
Description STENT Technical Field [0001] [Cross Reference for Application]
The present application is based on Japanese Patent Application No.
2009-227417 filed on September 30, 2009, and the disclosed contents thereof
are referred to and incorporated on the whole. [0002] [Technical Field]
The present invention relates to a stent which is indwelled at a stenosed
region or an occluded region appearing in a lumen of an organism so that a
patency state of the lumen is maintained, and particularly to a drug
eluting type stent called DES (Drug Eluting Stent) in which drug is coated
on the outside surface of a stent body. 



Background Art [0003]         A stent is a medical device used for
improvement of a stenosed region or an occluded region appearing in a
lumen in an organism such as a blood vessel, a bile duct, a trachea, an
esophagus, an urethra or the like, and is a network-like cylindrical body
formed by successively forming, using a thin strut, a straight or curved
linear portion or a bent portion of a U shape or the like on the same
plane, so to speak, into a wavy form and disposing a plurality of wavy
annular bodies, in each of which such wavy struts are disposed annularly
and connected to each other, in an aligned relationship with each other in
an axial direction. [0004]         While a stert is used, for example, in a
coronary artery of the heart, for restenosis prevention after the
percutaneous transluminal coronary angioplasty (PTCA), it is recognized
that, if a stent on which drug is not coated, that is, a bare metal stent,
is used such that it is reduced in diameter in advance and reaches a target
region, in which it is expanded so as to be indwelled in a lumen, then,
although the restenosis ate is low in comparison with that in a case whore
only PTCA is used without using a stent at all, restenosis occurs at a
ratio of approximately 20 to 30% in the stent indwelling region. Principal
causes of the rest enosis are intimal hypertrophy by migration and growth
of vascular smooth  muscle cells. 



[0005]         Accordingly, development of a DES is carried out recently in
which drug capable of suppressing migration and growth of vascular smooth
muscle cells is coated on the outer surface of a stent (referred to
sometime as "stent body") such that the drug is eluted in a stent
indwelling region to prevent restenosis. As the drug, for example,
sirolimus or carcinostatic which are antibiotics is used. The coating of
the drug is carried out such that coating liquid including a drug and a
biocompatible polymer which are dissolved in solvent is coated by a dipping
method, a spray method, or a direct application method (applying drug along
a strut which configures a stent body) or the like so that a predetermined
amount of drug exists on the surface of the stent body and then the coating
liquid is dried and solidified. [0006]         However, since, in order to
cause the DES to be indwelled in a lumen, after the st.ent reaches e target
region in a lumen in a state in which the stent is reduced in diameter
once, the stent is expanded and put so as to be indwelled, a problem occurs
that the drug coat layer coated on a bent portion or the like is
exfoliated from the surface of the stent body in response to expansion and
deformation of the stent (particularly in the bent portion) and the drug
itself is destroyed and comes off from the stent body. Particularly, where
the drug coat layer has brittleness, the problem just above is remarkable.
[0007]         Therefore, in W003/009779A2 (refer to paragraph numbers
[0065], [0066] and so forth), it is disclosed to form a drug coat layer in
the form of a line or in the form of a dot in a region other than a bent
portion ("stress region" or "mechanical profile"]) of the stent or form a
drug coat layer in the form of a dot at a bent portion. 



[0008] However, therehe possibility that, in a stent in which a drug coat
layer is formed in the form of a dot, the amount of the drug may be
insufficient, and this is not preferable. Further, even in a stent in which
a drug coat layerformed In the form of a line at a portion other than the
curved portion, there is the possibility that a start point of deformation
by expansion may coincide with an end portion of the drug coat layer or,
depending upon a case, a start point of deformation may  exist in a portion
in which the drug coat layer is formed. Therefore, there is the possibility
that strain or stress concentration may occur in the drug coat layer and
the drug may be exfoliated from the surface of the stent body and then the
exfoliation may propagate therearound to destroy the drug coat 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 out
for a bent portion to be expanded without taking which position becomes a
start point of deformation into consideration. Therefore, even if coating
is carried out uniformly except a bent portion, if a start point of
deformation and an end portion of the drug coat layer coincide with each
other, then strain or stress concentration occurs in the drug coat layer
and exfoliation, destruction and coming off of the drug 



occurs. Summary of the Invention [00091         The present invention has
been made to solve the problem described above, and it is an object of the
present invention to provide a stent which minimizes occurrence of strain
and stress concentration in a drug  coat layer upon deformation by
expansion of the stent in a radial direction, and is free from coming 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 layer coated on the
outside surface of a stent body gradually decreases toward a bent portion
so that occurrence of strain or stress concentration in the drug coat layer
upon deformation by expansion of the stent is reduced greatly and the drug
coat layer itself can be easily deformed in accordance with deformation of
the stent, and coming off of the drug is prevented by both of them. [0011] 



In the invention of claim 1, since the gradually decreasing portion wherein
the thickness of the drug coat layer is gradually decreased toward the bent
portion is formed, even if a start point of the deformation by expansion of
the stent shifts a little from the bent portion of the strut, the drug coat
layer at the start point of the deformation and the proximity of the start
point is thinner. Accordingly, occurrence of strain or stress concentration
in the drug coat layer is reduced  greatly, and coming off of the drug can
he prevented. [0012] Besides, since the application amount of the drug is
small at the gradually decreasing portion, also the drug itself readily
follows up deformation of the stent, and also in this regard, coming off of
the drug can be prevented. [0013]          Particularly, since the stent is
configured such that coming off of the drug can be prevented without 



using an additive such as a plasticizer, no bad influence is had on an
organism and the safety is high. [0014]         According to the invention
of claim 2, a predetermined range around the start point (a bent point) of
deformation by expansion of the bent portion is configured as a no-coat
layer. Therefore, the drug is not coated in a region in which occurrence of
strain or stress concentration is most likely to appear. Therefore, the
tent can suppress coming off of the drug and can cope readily with various
expansion states in an indwelled region thereof, and is easy to handle,
easy and certain to procedure and very good in convenience in use. [0015]
According to the invention of claim 3, since a thin film coat layer of the
drug is formed within a predetermined range around a bent point of the bent
portion, the drug can be readily secured quantitatively while coming off of
the drug is suppressed. [0016] 



According to the invention of claim 4, since the drug coat layer is formed
from a mixture of the drug and a polymer, a coating process for the outer
surface of the strut can be carried out readily, and also the workability
is improved. [0017]         According to the invention of claims 5 and 6,
the polymer is a biodegradable polymer such as, for example, polylactic
acid, polyglycolic acid or a lactic acid glycolic acid copolymer.
Therefore, after the stent is indwelled in an organism, the polymer which
covers and protects the drug is biodegraded and the drug is released, and
consequently, retenosis in the stent indwelled region can he prevented with
ce:t a i. nty, [0018]         According to the invention of claim 7, since
a primer coat layer is provided between the stent body and the drug coat
layer, the stent is good in bonding between  the stent body and the drug,
and low in exfoliation. [0019]         According to the invention of claim
8, since an inclination angle of the gradually decreasing portion is 1 to
45 degrees, when the stent is deformed by expansion, strain or stress
concentration is less likely to occur in the drug coat layer, and this
stent can be formed or produced readily. 



[0020]         According to the invention of claim 9, the stent body is
formed in a cylindrical shape by disposing and joining together a plurality
of wavy annular bodies, each of which is formed from a wavy strut having a
bent portion, in an aligned relationship with each other in an axial.
direction. Therefore, a stent of a predetermined length can be obtained by
connecting the wavy annular bodies, and not only production of the stent
body but also production of a DES are facilitated. [0021]         According
Lo the invention of claim 10, when the drug coat layer wherein a plurality
of thin film coat layers are laminated is to he formed by discharging
coating liquid from a nozzle and moving the nozzle along the strut, the
coating length of the thin film coat layer  of an upper layer is set
shorter than the coating length of the thin film coat layer of a lower
layer so that the gradually decreasing portion is formed in a stairway
shape. Therefore, the gradually decreasing portion can be formed readily.
[0022]         According to the invention of claim 11, upon such formation
of the gradually decreasing portion as described above, the nozzle is moved
from one of such struts toward the other strut at the bent portion.
Therefore, the gradually decreasing portion can be formed or produced
rapidly. [0023] 



According to the invention of claim 12, since the drug coat layer is formed
using a spray or an inkjet, the formation of the drug coat layer can be
carried out readily and rapidly. Particularly where an inkjet is used for
the formation, the Loss of the drug is little, and the drug coat layer can
be formed with a high degree of accuracy. [0024]         The other objects,
features and advantages of the present invention will become apparent by
referring to the embodiment illustrated in the following description  and
the accompanying drawings. Brief Description of the Drawings [0025] [FIG.
1] 



FIG. 1 is a schematic front view showing an embodiment of the present
invention. [FIG. 2]         FIG. 2 is a schematic front view showing the
embodiment in a used state. [FIG. 3]         FIG. 3 is an enlarged plan
view of a stent in a state in which it is reduced in diameter. [FIG. 4]
FIG. 4 is an enlarged plan view of the stent in an expanded state. [FIG. 5]
FIG. 5 is an enlarged plan view of a bent portion. 



[FIG. 6] FIG. 6 is a schematic sectional view taken along line 6-6 of FIG.
5. [FIG. 7]         FIG. 7 is a schematic front view of a coating
apparatus. [FIG. 8]           FIG. 8 is a schematic sectional view taken
along line 8-8 of FIG. [FIG. 9] 



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. Mode for
Carrying Out the Invention [0026]         In the following, an embodiment
of the present invention is described in detail with reference to the
drawings. [0027]         First, generally describing a stent, as shown in
FIG. 1, the stent .is configured from a cylindrical stent body 2 formed
from thin struts 3 and having, so to speak, a reticulate state, and a drug
coat layer 4 (refer to FIG. 6) coated on he su.rface of the stent body 2. 



[0028]         The stent 1 is indwelled into the inside of a blood vessel
or the like by using, for example, such a stent delivery system as shown in
FIG. 2. The stent delivery  system 10 is configured from a shaft body 13 of
a double tube structure formed from an inner tube 11 and an outer tube 12
disposed coaxially with each other, a foldable and expandable balloon 14
provided at a distal end portion of the shaft body 13, and a branch hub 16
having an injection port 15 for injecting fluid for balloon expansion.
[00291         In order to indwell the stent 1 into a blood vessel by using
this stent delivery system 10, the stent 1 is first reduced in 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 bet een the.er tube 11 and the on tube
12 to expand the balloon 14. When the stent 1 attached to the balloon 14 is
expanded outwardly in a radial direction from the inside, then the stent 1
is extended and plastically deformed in the radial direction  and/or an
axial direction and is allowed to indwell in the expanded state in the
blood vessel. 



[0030]         The stent 1 of the present embodiment is described in more
detail. In the stent body 2 of the present embodiment, as shown in FIGS. 1
and 3, alternate arrangements of a bent portion K1 of a U shape having a
small opening angle a, another bent portion K2 of a V shape having a great
opening angle a, 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 "Ll." Then, a distal end of the bent portion KI of the U-shape
in one cell part C and a proximal end of the bent portion Kl of the U-shape
in an adjacent cell part C are joined together successively at a joint
portion F to generally form a cylindrical body, so to speak, In a
reticulate state, wherein a plurality of cell parts C are connected to each
other and the length of wh.ich in the axis direction is "L2." It is to he
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  direction
from a contracted state shown in FIG. 3, it is changed into an expanded
state wherein the opening angle a increases as shown in FIG. 4 and portions
of the struts 3 which configure the bent portion Fl or the bent portion K2
are spaced away from each other such that an gap portion 0 is enlarged
widely. [0032]          In the bent portions Fl and K2 of the stent body 2,
preferably the bent portion is bent not at an acute angle, but is bent or
curved in a U shape or in a gently arcuate shape. By the configuration,
also occurrences of strain applied to the drug coat layer 4 hereinafter
described upon expansion can be reduced, and the effect of suppressing
exfoliation, damage, destruction or coming 



off of the drug coat layer 4 is high. However, the curved structure of the
bent end portion is preferably curved to such a degree that it does not
swell by a great amount toward an outer direction, that is, to such a
degree that the bent end portion does not swell outwardly in an arc. Si ce
the bent end portion is shaped in this manner, The outer diameter upon
contraction in diameter can be reduced, and also insertion into an in vivo
organism (for example, a blood vessel) of a small diameter is facilitated.
[0033]         As the material for forming the stent body 2, preferably a
material having biocompatibility is used, and, for example, stainless
steel, tantalum or tantalum alloy, platinum or platinum alloy, gold or gold
alloy, cobalt-based alloy, cobalt chromium alloy, titanium alloy, niobium
alloy and so forth are preferably used. As stainless steel, S09316L having
the highest corrosion resistance is most preferable. [0034] In the stent
body 2, the area occupied by the strut 3 in a state in which it is mounted
on the balloon 14 preferably is 60% to 80% of the area of the entire outer
peripheral face including the gap portions 0. [0035] 



The width of the strut 3 preferably is 40 pm to 150 pm, and particularly
preferably is 80 pm to 120 pm. The length 1,1 of each cell part C in the
axial direction preferably is 0.5 mm to 2.0 mm, and particular] preferably
is 0.9 mm to 1.5 mm. The diameter Dl of tho 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 L2 upon non-expansion preferably is approximately 8 mm to 40 mm.
[0036]         Formation of the stent body 2 is carried out by removing any
other portion than struts from a tube body (particularly a metal pipe) to
form a predetermined pattern. For example, the formation is carried out by
removing the gap portions 0 from a metal. pipe by an etching method which
utilizes masking called photo fabrication and a chemical, an electrical
discharge machining method based on a mold, a cutting method (for example,
mechanical grinding, laser cutting) or the like. [0037]         After such
forming, an edge of the struts 3 is removed by chemical polishing or
electrolytic polishing to finish the struts 3 so that they may have a
smooth face. [0038] 



Further, after the formation into a predetermined pattern, annealing may be
carried out. The annealing improves the plasticity and flexibility of the
overall. stent, the indwelling property in a bent blood vessel and reduces
physical stimuli to be applied to the inner wall of the blood vessel, and
can reduce main causes of restenosis. The annealing is preferably carried
out such that the stent is cooled slowly after it is heated to  900C to
1200C under an inert gas environment (for example, mixed gas of nitrogen.
and hydrogen) so that an oxide film may not be formed on the surface of the
stent. [0039]         Although various methods such as, for example, a
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 jet method and a nozzle jet method are
preferable. [0040]         Here, the spray method is to jetting drug to the
outside surface of the stent body 2 together with an air flow to form the
drug coat layer 4, and the ink jet method is to apply drug in the form of
fine particles to the outside surface of the stent body 2. Further, the
nozzle jet method is to apply drug to the outside surface of the stent body
2 from a nozzle. [0041] 



When the spray method or the inl jet method is used formation of the drug
coat layer can be carried out readily and rapidly. When the ink jet method
or the nozzle jet method is used, the loss of the drug is little and a drug
coat layer can be formed with a high degree of  accuracy. [0042]
Since the spray method, ink jet method and nozzle jet method 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 similar, a case wherein the nozzle injection method is used to
form the drug coat layer 4 is described below. [0043] 



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
embodiment, such a drug coat layer 4 as shown in FIGS. 5 and 6 is formed on
the outside surface of the stent body 2 described hereinabove. In the
present embodiment, a lamination method of spraying and applying coating
liquid by a large number of times along the strut 3 is used to form the
drug coat layer 4 such that the thickness B thereof gradually decreases
toward a bent portion K. Then, preferably a. primer coat layer 5 is
provided between the stent body 2 and the drug coat layer 4. Since the
primer coat layer 5 is configured from a material having an adhesive
property to polymer which configures a drug coat layer hereinafter
described, the bonding between the stent body 2 and the drug is good.
Consequently, the stent is low in exfoliation. [0044]          In the drug
coat layer 4 of the present embodiment, the thickness B of the linear
portion S of the stent body 2 which is formed from a linear portion or a
curved portion is substantially uniform as shown in FIG. 5, while the
thickness B from the linear portion S to the bent portion K gradually
decreases, and a gradually decreasing portion 6 is formed such that, at and
in the proximity of the bent point P, it has no coat layer with no drug
coat or has a very thin drug coat layer. [0045] 



In particular, when a nozzle hereinafter described is moved along a
predetermined pattern of the stent body 2 and forms a drug coat layer 4 of
the predetermined thickness B using a lamination method of discharging drug
to the surface of the stent body 2 to form a plurality of thin film coat
layers 4a of a small thickness b, if the coating region of each thin film
coat layer 4a is adjusted as the nozzle approaches a bent point P and the
proximity of the bent point P and the layer number of the thin film coat
layers 4a is reduced stepwise, then the  thickness B of the drug coat layer
can be gradually decreased readily. Thus, a valley-shaped gradually
decreasing portion 6 centered at the bent point P and the proximity of the
bent point P can be formed. It is to be noted that the formation of the
thin film coat layer 4a is hereinafter described in detail. [0046]
In case the thickness B of the drug coat layer 4 is gradually decreased
toward the bent portion K and the proximity of the bent portion K in this
manner, then when the stent 1 is to be expanded in a radial direction, even
if the start point at which the stent body 2 begins to its deformation is
shifted a little from the bent point P of the bent portion K, since the
thickness of the drug coat layer 4 which exists at the start point of the
deformation and in the proximity of the start point is small, occurrence of
strain or stress concentration on the drug coat layer 4 decreases
significantly. 100471          In particular although the positi. on of the
bent point P on the stent body 2 geometrically is a so-called inflection
point at the bent portion K, when actually a balloon or the like is used so
that expanding force is caused to act from the inside of the stent to
expand the  



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 depending upon the acting direction of the expanding force
applied to the struts 3 and cannot be specified unambiguously. However, in
case the gradually decreasing portion 6 of the drug coat layer 4 is formed
and the thickness B of the drug coat layer 4 is gradually decreased toward
the bent portion K and the proximity of the bent portion K, then even if
the position of the bent point P of the stent body 2 is shifted a little,
the drug coat layer 4 deforms following the stent body 2, and the strain or
the stress concentration which occurs on the drug coat layer 4 is very
small. Besides, since the application amount of the drug is small at this
portion, also the drug itself is likely to follow up the deformation of the
stent body 2. As a result, both of them improve the effect of preventing
coming off of the drug significantly. 100481         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.  [00491         When a
particular example of the gradually decreasing portion 6 is shown in FIG. 6
which indicates the bent portion K straightly, preferably the thickness b
of one thin film coat layer 4a is 1 pm to 5 pm; the layer number of the
thin film coat layers 4a is 1 to 50; the length X of the bent portion K is
50 pm to 1000 pm; and the length Y between end portions of upper and lower
thin film coat layers 4a (however, the lengths between the end portions are
sometimes not equal) is 1 pm to 1,000 pm. Then, the inclination angle 0 of
the gradually decreasing portion 6 is smaller than 90 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 is the possibility that the drug amount to be coated may decrease,
which is not preferable. On the contrary, where the inthnation angle 0
exceeds 60 degrees, since there 



the possibility that the effect of preventing c.omi.nq off of the drug may
lower, 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
lamination method hereinafter described.  [0050]         While the example
described above relates to a case in which the range of 50 pm to 1000 pm
centered at the bent point His determined as a no-coat layer wherein the
drug coat layer 4 is not formed, since, in such a no-coat layer as just
described, the drug is not coated at a position at which concentration of
the strain is most likely to occur, the stent has a high drug coming-off
suppression ability. Thus, even if a situation that the stent must be
expanded by a great amount at the indwelled position of the stent occurs,
this situation can be coped with readily. Thus, the stent is easy in
handling, easy and reliable in procedure and good in convenience in use.
[0051]         However, the present invention is not necessarily limited
only to a no-coat layer, and the bent portion K may have one to several
thin film coat layers 4a. [0052]         The drug coat layer 4 is
configured from a mixture of a drug and 6 polymer. This mixture is
preferably configured as a mixture of a drug and a biodegradable polymer.
When polymer which covers and protects the drug is biodegraded after the
stent is indwelled in an organism, the drug is released and restenosis at
the  stent indwelled region is prevented with certainty. As the
biodegradable polymer, it is preferable to use one of polylactic acid,
polyglycolic acid, and lactic acid glycolic acid copolymer. 



[0053]         The mixture rates of the drug and the polymer of the thin
film coat layers 4a of the drug coat layer 4 may be equal to each other or
may be different from each other. For example, the ratio of the drug to the
polymer may increase gradually from the lowermost layer toward an upper
layer of the thin film coat layers 4a which contacts with the primer coat
layer 5. [0054]         FIG. 7 is a schematic front view of a coating
apparatus; FIG. 8 is a schematic sectional view taken along line 8-8 of
FIG. 7; and FIG. 9 is a sectional view of a mandrel part. [0055]         As
a coating apparatus which forms the thin film coat layer 4a on struts by a
lamination method., for example, such a coating apparatus as shown in FIGS.
7 and 8 is used. In the coating apparatus 20, a frame 22 provided uprightly
on a base 21 is covered with a transparent synthetic resin plate (not
shown) from the  outer face thereof to form a chamber 23 having air
tightness in the inside thereof. A duct 24 is provided contiguously to a
top portion of the chamber 23 so that air whose temperature and humidity is
controlled is supplied from an air conditioner 25 to place the inside
of-the chamber into 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 portion in the chamber 23, a holder 30 for
holding the stent body 2 and moving means 40 for moving the holder 30 are
provided, and at a middle portion in the chamber 23, an application head 50
for applying coating material W to the strut 3 of the stent body 2, first
position information acquisition means 60 for acquiring position
information in the X-Y directions on a Cartesian coordinate system on the
surface of the stent body 2, that is, on the surface of the strut 3, and
second position informotion acqussition means 70 for acquiring position
information in the Z direction on the Cartesian coordinate system are
provided on a support frame 26 attached to the frame 22. 



[0057]          Meanwhile, a control section 80 is provided externally of
the chamber 23 and controls the holder 301 moving means 40, application
head 50, and position information acquisition means 60 and 70. [0058]
As shown in FIG. 8, a mandrel 34 of the holder 30 is chucked at a proximal
end thereof by a chucking section 33 connected to a motor M2 which can
rotate bidirectionally, and the stent body 2 is removably mounted on an
outer periphery of the mandrel 34. [0059]         The motor M2 is placed on
a slide section 32, and the slide section 32 is provided for movement (in
the Y direction) on a base plate 31. The base plate 31 is placed on a
movable table 42 which is moved (in the X direction) along a traveling rail
41 which is a driving source of the so-called linear motor type.
Consequently, the holder 30 can move the stent body 2 in the X direction
and the Y direction by forward and backward rotation. [0060]
Although the outer diameter of the mandrel 34 preferably is substantially
equal to or a little greater than the inner diameter of the stent body 2,
as the 



mandrel 34, mandrels which can be exchanged in accordance with the inner
diameter of the stent body 2 and have several outer diameters are prepared.
Each of the mandrels is coated with black paint so that it may absorb light
thereby to raise the contrast ratio between the strut 3 of the mounted
stent body 2 and the gap portion 0. Further, the mandrel 34 has recessed
portions 35 formed on an outer circumferential face thereof as shown in
FIG. 9 so that, when the stent body 2 is mounted on the mandrel 34, a gap G
is produced between the outer circumferential face of the mandrel 34 and a
lower face 3a of the strut 3 of the stent body 2. Consequently, when the
coating material W is applied to the strut 3, the coating material W is
prevented from coming round to a place between the surface of the mandrel
34 and the inner side surface of the stent body 2 thereby to achieve
formation of a uniform coating layer and convenience of the work. [0061] As
shown. in FIGS. 7 and 8, thelication head 50 has a dispenser 53 which is
mounted on a bracket 51 which is attached to the support frame 26 through a
vertical table (not shown), which is moved in the Z direction by a screw
feed mechanism or the like which is driven by the  



motor M3 and which gradually discharges the coating material W reserved in
the inside thereof., and a nozzle section 54 for discharging the coating
material W. [0062]         As shown in FIG. 8, the dispenser 53 has a
cylinder portion 55 which serves as a syringe operating mechanism and in
which coating material W is reserved, a piston portion 56 provided for
sliding movement in the cylinder portion 55, and a driving section (not
shown) such as a motor or a hydraulic mechanism for pressing the piston
portion 56 by a predetermined force F. [0063]         The nozzle section 54
is configured from an attaching member 57 provided at a lower end of the
cylinder portion 55, and a nozzle 58 depending from the attaching member
57, and a flow path (not shown) along which the coating material W flows
from the cylinder portion 55 to the nozzle 58 is formed. [0064]         The
outer diameter of th- distal end of the no 58 is 10 pm to 1000 pm, and the
inner diameter of the distal end of the nozzle 58 is 1 pm to 500 pm,
preferably 5 pm to 250 pm, so that the coating material W having a
viscosity hereinafter described may be extruded at a  predetermined
discharge speed. Where the diameter is smaller than 5 pm, the coating
material W does not flow out smoothly, and a high pressure is sometimes
required for the discharge. On the other hand, where the diameter exceeds
250 pm, there is the possibility that the coating material W may not
substantially be able to be smoothly applied on the stent body 2 which is
currently used. [0065]         Meanwhile, the nozzle 58 is preferably
polished so as to minimize recesses and projections of the surface thereof,
as far as possible in order to prevent adhesion of the discharged coating
material W thereto, and preferably, for example, stainless steel, carbon
steel, nickel, titanium, chromium, glass, aluminum oxide, zirconium oxide,
diamond or a complex of them are used. [0066] 



The dispenser 53 is provided such that it is spaced apart from the struts 3
such that the distance N between the nozzle 58 and the strut 3 may be a
predetermined length and the coating material W is continuously extruded
without being interrupted t owatd the surface of the struts 3 from the
nozzle 58 and placed on the surface of the strut- 3. Where such a
continuous extrusion method as just described is used, uniform application
of the  coating material W to a desired portion of the stent body 2 can be
achieved. Further, the coating material W can be discharged quantitatively
having high controllability, and the quantitative adjustment of the
therapeutic substance can be carried out with a high degree of accuracy and
with certainty. Besides, since, in the chamber which is adjusted to a
constant temperature and constant humidity state, conditions for drying and
solidifying the coating material W are fixed, production of the stent 1 to
which the coating material W adheres can be carried out readily and
rapidly. [0067]         The viscosity of the coating material W discharged
from the nozzle 58 is 0.1 cp to 10 cp, preferably 1.0 cp to 4.0 cp. Where
the viscosity is higher than the range, a high pressure is required or the
coating material W cannot sometimes be discharged from the nozzle 58. Where
the viscosity is lower than the range, the coating material W sometimes
overflows from the strut 3, re ulting in failure to form a onapp .cat. on
layer. 



[0068] The distance N between the nozzle 58 and the strut 3 is 0.1 pm to
200 pm, preferably 1 pm to 100 pm. Where the distance N is greater than the
range, there is a  problem that the coating material W is interrupted.
Where the distance N is smaller than the range, there is another problem
that the coating material W overflows from the strut surface. [0069]
The first position information acquisition means 60 is image pickup means
attached fixedly in position on the support frame 26 through a bracket (not
shown) as shown in FIG. 7, and has a camera section 62, and a line sensor
section (not shown) disposed so as to extend in the axial direction of the
stent body 2. The first position information acquisition means 60 scans the
surface of the stent body 2 in synchronism with rotation of the stent body
2 of the holder 30 to capture an image on the surface of the stent body 2
and transmits the image to the control section 80. As described above,
since the mandrel 34 is painted with a black paint so as to raise the
contrast ratio between the strut 3 of the mounted stent body 2 and the gap
portion 0 and absorbs light, an             irroge of the stent surface is
high in luminance of the strut 3 but low in luminance of the gap portion 0.
Therefore, the control section 80 can binarize the obtained surface image
of the stent body 2 with a suitable luminance to fractionate the surface
image into 



the strut 3 and the gap portion 0 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 calculates coordinates of a trajectory
which 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
obtained data of the center trajectory are stored into a memory 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 3, and also to this end, it is very significant to specify the
center of the struts 3. [0070] The second position information acquisition
means 70 is displacement measurement means in the Z direction attached
fixedly in position to a lower end of a bracket 71 attached to the support
frame 26, and is configured from a laser displacement sensor 73 called
vertical sensor for measuring a displacem(of the st.ruts 3 in the Z
direction. [0071] 



The surface of the strut 3 strictly is not smooth but has recesses and
projections, and in order to  quantitatively accurately apply the coating
material W to the strut having such recesses and projections, a
predetermined amount of coating material W must be applied so that the
distal end of the nozzle 58 moves strictly in parallel to the surface of
the strut 3. Accordingly, the laser displacement sensor 73 starts
acquisition from position information of-the strut 3 at a predetermined
position of the stent body 2, for example, at an application start point,
scans the stent body 2 along a trajectory passing the center of the strut 3
while rotating the stent body 2 forwardly and backwardly, collects
displacement data of the overall stent body 2 in the Z direction. Besides,
the acquired displacement data is stored into the memory of the control
section 80. [0072]          Though not shown, the control section 80 has a
processor, a monitor, a keyboard and so forth, and from the position i
formation thereof, carries out setting of an application method for
applying the coating material W and determination Fan ar.)n]iLion 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  amount of the coating material W to be discharged from
the application head 50, scanning of the image pickup means or the vertical
sensor, and so forth. [0073]         The application method signifies an
application route in the case where the application is to be carried out
along the strut 3. Although the application route preferably is a route
along which the coating material W can be applied to the overall strut 3
continuously without an interval in which overlapping application is
carried out, in the case of the stent 1 in which the struts 3 cross with
each other complicatedly, it is sometimes difficult to set a route which
does not include an interval of such overlapping application. In such an
instance, an interval in which overlapping application is to be carried
out, or an interval across which the application point jumps from a certain
point to another point on the strut 3 is provided. By partly providing an
interval in which overlapping application is to be carried out or an
intervalioh tho application po jumps in this manner, the application route
can be shortened. Further, when the moving speed within an overlapping
interval (interval which is passed by a plural number of times) is set
higher than the moving 



speed within an interval which is passed only by once, the drug can be
applied uniformly 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
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 portion K toward the other side opposing to the one
side. By such movement, the gradually decreasing portion 6 can be formed
rapidly. [0074]         Upon determination of an application route, it is
preferable to take various countermeasures described 



below. [0075]          (1) Where the coating material W is applied to the
strut 3 of the stent body 2, at the linear portion. S of tS e stit is }I)
:Ce f e .i. a Ia I..o set a trajt 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
predetermined distance in a widthwise  direction of the strut 3 as the
application route. The coating material W is liquid and exists in a state
in which it swells upwardly on the surface of the strut 3 due to the
surface tension of the liquid, and even if 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 to set a
trajectory which passes a position shifted by a predetermined amount from
the coating layer of the strut 3 for the first time as an application route
to form a coating layer for the second time and set, for the coating layer
for the third time, a trajectory which passes a position different from the
application routes for the first time and the second time as the
application route. [0076] 



(2) Upon determination of an application route, it is preferable to use
different application routes for the linear portion S and the bent.. 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 described above. However, in
the bent portion K, if a trajectory which passes the center of the strut 3
in the widthwise  direction is set as the application route, then the
coating material W discharged from the application head 50 does not follow
up the moving trajectory of the application head 50 by an influence of the
viscosity of the coating material W, the dropping speed of the coating
material W from the nozzle and so forth. Accordingly, it is preferable to
set the outer side relative to a line which passes the center of the bent
portion K of the strut 3 as the application route. [0077]          (3) At a
crossing point of the struts 3, it is preferable to set a cross point of
the center axial lines of the plural struts 3 or the proximity of the cross
point as the application route. At a location at which the struts 3 cross
with each other, since also the application routes P therefor cross with
each other, if a cross point of the center axial lines of the plural struts
3 or the proximity of the cross point is set as the application route, then
also flowing down of the coating material W can he prevented favorably
[0078]         Now, a coating method is described. FIG. 10 is a flow chart
of the coating process, and FIG. 11 is a flow chart of the coating process
following FIG. 10.  [0079] 



<Preparation Step>          First, before coating is started, the air
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 set to the support frame 26.
[0080]         Meanwhile, the stent body 2 is attached, after mounted on
the mandrel 34, to the chucking section 33 of the holder 30 positioned at a
standby position and set such that the application. start point of the st
rut 3 is positioned on a recessed portion 35 of the mandrel 34. It is to be
noted that the standby position is a position in the prox]mity of an.
entranue23A of the chamber 23 in the case where the moving means 40 is
provided at a lower portion of the chamber 23, as shown. in FIG. 7. [0081]
<Image Pickup Step>          The control section 80 accepts an input of
image pickup parameters and stores the inputted image pickup parameters
into the storage device (81). The image pickup parameters are inputted, for
example, from a keyboard by an operator. The image pickup parameters
include a speed of rotation of the mandrel 34, an image pickup line number,
an image pickup line width, and an image pickup operation speed. 



[0082]         The control section 80 issues an instruction to start image
pickup after the inputted image pickup parameters are stored.
Simultaneously, the control section 80 renders the X direction moving means
40x operative (S2). Consequently, the holder 30 moves from the standby
position to a position below the first position information acquisition
means 60 along the traveling rail 41. The control section 80 confirms that
the holder 30 comes to the predetermined position (S3), and when the holder
30 comes to the predetermined position, the controltion 80 renders the
motor M2 of the holder 30 operative to start rotation of the stent 1 (S4).
[0083] Meanwhile, the line sensor of the first position  information
acquisition means 60 starts image pickup in accordance with an image pickup
starting instruction and scans the surface of the stent body 2 to pick up
an image of the surface pattern (S5)The picked up image is stored as a
plane developed image into a storage device (for example, a memory, a hard
disk or the like) in the control section BO. The image may be outputted to
a monitor so that it can be confirmed by visual observation. [0084] 



Since, in the surface image of the stent body 2, the luminance of the strut
3 is high and the luminance of the gap portion 0 is low, the control
section 80 converts the surface image into a binarized image of white and
black with reference to a certain luminance (S6), and calculates
coordinates of a trajectory which passes the center of. the strut 3 by a
reduction process of the width of the strut 3 (57). [0085] <Setting Step of
an Appl. ication Method> Deciding from the acT.111face imaoe 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
application route is set such that, while the application is performed for
a desired surface portion of the strut 3, those intervals for overlapping
application and those intervals for jumping are reduced in number or length
as far as possible (S8). [0086] <Displacement Measurement Step in the Z
Direction> 



Further, the control section 80 accepts and stores an input of displacement
measurement parameters of the second position information acquisition means
70 which serves as the displacement measurement means in the Z direction
(S9). Also these displacement measurement parameters are inputted by the
operator. The displacement measurement parameters include a measurement
start position, a direction of the measurement, a direction at a branch
point, a measurement speed and a measurement interval. [0087]         The
control section 80 renders a motor M1 of the Y direction moving means 40y
after the storage of the displacement measurement parameter (S10). If
necessary, while the stent body 2 is observed by means of a video camera
and a monitor, the measurement positions of both the stent body 2 and the
displacement measurement means  are adjusted so that the measurement
position of the displacement measurement means and the designation position
on the trajectory coincide with each other (311). [0088]         After the
measurement position and the designation position are brought into
coincidence with each other by the adjustment (it is to be noted that such
coincidence is inputted to the control section 80 by the operator) (312,
Yes)), the control section 80 issues an instruction to start measurement of
the displacement in the Z direction of the strut 3 to the second position
information acquisition means 70 (313). The control section 80 causes
forward and backward rotation by the motor M2 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 (314). 



[0089]         Consequently, since the second position information acqu
sition means 70 moves alo g a trajectory which passes the center of the
strut 3, the control sect ion 80 collects displacement data in the Z
direction (315). The displacement data are stored into the storage device
of the control section 80 together with the coordinates of the center
trajectory.  [0090] <Application Step>         The control section 80
accepts and stores an input of application parameters (S16). Also the
application parameters are an input by the operator. The application
parameters include an application start position, a direction of the
application, a direction at a cross point, setting of a trajectory
adjustment interval, an adjustment amount of the trajectory, an application
speed, a discharge speed of the coating material W, a height of the
application head, an application time number (layer number) and selection
of an application head. [009]] 



The control section 80 issues an instruction to start application after the
storage of the application parameters. Simultaneously, the control section
80 issues an instruction to move the holder 30 by means of the X direction
moving means 40x (S17). Consequently, the stent body 2 is moved to the
application start position below t hallcatIon 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 motor M2 and movement in the axial.
direction by the motor M1 so that the stent body 2 is moved in the x axis
direction and the y axis direction in accordance with the designated
parameters by forward and backward rotation by the motor M2 and movement in
an axial direction by the motor M1 (S20). Simultaneously, the control
section 80 causes the application head 50 to move in the Z axis direction
by means of the motor M3 in accordance with the designated parameters
(S21). At this time, the coating material W is discharged continuously from
the application head 50. Consequently, while the application head 50 moves
along the application route determined in advance, application of the
coating material W is carried out. [0092]         During the application,
since the space between the distal end of the nozzle 58 and the stent body
2 is in a state in which it is filled with the coating material W, the
coating materialis discharged by a fixed amount, and also the amount of the
drug on the stent body 2 is set to the predetermined value with
c.e.rtaintyBesides, a 



web or a bridge does not appear between the struts 3, and the drug coat
layer 4 can be formed with a very high degree of accuracy. [0093]
After the coating is completed, the holder 30 is moved to the standby
position by the X direction moving means 40x, and takes out the mandrel 34
from the holder 30 to the outside of the chamber 23 and then removes the
stent body 2 on which the drug coat layer 4 is formed from the mandrel 34.
[0094]         The present invention is not limited only to the embodiment
described above but can be modified in various manners by a person skilled
in the art within the technical scope of the present invention. For
example, although the embodiment described above discloses the gradually
decreasing portion 6 along which the thickness B of the drug coat layer
linearly varies toward the bent portion K or the proximity of the bent
portion K, the shape of the gradually decreasing portion 6 of the present
invention is not limited to this, but only it is necessary for the
thickness B of the drug coat layer to be reduced at the bent portion K and
in the provimity of tLe, bent noK and the gradually d e C.: rea m portion 6
may have various shapes such as an arcuate shape. [0095]         Further,
for the coating material W, not only one kind but also a plurality of kinds
of materials may be 



used. Where a plurality of coating materials W are to be applied, a
plurality of syringes, nozzles and syringe operating mechanisms are
prepared and successively changed over to carry out coating. Such
successive changeover of the syringe operating mechanisms and so forth is
controlled by the control section 80. Here, the different coating materials
W relate to a case wherein different polymers are used or a single polymer
is used but by different amounts, or different drugs are used or a single
drug is used but by different amounts, or else different solvents are used.
When a plurality of kinds of coating materials are used in this manner, the
efficacy is also complex, which is very advantageous in that physical or
spiritual stress to the patient is reduced and so forth. [0096]
Further, also the method of forming the drug coat layer 4 is not limited
only to that of the embodiment described above, but, for example, a spray
or an ink jet may he used. [0097]         Further, although the embodiment
described above is a wavy stent having a predetermined pattern, the stent
is not limited to such a stent as just described, but may  have any other
pattern if it has the bent portion K. Industrial Applicability 



[0098]         The present invention can be utilized as a stent which
reduces the restenosis rate extremely after percutaneous transluminal
coronary angioplasty (PTCA).  Claims          1. A stent which includes a
cylindrical stent body formed from a wavy strut having a bent portion, and
a drug coat layer formed by coating a drug on the outside surface of said
stent body, at least the bent portion being deformed for expansion and
contraction together with expansion and contraction of said stent body in a
radial direction,         wherein said drug coat layer has a gradually
decreasing portion formed by gradually decreasing the thickness of said
drug coat layer toward the bent portion.          2. The stent according to
claim 1,         wherein a predetermined range around a bent point at the
bent portion is configured as a no-coat layer on which said drug coat layer
is not formed.          3. The stent according to claim 1, 



wherein a thin film coat layer of the drug is formed within a predetermined
range around a bent point at the bent portion.      4. The stent according
to any one of claifrto wherein said drug coat layer is formed from a
mixture of the drug and a polymer.          5. The stent according to claim
4, wherein the polymer is a biodegradable polymer.        6. The stent
according to claim 5,         wherein the biodegradable polymer is any one
of polylactic acid, polyglycolic acid and lactic acid-glycolic acid
copolymer.      7. The stent according to any one of claims 1 to 6, wherein
a primer coat layer is provided between said stent body and said drug coat
layer. 



8. The stent according to claim 1, wherein an inclination angle of the
gradually decreasing portion is 1 to 45 degrees.      9. The stent
according to any one of claims 1 to 8,         wherein said stent body is
formed in a cylindrical shape by forming a wavy annular body from the wavy
strut having the bent portion, and by disposing and joining together a
plurality of such wavy annular bodies in an aligned relationship with each
other in an axial direction.          10. The stent according to any one of
claims 1 to 9, whe ei nsai d drug coat layer is formel by laminating a
plurality of thin film coat layers individually formed by discharging
coating liquid including drug and polymer dissolved in solvent from a
nozzle section and moving the nozzle section along the  strut, and the
coating length of the thin film coat layer of an upper layer-from among the
plural layers is set shorter than the coating length of the thin film coat
layer of a lower layer so that the gradually decreasing portion is formed
in a stairway shape. 



11. The stent according to claim 10,         wherein the gradually
decreasing portion of said drug coat layer is formed by moving the nozzle
section from one of such struts which form the bent portion toward the
other opposing one of such struts when the nozzle section reaches the bent
portion or the proximity of the bent portion.         12. The stent
according to any one of claims 1 to 9,         wherein said drug coat layer
is formed using a spray or an inkjet. 












