
1  DESCRIPTION Extendable Soft Stent. With Excellent
Follow-Up Capability  To Blood Vessel 5 Technical
Field The present invention relates to a stent that is
implanted in a human body to maintain a diameter of a
body  lumen such as blood vessels. Background Art 10
So far, stents have been used to expand a  diameter of
the body lumen such as the blood vessel and  keep it
to the expanded luminal diameter. The stent. may be
expanded by various methods such as balloon dilation,
self- expansion using a shape memory material,
mechanical 15 expansion, or the like. The most widely
used method is the  balloon dilation. In the balloon
dilation, a stent is  introduced into a desired site
in the body together with a  balloon catheter,
expanded by inflation of balloon to dilate  a diameter
of the lumen, and retained at the dilated site 20 even
after removing the deflated balloon from the site. The
stent generally comprises luminal diameter-holding
portions  for dilating and holding the diameter of the
lumen such as  blood vessel, and joint portions for
connecting the luminal  diameter-holding portions in
the longitudinal direction of 25 the stent, and the
stent is adapted to keep its expanded 2  



shape after expansion. Proposed stents comprising
luminal diameter- holding portions and joint portions
include, for example, a  stent comprising plural
cylindrical components which are 5 separately
expandable in the radial direction thereof and  are
connected to one another so as to align on a common
axis (JP-HO6-181993 A); a stent comprising a tubular
member expandable in the radial direction, the tubular
member being constituted by a plurality of elongated
10 members intersecting with one another (JP
S62-231657 A);  a stent comprising at least two
unitary wire-like circular  members each bent to form
a plurality of substantially  straight,
non-overlapping segments connected at axial  bends;
the at least two circular members having at least 15
one pair of aligned axial bends; and the at least two
circular members connected by at least one
substantially  rigid joint at least one pair of
aligned axial bends (JP H08- 155035 A); a stent formed
of a tube having a patterned  shape which has first
and second meander patterns having 20 axes extending
in first and second directions (JP H10- 503676 A); and
a stent with an open structure comprising a  plurality
of open cylindrical segments, each segment being
defined by an interconnected struts, the segment being
interconnected at end portions thereof by a plurality
of  25 diagonal interconnecting elements (JP
H11-505441 A). 3  



These stents of the prior art have been improved to
some extent, but they still put a load on the lumen
such  as the blood vessel in the vicinity of edges of
the expanded  stent, resulting in obstruction or
stenosis of the lumen. 5 Further, it can not be said
that these stents have sufficient  flexibility, and
thus it is often difficult to insert the stent  into
the objective site if the lumen has a three-
dimensionally meandering course. In addition, the
stents  may cause wounds in the blood vessel during
insertion into 10 the objective site. If there is a
branched blood vessel at  the inflated position, it is
hardily difficult to form a lateral  hole in the
placed stent. Further, the stents have such a  problem
that the length of the stent is shortened by
expansion, i.e., so-called shortening. 15 Disclosure
of Invention In view of the above circumstances, the
present  invention has been made to provide a flexible
stent with  excellent expandability, which is
excellent in trackability to  lumens (thus making it
possible to pass through the three 20 dimensionally
meandering lumens), substantially free from
shortening, and enables to provide the stent with a
lateral  hole. A stent according to the present
invention (i.e.,  first invention) comprises a
plurality of annular members  25 which are radially
expandable and are aligned in a 4  



longitudinal direction thereof, and one or more
connecting  .elements for connecting the adjoining two
annular members  with one another in the longitudinal
direction thereof, said annular members each
comprising first  5 annular member elements and second
annular member  elements which are alternately
interconnected in the  circumferential direction of
the stent, said stent, when unfolded onto a plane,
possessing such configurations that said first annular
10 member element includes three longitudinally
extending parallel linear segments of first, second
and third linear  segments, the second linear segment
and third linear  segment being equal in length, while
the first linear  segment having a length longer than
that of the second and 15 third linear segments, said
first linear segment and second  linear segment being
connected by an arched segment  protruded leftwards
(towards the proximal end of the stent),  while said
second linear segment and third linear segment  being
connected by an arched segment protruded rightward  20
(towards a distal end of the stent), said second
annular member elements each  including three
longitudinally extending, parallel linear  segments of
first, second and third linear segments, said  second
linear segment and third linear segment being equal 25
in length, while said first linear segment having a
length 5  



longer than that of said second and third linear
segments,  said first linear segment and second linear
segment being  connected by an arched segment
protruded  rightward(towards a distal end of the
stent), while said 5 second linear segment and third
linear segment being  connected by an arched segment
protruded leftwards  (towards the proximal end of the
stent), about the first and second annular member
elements, the second annular member element and the
first  10 annular member element located above the
second annular member element being connected by an
arched segment,  which is convex leftwards (towards
the proximal end of the  stent) and located between
the first linear segment of the  second annular member
element and the third linear 15 segment of the first
annular member element, while the  second annular
member element and the first annular  member element
located below the second annular member  element being
connected by an arched segment, which is  convex
rightward (towards the distal end of the stent) and 20
located between the third linear segment of the second
annular member element and the first linear segment of
the  first annular member element, the adjoining two
annular  members being connected by the connecting
elements at  corresponding arched segments of the
first annular member  25 element and the second
annular member elements. 6  



The term "corresponding arched segments" here means
twin arched segments that connect the first linear
segment and the second linear segment, or twin arched
segments that connect the second linear segment and
the 5 third linear segment, or twin arched segments
that connect  the third linear segment and the first
linear segment. In  order to substantially eliminate
change in length of the  stent when expanding the
stent, it is preferred to construct  the stent such
that the first linear segment is longer than 10 the
second linear segment and third linear segment, and
that the adjoining annular members are connected at
portions of the arched segments that connect the
second  linear segment and third linear segment of the
respective  annular members. Further, it is preferred
that the ratio 15 between a distance from a radially
halving line of the  annular member to a top of the
arched segment that  connects the second linear
segment and the third linear  segment of the first
annular member elements, and a  distance from a
radially halving line of the annular member 20 to a
top of the arched segment that connects the first
linear  segment and the second linear segment of the
second  annular member elements are set to a value
within the  range of 1:2 - 7:8. Although the degree of
expansion of the  stent and effects of the connecting
elements should be 25 taken into account, the expanded
stent has a tendency to 7  



increase the length thereof when the ratio between the
distances is less than 1:2, but it has a tendency to
decrease the length when the ratio of that distance
exceeds  7:8. Further, the adjoining annular members
may be out of 5 phase with each other. In particular,
it is preferred that the  adjoining two annular
members are out of phase with each  other by a half
wavelength and are connected by the  connecting
elements in the same longitudinal straight lines. The
connecting element may have the shape of a  10 linear
or curved line. However, it is preferred that the
connecting element has a waveform having one or more
wave peaks, from the viewpoint of flexibility and
formation  of lateral holes. It is preferred to
provide two to six pieces  of the connecting elements
at regular intervals as occasion  15 demands. The
arched segments on the proximal side of the  proximal
annular member and those on the distal side of the
distal annular member may be aligned. The linear
segments of the first annular member element and the I
20 linear segments of the second annular member
element may be arranged circumferentially at regular
intervals. The  interval between the first linear
segment and the second  linear segment may be equal to
the interval between the  third linear segment and the
first linear segment, but 25 smaller than that between
the second linear segment and 



8  the third linear segment. As a material for the
stent, it is possible to use  stainless steel,
tungsten, tantalum, nickel-titanium alloys,  and the
like. 5 According to a second aspect of the present
invention (or a second invention), there is provided a
stent  comprising radially expandable annular members
comprising wavelike elements each having an M-shaped
waveform and being joined together in the
circumferential 10 direction of the annular member,
and one or more  connecting elements which connect
said annular members  in the longitudinal direction of
the stent, said annular  members being aligned in the
longitudinal direction of the  stent, adjoining two
annular members being connected with 15 said
connecting elements by connecting a top of a small
mountain of a trough element in at least one wavelike
element of one annular member with a bottom of a small
trough of a mountain element in at least one wavelike
element of the other annular member. 20 In the present
invention, the term "mountain"  means a waved section
that is convex toward the distal end  of the stent (or
concave toward the proximal end of the  stent), while
the term "trough" means a waved section that  is
concave toward the distal end of the stent (or convex
25 toward the proximal end of the stent). The term
"wavelike 



9  element with an M-shaped waveform" means a wavelike
element comprising a combination of a mountain element
of  the wave having a trough between two mountains
(M-shape)  and a trough element of the wave having a
mountain 5 between two troughs (reversed M-shape). The
wavelike  element is never limited to a particular
shape, provided that  the wavelike element has one
trough (or mountain) between  two mountains (or
troughs). Further, four line segments  (ridgelines of
the mountains and troughs) which constitute 10 each
M-shaped wavelike element, take the form of a
substantially sinusoidal wave, but they do not
necessarily  take the form of the substantially
sinusoidal wave. They  may be in the form of a linear
or parallel line. In that case,  the line segment
including a connecting point between the 15 M-shaped
element and the reversed M-shaped element,
corresponds to the first linear segment of the first
annular  member element or second annular member
element, and a  length of the line segment is longer
than the two line  segments forming the mountain or
trough (corresponding to 20 the second linear segment
or third linear segment of the  first annular member
element or second annular member  element). However,
the two line segments forming the  mountain or trough
are not necessarily required tot have  the same
length, and the line segment of the middle 25 position
(corresponding to the second linear segment) may 



10  be shorter than the line segment of the lower
position  (corresponding to the third linear segment).
Here, it is preferred that the mountain positioned  in
the middle portion of two troughs in the wavelike
element  5 is protruded on the side of the mountain in
the wave element since the mountain protruded on the
side of the  trough causes elongation of the stent
when expanding the  stent. Further, the protruded
length of the mountain is  preferably 1/2 to 7/8 of
the wave height of the wavelike 10 element. In
addition, the adjoining two annular members  may be
out of phase with each other. In that case, it is
preferred that the adjoining two annular members are
out of  phase with each other by a half wavelength of
the wavelike  element and are connected by the
connecting elements in  15 the same longitudinal
straight lines. The connecting element may take the
form of a  linear line or a curved line. It is
preferred to provide two to  six connecting elements
at regular intervals between the  adjoining two
annular members as occasion demands. 20 It would be
understood that the wavelike element  in the second
invention, in which the four line segments
constituting the M-shaped wavelike element are linear
and  in parallel with each other, correspond to the
wavelike  element of the first present invention, in
which the first 25 linear segment is longer than the
second and third linear 



11  segments and in which the adjoining two annular
members  are connected at the arched segment that
connects the  second linear segment and the third
linear segment. According to the present invention, it
is possible  5 to expect the following effects: (1)
the whole stent is  excellent in trackability to
lumens since the stent as a  whole possesses
flexibility to bending because of the fact  that the
annular members forming the tubular wall of the  stent
are composed of repeated wavelike patterns, and it is
10 easy to form a lateral hole; (2) the adjoining two
annular  members are connected by the connecting
elements at the  arched segment that connects the
second linear segment  and the third linear segment
with small wave amplitudes of  the wave pattern, there
is substantially no change in length 15 of the stent
when expanding the stent, provided that the  ratio
between the distance from a radially halving line of
the annular member to the top of the arched segment
that  connects the second linear segment and the third
linear  segment of the first annular member element,
and the 20 distance from a radially halving line of
the annular member  to the top of the arched segment
that connects the first  linear segment and the second
linear segment of the  second annular member element
has been set to a value  falling within the range of
from 1:2 to 7:8. (3) since the 25 adjoining two
annular members are connected by the 



12  connecting members at the tops of the arched
segments  that are. the mountains of the wavelike
pattern, the tops of  the arched segments are free
from curvature deformation at  the time of expansion
of the stent and are reduced in 5 curvature
deformation at the time of bending of the stent,  thus
making it possible to minimize the damage of the
lumens at the time of introduction of the stent into
the  objective site. Brief Description of Drawings 10
Fig. 1 is an enlarged plan view of a stent  according
to one embodiment of the present invention; Fig. 2 is
a development of the stent shown in Fig.  1; Fig. 3 is
an enlarged plan view illustrating an  15 expanded
state of the stent shown in Fig. 1; Fig. 4 is a
partially enlarged view of Fig. 2; Fig. 5 shows
embodiments of the connecting  elements in the present
invention, illustrating conditions  connected with the
arched segments; 20 Fig. 6 is a development of a stent
according to  another embodiment of the present
invention; Fig. 7 is a development of a stent
according to  another embodiment of the present
invention; Fig. 8 is a development of a stent
according to  25 another embodiment of the present
invention; 



13  Fig. 9 is a development of a stent according to
another embodiment of the present invention; Fig. 10
is a development of a stent according to  another
embodiment of the present invention; 5 Fig. 11 is a
development of a stent according to  another
embodiment of the present invention; Fig. 12 is a
development of a stent according to  another
embodiment of the present invention; Fig. 13 is a
development of a stent according to  10 an embodiment
of the present invention (second invention);  Fig. 14
is a partially enlarged view of Fig. 13;  Fig. 15 is a
partially enlarged view illustrating a modification of
the stent of Fig. 13; Fig. 16 is a graph for making a
comparison  15 between the flexibility of the stent of
the present invention  and that of the prior art; Fig.
17 is a graph for making a comparison in  shortening
between the stent of the present invention and  that
of the prior art; 20 Fig. 18 is a graph for making a
comparison in  vessel holding capacity between the
stent of the present  invention and that of the prior
art; Fig. 19 is a development of a stent of the prior
art; 25 Fig. 20 is a development of a stent of the
prior 



14  art; Fig. 21 is a development of a stent of the
prior  art; Best Mode for Carrying Out the Invention 5
In the stent defined as above, the ratio between  the
distance from the radially halving line of the annular
member to the top of the arched segment that connects
the  second linear segment and the third linear
segment of the  first annular member element, and the
distance from the 10 radially halving line of the
annular member to the top of  the arched segment that
connects the first linear segment  and the second
linear segment of the second annular member  element
is set to 3: 4. At the same time, the adjoining  two
annular members are out of the phase with one another
15 by a half wavelength of the wavelike element and
connected  with one another by the connecting elements
in the same  longitudinal straight lines. The annular
member situated  at each end of the stent is so
designed that the arched  segments of each annular
member are respectively aligned  20 along the proximal
or distal end of the stent. Embodiment 1 Fig. 1 is an
enlarged plan view of a stent  according to one
embodiment of the present invention, Fig. 2  is a
development of the stent shown in Fig. 1, Fig. 3 is an
25 enlarged plan view illustrating an expanded state
of the 



15  stent shown in Fig. 1, and Fig. 4 is a partially
enlarged  view of Fig. 2. As shown in Figs. I to 3,
the stent of embodiment  1 is a tubular member
comprising eleven annular members  5 1 arranged in the
longitudinal direction of the stent for keeping a body
lumen open, and connecting elements 2  arranged by
threes between the longitudinally adjoining two
annular members 1, 1 to connect them with one another.
Each annular member I comprises three pieces of first
10 annular member elements 11 and three pieces of
second  annular member elements 12, which are
alternately  interconnected in the circumferential
direction to define the  annular member, which is
expandable in the radial direction. The first annular
member elements 11 and second  15 annular member
elements 12 under the conditions that the  stent is
unfolded onto a plane are continued in the vertical
direction as shown in Figs. 2 and 4. The first annular
member element 11 includes three longitudinally
extending,  parallel linear segments 111, 112, 113 of
first, second and 20 third positions. The second
linear segment 112 and third  linear segment 113 are
of the same length, but the first  linear segment 111
has a length longer than that of the  second and third
linear segments. The first linear segment  111 and
second linear segment 112 are connected by an 25
arched segment 114 which is convex leftward, while the



16  second linear segment 112 and third linear segment
113 are  connected by an arched segment 115 which is
convex  rightward. On the other hand, the second
annular member  5 element 12 includes three
longitudinally extending parallel  linear segments
121, 122, 123 of first, second and third  linear
segments. The second linear segment 122 and third
linear segment 121 are of the same length, but the
first  linear segment 121 has a length longer than
that of the 10 second and third linear segments. The
first linear segment  121 and second linear segment
122 are connected by an  arched segment 124 which is
convex rightward, while the  second linear segment 122
and third linear segment 123 are  connected by an
arched segment 125 which is convex  15 leftward. About
the first and second annular member  elements 11, 12,
the second annular member element 12  and the first
annular member element 11 located above the  second
annular member element 12 is connected by an 20 arched
segment 3, which is convex leftwards and located
between the first linear segment 121 of the second
annular  member element 12 and the third linear
segment 113 of the  first annular member element 11,
while the second annular  member element 12 and the
first annular member element 25 11 located below the
second annular member element 12 is 



17  connected by an arched segment 4, which is convex
rightward and located between the third linear segment
123  of the second annular member element 12 and the
first  linear segment 111 of the first annular member
element. 5 Further, a ratio of a distance from a
radially  halving line X, X' of the annular member to
the top of the  connected arched segment 115, 125 to a
distance from the  radially halving line X, X' to the
top of the unconnected  arched segment 124, 114 (i.e.,
a ratio between a distance 10 from the radially
halving line X of the annular member to  the top of
the arched segment 115, that connects the  second
linear segment 112 and the third linear segment 113
of the first annular member element 11, and a distance
from  the radially halving line X of the annular
member to the top 15 of the arched segment 124, that
connects the first linear  segment 121 and the second
linear segment 122 of the  second annular member
element 12; or a ratio between a  distance from the
radially halving line X' of the annular  member to the
top of the arched segment 125, that 20 connects the
second linear segment 122 and the third linear
segment 123 of the second annular member element 12,
and a distance from the radially halving line X' of
the  annular member to the top of the arched segment
114, that  connects the first linear segment 111 and
the second linear 25 segment 112 of the first annular
member element 11, 



18  hereinafter referred to as a "ratio of distances
from the  radially halving line X to the respective
tops of the arched  segments") is set to 4:5. The
adjoining two annular  members 1, 1 are out of phase
with each other by a half 5 wavelength of the annular
member element, and are  interconnected at a part of
the arched segment 115, which  connects second linear
segment 112 and third linear  segment 113 of the first
annular member element 11 on the  left side, and at a
part of the arched segment 125, which 10 connects
second linear segment 122 and third linear  segment
123 of the second annular member element 12 on  the
right side, in the same longitudinal straight lines by
three connecting elements 2 having a configuration as
shown in Fig. 5B. 15 The above stent is flexible
enough to respond to  bending since the annular
members that constitute the stent  wall are composed
of repeated wavelike patterns, and thus  excellent in
trackability to lumens. Further, it is easy to
provide the stent with a lateral hole. Since the
adjoining 20 two annular members are joined together
at the arched  segments each connecting the second
linear segment and  the third linear segment with
small amplitude of a wavelike  pattern and since the
ratio between the distance from the  radially halving
line of the annular member to the top' of the 25
arched segment that connects the second linear segment



19  and the third linear segment of the first annular
member  and the distance from the radially halving
line of the  annular member to the top of the arched
segment that  connects the first linear segment and
the second linear 5 segment of the second annular
member is set to 4:5, there  is scarcely any change in
length of the stent by expansion  of the stent. In
addition, the adjoining two annular  members are
connected at parts of the arched segments,  which are
the tops of the wavelike patterns, and thus the 10
tops of the wavelike patterns are free from curvature
deformation at the time of expansion of the stent and
are  reduced in curvature deformation at the time of
bending of  the stent, thus making it possible to
minimize damages of  blood vessel which may occur at
the time of guiding the  15 stent to the site to be
applied, Embodiment 2 Embodiment 2 of the present
invention will be  demonstrated below, making
reference to Fig. 6. The stent of embodiment 2 is a
modification of  20 the stent of embodiment 1, wherein
the ratio of distances  from the radially halving line
to the respective tops of the  arched segments is set
to 7:8, and the arched segments  125, 114, 3 and
arched segments 124, 4, 115 are  respectively aligned
with one another at the proximal end of 25 the annular
member 5 on the proximal side of the stent or 



20  at the distal end of the annular member 6 on the
distal side  of the stent, and the connecting elements
2 are formed into  a shape shown in Fig. 5E. As
illustrated in Fig. 6, the stent  comprises six
annular members 1a-If, which are radially 5
expandable, and the adjoining two annular members 1
are  connected to each other by three wavelike
connecting  elements 2 as shown in Fig. 5E. The arched
segments of the annular members  situated at each end
of the stent are respectively aligned  10 along the
proximal or distal end of the stent. That is, the
annular member 1a is designed such that the positions
of  the arched segments 114 and 3 are aligned with the
position of the arched segment 125 by shortening the
first  linear segments 11.1, second linear segments
112 and third 15 linear segments 113 of the annular
member element 11 and  the first linear segments 121
of the second annular member  element 12 on the side
of the proximal end of the annular  member. On the
other hand, the annular member If is  designed such
that the positions of the arched segments 20 124 and 4
are aligned with the position of the arched  segments
115 by shortening the first linear segments 111 of
the first annular member element 11 and the first
linear  segments 121, second linear segments 122 and
third linear  segments 123 of the second annular
member element 12 on  25 the side of the distal end of
the annular member If. 



21  The alignment of the arched segments may be done
by lengthening the second linear segments 112 and }
third linear segments 113 of the first annular member
elements 11 of the annular member If on the side of
the  5 distal end of the stent to align the positions
of the arched  segments 115 with the positions of the
arched segments  124 and 4, while by lengthening the
second linear segments  122 and third linear segments
123 of the second annular  member elements 12 of the
annular member Is on the side 10 of the proximal end
of the stent to align the positions of the  arched
segments 125 with the positions of the arched
segments 114 and 3. The stent of the above embodiment
is excellent in  trackability to lumens since the
whole stent is flexible  15 enough to respond to
bending. Further, it is easy to provide the stent with
a lateral hole. In addition, it is  possible to avoid
damages of the blood vessels which may  occur at the
time of insertion of the stent into the site to be
applied since the tops of the arched elements are
prevented 20 from curvature deformation when expanding
the stent and  minimized in curvature deformation
which may occur at the  time of bending of the stent.
Further, the stent is scarcely  changed in length at
the time of expansion thereof since  the ratio between
the distance from the radially halving line 25 of the
annular member to the top of the arched segment 



22  that connects the second linear segment and third
linear  segment of the first annular member element
and the  distance from the radially halving line of
the annular  member to the top of the arched segment
that connects the 5 first linear segment and second
linear segment of the  second annular member element
is set to 7:8. Embodiment 3 Embodiment 3 of the
present invention will be  demonstrated below, making
reference to Fig. 7. 10 The stent of embodiment 3 is a
modification of  the stent of embodiment 1, in which
the connecting  elements 2 are formed into a shape as
shown in Fig. 5D.  As shown in Fig. 7, the stent
comprises ten annular  members 1 which are radially
expandable and arranged in 15 the direction of the
longitudinal axis of the stent, the  adjoining annular
members 1, 1 are connected to each  other by three
wavelike connecting elements 2 shown in Fig.  5D. The
aforementioned stent is excellent in trackability to
lumens since the whole stent is flexible enough to
respond 20 to bending. Further, it is easy to provide
the stent with a  lateral hole. In addition, the tops
of the arched elements  are prevented from producing
curvature deformation when  expanding the stent and
minimized in curvature deformation  which may occur at
the time of bending of the stent, thus 25 making it
possible to avoid any damage of the blood 



23  vessels which may occur during insertion of the
stent into the site to be applied. Further, the stent
does not show 5  change in length at the time of
expansion. Embodiment 4 5 Embodiment 4 of the present
invention will be  demonstrated below, making
reference to Fig. 8. The stent of embodiment 4 is a
modification of  the stent of embodiment 1, in which
ratio of the distances  from the radially halving line
X to the respective tops of the 10 arched segments is
set to 3:5, and the distance between  the second
linear segment 112(122) and the third linear  segment
113(123) is set to two times of the distance  between
first linear segment 111(121) 2 second linear  segment
112(122), and the connecting elements 2 are 15 formed
into a shape as shown in Fig. 5C. As shown in Fig.  8,
the stent comprises fourteen annular members 1 which
are radially expandable and arranged in the
longitudinal  direction thereof, and the adjoining
annular members 1, 1  are connected to each other by
three connecting elements 2  20 with a shape as shown
in Fig. 5C. The aforementioned stent is no less
excellent in  trackability to lumens than the stent
demonstrated in  embodiment I since the whole stent is
flexible enough to  respond to bending. Further, it is
easy to provide the stent 25 with a lateral hole. In
addition, the tops of the arched 



24  elements are prevented from producing curvature
deformation when expanding the stent and minimized in
curvature deformation which may occur at the time of
bending of the stent, thus making it possible to avoid
5 damages of the blood vessels which may occur when
introducing the stent into the site to be applied.
Further,  the stent does not show change in length at
the time of  expansion, In this embodiment, the ratio
of distances from  the radially halving line of the
annular member to the tops 10 of respective arched
segment is set to 3:5, but the stent is  scarcely
changed in length at the time of expansion  because of
the fact that the distance between the second  linear
segment and third linear segment is set to two times
as large as the distance between the first linear
segment  15 and second linear segment. Embodiment 5
Embodiment 5 of the present invention will be
demonstrated below, making reference to Fig. 9. The
stent of embodiment 5 is a modification of  20 the
stent of embodiment 1, in which the ratio of distances
from the radially halving line to the respective tops
of the  arched segments is set to 3:5, and the
connecting elements  2 are formed into a shape as
shown in Fig. 5C. As shown  in Fig. 9, the stent
comprises fourteen annular members 1 25 which are
radially expandable and arranged in the 



25  longitudinal direction thereof, and the adjoining
annular  members 1, 1 are connected to each other by
three  connecting elements 2 with a shape as shown in
Fig. 5C. The aforementioned stent is no less excellent
in  5 trackability to lumens than the stent
demonstrated in  embodiment 1 since the whole stent is
flexible enough to  respond to bending. Further, it is
easy to provide the stent  with a lateral hole. In
addition, the tops of the arched  elements are
prevented from curvature deformation when 10 expanding
the stent and minimized in curvature deformation
which may occur at the time of bending of the stent,
thus  making it possible to avoid damages of the blood
vessels  which may occur during insertion of the stent
into the site  to be applied. However, the stent may
be shortened at the 15 time of expansion because of
the fact that the ratio of  distances from the
radially halving line of the annular  member to the
top of each arched segment is set to 3:5.  Embodiment
6 Embodiment 6 of the present invention will be  20
demonstrated below, making reference to Fig. 10. The
stent of embodiment 6 is a modification of  the stent
of embodiment 1, in which the amplitude of the
wavelike elements 11, 12 is set to 6/7, and the
connecting  elements 2 is formed into a waveform as
shown in Fig. 56. 25 As illustrated in Fig. 10, the
stent comprises twelve annular 



26  members I which are radially expandable and
arranged in  the longitudinal direction thereof, and
the adjoining annular  members 1, 1 are connected to
each other by three  connecting elements 2 with a
shape as shown in Fig. 5B. 5 The present stent is
excellent in trackability to lumens  since the whole
stent is flexible enough to respond to  bending as
well as the stent demonstrated in embodiment 1.
Further, it is easy to provide the stent with a
lateral hole.  In addition, the tops of the arched
elements are prevented 10 from curvature deformation
when expanding the stent and  minimized in curvature
deformation which may occur at the  time of bending of
the stent, thus making it is possible to  avoid
damages of the blood vessels when introducing the
stent into the site to be applied. Further, the length
of the 15 stent is scarcely varied at the time of
expansion thereof.  Embodiment 7 Embodiment 7 of the
present invention will be  demonstrated below, making
reference to Fig. 11. A stent of embodiment 7 is a
modified form of  20 embodiment 1, in which the
connecting elements 2 are of S- shaped form as shown
in Fig. 5A. As illustrated in Fig. 11,  the stent
comprises thirteen annular members 1 which are
radially expandable and arranged in the longitudinal
direction thereof, and the adjoining annular members
1, 1 25 are connected to each other by S-shaped three
connecting 



27  elements 2 as shown in Fig. 5A. The whole stent is
flexible  enough to respond to bending as well as the
stent  demonstrated in embodiment 1, so that the stent
of the  present embodiment is excellent in
trackability to lumens. 5 Further, it is easy to
provide the stent with a lateral hole.  In addition,
the tops of the arched elements are prevented  from
curvature deformation when expanding the stent and
minimized in curvature deformation which may occur at
the  time of bending of the stent, thus making it is
possible to 10 avoid damages of the blood vessels when
introducing the  stent into the site to be applied.
Further, the length of the  stent is scarcely varied
at the time of expansion thereof.  Embodiment 8
Embodiment 8 of the present invention will be  15
demonstrated below, making reference to Fig. 12. A
stent of embodiment 8 is a modified form of
embodiment 1, in which the ratio of distances from the
radially halving line to the respective tops of the
arched  segments is set to 3:4, and the connecting
elements 2 are 20 made into a shape as shown in Fig.
5F. As illustrated in  Fig. 12, the stent comprises
six annular members 1 which  are radially expandable
and arranged in the longitudinal  direction thereof,
and the adjoining annular members 1, 1  are connected
to each other by three connecting elements 2 25 with a
shape as shown in Fig. 5F. The stent of the present 



28  embodiment is excellent in trackability to lumens
since the  whole stent is flexible enough to respond
to bending as well  as the stent demonstrated in
embodiment 1. Further, it is  easy to provide the
stent with a lateral hole. In addition, 5 the tops of
the arched elements are prevented from  curvature
deformation when expanding the stent and  minimized in
curvature deformation which may occur at the  time of
bending of the stent, thus making it is possible to
avoid damages of the blood vessels when introducing
the 10 stent into the site to be applied. Further, the
length of the  stent is scarcely varied at the time of
expansion thereof.  Embodiment 9 Fig. 13 is a
development of a stent illustrating  another
embodiment of the present invention (second  15
invention), and Fig. 14 is a partially enlarged view
of the  stent shown in Fig. 13. The stent of the
present invention comprises, as  illustrated in Figs.
13 and 14, thirteen annular members 7  which are
radially expandable and arranged in the 20
longitudinal direction thereof. The adjoining two
annular  members 7, 7 are joined together in the
longitudinal  direction thereof by three connecting
elements 8. The  annular members 7 are composed of
circumferentially  connected wavelike elements 7 of an
M-shaped waveform, 25 and arranged in the longitudinal
direction thereof. The 



29  individual wave portion that constitutes the
wavelike  element 7 is in the form of a substantially
sinusoidal wave.  The adjoining two annular members 7,
7 are joined together  through the connecting elements
8 by connecting tops 711 5 of the mountains of the
trough elements 71b in the wavelike  elements 71 of
one annular member 7 and bottoms 712 of  the trough of
the mountain elements 71a in the wavelike  elements 71
of the other annular member 7. The annular member 7 is
a part constituting a  10 luminal wall of the stent
and is a radially expandable  portion for holding a
luminal diameter of the blood vessel  after placement
of the stent in the blood vessel. The  annular members
7 are respectively composed of six  wavelike elements
71 having an M-shaped waveform and 15 being
circumferentially connected. The annular members 7
are arranged in the longitudinal direction of the
stent. As  illustrated in Fig. 10, the wavelike
element 71 comprises  mountain elements 71a and trough
elements 71b, each of  which has an M-shaped waveform
including one trough (one 20 mountain) between two
mountains (two troughs). The  mountain element 71a is
provided with a trough having a  bottom 712 between
two mountains, while the trough  element 71b is
provided with a mountain having a top 711  between two
troughs. 25 In order to improve the expandability of
the stent 



30  under the same wavelength, it is preferred to
increase the  amplitude of waveform of the wavelike
elements 71. The  stent is lengthened at the time of
expansion thereof if the  mountain (trough) having the
top 711 (bottom 712) in the 5 middle of the trough
element 71b (mountain element 71a) is  protruded on
the side of the trough element 71b (mountain  element
71a) of the wavelike element 71. Thus, it is
preferred that the mountain (trough) having the top
711  (bottom. 712) is protruded on the side of the
mountain 10 element 71a (trough element 71b) of the
wavelike element  71. The protruded length of the
mountain (trough) having  the top 711 (bottom 712) is
415 of the height of the  mountain element 71a (depth
of the trough element 71b) of  the wavelike element
71. The adjoining two annular 15 members 7, 7 are out
of phase with each other by a half  wavelength of the
wavelike element and are connected by  the connecting
elements 2 in the same longitudinal straight  lines.
The adjoining two annular members 7, 7 are  20
connected between the top 711 and bottom 712 closest
to  each other. As illustrated in Fig. 14, the tops
711 of the  mountains of the trough elements 71b among
the wavelike  elements 71 of the annular member 7 on
the proximal side  are connected to the bottoms 712 of
the troughs of the 25 mountain elements 71a among the
wavelike elements 71 of 



31  the annular member 7 on the distal side by the
connecting  elements 8. The connecting elements 8 are
made into a  curved shape (waveform) as illustrated in
Fig. 5F, and three  5 connecting elements 8 are
respectively provided between adjoining two annular
members 7, 7. Further, the tops of  the wave patterns
of the wavelike elements 71 are formed  to have a
smooth contour. In Fig. 14, the right side of the
drawing is set as  10 the distal end of the stent for
the sake of convenience.  Further, the term "mountain"
denotes the section of the  wave that is convex
rightward, while the term "trough"  denotes the
section of the wave that is convex leftward.  Further,
the wording "wavelike element with an M-shaped 15
waveform" is a wavelike element composed of a
combination of a mountain element having one trough
between two mountains (M-shaped) and a trough element
having one mountain between two troughs (reversed M-
shaped ). It is to be noted that the wavelike element
is 20 never limited to any wavelike element with a
specific  waveform, provided that it has one trough
(one mountain)  between two mountains (two troughs).
It is possible to use  any wavelike elements with
various waveforms such as, for  example, wavelike
elements of which two mountains (two 25 troughs) have
the same wave height as illustrated in Fig. 



32  15a, or wavelike elements of which two mountains
(two  troughs) have different wave heights as
illustrated in Fig.  15b. Although four linear
segments (ridgelines of the  mountains or troughs)
that constitute the M-shaped element 5 are
substantially in the form of a sinusoidal waveform,
these segments are not necessarily required to have
such a  substantially sinusoidal waveform. They may be
in the form  of a straight line or parallel line. In
the above embodiment, the linear segment  10 including
a point that connects the M-shaped element and  the
reversed M-shaped element (that corresponds to the
first linear segment of the first annular member
element or  second annular member element in
Embodiment 1) has a  length longer than that of two
linear segments that 15 constitute the trough or
mountains. However, the two linear  segments that
constitute the trough or mountain (that  correspond to
the second linear segment and third linear  segment of
the first annular member element or second  annular
member element in Embodiment 1) are not 20 necessarily
required to have the same length, the linear  segment
in the middle position (that corresponds to the
second linear segment) may have a length shorter than
the  linear segment in the lower position (that
corresponds to  the third linear segment). The stent
of the above 25 embodiment is excellent in
trackability to lumens since the 



33  whole stent is flexible enough to respond to
bending for the  reasons that the annular members
constituting the lumina)  wall of the stent in the
above embodiment comprise plural  wavelike elements
having an M-shaped form. Further, it is 5 easy to
provide the stent with a lateral hole. The stent is
apt to slightly shorten the length  after expansion
for the reasons that the annular members  are
connected between the top of the mountain located in
the middle of the trough element of the wavelike
elements 10 of one annular member and the bottom of
the trough  positioned in the middle of the mountain
elements of the  wavelike elements of the other
annular member by the  connecting element, and that
the protruded length of the  mountain (trough) in the
wavelike element is 4/5 of the 15 height of the
mountain (depth of the trough) of the wavelike
element. Further, the adjoining two annular members
are  joined together at the middle of the M-shaped
element, so  that the stent causes no curvature
deformation at the top of  the mountain when expanding
the stent. Further, it is 20 possible to minimize
damages of the blood vessel when  guiding the stent to
the site to be applied since the whole  M-shaped
element produces little warpage. [Flexibility,
shortening and vessel diameter holding  capacity
tests] 25 Figs. 16-18 show comparison results relating
to 



34  flexibility (bendability), shortening and vessel
diameter  holding capacity of the stents having
developments as  shown in Table 1. From the results
shown in Fig. 16, the stent of  5 the present
invention is substantially equal to the stent of  the
prior art in flexibility. From the results shown in
Fig.  17, the stent of the present invention is
superior in  shortening to the stent of the prior art.
Further, it will be  understood that the shortening
due to expansion of the 10 stent can be prevented by
appropriate selection of the ratio  of distances from
the radially halving line X to the  respective tops of
the arched segments. From the results  shown in Fig.
18, the stent of the present invention is
substantially equal to the stent of the prior art in
vessel  15 diameter-holding capacity. For the
flexibility, measurement was made by  fixing the stent
at one end and pushing a part of the stent 5  mm
remote from the fixed end to bend the stent, and
measuring a load which corresponds to the displacement
20 magnitude. The measurement of shortening was
carried out  by using a balloon of a 3.0 mm diameter
to expand the. stent  at a pressure of 8 atm. (for the
reference stent, at the  recommended pressure) for 30
seconds, and a profile 25 projector (made by Mitutoyo
Corporation) to determine the 



35  length of the expanded stent after expansion. In
order to determine the vessel diameter holding
capacity, compression test was carried out with
Autograph  (made by Shimadzu Corporation) on the stent
expanded by 5 pressurizing the stent at 8 atm. (for
the reference stent, at  the recommended pressure) for
30 seconds with a balloon  of a 3.0 mm diameter. The
resultant data were divided by  the number of the
annular members to determine the result  as the vessel
diameter holding capacity. 36  TABLE 1 Remarks
Embodiment 1 Fig. 2(ratio of distances from the
radially halving line to the  respective tops of the
arched segments is 4:5, shape of  the connectin
element: Fi .5B Embodiment 2 Fig. 6(ratio of distances
from the radially halving line to the  respective tops
of the arched segments is 7:8, shape of  the
connecting element: Fig. 5E, the tops of the arched
segments at both ends of the stent are aligned with
each  other.) Embodiment 3 Fig. 7(ratio of distances
from the radially halving line to the  respective tops
of the arched segments is 4:5, the shape  of the
connecting element: Fig. 5D) Embodiment 4 Fig. 8(ratio
of distances from the radially halving line to the
respective tops of the arched segments is 3:5, the
shape  



of the connecting element: Fig. 5C, the distance
between  second linear segment and third linear
segment is twice  the distance between first linear
segment and second  linear segment) Embodiment 5 Fig.
9 (ratio of distances from the radially halving line
to the  respective tops of the arched segments is 3:5,
shape of  the connecting element: Fig. 5C) Embodiment
6 Fig. 10 (ratio of distances from the radially
halving line to  the respective tops of the arched
segments is 4:5, shape  of the connecting element:
Fig. 5B, amplitude of wavelike  element is 6/7 of that
in embodiment 1) Embodiment? Fig. 11 (ratio of
distances from the radially halving line to  the
respective tops of the arched segments is 4:5, shape
of the connecting element: Fig. 5A) Embodiment 8 Fig.
12 (ratio of distances from the radially halving line
to  the respective tops of the arched segments is 3:4,
shape  of the connecting element: Fig. 5F) Embodiment
9 Fig. 13 (Protruded length of the mountain in the
middle of  the trough is 4/5 of the mountain height of
the wavelike  element, shape of respective waves that
constitute  wavelike element: sinusoidal waveform,
shape of the  connecting element: Fig. 5A) Comparative
Fig. 19 (blood vessel-retaining portion with a
wavelike  stent 1 pattern and joint elements with a
waved form)  Comparative Fig. 20 (blood
vessel-retaining portions with a wavelike  stent 2
pattern are connected to each other at the tops and 



bottoms of the waves) Comparative Fig. 21 (blood
vessel-retaining portions with a wavelike  stent 3
pattern are connected to each other at the tops and
bottoms of the waves 37  CLAIMS 1. An expandable
flexible stent excellent in  trackability to lumens,
comprising radially expandable annular  members and
one or more connecting elements which connect said
annular members in the longitudinal direction thereof,
said  annular members each comprising wavelike
elements having an M- shaped waveform and being joined
together in the  circumferential- direction of the
annular member, said annular  members being aligned in
the longitudinal direction of the  stent, said
adjoining two annular members being connected  through
said connecting elements between the top of the
mountain in the trough element in at least one
wavelike  element of one annular member and a top of a
trough in a  mountain element of at least one wavelike
element of the other  annular member. 2. The stent
according to claim 1, wherein the  mountain in the
middle of the trough element is protruded on  the side
of the mountain of the wavelike element, the
protruded length of the mountain being in the range of
1/2 to  7/8 times the height of mountain of the
wavelike element. 3. The stent according to claim 1 or
2, wherein  



the adjoining two annular members are out of phase
with each  other. 4. The stent according to claim 3,
wherein the  adjoining two annular members are out of
phase with each other  by a half wavelength, and
wherein the adjoining two annular 38  members are
connected by the connecting elements in the same
longitudinal straight lines. 5. The stent according to
any of claims 1 to 4,  wherein the connecting elements
are in the form of a straight  line. 6. The stent
according to any of claims 1 to 4,  wherein the
connecting -elements are in the form of a curved
line. 7. The stent according to any one of claims 1 to
6, wherein two to six connecting elements are provided
at even  intervals between said adjoining two annular
members. 8. The stent according to any one of claims 1
to  7, wherein the wavelike elements of the annular
members  situated at each end of the stent are
respectively aligned  along the proximal or distal end
of the stent. 


