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Description

BACKGROUND OF THE INVENTION

[0001] This invention relates to a linear material used
for a stent implanted in the blood vessel of e.g., the cor-
onary artery, and to a blood vessel stent employing this
linear material.
[0002] If stenosis is formed in the blood vessel of, e.g.,
the coronary artery, a so-called percutaneous translumi-
nal angioplasty (PTA) is usually applied. The PTA is the
operation of inserting a balloon forming portion annexed
to the vicinity of the distal end of a catheter in the portion
of the blood vessel suffering from stenosis, and of ex-
panding the balloon forming portion to expand the portion
of the blood vessel suffering from stenosis to improve
the blood flow. Usually, a blood vessel stent is implanted
to prevent re-stenosis of the blood vessel in the site of
the PTA.
[0003] The stent serves to maintain the patency of the
blood vessel for the required period, preventing re-sten-
osis in the site undergoing PTA.
[0004] Since it was reported that a metal stent is ef-
fective in treating ischemic heart disease, remarkable
progress has been achieved in the clinical use of the
coronary stent. The coronary stent is highly promising,
not only in terms of its prophylatic effect against acute
closure, but also in its long-term prevention of restenosis
and its therapeutic effect against lesions for which PTCA
is considered inadequate. Thus, the coronary stent is
widely used in operations such as cardiac intervention.
Comparative clinical trials employing the angioplasty with
only a balloon and in employing the angioplasty with both
a balloon and a stent have shown that the rates of oc-
currence of the acute coronary closure and of re-stenosis
are both lower when the angioplasty with both a balloon
and a stent is employed.
[0005] Metal stents are reliable in the short and mid-
term results as disclosed in many reports. However, the
possibility of unexpected events against, for example,
the coronary artery has been pointed out in long term
tests.
[0006] In a metal stent, there is no established stand-
ard therapeutic method against re-stenosis in the stent.
For example, reapplication of PTCA on occurrence of re-
stenosis in the stent (in-stent re-stenosis) may be one
method envisaged. However, since the stent is already
implanted and remains in the blood vessel, it becomes
difficult to expand the balloon, thus obstructing the re-
application of PTCA.
[0007] Where re-stenosis occurs over a long area or
in multiple branches, a frequently-used method is that of
implanting a number of metal stents side-by-side. By sur-
gical thoracotomy, a by-pass operation for preserving
blood flow by connecting a by-pass to the blood vessel
so as to avoid the site of stenosis is an effective technique
against in-stent re-stenosis. However, some metal stents
do not show up easily in angiography and, if a metal stent

remains implanted in the target portion where the bypass
is to be connected, the bypass operation itself has to be
abandoned. This is a significant burden for the patient.
[0008] Currently, investigations are underway as to the
compatibility of blood flow and metal. Since metal is hy-
drophilic and tends to form the thrombus, the thrombus-
forming properties of the metal stent pose a serious prob-
lem. Thus, for the purpose of prevention of thrombotic
closure in the stent-implanted portion, a concentrated an-
ti-thrombotic therapeutic operation is indispensable.
However, there is always the associated risk of further
hemorrhagic complications.
[0009] For these reasons, implanting a metal stent
which will remain permanently in the body poses a prob-
lem.
[0010] The main objective of implanting a stent is to
avoid acute coronary closure and to reduce the frequency
of the occurrence of re-stenosis. It is reported that, since
acute coronary closure and re-stenosis are phenomena
that relate each other for a certain period, they require
only temporary treatment. It is, therefore, desirable that
the function of the stent may be maintained only for a
required period such that the stent will not remain in the
living body as foreign substance once its role has been
fulfilled. In particular, since the increase in the rate of re-
stenosis wanes after about six months, the function of
the stent needs to be maintained during this six-month
time period.
[0011] In view of the physical functions, the following
properties are required of the stent:

(a) mechanical properties: such that, as the structur-
al element, the stent needs to possess sufficient me-
chanical properties to keep the blood vessel open
for a specified period of time;and
(b) expansion/contraction properties: such that the
stent diameter needs to be decreased during deliv-
ering to the target legion and to be increased up to
a desired diameter at the target site of lesion; and
(c) delivering capability: such that, the stent needs
to be correctly implanted in the target legion of the
coronary artery without migration, kinking, distortion
or breakage.

[0012] Tamai # et al, Journal of Interventional Cardi-
ology, Vol. 12, No. 6, 1999 report the results of implan-
tation of a poly-(L-lactic acid) coronary stent in porcine
coronary arteries. The stent is made up of monofilaments
(molecular mass 183kD) with a zigzag helical coil design.

SUMMARY OF THE INVENTION

[0013] It is an object of the present invention to provide
a novel linear material used for a stent and a blood vessel
stent which satisfy these requirements.
[0014] It is a more specific object of the present inven-
tion to provide a novel linear material used for a stent
and a blood vessel stent having biodegradability, supe-
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rior anti-thrombotic properties and a superior physical
function, and which can be handled in the same manner
as a metal stent.
[0015] The inventors of the present invention have
conducted persistent investigations over a long period,
whose results have led to the conclusion that, by select-
ing a biodegradable polymer poly-(L-lactic acid) for the
stent material and by optimizing its crystallinity, the phys-
ical functions and biodegradability after a certain period
may be made mutually compatible. The present invention
has been completed on the basis of this information.
[0016] That is, the present invention provides a linear
material for a blood vessel stent, wherein the linear ma-
terial is formed of a biodegradable polymer poly-(L-lactic
acid) with a crystallinity as measured by differential scan-
ning calorimetry of 15 to 60%.
[0017] Moreover, the present invention provides a
blood vessel stent formed by shaping a linear material
into a tubular structure, in which the linear material is
formed of a biodegradable polymer poly-(L-lactic acid)
having a crystallinity as measured by differential scan-
ning calorimetry of 15 to 60%.
[0018] The present blood vessel stent has an outer
diameter of 2 to 5mm, with the thickness of the linear
material being 0.08 to 0.30mm. It may be formed, for
example, of a poly-(L-lactic acid) monofilament
[0019] The poly-(L-lactic acid) is a biodegradable pol-
ymer which, when placed in the living body, is absorbed
therein, disappearing after a pre-determined time period
has elapsed.
[0020] The physical properties of this poly-(L-lactic ac-
id) are significantly affected by the crystallinity. Moreover,
the anti-thrombotic properties are also influenced by the
crystallinity. By setting this crystallinity to 15 to 60%, the
mechanical properties as well as the expansion/contrac-
tion capability and delivering capability are maintained.
Furthermore, by setting the crystallinity to the above
range, the stent formed by employing this linear material
exhibits opening radial strength over a specified period,
after which it swiftly disappears.
[0021] Further applications and specific merits ena-
bled by the present invention are elucidated hereafter
with reference to various drawings.

BRIEF DESCRIPTION OF THE FIGURES

[0022]

Fig.1 is a graph showing the relationship between
the crystallinity of the PLLA monofilament on immer-
sion for six months in a 37°C physiological saline
and the breaking load.
Fig.2 is a graph showing the relationship between
the crystallinity on formation of the PLLA monofila-
ment and the breaking load.
Fig.3 is a graph showing the relationship between
the crystallinity of the PLLA monofilament and the
elongation at rupture.

Fig.4 is a schematic view showing the process of
contracting a knitted blood vessel stent.
Fig.5 is a schematic view showing the process of
implantation of the knitted blood vessel stent into the
blood vessel.
Fig.6 is a schematic view showing an alternative
method of contracting a knitted blood vessel stent.
Fig.7 is a schematic plan view showing an illustrative
blood vessel stent obtained by shaping a zig-zag
shaped PLLA monofilament into a cylindrical form.
Fig.8 is a schematic plan view showing the bent state
of a monofilament constituting a main body portion
of the stent.
Fig.9 is an enlarged plan view showing a portion of
the main body portion of the stent.
Figs.10A - 10G are schematic views showing an il-
lustrative PLLA monofilament in a non-woven non-
knitted state.
Fig.11 is a schematic view showing an illustrative
blood vessel stent obtained by shaping a PLLA
monofilament in a non-woven non-knitted state into
a cylindrical form.
Fig.12 is a schematic view showing another illustra-
tive blood vessel stent obtained by shaping a PLLA
monofilament in a non-woven non-knitted state into
a cylindrical form.

DETAILED DESCRIPTION OF THE INVENTION ,

[0023] Referring to the figures, preferred embodiments
of a linear material for a blood vessel stent and a blood
vessel stent according to the present invention are ex-
plained in detail.
[0024] The linear material for a blood vessel stent ac-
cording to the present invention is a filament-like product
formed of poly-(L-lactic acid) and may be of any suitable
configuration such as mono-filament or multi-filament.
However, a monofilament configuration is preferable if
the stent configuration as explained below is taken into
account. Although the monofilament diameter may be
set arbitrarily, it may be limited, for example, by the size
of the blood vessel stent for coronary arterial implanta-
tion. A blood vessel stent for coronary arterial implanta-
tion is 10 to 50mm in length, formed to a tubular structure
around 5mm in diameter and contractible to roughly 2mm
for implantation into the blood vessel. The monofilament
constituting the blood vessel stent which may be thus
contracted to a diameter of 2mm must be no more than
0.3mm in thickness. Moreover, the monofilament consti-
tuting the blood vessel stent requires a specific strength
as explained below, and in order to be knitted or bent
into a zig-zag shape to form a tubular structure, requires
a specific rate of elongation and a specific elongation at
rupture. In this respect, the monofilament of poly-(L-lactic
acid) constituting a blood vessel stent of the above-men-
tioned dimensions, requires a thickness of not less than
0.08mm in diameter.
[0025] Poly-(L-lactide), referred to below as PLLA, be-
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longs to a biodegradable aliphatic polyester, and is chem-
ically a polymer resulting from the dehydration conden-
sation of lactic acid, and which is obtained on polymeri-
zation of an L-optical isomer of lactic acid only.
[0026] Although the weight average molecular weight
of PLLA can be set arbitrarily so that it can be worked
into a linear material, the weight average molecular
weight is preferably not less than 55000. The mechanical
properties are saturated at a weight average molecular
weight not less than 55000, such that poly-(L-lactic acid)
remains unchanged in its strength or modulus of elasticity
if the molecular weight is increased beyond this value.
Specifically, the weight average molecular weight of po-
ly-(L-lactic acid) is 70000 to 400000 for practical appli-
cation and preferably 100000 to 300000. In particular, if
the monofilament is of a diameter of 0.08 to 0.30 mm, as
described above, the weight average molecular weight
is preferably not less than 100000.
[0027] If PLLA is considered as a biodegradable ma-
terial, the rate of decomposition of PLLA is determined
by the above-mentioned molecular weight, crystallinity
and the diameter and surface area of the monofilament.
In particular, in crystalline PLLA, the crystallinity and the
diameter of the monofilament significantly affect the rate
of decomposition.
[0028] When a blood vessel stent of tubular structure
is formed using the PLLA monofilament and this stent is
implanted in a blood vessel, strength is lowered accord-
ingly with decomposition. In particular, when the crystal-
linity is low, the strength is greatly lowered and the speed
of decomposition is fast. For this reason, there is a min-
imum limit for the crystallinity with regard to shape reten-
tion characteristics in that the stent retains the shape of
the blood vessel over a predetermined period as it de-
composes. As mentioned above, given that after implan-
tation in a blood vessel, a six-month period of shape re-
tention of the stent is required, the observational period
of changes in the mechanical characteristics of the PLLA
monofilament during decomposition was set at six
months.
[0029] The inventors formed a stent as a tubular struc-
ture 10 to 50mm in length as mentioned above and about
5mm in diameter. In order to produce a blood vessel stent
whose diameter may be contracted to about 2mm for
blood vessel insertion, PLLA monofilament with a diam-
eter of 0.3mm(A), 0.17mm(B) and 0.08mm(C) were pro-
duced. These PLLA monofilaments were immersed in
37°C physiological saline for 6 months and their crystal-
linity and breaking loads were observed. The result as
shown in Fig. 1 was obtained.
[0030] The breaking load of tantalum widely used in a
metal stent is more than 6N. In a blood vessel stent using
the PLLA monofilament, the blood vessel stent is formed
as a tubular structure about 5mm in diameter and 10 to
50mm in length. The diameter of stent is contracted to
about 2mm for insertion into a blood vessel. Six months
after implantation in the blood vessel of a blood vessel
stent of the above formation, if a similar strength for main-

taining the patency of the blood vessel to that of a metal
stent is required, a breaking load of not less than 6N is
necessary. To achieve this, the crystallinity needs to be
not less than 25% even for a monofilament A 0.3mm in
diameter, as is clearly shown in Fig.1
[0031] A PLLA mono-filament with bio-absorbability is
implanted into the body and, as it decomposes, the de-
gree of crystallization rises. That is, the amorphous por-
tion decomposes first.
[0032] The relation between the crystallinity and the
load on formation of each of the monofilaments A, B, and
C whose diameters are shown in Fig. 1, is shown in Fig.
2. That is, in the monofilaments A, each of which has a
diameter of 0.3mm, when immersed in a 37°C physio-
losical saline for six months, the 25% crystallinity required
for a breaking load of not less than 6N was achieved. At
the time of formation of the monofilaments, the crystal-
linity was about 15%.
[0033] From the results shown in Fig.1 and 2, suppos-
ing the maximum thickness of PLLA monofilament pos-
sible for forming a blood vessel stent of the above-men-
tioned dimensions, a minimum 15% crystallinity is re-
quired at the time of formation of the monofilament.
[0034] If application of the biodegradable polymer yarn
to the blood vessel stent is considered, the PLLA to be
used is required to display superior physical functions.
[0035] Thus, the optimum range of the PLLA crystal-
linity was investigated in terms of physical functions.
[0036] In view of the PLLA being a structural material
of the blood vessel stent, such factors as the modulus of
elasticity and strength (mechanical properties), ease of
bending and workability (expansion/contraction perform-
ance) and ease of warping and flexibility (delivering per-
formance) may be considered.
[0037] Of these, the modulus of elasticity and strength
(mechanical properties) are most crucial. The modulus
of elasticity and strength represent the factors relevant
to the force with which the blood vessel is kept open by
the stent as a structural member. Thus, the modulus of
elasticity and strength are preferably equivalent or supe-
rior to those of the metal stent. In the case of the metal
stent using tantalum wire, with a diameter of 126 Pm, the
breaking strength is approximately 6N, while the modulus
of elasticity is approximately 50 GPa.
[0038] In order to achieve a strength equivalent or su-
perior to that of a metal stent, the crystallinity of PLLA
monofilament at time of formation needs to be not less
than 15%, as explained above. The higher the crystallin-
ity, the higher the strength. From this viewpoint, as high
as possible a crystallinity is desirable.
[0039] However, if the crystallinity is increased, the
elongation at rupture is lowered; that is, the PLLA be-
comes hard and brittle.
[0040] Of the afore-mentioned physical functions,
ease of bending is required in view of the expansion/
contraction and delivering capabilities. That is, a suitable
elongation at rupture is required. For example, if a linear
material is to be shaped into a stent, expansion/contrac-
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tion performance is required. If the linear material is bro-
ken in the process, such material is totally useless.
[0041] If a blood vessel stent is formed with a length
of 10 to 50mm and thickness of 2 to 5mm as mentioned
above and processed as a cylindrical structure by knitting
into a tubular shape or bending into a zig-zag shape, the
monofilament employed as the linear material must be
able to be curved or bent without cracking or rupturing
during processing. In order to achieve this, although de-
pendent on the diameter of the linear material, if a PLLA
monofilament with a diameter of 0.08 to 0.3mm is em-
ployed in order to form the blood vessel stent as de-
scribed above, it has been revealed during the process
of stent manufacture that not less than 15% elongation
at rupture is required as curving or bending limit.
[0042] In addition, if the PLLA monofilament as de-
scribed above measurements is investigated, it is found
that the capacity of a curve or bend is influenced by the
elongation at rupture and the elongation at rupture
changes with the crystallinity.
[0043] Fig.3 shows the relationship between the crys-
tallinity and the elongation at rupture of A, B and C PLLA
monofilaments with diameters of 0.30 mm, 0.17 mm and
0.08 mm, respectively. For each of the A, B and C mono-
filaments, the elongation at rupture changes according
to the crystallinity as shown in Fig.3. Therefore, to
achieve a PLLA monofilament of not less than 15% of
elongation at rupture for a diameter of 0.08 mm, the crys-
tallinity must be 60% or less. Since in reality the PLLA
monofilament at 60% or more crystallinity was actually
hard and brittle, it broke easily and could not form the
above-mentioned blood vessel stent.
[0044] The cross-sectional shape of the monofilament
is arbitrary and may, for example, be circular or elliptical.
However, as the rate of decomposition is affected by the
surface and cross-sectional shape of the monofilament,
and is proportionate to its surface area, the thickness of
the monofilament, along with its crystallinity, need to be
taken into consideration.
[0045] Among other properties required of the blood
vessel stent are its anti-thrombotic properties. The anti-
thrombotic properties of PLLA will now be examined.
[0046] Among the indices indicating the anti-thrombot-
ic properties of a material, there is thrombocyte adhe-
siveness, obtained by measurement with the column
method. The higher the thrombocyte adhesiveness of a
material under investigation, the lower its anti-thrombotic
properties become, such that the material is not suited
as a stent material.
[0047] If the stent material is of a so-called micro-do-
main structure in which different properties or materials
are arranged alternately, the thrombocyte adhesion may
be suppressed to a certain extent. The micro-domain
structure is such a structure in which the physical prop-
erties of the material differ in the micro-units. Segmented
polyurethane is known among polymers structurally ex-
hibiting anti-thrombotic properties.
[0048] In a high molecular weight polymer material,

the higher the crystallinity, the less likely thrombocytic
adhesion is to occur. However, this does not mean that
a higher crystallinity is desirable.
[0049] The above-mentioned PLLA assumes the crys-
talline and amorphous micro-domain structure such that,
in PLLA, the crystallinity is felt to be intimately related to
the anti-thrombotic properties.
[0050] However, in PLLA having an excessively high
crystallinity, it has been reported that decomposition
products in the form of needle-like crystals tend to cause
inflammation when these are left for a prolonged time in
the body. Therefore, an excessively high crystallinity is
preferably avoided on the grounds of safety.
[0051] To this end, the crystallinity of the PLLA used
as the linear material for the blood vessel stent according
to the present invention needs to be in a range from 15
to 60% at the time of formation of PLLA.
[0052] The configuration of the blood vessel stent
formed of the PLLA monofilament is hereinafter ex-
plained.
[0053] First, the blood vessel stent produced on knit-
ting the above-mentioned monofilament is discussed.
[0054] Since the blood vessel stent is basically pro-
duced by knitting a single yarn, it is possible to form a
cylindrical or tubular shaped blood vessel stent which is
more homogeneous than a woven fabric obtained by
crossing the warp and weft.
[0055] Moreover, this knitted blood vessel stent is able
to pass through a meandering blood vessel to reach the
target legion more easily than a metal stent or a stent
formed by woven fabric. That is, the blood vessel stent
formed by a knitted cloth exhibits trackability to any me-
andering and can be implanted in a bent portion of the
blood vessel, and the knitted tubular stent has a strong
expansion force wherein it is less likely to lose its hollow
form. The knitted tubular blood vessel stent, with a diam-
eter of approximately 5 mm, is heat-set by heat treatment
to a diameter not larger than approximately 2 mm in order
to insert and load the knitted tubular blood vessel stent
in a blood vessel of finer diameter in the living body. This
heat-setting process is shown in Fig.4.
[0056] The process of implanting the heat-set blood
vessel stent by catheter 4 having a balloon 5 in the blood
vessel is shown conceptually in Fig.5.
[0057] An alternative method of contracting the blood
vessel stent knitted from a PLLA monofilament is shown
in Fig.6. The advantage of the method shown in Fig.6 is
that, since a tube formed of a heat-resistant resin or metal
is not used, the stent can be mounted directly on the
balloon forming portion in the vicinity of the distal end of
the catheter.
[0058] This blood vessel stent 1 is a blood vessel stent
formed by knitting a PLLA yarn (PLLA monofilament 2)
into cylindrical or tubular shape. This knitted cloth is su-
perior to a woven cloth in softness and shape retention
characteristics to other sorts of cloths, such as a felt-like
non-woven cloth or a woven cloth formed by usual warp
and weft yarns. This knitted blood vessel stent is further
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heat-set to exhibit more outstanding effects in softness
and shape retention characteristics.
[0059] The tubular blood vessel stent 1, knitted from
PLLA yarn, has a diameter of approximately 4 to 5 mm,
and is implanted into a tube 3 of heat-resistant resin or
metal with an inner diameter of approximately 1 to 3 mm;
preferably, 2 mm. It is either subsequently heat-set, or
heat-set during its gradual implantation in the tube 3. This
yields a blood vessel stent heat-set to a diameter of ap-
proximately 2 mm (see Fig.4).
[0060] If this process of heat setting is carried out when
the knitted tubular blood vessel stent is of a relatively
larger diameter, or the tubular member is heat-set when
it is of a reduced diameter, the filament, yarn or loop at
the terminal end of the knitted cloth shows good shape-
retention performance, such that the heat-setting affords
not only shape retention characteristics, but also mini-
mizes the stress which the blood vessel stent would oth-
erwise apply to the inner wall of the blood vessel of the
living body.
[0061] The linear material, used for knitting the blood
vessel stent of the present invention, can be made vari-
able in its cross-sectional shape more easily than in the
blood vessel stent formed of metal. That is, if the filament
produced on spinning is of a hollow or profiled cross-
section, or if a monofilament or multi-filament yarn is
used, it is possible to control the affinity with the living
body or its shape retention performance.
[0062] If, several months after the blood vessel stent
of the present invention has decomposed and been ab-
sorbed into the tissue of the living body, re-stenosis oc-
curs in the blood vessel, a blood vessel stent can be re-
implanted and loaded in the same site in the blood vessel.
This is because a biodegradable polymer is used.
[0063] Furthermore, if a thin sheet of a felt-like non-
woven cloth, formed of the biodegradable polymer, and
worked into a tubular shaped member, exhibits shape
retention characteristics and elasticity comparable with
those of the knitted blood vessel stent of the present in-
vention, it may also be used in place of the knitted prod-
uct.
[0064] A blood vessel stent 11, obtained on bending a
PLLA monofilament into a zigzag shape which is subse-
quently formed into a cylindrical shape, is hereinafter ex-
plained.
[0065] This blood vessel stent 11 includes a main body
portion of the stent 13, obtained on bending a PLLA
monofilament 12 exhibiting shape memory properties in-
to a zigzag shape, and subsequently forming the result-
ant product into a tubular shape, as shown in Fig.7.
[0066] The PLLA monofilament 12 is coiled into a spiral
shape, as it is bent into a zigzag shape to form consec-
utive vee shapes, to complete the main tubular body por-
tion of the stent 13, as shown in Fig.8. At this time, the
monofilament 12 is wound spirally, with one side of the
vee shape 14 being a short linear portion 14a and the
other side being a long linear portion 14b. By having an
approximately equal opening angle θ1 of the bent por-

tions 14 formed in the monofilament 12, and by having
approximately equal lengths of the short linear portions
14a and the long linear portion 14b, the apex points of
the neighboring bent portions 14 come into mutual con-
tact, as shown in Fig.9. At least one part of the apex
points of the neighboring bent portions 14 coming into
mutual contact is bonded together. The monofilament
12, constituting the main body portion of the stent 13,
retains its tubular shape by having the apex points of the
bent portions 14 bonded together, as shown in Fig.9.
[0067] The bent portions, having apex points which
come into mutual contact, are bonded by heating and
fusing the bonding portions to be bonded to a tempera-
ture not lower than the melting point Tm.
[0068] An embodiment in which the PLLA monofila-
ment is formed into a stent in the non-woven non-knitted
state is hereinafter explained.
[0069] Basically, this stent is processed by wrapping
a single yarn without knitting or weaving around the pe-
riphery of a tubular or cylindrical member to form a tube
or cylinder. However, the yarn is not simply wound around
the periphery of the tubular or cylindrical member. Spe-
cifically, as shown in Figs.10A to 10G, the PLLA mono-
filament 22 is allowed to meander or to form loops to form
a planar mass of the PLLA monofilament 22. This planar
article is then implanted around the peripheral surface of
the tubular or cylindrical member to form a curvilinear
shape.
[0070] Fig.11 shows one such example for the blood
vessel stent 21 in which the meandering PLLA yarn is
formed into a tubular shape. Fig.12 shows another in-
stance of a blood vessel stent 21 in which the PLLA mono-
filament is formed into a stent in a non-woven non-knitted
state. In a further instance, a looped PLLA monofilament
22 is shaped to a tube in a similar manner.

Industrial Applicability

[0071] As is clear from the above explanation, the
present invention is able to offer a linear material for a
blood vessel stent which has suitable absorbability and
superior physical functions. By employing this material,
it is possible to provide a blood vessel stent which exhibits
opening radial strength over a predetermined period, af-
ter which it swiftly disappears.

Claims

1. A linear material for a blood vessel stent, wherein
said linear material is formed of a biodegradable pol-
ymer poly-(L-lactic acid), with a crystallinity as meas-
ured by differential scanning calorimetry of 15 to
60%.

2. The linear material for a blood vessel stent according
to claim 1, wherein the weight average molecular
weight of said poly-(L-lactic acid) is not less than
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55000.

3. The linear material for a blood vessel stent according
to claim 1, wherein the weight average molecular
weight of said poly-)L-lactic acid) is 70000 to 400000.

4. The linear material for a blood vessel stent according
to claim 1, comprised of a monofilament of said linear
material.

5. The linear material for a blood vessel stent according
to claim 4, wherein the diameter of said monofila-
ment is 0.08 to 0.30 mm.

6. The linear material for a blood vessel stent according
to claim 5, wherein said monofilament has a circular
cross-section.

7. The linear material for a blood vessel stent according
to claim 4, wherein the weight average molecular
weight of poly-(L-lactic acid) making up said mono-
filament is not less than 100000 and wherein the
diameter of said monofilament is 0.08 to 0.30 mm.

8. The linear material for a blood vessel stent according
to claim 1 wherein the linear material is shaped to a
tubular structure.

9. The linear material for a blood vessel stent according
to claim 8, comprised of a monofilament formed of
poly-(L-lactic acid) of said linear material.

10. The linear material for a blood vessel stent according
to claim 8, wherein the outer diameter is 2 to 5 mm
and the diameter of said linear material is 0.08 to
0.30 mm.

11. The linear material for a blood vessel stent according
to claim 9, wherein said monofilament is knitted to a
tubular structure.

12. The linear material for a blood vessel stent according
to claim 9, wherein said monofilament bent to a zig-
zag shape is wound to a cylindrical shape to form a
tubular structure.

13. The linear material for a blood vessel stent according
to claim 9, wherein said monofilament in a non-wo-
ven non-knitted state is formed into a shape around
the peripheral surface of a tubular structure.

Patentansprüche

1. Lineares Material für einen Blutgefäßstent, wobei
das lineare Material aus einer biologisch abbauba-
ren, polymeren Poly-(L-Milchsäure) besteht, mit ei-
ner Kristallinität von 15-60 %, gemessen durch dif-

ferenzielle Abtastkalorimetrie.

2. Lineares Material für einen Blutgefäßstent nach An-
spruch 1, wobei das durchschnittliche Molekülge-
wicht der Poly-(L-Milchsäure) nicht weniger als 55
000 beträgt.

3. Lineares Material für einen Blutgefäßstent nach An-
spruch 1, wobei das durchschnittliche Molekülge-
wicht der Poly-(L-Milchsäure) zwischen 70 000 und
400 000 beträgt.

4. Lineares Material für einen Blutgefäßstent nach An-
spruch 1, welcher aus einem Monofilament aus dem
linearen Material besteht.

5. Lineares Material für einen Blutgefäßstent nach An-
spruch 4, wobei der Durchmesser des Monofilamen-
tes 0,08 bis 0,30 mm beträgt.

6. Lineares Material für einen Blutgefäßstent nach An-
spruch 5, wobei das Monofilament einen kreisförmi-
gen Querschnitt hat.

7. Lineares Material für einen Blutgefäßstent nach An-
spruch 4, wobei das durchschnittliche Molekülge-
wicht der Poly-(L-Milchsäure), aus welchem das Mo-
nofilament aufgebaut ist, nicht weniger als 100 000
beträgt und wobei der Durchmesser des Monofila-
mentes 0,08 bis 0,30 mm beträgt.

8. Lineares Material für einen Blutgefäßstent nach An-
spruch 1, wobei das lineare Material so geformt ist,
dass es eine rohrförmige Struktur bildet.

9. Lineares Material für einen Blutgefäßstent nach An-
spruch 8, welche aus einem Monofilament besteht,
das aus der Poly-(L-Milchsäure) des linearen Mate-
rials gebildet ist.

10. Lineares Material für einen Blutgefäßstent nach An-
spruch 8, wobei der äußere Durchmesser 2 bis 5
mm beträgt und der Durchmesser des linearen Ma-
terials 0,08 bis 0,30 mm beträgt.

11. Lineares Material für einen Blutgefäßstent nach An-
spruch 9, wobei das Monofilament zu einer rohrför-
migen Struktur gewirkt bzw. gestrickt ist.

12. Lineares Material für einen Blutgefäßstent nach An-
spruch 9, wobei das Monofilament, welches in eine
Zickzack-Form gebogen ist, zu einer zylindrischen
Form gewickelt ist, um eine rohrförmige Struktur zu
bilden.

13. Lineares Material für einen Blutgefäßstent nach An-
spruch 9, wobei das Monofilament in einem nicht-
verwobenen, nicht-gewirkten Zustand zu einer Form
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um die Umfangsfläche einer rohrförmigen Struktur
gebildet ist.

Revendications

1. Matériau linéaire pour un stent de vaisseau sanguin,
ledit matériau linéaire étant constitué d’un polymère
biodégradable d’acide poly(L-lactique) présentant
une cristallinité mesurée par calorimétrie différentiel-
le à balayage de 15 à 60 %.

2. Matériau linéaire pour un stent de vaisseau sanguin
selon la revendication 1, dans lequel le poids molé-
culaire moyen en poids dudit acide poly(L-lactique)
est supérieur à 55000.

3. Matériau linéaire pour un stent de vaisseau sanguin
selon la revendication 1, dans lequel le poids molé-
culaire moyen en poids dudit acide poly(L-lactique)
est de 70000 à 400000.

4. Matériau linéaire pour un stent de vaisseau sanguin
selon la revendication 1, comprenant un monofila-
ment dudit matériau linéaire.

5. Matériau linéaire pour un stent de vaisseau sanguin
selon la revendication 4, dans lequel le diamètre du-
dit monofilament est de 0,08 à 0,30 mm.

6. Matériau linéaire pour un stent de vaisseau sanguin
selon la revendication 5, dans lequel ledit monofila-
ment a une section transversale circulaire.

7. Matériau linéaire pour un stent de vaisseau sanguin
selon la revendication 4, dans lequel le poids molé-
culaire moyen en poids de l’acide poly(L-lactique)
constituant ledit filament est supérieur à 100000 et
le diamètre dudit monofilament est de 0,08 à 0,30
mm.

8. Matériau linéaire pour un stent de vaisseau sanguin
selon la revendication 1, dans lequel le matériau li-
néaire est configuré en une structure tubulaire.

9. Matériau linéaire pour un stent de vaisseau sanguin
selon la revendication 8, constitué d’un monofila-
ment formé d’acide poly(L-lactique) dudit matériau
linéaire.

10. Matériau linéaire pour un stent de vaisseau sanguin
selon la revendication 8, dans lequel le diamètre ex-
terne est de 2 à 5 mm et le diamètre dudit matériau
linéaire est de 0,08 à 0,30 mm.

11. Matériau linéaire pour un stent de vaisseau sanguin
selon la revendication 9, dans lequel ledit monofila-
ment est tricoté en une structure tubulaire.

12. Matériau linéaire pour un stent de vaisseau sanguin
selon la revendication 9, dans lequel ledit monofila-
ment courbé en une forme en zigzag est enroulé en
une forme cylindrique pour former une structure tu-
bulaire.

13. Matériau linéaire pour un stent de vaisseau sanguin
selon la revendication 9, dans lequel ledit monofila-
ment à l’état non tricoté, non tissé, est mis en forme
autour de la surface périphérique d’une structure tu-
bulaire.
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