent is

not limited to such a stent as just described, but may
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have any other pattern if it has the bent portion K.
Industrial Applicability
[0098]

The present invention can be utilized as a stent
which reduces the restenosis rate extremely after

percutaneous transluminal coronary angioplasty (PTCA).
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Claims

1. A stent which includes a cylindrical stent body
formed from a wavy strut having a bent portion, and a
drug coat layer formed by coating a drug on the outside
surface of said stent body, at least the bent portion
being deformed for expansion and contraction together
with expansion and contraction of said stent body in a
radial direction,

wherein said drug coat layer has a gradually
decreasing portion formed by gradually decreasing the
thickness of said drug coat layer toward the bent portion.

2. The stent according to claim 1,

wherein a predetermined range around a bent point
at the bent portion is configured as a no-coat layer on
which said drug coat layer is not formed.

3. The stent according to claim 1,

wherein a thin film coat layer of the drug is
formed within a predetermined range around a bent point
at the bent portion.

4. The stent according to any one of claims 1 to 3,

wherein said drug coat layer is formed from a
mixture of the drug and a polymer.

5. The stent according to claim 4,

wherein the polymer is a biodegradable polymer.
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6. The stent according to claim 5,

wherein the biodegradable polymer is any one of
polylactic acid, polyglycolic acid and lactic acid-
glycolic acid copolymer.

7. The stent according to any one of claims 1 to 6,

wherein a primer coat layer is provided between
sald stent body and said drug coat layer.

8. The stent according to claim 1, wherein an
inclination angle of the gradually decreasing portion is
1 to 45 degrees.

9. The stent according to any one of claims 1 to 8,

wherein said stent body is formed in a cylindrical
shape by forming a wavy annular body from the wavy strut
having the bent portion, and by disposing and joining
together a plurality of such wavy annular bodies in an
aligned relationship with each other in an axial
direction.

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

wherein said drug coat layer is formed by
laminating a plurality of thin film coat layers
individually formed by discharging coating liguid
including drug and polymer dissolved in solvent from a

nozzle section and moving the nozzle section along the
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strut, and the coating length of the thin film coat layer
of an upper layer from among the plural layers is set
shorter than the coating length of the thin film coat
layer of a lower layer so that the gradually decreasing
portion is formed in a stairway shape.

11. The stent according to claim 10,

wherein the gradually decreasing portion of said
drug coat layer is formed by moving the nozzle section
from one of such struts which form the bent portion
toward the other opposing one of such struts when the
nozzle section reaches the bent portion or the proximity
of the bent portion.

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

wherein said drug coat layer is formed using a

spray or an inkjet.

51



