Description STENT Technical Field [0001] [Cross Reference for Application]
The present application is based on Japanese Patent Application No.

2009- 227417 filed on Septenber 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 lunen 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 Fodyription

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 stenocsed 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
bady.

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

a stencsed region or an occluded region appearing in a



Background Art [0003] A stent is a nedical device

used for

i nprovenent of a stenosed region or an occluded region appearing in a

| umen in an organi smsuch as a bl ood vessel, a bile duct,

a trachea, an

esophagus, an urethra or the like, and is a network-1ike cylindrical body
formed by successively formng, using a thin strut, a straight or curved

| i near portion or a bent portion of a U shape or the like

on the sane

pl ane, so to speak, into a wavy form and disposing a plurality of wavy
annul ar bodjes, in each of which such wavy struts are disposed annularly
and connect®ed'%® ‘gacH' ctHer 1§ dirialdgred rebat Tonshi p wilthleadhcbt her in

an axi al direction. [0004] Wiile a stert is used,

for exanple, in

coronary ard efif@fed hettheadLhdois r est dhiosilsr preverts onllef t etnd hies a

per cut aneous translum nal coronary angioplasty (PTCA), it

i's recognized

that, if a mstlentrionl s oty drudrisahdtodwatedyed hay $s;cas barelyet al stent,
is used such that it is reduced in dianeter in advance and reaches a target
regi on, in fWwhirchngt ussirexpandedh socast t oz bes tadviet |e@d duraed unemgat hen,

al t hough the restenosis ate is low in conmparison with that

in a case whore

only PTCA isottsieth i it houierusipngr-tai st ent Aty adapd est eflosi 5ijpeces St a
ratio of approximately 20 to 30%in the stent indwelling region. Principal
causes of thend esta@nosds @ espddit el nhyperdd-ophyo By Mgratdonsand growth

of vascul ar snmooth nuscle cells.
plurality of wavy annular bodies, in each of wh

ich 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

percutanecus transluminal coronary angloplasty

(PTCA), 1t

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

coated, that 1is, a bare metal stent, 1is 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, alithough the restencosis rate is

comparlson with that in a case where only PTCA

low in

15 used

without using a stent at all, restenosis occurs at a

ratio of approximately 20 to 30% in the stent indwelling

reglon. Principal causes of the restenosis are

intimal

hypertrophy by migration and growth of vascular smooth

a



[ 0005] Accordi ngly, developnent of a DES is carried out recently in
whi ch drug capabl e of suppressing mgration and growth of vascul ar snpoth
nmuscle cells is coated on the outer surface of a stent (referred to
sonetime as "stent body") such that the drug is eluted in a stent

indwel ling region to prevent restenosis. As the drug, for exanple,
sirolinmus or carcinostatic which are antibiotics is used. The coating of
the drug is carried out such that coating liquid including a drug and a

bi oconpati bl e pol yner which are dissolved in solvent is coated by a di pping
net hod, a $Ptay-SEthod - or a direct application nmethod (applying drug al ong
a strut which configures a stent body) or the |like so that a predeterm ned
amount of driid i sts 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 Beciomdweldled ideva lopment afft er Xile ist centrirsachdgs e target
region in alunmen in a state in which the stent is reduced in dianeter
once, the stemnilsy exparded: andiputasdolas ¢0 heop newel hedyi@rprobhem occurs
that the drug coat |ayer coated on a bent portion or the like is

exfoliated firomadheiswf aces@fl dhesisd@rt hadyl ¢ nod esponse:d0r €xpansi on and
deformation of the stent (particularly in the bent portion) and the drug
itsel f is desiroyed and cones,ofd Jrom the: séenta bedysoRarticuiarly, where
the drug coat | ayer has brittleness, the problemjust above is remarkable.

[ 0007] “sterkhei@fpre, sidn W03/ 0097 79AZ; (1 &feryt ol par agraph, nunbers
[ 0065], [0066] and so forth), it is disclosed to forma drug coat |ayer in

the form of;,ald NG QY ddy e fOrmofea dolsd L& 191 on other.than 4 bent
portion ("stress region" or "nechanical profile"]) of the stent 'or forma
drug Coatlé@ﬂﬁpﬂéltgﬁ%&fﬁﬂﬂ§ﬁofiéggcfﬁo§k§¥§% &%Héﬁcgke antibioctics
is used. The coating of the drug is carried out such that
coating liguid 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 aleng 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 liguid is dried and solidified.
[00006]

However, since, in order to cause the DES to he
indwelled in a Jumen, 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
s0 as to be indwelled, a problem cccurs that the drug

coat layer coated on a bent portion or the like is



[ 0008] However,
| ayer is forned

t herehe possibility that, in a stent in which a drug coat
in the formof 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 |ayerformed In the formof 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 |ayer or,
dependi ng upon a case, a start point of deformation may exist in a portion
in which the drug coat layer is fornmed. Therefore, there is the possibility
t hat strai oo staleds Coneents atiom iy bcetr thddiugi coatspaye? and

the drug may be

exfoliated fromthe surface of the stent body and then the

exfol i at i on-mesxpriovpaygatand hérearoundet oo deste oyt ¢he drar coatathyer and

cause great com

ng off. In particular, where the stent is expanded in a

radi al direotitgmw hdet nagniiwude ord tthe: |dikes of t @xipaniss ofe $israptd const ant
and is different for each procedure, and coating of the drug is carried out

for a bent qordd

ot # of then extpandeth witidropt  trakitiguikirdly , pesicticon Hecones a

start point of deformation into consideration. Therefore, even if coating
is carried @uig uidord yeexceptodi hendndos L o i &t allsPointyof

def ornmati on and

an end portion of the drug coat |ayer coincide with each

ot her, then straidvidnsdress concentration occurs in the drug coat |ayer

and exfoliation,
[a0G7

destruction and com ng off of the drug
]

Therefore, in WO03/009779A2 (refer to paragraph

numbers [0065], [0066] and so forth), 1t i1s discleosed to

form a drug coat layer in the form of a line oxr 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 cocat 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 cof a dot,

tie amount of the drug may be insufficient, and this 1s

not preferable. Further, even in a stent in which a drug

coat

other

layer dis formed in the form of a Jline at a portion

than the curved portion, there is the pessibility

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



occurs. Summary of the Invention [00091 The present invention
been made to solve the problem descri bed above, and it is an object of
present invention to provide a stent which mnimzes occurrence of strain
and stress concentration in a drug coat |ayer upon deformation by
expansion of the stent in a radial direction, and is free fromcom ng off
of the drug and good in convenience in use. [0010] A stent of the
present invention which achieves the object described above is

characterized in that the thickness of a drug coat |ayer coated on the
out si de surfacE of" a2 steht lpodyn grhdabl thedeereases t dwared d sbelrrmpotti on
so that occurrence of strain or stress concentration in the drug coat
upon def or it 1ont e exgeanst ore dfhd heostigntl ity rieducest grieatdy sindethe drug
coat layer itself can be easily defornmed in accordance with defornmation of
candacomatyl of fmaof ddveidriug litse phevented: bye ot eod them [0011]

t he stent,

drug may be exfcliated from the surface of the stent body
and then the exfoliation may propagate therearound to
destroy the drug cecat layer and cause great coming off.
In particular, where the stent is expanded in a radial
direction, the magnitude or the like of expansion is not
constant and is different for each procedure, and coating
of the drug is carried cut 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,
1f a start point of deformation and an end portion of the
drug cecat layer coincide with each other, then strain or
stress concentration occurs in the drug ceoat layer and
exfoliation, destruction and coming off of the drug
oCCours.
Summary of the Invention
(0009}

The present invention has been made to solve the
problem described above, and 1t is an object of the
present invention to provide a stent which minimizes

occurrence of strain and stress concentration in a drug

(]

has
t he

| ayer



In the invention of claim1l, since the gradually decreasing portion wherein
the thickness of the drug coat |layer is gradually decreased toward the bent
portion is forned, even if a start point of the deformati on by expansi on of
the stent shifts a little fromthe bent portion of the strut, the drug coat
| ayer at the start point of the deformation and the proximty of the start
point is thinner. Accordingly, occurrence of strain or stress concentration
in the drug coat layer is reduced greatly, and com ng off of the drug can
he prevented. [0012] Besides, since the application ampunt of the drug is
smal | at t HEPYr adtigh T yolide realst iy por it i 'on, aP3os t We df ughetserrtréadily
follows up deformation of the stent, and also in this regard, com ng off of
the drug cah bedpbrevented: 190018)d 1s free PgemjevraryyotEiptethhe stent is
configured such that com ng off of the drug can be prevented w thout

drug and good in convenience in use.

[0010]

A stent of the present invention which achieves the

cbiect described above ig characterized in thalt the

thickness of a drug coat layer coated on the outside

surface of a stent body gradually decreases tcoward 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 iltself 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

laver is gradually decreased toward the bent portion is

formed, even if a start point of the deformation hy

expansiocn of the stent shifts a little from the bent

portion of the strut, the drug coat laver 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 1s reduced



using an additive such as a plasticizer, no bad influence is had on an
organi sm and the safety is high. [0014] According to the invention
of claim2, a predeterm ned range around the start point (a bent point) of
deformati on by expansi on of the bent portion is configured as a no-coat

| ayer. Therefore,

the drug is not coated in a region in which occurrence of

strain or stress concentration is nost likely to appear. Therefore, the
tent can suppress comng off of the drug and can cope readily with various
expansion states in an indwelled region thereof, and is easy to handl e,
easy and cefi&ihlYo Pproceduted ant’ ver yigoodr i eonvieni eicecihedse. [0015]
According to the invention of claim3, since a thin filmcoat |ayer of the
drug is forhdlai thin a predeternined range around a bent point of the bent
portion, the drug can be readily secured quantitatively while com ng off of
the drug i s suppréssedied,06I6]ce the application amcunt cof 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]

Farticularly, since the stent 1is 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 safelty is high.

[0014]

According to the inventiocn 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 therecf, and is easy to handle, easy and

certain toe procedure and very good in convenience in use.

{00L32]



According to the invention of claim4, since the drug coat |ayer is forned
froma mxture of the drug and a polyner, 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 biodegradabl e pol yner such as, for exanple, polylactic
acid, polyglycolic acid or a lactic acid glycolic acid copol yner.
Therefore, after the stent is indwelled in an organism the polymer which
covers and protects the drug is biodegraded and the drug is rel eased, and
consequent |y, ret eSS the et isdwell éd regiich “oarf e réevidhitied with
ce:t ai. nty, [0018] ~ According to the invention of claim?7, since
a primer coatllayertikayrovdedidetneent$ heostentwboldinand the drug coat
| ayer, the stent is good in bonding between the stent body and the drug,
and | ow i n ex¢@tiarnoned [ 0019 around a Aceor dbhgnt cof heh¢nventi on of claim
8, since an inclination angle of the gradually decreasing portionis 1 to
45 degr ees,pwheinot het st entud scadeflor medadhyl expanston, gsdnai naoi vsiyess
concentration is less likely to occur in the drug coat |layer, and this
stent can behfs mednnrg produced: keadihy. s 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 c¢laims % and &, the
polymer 1s a bilodegradable polymer such as, for example,
polylactic acid, poelyglycolic acid or a lactic acid-
giycolic acid copolymer. Therefore, after the stent is
indwelled in an organism, the polymer which covers and
protects the drug is bilodegraded 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 bending between



[ 0020] According to the invention of claim9, the stent body is
formed in a cylindrical shape by disposing and joining together a plurality
of wavy annul ar bodi es, each of which is formed froma wavy strut having a
bent portion, in an aligned relationship with each other in an axial.
direction. Therefore, a stent of a predeterm ned | ength can be obtained by
connecting the wavy annul ar bodies, and not only production of the stent
body but also production of a DES are facilitated. [0021] Accordi ng
Lo the invention of c|aim 10, when the drug coat |ayer wherein a plurality
of thin fi|Hb%oa¥evay%?§Ya%@d|éﬁﬁnaﬁéafi§n%olﬁ@ fBr FEACBY28i &Bhar gi ng
coating liquid froma nozzle and noving the nozzle along the strut, the
coating lengthl®df the thin filmcoat |ayer of an upper layer is set
shorter than the coating length of the thin filmcoat |ayer of a | ower

| ayer so that the Afrauualily tdedrieasimgepored ont i sl4onned $mee stai rway
shape. Therefore, the gradually decreasing portion can be fornmed readily.

[ 0022] inclAcgbrdnngngbet he fhvepgthonaofyctlacmeddinyppnrsach fier mati on
of the gradually decreasing portion as descri bed above, the nozzle is noved
from one of lsuch4Stdaysetonward=t henot heenst tut datckhedbent cpprhiceb;,
Therefore, the gradually decreasing portion can be fornmed or produced
rapidly. [0828}4in 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 inventicn 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 ligquid from a nozzle and moving the nozzle along

the strut, the coating length of the thin film cecat lavyer



According to the invention of claim 12, since the drug coat |ayer is forned
using a spray or an inkjet, the formation of the drug coat |ayer 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 |ayer can

be formed with a high degree of accuracy. [0024] The ot her objects,
features and advantages of the present invention will becone apparent by
referring to the enbodinment illustrated in the foll ow ng description and

t he acconpanying dramﬁn?s. Brief Description of the Draw ngs QOOZSA [FIG
1] ol an upper layer is sel shorter than the ceoating lengt

of the thin film coat layer of a lower layer so thal the
gradually decreasing portion is formed in a stairway
shape. Therefore, the gradually decreasing portion can be
formed readily.

[0022]

According to the invention of c¢laim 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.

[G023]

According teo the invention of claim 12, since the
drug coat layer is formed using a spray or an inkijet, the
formation ¢f the drug coat layer can be carried out
readily and rapidly. Particularly where an inkijet is used
for the formation, the loss of the drug is little, and
the drug ceoat layer can ke 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



FIG 1 is a schematic front view show ng an enbodi ment of the present

i nventi on.
enbodi nent

view of a stent

[FIG 2]
in a used state.

in a state in which it
FIG 4 is an enlarged plan view of the stent

FIG 2 is a schematic front view show ng the
[FIG 3] FIG 3 is an enlarged plan

is reduced in dianmeter. [FIG 4]

in an expanded state. [FIG 5]

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

and the accompanying drawings.

Brief Description of the Drawings

[0025]
(FIG. 1]
FIG. 1 is
enbodiment
[FIG. 2]
riGc. 2 is
embodiment
[FIG. 3]
FIG. 3 1is
state in which
[FIG. 4]

FIG. 4 is

expanded state.

[FIG. 5]

FIG. & is
[FIG. 63

FIG. 6 is
tine &6-6 of FIG.
[FIG. 7]

FIG. 7 is

apparatus,

[FIG. &]

it

a schematic front view showing an

of the present invention.

a schematic front view showing the

in a used state.

an enlarged plan view of a stent in a

igs reduced in diameter.

an enlarged plan view c¢f the stent in an

an enlarged plan view of a bent portion.

a schematic sectional view taken along

5.

a schematic front view of a coating

11



[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] FIG 8 is a schematic sectional view taken
along line 8-8 of FIG [FIG 9]

FIG., 8 is a schematic sectional view taken along

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

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

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

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

Mode for Carrying Out the Invention
[0C26]

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 2 and having, so to speak,
a reticulate state, and a drug coat laver 4 (refer Lo FIG.
&) 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 FIiG. 2. 7The stent delivery

12



FIG 9 is a sectional view of a mandrel part. [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. Mde 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
drawi ngs. [0027] First, generally describing a stent, as shown in
FIG 1, the stent .is configured froma cylindrical stent body 2 forned
fromthin struts 3 and having, so to speak, a reticulate state, and a drug
coat |ayer avfrefetltos FF@f6yuEodt é4oBna2hahsfitrPade bf Pheastlienblbody 2.

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 ¢f the shaft body 13, and a branch hub 16 having
an injection port 1% for injecting fluid for balloon
expansion.

(0029]

In order te indwell the stent 1 into a blood wvessel
by using this stent delivery system 10, the stent ] is
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 Ltube 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 ingide, then the stent 1 is

extended and plastically deformed in the radial direction

13



[ 0028] The stent 1 is indwelled into the inside of a blood vessel

or the Iike by using, for exanple, such a stent delivery systemas shown in
FIG 2. The stent delivery system 10 is configured froma shaft body 13 of
a doubl e tube structure forned froman inner tube 11 and an outer tube 12
di sposed coaxially with each other, a fol dable and expandabl e bal |l oon 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 ball oon expansion.

[ 00291 In order to indwell the stent 1 into a blood vessel by using
this stent @efli9very"systemdorethecstent 1sisliprse kedieddein drameter and
nmounted on the stent delivery system 10 in such a manner as to encl ose the
bal | oon 14 ¥heacfpideddstazes andtheguidedweeses.fitted into the inside of
the inner tube 11 which is open at the distal end thereof, whereafter the
stent delivePy38ystem 10 on which the stent 1 is nounted is guided to a
predeterm ned position in the bl ood vessel by using the guide wire as a

gui de. Then, fl ui d'les dinjrectledf riom tdhe: danjectiiond porit 15 steddwatbdd 1 ows
into the balloon 14 through a |lunmen bet een the.er tube 11 and the on tube
12 to expanthtiherbatitoonl 14.1:Where therst entd\l atdached d.e=4de bal loon 14 is
expanded outwardly in a radial direction fromthe inside, then the stent 1

i s extendede=anedphast| cakl yndefioraedign. t hesradial adieegtion and/or an
axial direction and is allowed to indwell in the expanded state in the
bl ood vessehrrangements of a bent portion Kl of a U shape having a
small opening angle o, another bent porticon K2 of a Vv
shape having a great opening angle «, 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 Kl 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 Jjoined
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
Lo each other and the length of which in the axis
direction is “LZ.” 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



[ 0030] The stent 1 of the present enbodinent is described in nore
detail. In the stent body 2 of the present enbodi nent, as shown in FIGS. 1
and 3, alternate arrangenents of a bent portion KL of a U shape having a
smal | opening angle a, another bent portion K2 of a V shape having a great
opening angle a, and a linear portion S forned froma straight portion or a
curved portion are shaped annularly to forma wavy annul ar body C (al so
referred to as "cell part C'). The length of each cell part Cin the axial
direction is "LI." Then, a distal end of the bent portion Kl of the U shape
in one cel | “parttE2ANET & pt oxPHal 2eh8dof L £ he BBAYIpoRt {'6h- KP- of tt he U shape
in an adjacent cell part C are joined together successively at a joint
portion F tegenedalnyoferncareyisddeiehf Bodyeisotbe speaknul angle
reticulate state, wherein a plurality of cell parts C are connected to each
ot her and t#ellengthecof aphshehni hnt HéGaxi sadilrecttdnnsofL2h® btrisgsto he
noted that the stent body 2 shown in FIG 1 is configured from 14 cel

parts C [0031}ivhenchhegstenthbodyn? psrenbargedointaeradhal poditeati on
froma contracted state showmn in FIG 3, it is changed into an expanded
state wherekh the gpenttigaangl erami ascreaseseassshowshkd FhGyag and portions
of the struts 3 which configure the bent portion FI or the bent portion K2

are spaced pwayifis om eachn bk heedsucheihat an gap portion 0 is enlarged
wi dely. [0032] In the bent portions FI 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,

al so occurrences ofy, St APRId A4 40 the dug.coat ayer. 4, herginafter
descri bed upon expansi on can be reduced, and the effect of suppressing
eXfOliatiOnpr@?@?@@lydgﬁérHgﬁkoﬁog%i%ﬂnhggbent 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
upoen expansion can be reduced, and the effect of
suppressing exfoliation, damage, destruction or coming
olff of the drug coat laver 4 1s 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 directiocon, that is, to such a degree that
the bent end portion does not swell ocutwardly in an arc.
Since the bent end portion is shaped in this manner, rhe
cuter diameter upon contraction in diameter can be
reduced, and also insertion into an in vivo organism (for
example, a blocd vessel) of a small diameter i1is

facilitated.
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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 ampunt toward an outer direction, that is, to such a
degree that the bent end portion does not swell outwardly in an arc. Si ce
the bent end portion is shaped in this manner, The outer dianmeter upon
contraction in dianmeter can be reduced, and also insertion into an in vivo
organi sm (for exanple, a blood vessel) of a snall dianmeter is facilitated.
[ 0033] As the material for formng the stent body 2, preferably a
mat eri al ha@@%§3bioconpatibility is used, and, for exanple, stainless
steel, tantalumor tantalumalloy, platinumor platinumalloy, gold or gold
al | oy, cobalt-basétf dlflcoynatcoballt chr dfimme 116y thiarenilwdald oy, ni obi um
alloy and so forth are preferably used. As stainless steel, S09316L having
t he hi ghestprofr¢oshon ¢ esistance hsvhostbprefepabllel {00343 tacthe stent
body 2, the area occupied by the strut 3 in a state in which it is nounted
on the bal loon, 14opretenabty $5ab60%t0 80860f thetarea of thetehtunre outer
peri pheral face including the gap portions 0. [0035]

alloy, platinum or platinum alloy, gceld or gold alloy,

cobalt-based alloy, cobalt chromium alloy, titanium alloy,

niobium alloy and so forth are preferably used. As

stainless steel, SUS316L having the highest corrosion

resistance is most preferable.

[0034]

In the stent body 2, the area cccuplied 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 ¢f the strut 3 preferably is 40 um to 150

um, and particularly preferably is 80 pm 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 me to 1.5 mm. The diameter DL of the

stent body 2 upon non-expansion preferably is 0.8 mm to

2.5 mm, and more particularly is 0.9 mm to 2.0 mm. The

Length LZ upon non-expansion preferably is approximately

8 mm to 40 mm.
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The width of the strut 3 preferably is 40 pmto 150 pm and particularly
preferably is 80 pmto 120 pm The length 1,1 of each cell part Cin the
axial direction preferably is 0.5 nmto 2.0 mm and particular] preferably
is 0.9 nmto 1.5 mm The dianeter DI of tho stent body 2 upon non-expansi on
preferably is 0.8 nmto 2.5 mm and nore particularly is 0.9 mmto 2.0 nm
The Length L2 upon non-expansion preferably is approximately 8 mmto 40 mm
[ 0036] Formation of the stent body 2 is carried out by renoving any
ot her portig& %han struts froma tube body (particularly a nmetal pipe) to
forma pred ‘' ned pattern. For exanple, the formation is carried out by
removing the gap portions O froma netal. pipe by an etching nethod which
utilizes masking dalied photd fll iscatitorPhd 4 ichemicaled ghitteli®ct ri cal
di scharge machi ni ng nmet hod based on a nold, a cutting nethod (for exanple,
mechani cal ¥findi g, 2laserneutpeng)onrtide $ikets[0037]a tube bodfter such
formng, an edge of the struts 3 is renoved by chem cal polishing or
el ectrol yti trpotishiaglyos fingish pheestrut 5oB8uso phatetheyinag have a
snoot h face. [0038]

pattern. For example, the formation is carried cut by

removing the gap porticns O from a metal pipe by an
etching method which utilizes masking called photo
fabrication and a chemical, an electrical discharge
machining methed 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 Lthat Lthey 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
gstent, the indwelling property in a bent Dblcood 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 cut such

that the stent is cooled slowly aflter it is heated to
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Further, after the formation into a predeterm ned pattern, annealing may be
carried out. The annealing inproves the plasticity and flexibility of the
overall. stent, the indwelling property in a bent blood vessel and reduces
physical stimuli to be applied to the inner wall of the blood vessel, and
can reduce mai n 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 environment (for exanple, m xed gas of nitrogen.
and hydrogeg 59 thatﬂaﬁogxide filmmy not be formed on the surface of the
stent. [003 C Lo 1200t hougheUafi oli&® bt HBASEHERCAES ok L@%anpl e, a
di ppi ng nethod, a spray nmethod, an ink jet method and a nozzle jet nethod
can be used®fdFfPtfe FoEHAt Pon of therdray ebdthvdyepen) pA thetpresent
invention, a spray nethod, an ink jet nethod and a nozzle jet nethod are
pref erabl e. oF0040f 1 im may neleree fhemsgray heehodrisctocfetbiengtdnag to the
outside surface of the stent body 2 together with an air flowto formthe
drug coat |ayer®4, and the ink jet nethod is to apply drug in the form of
fine particles to the outside surface of the stent body 2. Further, the
nozzl e jet nethod Alsitoigpplar drug it lidies ouish des sufdacewafpide stent body
2 froma nozzle. [0041]

dipping method, 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 Jjet methced 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 ccat 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 det method Ls used,
formation of the drug ceat layer can be carried out
readily and rapidly. When the ink +iet method or the

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

and a drug ceoat layer can be formed with a high degree of
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When the spray nethod or the inl jet nmethod is used formation of the drug
coat | ayer can be carried out readily and rapidly. Wien the ink jet nethod
or the nozzle jet nmethod is used, the loss of the drug is little and a drug
coat layer can be formed with a high degree of accuracy. [0042]

Since the spray nethod, ink jet nethod and nozzle jet nethod are basically
different only in the process of applying drug to the outside surface of
the stent body 2 while the configuration of the drug coat layei 4 to be
formed is simlar, a case wherein the nozzle injection nethod is used to
formthe drug-cbatYtayer 4 is described bel ow. [0043]

[0042]

Since the spray method, ink jet method and nozzle
jet methed are basically different only in the process of
applying drug to the outside surface of the stent body 2
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.

[G043]

FIG. 5 is an enlarged plan view of a benlt portion,
and FIG. 6 is a schematic sectional view taken along line
6-6 of FIG. 5. In the present embodiment, such a drug
coat layer 4 as shown in FIGS. & 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 liguid 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 b5 is provided between the stent body 2
and the drug coal layer 4. Since the primer coat layer 5
is configured from a material having an adhesive property

to polymer which configures a drug coat laver hereinafter
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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. In the present
enbodi ment, such a drug coat layer 4 as shown in FIGS. 5 and 6 is forned on
the outside surface of the stent body 2 described herei nabove. In the
present enbodi nent, a |am nation nmethod of spraying and applying coating
liquid by a | arge nunber of tines along the strut 3 is used to formthe
drug coat |ayer 4 such that the thickness B thereof gradually decreases

toward a bent portlon K. Then, preferably a. priner coat |ayer 5 is
provi ded bet'iesh’ Phie- sf@ﬁtb%ﬁﬁ§“9 %ﬁaw%ﬁ@ HP895E8QE Pag¥r24angj RE8 t he
primer coat Iayer 5 is configured froma material having an adhesive

roperty todpetyherdwhiich configiies! & difig Toatt | ayekoherei naf ter
prop y y
described, the bonding between the stent body 2 and the drug is good.
Cbnsequentl?%f@heaétéﬁt is lowin exfoliation. [0044] In the drug
coat |ayer 4 of the present enbodi nent, the thickness B of the |inear
portion S of C8hélstent body 2 which is formed froma linear portion or a
curved portion is substantially uniformas showmn in FIG 5, while the
t hi ckness B from the dlisnearugporddton 540 4 hef bent porddon dhgraduaht y
decreases, and a gradually decreasing portion 6 is formed such that, at and
in the proxinetyhofkhbesbenbipohat | Phekt bastnoncoabfl ayer swehh peqddrug
coat or has a very thin drug coat |ayer. [0045]

2 which is formed from a linear porticn 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 cecat 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 lavers 4a of a small thickness b, if Lhe

coating region of each thin film coat layer 4da is

adjusted as the nozzle approaches a bent point P and the

proximity ¢f the bent point P and the laver number ol the

thin film coat layers 4a is reduced stepwise, then the
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In particular, when a nozzle hereinafter described is noved along a
predeterm ned pattern of the stent body 2 and forns a drug coat |ayer 4 of
the predeterm ned thickness B using a | am nation method of discharging drug
to the surface of the stent body 2 to forma plurality of thin film coat

| ayers 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
proximty of the bent point P and the | ayer nunmber of the thin film coat

| ayers 4a i s reduced stepwi se, then the thickness B of the drug coat |ayer
can be graddattyreetreasedtieadivy. CThlis! a4evarfeybshdped gtadual |y
decreasing portion 6 centered at the bent point P and the proximty of the
bent point #eeambedfbeadlylt Gyit.0 bhevnbted thued Herddiadati on of the
thin filmcoat |layer 4a is hereinafter described in detail. [0046]

I n case thedthickness Boofivhebtdeagtevat hhyehedbestgpadual Pyaddcrbased
toward the bent portion K and the proximty of the bent portion Kin this
manner, theprakhenitheostent llens poibe expanded forasdadial i rectihon, even
if the start point at which the stent body 2 begins to its deformation is
shifted a latdtée thom the bentapobntoP ofiet heibent lpocbhonl Kyesi nge the

t hi ckness of the drug coat |ayer 4 which exists at the start point of the
def or mat i oni anide+ai thecproxepitynefi theqstart point is small, occurrence of
strain or stress concentration on the drug coat |ayer 4 decreases
significantlysqd400471 In particular although the positi. on of the
bent point P on the stent body 2 geonetrically is a so-called inflection
point at the bent portiQn . whenactuall y,a bal loan, arodhe dike is;used so
t hat expanding force is caused to act fromthe inside of the stent to

expand the gradually decreased toward the bent portion K and the

proximity of the kent portion K in this manner, then when
the stent 1 is tc be expanded in a radial direction, even
1f 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
cecat laver 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]

I particular, although the position of the bent
point PP 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 Lo aclt from the inside of the stent Lo expand the
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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
t he bent portion K and the proxinity 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 coatelMhyerii defofhslf ol oW hght hehst eatTbolyi2t ahdwbhehstrain or
the stress concentration which occurs on the drug coat layer 4 is very
smal | . Besidesorsincent he bppl beati parhhounk of the dragtisodmakl at this
portion, also the drug itself is likely to follow up the deformation of the
stent body 2¢cclssaisesultalibavh off théhechperoveothe efif eetrofspreventing
comng off of the drug significantly. 100481 It is to be noted
that, sinced¢henbeny poonttPei schothgspecediedncbearhy erpsuchng manner as
descri bed above, in FIG 5, it is indicated by a broken line as a region in
whi ch the bentcpoipbl Petrayopossi btyuexi St and[ 09483t be specWienda
particul ar exanple of the gradually decreasing portion 6 is shown in FIG 6

whi ch i ndi cahesbtheoheny . pordion K st aight liyhe pjefeiably dhe-shi ckpess b
of one thin filmcoat layer 4ais 1 pmto 5 pm the layer nunber of the

thin filmceatclayersofarhs éruﬁ 20zt heykengt hs Xcotnthe,pgnt nportion Kis
50 pmto 1000 pm and the | engt bet ween end portions of upper and | ower

thin film 09ﬁ§ckﬁv¥§£584§f(99¥‘eﬁﬁﬁq Iabea,l @99}&@84b@%w@§9d59%§nd portions are

sonetinmes not equal) 1s 1 pmto 1, hen he 1 ncli ion angle 0 of

t he grad“a'&ycgggéggsﬁgﬁa 8r£h8”b§ntsp89@'%ﬁr thﬁ@ ?Qidﬁnggﬁaegngf

preferably is 0 degrees and nore preferab y S rees. In

the case Where the.inelinatien angle.0cls,smalLer Lhanod degrge. he ef fect

of preventing conln ug 1s ex OVEer "a wWide ra whi | e

there is the Sbbl% Y.t Q éh % ug a ﬁﬂ Lg be ﬁ ghﬁ“ ng .decrease,
which is not“ ? ferabl &' O the QoMY rary® WHeFESthe Ththh&L| ﬁ aﬁ@Pg 0
exceeds 60 9§§{efaye§'gcge%gf$b following the stent body 2, and the
strain or the stress concentration which occcurs on the
drug coat layer 4 is very small. Besides, since the
application amount of the drug is small at this portion,
alsc the drug itself is likely to follow up the
defermation of the stent body 2. As a result, both of
them improve the effect of preventing coming off of the
drug significantly.
[o048)
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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the possibility that the effect of preventing c.om .nqg 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 H's determ ned as a no-coat |ayer wherein the
drug coat layer 4 is not fornmed, since, in such a no-coat |ayer as just
described, the drug is not coated at a position at which concentration of
the strain {4%ndkt likely to occur, the stent has a high drug comi ng-of f
suppression ability. Thus, even if a situation that the stent nust be
expanded by a gredthcansuntardtl e i mdweld led qdodiltd airegfualie st ent occurs,
this situation can be coped with readily. Thus, the stent is easy in

handl i ng, edsy:andirelpabl gci no procedewe amdh goode i whtomveniengesin use.

[ 0051] However, the present invention is not necessarily limted
only to a norecatnt ayert iand<therdbentt por tbonf & amyy have omeckocsevier a
thin filmcoat |ayers 4a. [0052] The drug coat layer 4 is

configured §f asmpa Xt uf £l:0f caa€r ugyands 6 pol ynef.  IThi spf) Xt e el hger
preferably configured as a m xture of a drug and a bi odegradabl e pol yner.

When pol ymerunshi €h, eoves stiand pr ot estse t heydrugy i si bi odegraded:after the
stent is indwelled in an organism the drug is released and restenosis at

the stent jadwelled,fegionds: prevented:w thsgertaiNtygohs thesng

bi odegradabl e polyner, it is preferable to use one of polylactic acid,

pol ygl ycol i, aci dyg@andy act Lo acl g Qhycol bs a6k duGORPPI YB 1 ower thin
film coat layers 4a (however, the lengths between the end
portions are scmetimes not equal) is 1 pm to 1,000 um.
Then, the inclination angle & of the gradually decreasing
portion & is smaller than 20 degrees, and preferably is 1
to €60 degrees and more preferably is 1 to 45 degrees. In
the case where the inclination angle 0 is smaller than 1
degree, the effect of preventing coming off of the drug
is exhibited over a wide range, while there 1s the
possibility that the drug amount to be coated may
decrease, which is nolt preferable. On the contrary, where
the inclination angle 0 exceeds 60 degrees, since there
is the possibility that the effect of prevenlting coming
off of the drug may lower, this is not preferalble. Then,
the gradually decreasing portion 6 whose inclination
angle € is 1 fto 45 degrees can be produced readily by a

laminatlion method hereinafter described.
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[ 0053] The m xture rates of the drug and the polynmer of the thin
filmcoat |ayers 4a of the drug coat |ayer 4 may be equal to each other or
may be different fromeach other. For exanple, the ratio of the drug to the
pol ymer may increase gradually fromthe | owernost |ayer toward an upper

| ayer of the thin filmcoat |ayers 4a which contacts with the prinmer coat

| ayer 5. [0054] FIG 7 is a schematic front view of a coating
apparatus; FIG 8 is a schematic sectional view taken along |ine 8-8 of
FIG 7; and FIG 9 is a sectional view of a nmandrel part. [0055] As

a coating apparatus which fornms the thin filmcoat |ayer 4a on struts by a
| am nation nmethod., for exanple, such a coating apparatus as shown in FIGS.
7 and 8 is used. IMithfe 'Coatdhygipppatatasi 20l aodranes 22t ar ovd dedcapei ghtly
on a base 21 is covered with a transparent synthetic resin plate (not
shown) from-thehiolteref agegehefebf to for hbaCchanbert23cHavinghair
tightness in the inside thereof. A duct 24 is provided contiguously to a
top portionbefttheichakber 28tsomihatl akrawhoseotenperatuwkeandnhankdity is
controlled is supplied froman air conditioner 25 to place the inside

of -t he chanbenqgi nberalstatedoflsanconstantdt especat ure andhascanstant

hum dity thereby to al ways keep constant the drying solidifying condition
when coati ng=pat eskaluW hesebnafter descni-bgdiksnappbbedetioathg stent body
2. [0056] At a lower portion in the chanber 23, a holder 30 for

hol di ng thepstentohogdy <nand AeNEAgG:PEANSH40rf OhemaVi-Rgnt he hekder 30 are
provided, and at a mddle portion in the chanber 23, an application head 50

for applying; copling paLeri alh W Eo.the,struty34af gthe stenh body 2, first
position informati on acquisition nmeans 60 for acquiring position

i nformat Ons&BpEQ.gsf%gog}!;{g?E%onsﬂﬂfb,a £ALL esf an coap i{‘ﬁ]etﬁé’ét on the

surface of the stent hat is,” on the surface o e stru , and

ce of thestent ‘bod s he Strut 3,
nf ormati on | R TR 2 GF ceRT e an Phe” CAf Fasi AR bor rnats ejBrBRTkHC""

provi ded OnpgsfHngréffgﬁgesggngtgggggg,tghggesﬁ£gg§i%%'can be coped

with readily. Thus, the stent is easy in handling, easy

and reliable in procedure and good in convenience in use,

However, the present invention is not necessarily
limited only to a no-coat lavyer, and the bent portion K

may have one to several thin film coat layers 4a.

The drug ceat 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 bicdegradable
polymer. When polymer which covers and protects the drug
is bilodegraded after the stent is indwelled in an

organism, the drug is released and restenocsis at the
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[ 0057] Meanwhi l e, a control section 80 is provided externally of
t he chanber 23 and controls the hol der 301 novi ng neans 40, application
head 50, and position information acquisition neans 60 and 70. [0058]

As shown in FIG 8, a mandrel 34 of the holder 30 is chucked at a proxima

end thereof by a chucking section 33 connected to a notor
rotate bidirectionally, and the stent body 2 is renovably

M2 whi ch can
nount ed on an

outer periphery of the nandrel 34. [0059] The notor M2 is placed on
a slide section 32, and the slide section 32 is provided for novenent (in
the Y direction) brlacbhed praten3is Thevpasedpratle Sarisiplaced ®dn a
novabl e table 42 which is noved (in the X direction) along a traveling rai
41 which isthkedpiviingrsdupte pflyhersoital fedréfaear i aotorusypene of

Consequently, the holder 30 can nove the stent body 2 in t

he X direction

and the Y dieectaonibyatodwardl antlybatkwardidot atdonacf 0069F1id-

Al t hough the outer dianmeter of the mandrel 34 preferably i

S substantially

equal to orgaytoitteagreéatepscihanrt he i nner di aneter of the stent body 2,

as the
(00537

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 lavers 4a which

contacts with the primer coat layer 5.

[G054]

FIG. 7 i1s a schematic front view of a coating

apparatus; FIG. 8 1s 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

coatt layer 4a on struls by a lamination metrhod,

example, such a coating apparatus as shown in ¥

far

TGS, 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



mandrel 34, mandrels which can be exchanged in accordance with the inner
di aneter of the stent body 2 and have several outer dianeters are prepared.
Each of the mandrels is coated with black paint so that it nmay absorb |ight
thereby to raise the contrast ratio between the strut 3 of the nounted
stent body 2 and the gap portion 0. Further, the mandrel 34 has recessed
portions 35 formed on an outer circunferential face thereof as shown in
FIG 9 so that, when the stent body 2 is nounted on the mandrel 34, a gap G
is produced between the outer circunferential face of the mandrel 34 and a
| oner face 34t6f thecstpuategd’ofot Rerst enthpBlyr222Conseqtentky, when the
coating material Wis applied to the strut 3, the coating material Wis
prevented fEouhtorPaginothd tosadpl aberbefweeh dihe sirt faceoofvided mandre
34 and the inner side surface of the stent body 2 thereby to achieve
formati on ofcatugifoshycbat angopayertand cbnveni eheebot tResworkat[ 0061] As
shown. in FIGS. 7 and 8, thelication head 50 has a di spenser 53 which is
nount ed on aibracket biwwhiehurs attiapheddt oyt he suppestlkdame 26 through a
vertical table (not shown), which is noved in the Z direction by a screw
feed mechanisppoietiherbickenwWhi ehcbsddtivgprbysthe place the inside

of the chamber intoc a state of a constant temperature and

a constant humidity thereby to always keep constant the

drying solidifying condition when coating material W

hereinafter described is applied to the stent body 2.

[0056]

At a lower porticn 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 Carteslan coordinate system on the surface of the

stent body 2, that is, on the surface of the strut 3, and

second position information acguisition means 70 Tor

acquiring position information in the Z direcltion on the

Cartesian coordinate system are provided on a support

frame 26 attached to the frame 22.
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notor M3 and which gradually discharges the coating material Wreserved 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 syringe operating nechanismand in
whi ch coating material Wis reserved, a piston portion 56 provided for
sliding novenent in the cylinder portion 55, and a driving section (not
shown) such as a notor or a hydraulic nmechanismfor pressing the piston
portion 56 by a predetermned force F. [0063] = The nozzle section 54
i s configured froffadttdthihg drenbel 57 provided atPTole? end of the
cylinder portion 55, and a nozzle 58 depending fromthe attachi ng nenber

57, and a feowepathlynet ShewayawbongZwhiof thetceati hgenhbeédieal 3SW Tl ows
fromthe cylinder portion 55 to the nozzle 58 is forned. [0064] The
outer di aneterionf mhandi 4tal apndiofitihe noad885Ds 40dppredtl000 pm and the
i nner dianmeter of the distal end of the nozzle 58 is 1 pmto 500 pm
preferably bnporhot250 poguseithat thensoali agdnaberial Whaving a

vi scosity hereinafter described may be extruded at a predeterm ned

di scharge speets] Where the dianeter is smaller than 5 pm the coating

mat eri al Wdoes not flow out snoothly, and a high pressure is sonetines
required for the dischange.iOn tde ot herrdianes ) wheregr tihes dianet ersexceeds
250 pm there is the possibility that the coating material Wnmay not

substantialiy be.able Lo Be,syRotht y-apptied-0n the.stentbady 2 which is
currently used. [0065] Meanwhi | e, the nozzle 58 is preferably

pol i shed sos@stion mni 0l26. £ELESEES, AN BLOs8CL ], QPR egntpsta%f ace thereof,
as far as possible in order to prevent adhesion of the discharged coating

T LTSl et sablye tosseramle slalphess;siesl corher,
di amond or ﬁo&gggéeénOgntgggégrgegfsgérgog§6lhe mandrel 34.
{0059]
The motor MZ 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 ¥
direction) along a traveling rail 41 which is a driving
source of the so-called linear motor type. Consequently,
the hoelder 30 can meove 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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The di spenser 53 is provided such that it is spaced apart fromthe struts 3
such that the distance N between the nozzle 58 and the strut 3 may be a
predeterm ned | ength and the coating material Wis continuously extruded

Wi t hout being interrupted t owatd the surface of the struts 3 fromthe
nozzl e 58 and placed on the surface of the strut- 3. Were such a

conti nuous extrusion nethod as just described is used, uniform application
of the coating nmaterial Wto a desired portion of the stent body 2 can be
achi eved. Further, the coating material Wcan be discharged quantitatively
havi ng hi gh"edt bl F4bi mﬁl?,regﬁdw%ﬂh@hqfaamWaw%aaa?ﬁsmeﬁm@rd@h@e

t herapeutic substance can be carried out with a high degree of accuracy and
Wi th certaintyl Besidesersihgecte¢n ¢hetibhanbertwhbpeh ¥sandjusved to a
constant tenperature and constant hum dity state, conditions for drying and
sol i di fyi ngsthercbatingr rat en¢atriVare prxedyepr odiscth ont ofhed he stent 1 to
whi ch the coating material Wadheres can be carried out readily and
rapidly. [00&7frels is cdhecdiscosibyaok phéntoadi ngataierinal, Mbdbschar ged
fromthe nozzle 58 is 0.1 cp to 10 cp, preferably 1.0 cp to 4.0 cp. Were
the viscosityghs highesythanrthesrangescachhgh pressupetischegdired or the
coating material Wcannot sonetines be discharged fromthe nozzle 58. Were

the viscosity-is bowerthhanct:Rectangentt hecgoat ing materdal Wsomstioes
overflows fromthe strut 3, re ulting in failure to forma onapp .cat. on
| ayer. 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 ceoating material W is applied to the strut 3, the

coating material W is prevented from coming round to a

rlace between the surface of the mandrel 34 and the inner

side surface of the stent body Z thereby to achieve

formation of a uniform coating laver and convenlence of

the work.

(G061

Az shown in FPIGS. 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

gscrew feed mechanism or the like which is driven by the
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[ 0068] The di stance N between the nozzle 58 and the strut 3 is 0.1 pmto
200 pm preferably 1 pmto 100 pm Were the distance Nis greater than the
range, there is a problemthat the coating material Wis interrupted.
Where the distance Nis smaller than the range, there is another problem
that the coating material Woverflows fromthe strut surface. [0069]

The first position information acquisition nmeans 60 is i nage 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 |ine sensor
section (notoshowh) #idpesbah soradueblextendni Adehetaki @aPa2diréction of the
stent body 2. The first position information acquisition neans 60 scans the
surface of ThecstentWbodyeRved Bynehe ohishiwi therotat i ondof thezstent body
2 of the holder 30 to capture an imge on the surface of the stent body 2
and transm tsctheniphgeot odiheheontnol tisectboni 89. mAsedestrivbed above,
since the mandrel 34 is painted with a black paint so as to raise the
contrast rat@ocbhbetween the strut 3 of the nmounted stent body 2 and the gap
portion O and absorbs light, an irroge of the stent surface is
high in |um nance rof drherstirutrids but, low idi Jpsrsances ofad he @ap postion 0.
Therefore, the control section 80 can binarize the obtained surface i mge
of the stentobodyn 25W i a@h Stk +abt ead UM BANCE & OchEAEt i 9patiechheisHrface

i mge into
and in which coating material W is reserved, a piston
pertion 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.
(G063}

The nozzle secticn 54 i1s configured from an
attaching member 57 provided at a lower end of the
cylinder portion 595, 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 diamster of the distal end of the norsle
58 is 10 pm to 1000 pm, and the inner diameter of the
distal end of the nozzle 58 is 1 um to 500 um, preferably
5 um to 250 pm, so that the coating material W having a

viscosity hereinafter described may be extruded at a
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the strut 3 and the gap portion O to obtain coordinates of the strut 3,
that is, position information of the strut 3 in the X-Y directions.
Further, the control section 80 cal cul ates coordinates of a trajectory
whi ch passes the center of the strut 3 based on the obtained position
information in the X-Y directions (X-Y coordinates of the strut 3), and the
obt ai ned data of the center trajectory are stored into a nenory of the
control section 80. Upon application of the coating material W it is
essential that the application is carried out without being derailed from
the struts Breandearsoceodt hrgasnd, speeils VErgr ilgin fdcamtan Specify the
center of the struts 3. [0070] The second position information acquisition
means 70 i sSdiéspeacehent > measukerentahbanstiperhel ZWdilpeet noh aftached
fixedly in position to a lower end of a bracket 71 attached to the support
frame 26, andtismconfiigureddfaomahlasessdrsplaceneat isensorg¥3dredl |l ed
vertical sensor for neasuring a displacen(of the st.ruts 3 inthe Z
direction. [O07Q}e discharge. On the other hand, where the diameter

exceeds 250 um, there is the possibility that the ccating

material W may not substantially be able to be smoothly

applied on the stent body 2 which 1s currently used.

[GOBS]

Meanwhile, the nozzle 58 1is preferably polished sco

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 continucusiy

extruded witheout 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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The surface of the strut 3 strictly is not snooth but has recesses and
projections, and in order to quantitatively accurately apply the coating
material Wto the strut having such recesses and projections, a
predet erm ned anmount of coating material Wnust be applied so that the
distal end of the nozzle 58 noves strictly in parallel to the surface of
the strut 3. Accordingly, the |aser displacenent sensor 73 starts
acquisition fromposition information of-the strut 3 at a predeterm ned
position of the stent body 2, for exanple, at an application start point,
scans the stentiBody=2chlohgiatoraj eetorycpassi ngnt hé teatekcot pheystrut 3
while rotating the stent body 2 forwardly and backwardly, collects

di spl acenment d@atabefathecvvér alfustient, body @dnitthenZ airalctW oran Besi des,
the acquired displacenent data is stored into the nenory of the control
section 80.df9072}ced quantiThoughlnotashownhigheccontedblaksetiipn 80 has a
processor, a nonitor, a keyboard and so forth, and fromthe position i
formati on thedeolic gasniesaodutesetiungneftantappti cattropeoethod for
applying the coating material Wand determ nation Fan ar.)n]iLion route

al ong whi chsthet apptication headi 50 bsttQiapphyhtihe geatipgomaterial Wto
the strut 3 of the stent body 2. Further, the control. section 80 controls
rotation ofathermapdiel 3#:0fcéheshotder B0 movemnemcof the pwving neans
40, the discharge anount of the coating material Wto be di scharged from

the applicathon,deag pOn ssanning:-ok the.i mpge. phckupnpEANS.PL Lhe vertical
sensor, and so forth. [0073] The application nethod signifies an

appli cati oncéoui nt Nubheagase here Lheqappplhcationals; Lo beacarried out

along the strut 3. Although the application route pre y is a route

o on ubi ot e oot g et cciel ol Gapebecaopl 20 fo bl prenplLshrut o

n interva overl appling a ron 1's

carried out, -i he,. e,of the.stent 1 in which the. struyts Cross with
cach ot her BoniT cat ey’ T7 1. SRnel7 s al PF GOl o il TdOFEare whi ch
does not incéu euan,inteévalnof sgc? overlag in? application. In such an

i nstance, an”interVat® iR whi th" OVer f &ppifigt gb?'¥ation is to be carried
out, or an L@igﬁyal across which the application point junps froma certain
point to an point on the strut 3 is provided. By partly providing an
interval in which overlapping application is to be carried out or an

intervalioh tho appl§ ¢atiHt ipo’ jUngdd i i hditiiett e’ abipt $eatdssh route
can be shortened. Further, when the noving sgeed wi thin an overl appi ng
interval (ihfeFvare wkPeh!F s pabsed- byca pPutal Chunbeelefabines) i spset
hi gher than the noving

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 is lower than the range, the coating

material W sometimes overflows from the strut 3,

resulting in fallure te form a uniform application laver.

[0068]

The distance N between the nozzle 58 and the strut

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

the distance N is greater than the range, there i1s a
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speed with
appl i ed uni

of PTCA or
is applied

n an interval which is passed only by once, the drug can be

formy to a desired portion of the stent body 2, and the effect
of reducing the rest enosis rate can be exhibited sufficiently in the case
the like. Particularly in the case where the coating materi al

such that fornms the gradually decreasing portion 6 whose

t hi ckness gradual |y decreases toward the bent portion K as in the present

enbodi nent ,

it is preferable to nove the nozzle 58 fromone side of the
strut 3 of the bent portion K toward the other side opposing to the one

side. By sughombvenentt the gpadiay|yatecteasiingspértionvbledn Beefor ned

rapidly. [0074] Upon determ nation of an application route, it

pr ef erabl e

toet ket yare olisieount e pratrestdescanped there is
another proklem that the coating material W overflows
from the strut surface.

[0069]

The [irst position informalion acguisition means 60
is image pickup means attached fixedly in position on the
suppert frame 26 threough a bracket {(not shown) as shown
in FIG. 7, and has a camera section 62, and a line sensor
secticn (nct shown) disposed so as to extend in the axial
direction of the stent body 2. The first position
information acqguisition means 60 scans the surface of the
stent boedy 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 contrel section 80. As described above, since the
mandrel 34 is painted wilth a black paint so as tc raise
the conltrast ratio befween the strut 32 of the mounted
stent body Z and the gap pertion O and abscrbs light, an
obtained image of the stent surface is high in luminance
of the strut 3 but low in luminance of the gap portion C.
Therefore, the control section 80 can binarize the
obtained surface image of the stent body 2 with a

sultable luminance to fractionate the surface image into
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bel ow. [0075] (1) Where the coating material Wis applied to the
strut 3 of the stent body 2, at the linear portion. S of tS e stit is }I)
:Cef e.i. alal..oset atrajt Ty 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 wwdthwi 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
sur f ace tenéh%nb%futhé figuide and B9BRIPR PttpPsclEpéd andrdohipdiefied, it
is likely to forma coating |layer having an arcuate cross-section.
Accor di ngl yoLwhie¢ est het coat Fhgt naserbab LW s appbiwdtbynacpl tral nunber of
times, since it is liable to swell arcuately, it is preferable to set a
trajectory whileh passesha posi dioacshihsed hyrtahqr edeteraimed Anount from
the coating layer of the strut 3 for the first time as an application route
to forma coatingnl @yecafonlthesseconditbhesand setyafiertbhe gaathng | ayer
for the third time, a trajectory which passes a position different fromthe
applicati onpaestescfiorctheeti ssttbhénerand theaseeond thAeoBSat Red
application route. [0076]

position information in the X-Y directions (X-Y

coordinates of the strut 3}, and the obtained data of the

center trajectory are stored intc a memory of the control

section 80. Upon application of the ccoating material W,

it is essential that the application is carried out

without being derailed from the struts 3, and alsoc to

this end, it is very significant toc specify the center of

the struts 3.

[O070]

The second position information acquisition means

70 is displacement measurement means in the 7 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 callad vertical

sensory for measuring a displacement of the struts 3 in

the 7 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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(2) Upon determ nation of an application route, it is preferable to use
different application routes for the linear portion S and the bent.. porti
i K In the linear portion 5, a trajectory which passes the center of the
strut 3 may be set as the application route as descri bed above. However, in
the bent portion K, if a trajectory which passes the center of the strut 3
in the wwdthwise direction is set as the application route, then the
coating material Wdischarged fromthe application head 50 does not foll ow
up the noving trajectory of the application head 50 by an influence of the
vi scosity o@U@%bJb@htVﬁéVn@@@wrater thel dr bppi Aga speedrotet helchatPng
material Wfromthe nozzle and so forth. Accordingly, it is preferable to
set the outeressdeuteharive socla Féneswhs chnpassescethecgenter of the bent

portion K of the strut 3 as the application route. [0077] (3) At a
crossi ng popntdefethensdratsuldt of csapiefenabbeisd Sehuatcboss point of
the center axial lines of the plural struts 3 or the proximty of the cross

poi nt as thep@appedcati onaroute. dAstall egatbontat mbkghet he sbtets 3 cross
wi th each other, since also the application routes P therefor cross with

each other,sifia:cyoss porat1ef thecgenterraxktabrl itnessefuthe plural struts
3 or the proximty of the cross point is set as the application route, then

al so flow ng.down: 0§11 he.coat k ng- nat epi abeMégaNsbEsprevented favorably
[ 0078] Now, a coating nmethod is described. FIG 10 is a flow chart

of the Coaté@&u%%?@é ff‘&g FbGt Ldni Snacthow ghart ef.the-cpating process
followng FIG 10. [007

predetermined p051tlon 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 cverall stent body 2 in
the Z direction. Besides, the acquired displacement data
is stored into the memory of the contrecl section 80.
[0072]

Though not shown, the control section 80 has a
precessor, a menitor, a keyboard and so forth, and fLrom
the pesition infcrmation thereof, carries out setting of
an appllcation 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 control
section 80 controls rotation of the mandrel 34 of the

holder 30, movement of the moving means 40, the discharge
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<Pr eparation Step> 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 hum dity state. Then, the syringe
operating nechani sm 53 fornmed by conbinati on of the nozzle section 54
havi ng the nozzle 58 of an inner dianeter corresponding to the wdth 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 franme 26.
[ 0080] Meanwhi |l e, the stent body 2 is attached, after nounted on

t he mandr el @83yt o° f hehehtiekt higd seet ¢ bha 837 of o thhe hbbdesrr3ecd pdsii oned at a
standby position and set such that the application. start point of the st
rut 3 is poblitioped: ont aor etesded) portioni3d of the madeepiGUuplt is to be
noted that the standby position is a position in the prox]Jmty of an.

ent r anue23An@dns her chamber r28cah thescaseamtiere fhetimovi ng nmeans 40 i s
provided at a |lower portion of the chanber 23, as shown. in FIG 7. [0081]
<l mage Pi ckupo Bt ep> The control section 80 accepts an input of

i mge pickup paraneters and stores the inputted i nage pickup paraneters
into the storage dew cg(181)atithe rdmage: piiGkup: Ray anretens are idputted, for
exanpl e, froma keyboard by an operator. The inage pickup paraneters
include a speegkof nrotatione ofndhe rrAdLel1 3dat 89ni MBOL: PHLEKUR L i R nunber,
an i mage pickup Iine width, and an i nage pi ckup operation speed.

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
witheout an interval in which overlapping application is
carried cut, in the case of the stent 1 in which the
struts 3 cross with each other complicatedly, 1t 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
Lo be carried out, or an interval across which the
applicaticn point Jjumps 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. TFurther, when the moving speed within an
overlapping interval (interval which is passed by a

plural number of times) 1s set higher than the moving



[ 0082] The control section 80 issues an instruction to start inmage
pi ckup after the inputted i mage pickup paraneters are stored.
Si mul t aneously, the control section 80 renders the X direction noving neans
40x operative (S2). Consequently, the holder 30 noves fromthe standby
position to a position below the first position information acquisition
nmeans 60 along the traveling rail 41. The control section 80 confirns that
t he hol der 30 comes to the predeterm ned position (S3), and when the hol der
30 cones to the predeterm ned position, the controltion 80 renders the
mot or M2 of Sithed hol det 30t operatvve vblshart poratilonnof bPheostent 1 (S4).
[ 0083] Meanwhile, the line sensor of the first position information
acqui si ti ontineakisu®0cst art sapphged picklprinhy accondanserait hoahibnagé pi ckup
starting instruction and scans the surface of the stent body 2 to pick up
an i mage ofthéessunt acedpatf ennc (S5¢ Théfpetked vpdumige tsestored as a
pl ane devel oped image into a storage device (for exanple, a nenory, a hard
di sk or therditkenosnstheteonsnobe seghion:BO. sTheitnmagel paynbenheutputted to
a nonitor so that it can be confirned by visual observation. [0084]

of PTCA or the like. Particularly in the case where the

coating material W is applied such that forms the

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 porticn K toward the

other side opposing to the one side. By such movement,

the gradually decreasing portion 6 can be formed rapidly.

[D074]

Upen determination of an application roube, it is

preferable to take various countermeasures described

below.

[GOT5]

(1} Where the coating material W 1is applied to the

strutt 3 of the stent body 2, at the linear portion S of

Lhe strat 3, it is preferable Lo set a Lrajecltory which

passes Lhe 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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Since, in the surface imge of the stent body 2, the |um nance of the strut
3 is high and the |um nance of the gap portion O is |ow, the control
section 80 converts the surface image into a binarized i nage of white and
black with reference to a certain |um nance (S6), and cal cul ates
coordinates of a trajectory which passes the center of. the strut 3 by a
reduction process of the width of the strut 3 (57). [0085] <Setting Step of
an Appl. ication Method> Deciding fromthe acT. 111face i nmoe of the stent
body 2 and taking whether an interval w thin which overlapping application
is to be caffied‘ ot andthn Fhtefval 2ackossamhiéhat henapplleatiBrepoint is
to junp and the position of such intervals into consideration, an
appl i cati onceautegisaserisuch thatigwhill entthexappki cat toatiésepeéenforned for
a desired surface portion of the strut 3, those intervals for overl apping
appl i cati onvandnt hoseweht ervabsrfloy punphagsaréacedufednenshunbe or | ength
as far as possible (S8). [0086] <Displacenent Measurenent Step in the Z
Direction> due to the surface tension of the liquid, and even if it

is dried and solidified, it is likely to form a coating

layer having an arcuate cross-section. Accordingly, where

the coating material W is applied by a plural number of

times, since it is liable to swell arcuately, it is

preferable toe 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 seccond 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 3 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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Further, the control section 80 accepts and stores an input of displacenent
measur enent paraneters of the second position information acquisition neans
70 which serves as the displacenent neasurenent means in the Z direction
(S9). Also these displacenent neasurenent paraneters are inputted by the
operator. The displacenent neasurenent paraneters include a nmeasurenent
start position, a direction of the neasurenent, a direction at a branch
point, a neasurenent speed and a neasurenent interval. [0087] The
control section 80 renders a notor ML of the Y direction noving nmeans 40y
after the stbrageiot thesdi spt acerenapr measur enentupar apeter L(:S10) . | f
necessary, while the stent body 2 is observed by neans of a video canera
and a noni topattihe measurehehtdposhtions Ofobothet hepsteat ibodye2dand t he
di spl acenent neasurenment neans are adjusted so that the neasurenent
posi ti on of 5t heods spbacenkehntw neasuneneat i ngansaandtbhe désigaati on position
on the trajectory coincide with each other (311). [0088] After the
measur ement ajpesi ¢ onoandedhesdesi gaat i on1 pest-ti 6n arne breoughitinte

coi nci dence with each other by the adjustnent (it is to be noted that such

coi nci dencerhs iapuiteduiocthel contigh Se6HHONy80ubythe pperabor)n§31z,
Yes)), the control section 80 issues an instruction to start neasurenent of

the displacgneat;in ghe-Zndinecthon of sthesst ¥y, t%&&&%@@ posi tion
i nformation acquisition means 70 (313). The control section causes

forward and; @ag¥@@é9a59éa&bogepytﬁgeoﬁpéprqh@eapgjgpysgﬁgﬁ Lnithe axial

direction by the notor to be repeated. Consequent e stent body 2

repeats the,fotationand fhe.axial riﬁﬁéiggnﬁvggﬂPyéni§14% 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
cf 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, 1f a
cress point of the center axial lines ¢f the plural
struts 3 or the proximity of the cross point is selt as
The application route, then also flowing down of the
coating material W can be prevented favorably.

[C078]

Now, a coating method is described., FIG. 10 ig a

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

chart of the coating process following FIG. 10.
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[ 0089] Consequently, since the second position information acqu
sition nmeans 70 noves alo g a trajectory which passes the center of the
strut 3, the control sect ion 80 collects displacenent data in the Z
direction (315). The di splacenent data are stored into the storage device
of the control section 80 together with the coordi nates of the center
trajectory. [0090] <Application Step> The control section 80
accepts and stores an i nput of application paraneters (S16). Al so the
application_garaneters are an input by the operator. The application
paramet ers iiAel/tde an application start position, a direction of the
application, a direction at a cross point, setting of a trajectory
adj ust nent hHrepvak:ian adgpst ment anmount of the trajectory, an application
speed, a discharge speed of the coating material W a height of the
appl i cati on head, i applheationddmengqundert{tayer nuwabery) and sel ection
of an application head. [009]]

conditioner 25 is rendered operative to place the inside

of the chamber 23 into a constant temperature and

constant humidity state. Then, the syringe operating

mechanism 53 formed by combination of the nozzle section

54 having 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 selt 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 nofed that the standby position is a position in

the proximity of an entrance portion 23A of the chamber

23 1in 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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The control section 80 issues an instruction to start application after the
storage of the application paraneters. Sinultaneously, the control section
80 issues an instruction to nove the holder 30 by neans of the X direction
novi ng neans 40x (S17). Consequently, the stent body 2 is noved to the
application start position belowt hallcatlon head 50 (918)After the stent
body 2 reaches the application start position below the application head 50
(819: Yes), the control section 80 issues an instruction to carry out
forward and backward rotation by the notor M2 and novenent in the axial.
direction by the MYorNL S0 t34" e &t eémicaigdy 32 i'goved imadfe x axis
direction and the y axis direction in accordance with the designated

par anmet er s bic e viad o ianite backwar gt e ot at tlon byothecdpiioagdpPe andupovenent in
an axial direction by the notor ML (S20). Simultaneously, the control
section 80 pausest¢he appditiat i onehegd &Ovios nOvE) | n Tttve ideapa pidilnget i on
by nmeans of the notor M3 in accordance with the designated paraneters
(S21). At tisatdine;s tdee coabiingedat Bsi abxMib e di Schar gekle giont rauoysly from
the application head 50. Consequently, while the application head 50 noves
al ong the appldcation routre: detefampied g dvance;r appldicatd on Hfedde
coating material Wis carried out. [0092] During the application,
since the space,beteenct hendisiahrendzof sheingzzlgidBuanditbe stent body
2isin astate in whichit is filled with the coating material W the
coating mat@rhalis i scharged; by,a fixed,ampunt,nang,al so,4he; appynt of the
drug on the stent body 2 is set to the predeterm ned valué with

c.e.rtaint y&g@}g@%n Bspeed.
[00682]

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). Consegquently, 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 ccomes Lo the predetermined pesitiocn (53),
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 rotaticn of the stent 1
(54 .

[0083]

Meanwhile, the line sensor of the first position
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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 conpleted, the holder 30 is noved to the standby
position by the X direction noving nmeans 40x, and takes out the nmandrel 34
fromthe holder 30 to the outside of the chanber 23 and then renoves the
stent body 2 on which the drug coat layer 4 is forned fromthe mandrel 34.
[ 0094] The present invention is not limted only to the enbodi nent
descri bed above but can be nodified in various manners by a person skilled
in the art Winimethentaehniealiseopeaint thespresentmiavent ¢ onp For
exanpl e, although the enbodi nent descri bed above di scl oses the gradually
decr easi ng poreiom G al ohly whi chagherthkeknessr Biod thet dragicoatnflayer
linearly varies toward the bent portion K or the proximty of the bent
portion K sthenshape ofrfdhec graduad | yreecrieasing porpion Gpodnt heapsesent
invention is not limted to this, but only it is necessary for the

t hi ckness Bopftlidiesdr figeeoadttayer ($©) be meducedcat dhehent jportion K and
in the provimty of tLe, bent noK and the gradually d e C.: rea mportion 6
may have vagiousd shapespsieh @svanopecuategshapes [ 0906tage devickurther,

for the coating material W not only one kind but also a plurality of kinds
of ”Hteria|§f@§yeﬁﬁmple, a memory, a hard disk cor the like) in Lhe
control section 80. The image may be outputted Lo a
monitor sc that it can be confirmed by visual observation.
[ccg4]
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 ccoordinates of a trajectory which passes the
center of the strut 3 by a reducticn process of the width
of the strut 3 (57).
[0085]
<Setting Step of an Application Method>
Deciding from the acquired surface lmage 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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used. Where a plurality of coating materials Ware to be applied, a
plurality of syringes, nozzles and syringe operating nechani sns are
prepared and successively changed over to carry out coating. Such
successi ve changeover of the syringe operating nechanisns 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 anmounts, or different drugs are used or a single
drug is used but bg,different.annunts, or else different solvents are used.
When a pl ur@fPty-afirindsuet coatthgshabekials whélasedei aAPPhi safanner, the
efficacy is also conplex, which is very advantageous in that physical or
spiritual stPeBgrforihd pari entieiss regddvced 2and o iort i [Go963trut 3,
Further, also the nethod of formng the drug coat layer 4 is not limted
only to thathofet hetenbods nbnt describednabave) ibatjofiorndxanpke, a spray
or an ink jet may he used. [0097] Furt her, although the enbodi nent
descri bed ahovervsia Wavy)stentghavengedupeedetenninhed pattengpht he stent
is not limted to such a stent as just described, but may have any ot her
pattern if fdrhas phesbent pegfion K Industrial Applicability

(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 Lhe displacement measurement means in the 7
direction (59). Also these displacement measurement
parameters are inputted by the operator. The displacement
measuvurement parameters include a measurement start
position, a direction of the measurement, a direction at
a branch point, a measurement speed and a measurement
interval.

[G087]

The control section 80 renders a motor M1 of the Y
direction moving means 40y after the storage of the
displacement measurement parvameter (310). If necessary,
while the stent body 2 is observed by means of a video

camera and a monitor, the measurement positions of bolh

the stent body 2 and the displacement measurement means
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[ 0098] The present invention can be utilized as a stent which
reduces the restenosis rate extrenely after percutaneous translum nal
coronary angioplasty (PTCA). dains 1. A stent which includes a
cylindrical stent body fornmed froma wavy strut having 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 deformed for expansion and
contraction together with expansion and contraction of said stent body in a

radi al direction, wherein said drug coat |ayer has a gradually
decr easi ng PpoFtien b Fredlc by gk atual ryadecreast nges hel ¢hi ekness of said
drug coat |ayer toward the bent portion. 2. The stent according to

claim1, displaghresei nnaapredet e nigreds randet ag odddl andehtnpoi nt at the

bent portion is configured as a no-coat |ayer on which said drug coat |ayer

is not fornedsition on tBe Thejsteéntvacconding twatdl aiemil,other (S11).
[0o8g]

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)
{512, Yes)), the control section B0 issues an instruction
to start measurement of the displacement in the Z
directicon of the strut 3 to the second position
information acguisition means 70 {(S13). The centrol
secticn 80 causes forward and backward rotation by the
motor MZ and movement in the axial direction by the motor
Ml to be repeated. Consequently, the stent body 2 repeats
the rotation and the axial direction movement (S14).

[00BY9]

Consegquently, since the second position information
acguisition means 70 moves along a trajectory whiach
passes the center of the strut 3, the control section 20
collects displacement data in the Z direction {81%). The
displacement data are stored into the storage device of
the control section 80 together with the ccoordinates of

the center trajectory.
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wherein a thin filmcoat |layer of the drug is formed within a predeterm ned

range around a bent point at the bent portion. 4. The stent according
to any one of claifrto wherein said drug coat |layer is formed froma

m xture of the drug and a pol yner. 5. The stent according to claim
4, wherein the polyner is a biodegradabl e pol yner. 6. The stent
according to claimb5, wherei n the bi odegradabl e polyner is any one
of polylactic acid, polyglycolic acid and lactic acid-glycolic acid

copol yrer. 7. The stent according to any one of clainms 1 to 6, wherein

a primer coatf@yer is provided between said stent body and said drug coat
| ayer.
<Application Step>

The contrel section 80 accepts and stores an input
of application parameters (S516). Also the application
pParameters are an input by the operator. The application
parameters include an application start position, a
direction of the applicatiocn, a direction at a «ross
point, setting of a trajectory adijustment interval, an
adjustment amount of the trajectory, an application speed,
a discharge speed of the cecating 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 (317). Consequently, the stent
body 2 is moved to the application start pogsition below
the application head 50 {818). After the stent body 2
reaches the application starl position below the
application head 50 (519:; Yes), the control section 80
issues an instruction to carry cut forward and backward

retation by the metor MZ and movement in the axial
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8. The stent according to claim1, wherein an inclination angle of the
gradual |y decreasing portionis 1 to 45 degrees. 9. The stent
according to any one of clainms 1 to 8, wherein said stent body is
formed in a cylindrical shape by form ng a wavy annul ar body fromthe wavy
strut having the bent portion, and by disposing and joining together a
plurality of such wavy annul ar bodies in an aligned relationship with each
other in an axial direction. 10. The stent according to any one of
claine 1 to 9, whe ei nsai d drug coat layer is fornel by lamnating a
plurality oft¥hfhieT| Ay cbae rayersMindpvi-taal Fyef oF el By<di schar gi ng
coating liquid including drug and pol ymer dissolved in solvent froma
nozzl e sectioncandnnoWeny thesnozztetseot foA ahonyg thés strattiandithe
coating length of the thin filmcoat |ayer of an upper |ayer-from anong the
plural |ayerscésdseteshorheththdasiheatedt pagahength bf thewthilnahil m coat
| ayer of a lower |ayer so that the gradually decreasing portion is forned
in a stairwaycshape. 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 7 axis direction by means of the motor M3 in

accordance with the designated parameters {(S21). Al this

time, the ccating 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 beltween 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

sel to the predetermined value with certainty. Besides, a

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

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

degree of accuracy.

(0093]



11. The stent according to claim10, wherein the gradually
decreasing portion of said drug coat |ayer is fornmed by noving the nozzle
section fromone of such struts which formthe bent portion toward the

ot her opposing one of such struts when the nozzle section reaches the bent
portion or the proximty of the bent portion. 12. The stent
according to any one of clains 1 to 9, wherein said drug coat | ayer
is formed using a spray or an inkjet.

After the ccating is ccmpleted, the holder 30 is
moved toe the standby position by the X direction moving
means 40x, and tTakes out the mandrel 34 from the holder
30 to the cutside of the chamber 23 and then removes the
stent body 2 on which the drug coat laver 4 is formed
from the mandrel 34.

[0094]

The present inveniion is not limited only to the
embodiment described above but can be modified in variocus
manners by a person skilled in the art within the
technical scope of the present invention. For example,
although the embodiment described above discloses Lhe
gradually decreasing portion 6 along which the thickness
B ol the drug ceat layver linearly varies toward the bent
portion K or the proximity of the bent portion K, the
shape of the gradually decreasing portion 6 of Lhe
present invention 1s not limited to this, but only it is
necessary for the thickness B of the drug ceat laver 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]
'urther, for the ceating material W, not only one

kind but also a plurality of kinds of materials may be
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used. Where a plurality of c¢oating materials W are Lo be
applied, a plurality of syringes, nozzles and syringe
cperating mechanisms are prepared and successively
changed over to carry out coating. Such successive
changeover of the syringe cperating 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 advantagecus in that
physical or spiritual stress fto 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,

[0C97]

'arther, 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

47



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 restencsis rate extremely after

percutaneocus transluminal corconary 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 expansicon and contraction of said stent body in a
radial direction,

wherein said drug coat layer has a gradually
decreasing porticn 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 Lo any one of claims 1 to 3,

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

3. The stent acccrding to claim 4,

wherein the polymer is a biodegradable polymer.

19



6. The stent according tc claim 5o,

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

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

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

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

9. The stent according tc 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
teogether 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 cceat laver is formed by
laminating a plurality of thin film coat layers
individually formed by discharging coating liguid
including drug and polymer dissclved in solvent from a

nozzle section and moving the nozzle secticn aleng 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 ccating 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
frem 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.



