US 20080177377A1

a9 United States

a2y Patent Application Publication o) Pub. No.: US 2008/0177377 A1l

Meyer et al.

(43) Pub. Date:

Jul. 24, 2008

(54)

(735)

(73)

@

BIFURCATION STENT DESIGN WITH OVER
EXPANSION CAPABILITY

Inventors: Michael P. Meyer, Richfield, MN
(US); Thomas E. Broome, Prior
Lake, MN (US); Amnon Yadin,
Kfar Vitkin (IL); Daniel Gregorich,
St. Louis Park, MN (US); Kevin
Grotheim, St. Paul, MN (US); Jens
Hegg, Minneapolis, MN (US)

Correspondence Address:
VIDAS, ARRETT & STEINKRAUS, P.A.
SUITE 400, 6640 SHADY OAK ROAD

EDEN PRAIRIE, MN 55344

Assignee: BOSTON SCIENTIFIC
SCIMED, INC., Maple Grove, MN
(Us)

Appl. No.: 11/873,058

22)

(60)

D

(52)

&7

Filed: Oct. 16, 2007

Related U.S. Application Data

Provisional application No. 60/859,420, filed on Nov.
16, 2006.

Publication Classification

Int. Cl1.

AG6IF 2/82 (2006.01)

US.CL o 623/1.35
ABSTRACT

A bifurcation having a main branch portion and a side branch
portion which interface about a frame. The frame is expand-
able from a first configuration enclosing a first area to a
second configuration enclosing a second area wherein the
second area is larger than the first area.
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BIFURCATION STENT DESIGN WITH OVER
EXPANSION CAPABILITY

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This Application claims the benefit of and priority to
U.S. Provisional Application No. 60/859,420, filed Nov. 16,
2006, the entire disclosure of which is hereby incorporated by
reference in its entirety.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] In some embodiments this invention relates to
implantable medical devices, their manufacture, and methods
of use. Some embodiments are directed to delivery systems,
such as catheter systems of all types, which are utilized in the
delivery of such devices.

[0004] 2. Description of the Related Art

[0005] A stent is a medical device introduced to a body
lumen and is well known in the art. Typically, a stent is
implanted in a blood vessel at the site of a stenosis or aneu-
rysm endoluminally, i.e. by so-called “minimally invasive
techniques” in which the stent in a radially reduced configu-
ration, optionally restrained in a radially compressed configu-
ration by a sheath and/or catheter, is delivered by a stent
delivery system or “introducer” to the site where it is required.
The introducer may enter the body from an access location
outside the body, such as through the patient’s skin, or by a
“cut down” technique in which the entry blood vessel is
exposed by minor surgical means.

[0006] Stents, grafts, stent-grafts, vena cava filters, expand-
able frameworks, and similar implantable medical devices,
collectively referred to hereinafter as stents, are radially
expandable endoprostheses which are typically intravascular
implants capable of being implanted transluminally and
enlarged radially after being introduced percutaneously.
Stents may be implanted in a variety of body lumens or
vessels such as within the vascular system, urinary tracts, bile
ducts, fallopian tubes, coronary vessels, secondary vessels,
etc. Stents may be used to reinforce body vessels and to
prevent restenosis following angioplasty in the vascular sys-
tem. They may be self-expanding, expanded by an internal
radial force, such as when mounted on a balloon, or a com-
bination of self-expanding and balloon expandable (hybrid
expandable).

[0007] Stents may be created by methods including cutting
or etching a design from a tubular stock, from a flat sheet
which is cut or etched and which is subsequently rolled or
from one or more interwoven wires or braids.

[0008] Within the vasculature, it is not uncommon for
stenoses to form at a vessel bifurcation. A bifurcation is an
area of the vasculature or other portion of the body where a
first (or parent) vessel is bifurcated into two or more branch
vessels. Where a stenotic lesion or lesions form at such a
bifurcation, the lesion(s) can affect only one of the vessels
(i.e., either of the branch vessels or the parent vessel), two of
the vessels or all three vessels. Many prior art stents however
are not wholly satisfactory for use where the site of desired
application of the stent is juxtaposed or extends across a
bifurcation in an artery or vein such, for example, as the
bifurcation in the mammalian aortic artery into the common
iliac arteries.
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[0009] Stents made for use in bifurcated regions are gener-
ally known. When treating a bifurcated vessel, it may be
desirable to use a stent having a side branch opening config-
ured to provide fluid communication between the primary
vessel and a secondary or branch vessel of the bifurcation. A
secondary or branch stent may be received within and/or be
positioned adjacent to the side branch opening of the primary
stent.

[0010] In some locations, a branch vessel may be oriented
at an acute angle with respect to a primary vessel. When a
stent includes portions which extend into both primary ves-
sels and branch vessels, select elements of the stent may be
subject to relatively large amounts of bending, stress and
strain.

[0011] There remains a need for stents designed for use in
bifurcated vessels.

[0012] The art referred to and/or described above is not
intended to constitute an admission that any patent, publica-
tion or other information referred to herein is “prior art” with
respect to this invention. In addition, this section should not
be construed to mean that a search has been made or that no
other pertinent information as defined in 37 C.F.R. §1.56(a)
exists.

[0013] All US patents and applications and all other pub-
lished documents mentioned anywhere in this application are
incorporated herein by reference in their entirety.

[0014] Without limiting the scope of the invention a brief
summary of some of the claimed embodiments of the inven-
tion is set forth below. Additional details of the summarized
embodiments of the invention and/or additional embodi-
ments of the invention may be found in the Detailed Descrip-
tion of the Invention below.

[0015] A brief abstract of the technical disclosure in the
specification is provided as well only for the purposes of
complying with 37 C.F.R. 1.72.

BRIEF SUMMARY OF THE INVENTION

[0016] In atleast one embodiment, the invention is directed
to a bifurcation stent having a main branch portion and a side
branch portion which interface about a frame. The stent has an
unexpanded state in which the stent comprises a generally
tubular wall defining a first lumen and an expanded state in
which the said first lumen is radially enlarged and a side
branch projects obliquely outward from the first lumen. The
side branch defines a second lumen in fluid communication
with the first lumen through an opening defined by the frame.
The frame is expandable from a first configuration enclosing
a first area to a second configuration enclosing a second area
wherein the second area is larger than the first area.

[0017] Insomeembodiments, the frame has multiple undu-
lations, for instance three or more undulations distributed
around the circumference, the undulations each having an
amplitude. The frame area can be expanded by reducing the
amplitude of the undulations to provide additional area within
the frame when expanded.

[0018] Insomeembodiments the frame area is stable within
a first expansion pressure range, but expands to a second
configuration when expansion pressure is exceeded.

[0019] Insome embodiments in the first configuration, the
frame encloses a primary area about which at least one cur-
vilinear expansion element of the frame at least partially
extends.
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[0020] In some embodiments the frame utilizes expansion
elements that when not needed for expansion, can be utilized
as support struts for the side branch.

[0021] In some embodiments the frame incorporates por-
tions of expansion columns of the contralateral main channel
lumen to provide additional over expansion capabilities. In
some cases the expansion column portions incorporated into
the frame are further modified to provide additional expan-
sion capability to the frame and/or additional support in the
contralateral channel.

[0022] Insomeembodiments the frame incorporates closed
shape cellular geometries to provide frame expansion capa-
bility.

[0023] In some embodiments the frame includes one or

more locking mechanisms that permit frame expansion but
resist or prohibit recompression of the frame after expansion.
In some cases the force necessary to further expand the frame
can be tailored by the design, number and location of such
mechanisms incorporated into the frame.

[0024] In some embodiments the frame includes at least
one weaker member that connects a first adjacent end of the
frame to a second adjacent end of the frame. In the second
configuration, the weaker member allows the first adjacent
end and the second adjacent end to be disposed further from
one another than in the first configuration.

[0025] These and other embodiments which characterize
the invention are pointed out with particularity in the claims
annexed hereto and forming a part hereof However, for fur-
ther understanding of the invention, its advantages and objec-
tives obtained by its use, reference should be made to the
drawings which form a further part hereof and the accompa-
nying descriptive matter, in which there is illustrated and
described embodiments of the invention.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING(S)

[0026] A detailed description of the invention is hereafter
described with specific reference being made to the drawings.
[0027] FIGS. 1a and 15 are schematic representations of
bifurcations stents having a fixed frame, illustrative of the
prior art.

[0028] FIG. 2a is a view of a stent frame in a first configu-
ration according to an embodiment of the invention, in flat
plan representation.

[0029] FIG. 24 is a view of the frame of FIG. 24 in an
enlarged area configuration.

[0030] FIGS. 3a-3¢are views as in FIG. 2a depicting alter-
nate frames in first configurations according to the same
embodiment of the invention.

[0031] FIG. 4a is a view of a stent frame in a first configu-
ration according to another embodiment of the invention, in
flat plan representation.

[0032] FIG. 44 is a view of the frame of FIG. 44 in an
enlarged area configuration.

[0033] FIGS. 5a-5r are views as in FIG. 4a depicting alter-
nate frames in first configurations according to the same
embodiment of the invention.

[0034] FIG. 6a is a view of a stent frame in a first configu-
ration according to another embodiment of the invention, in
flat plan representation.

[0035] FIG. 641is aperspective view of the frame of FIG. 6a
in an intermediate configuration.

[0036] FIG. 6c¢ is a perspective view of the frame of FIGS.
6a and 65 in an enlarged area configuration.
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[0037] FIGS. 7a-7b are views as in FIG. 6a depicting alter-
nate frames in first configurations according to the same
embodiment of the invention as FIGS. 6a-6c.

[0038] FIGS. 8a-8¢ are views, in flat plan representation, of
alternate stent frames in a first configuration, according to an
embodiment of the invention which combines features of
previous embodiments.

[0039] FIG. 9a is a view, in flat plan representation, of a
stent frame in a first configuration according to another
embodiment of the invention.

[0040] FIG. 95 1is aenlarged fragmentary view of portion 95
of FIG. 94, when the frame is in an enlarged area configura-
tion.

[0041] FIGS. 9¢-9i are views as in FIG. 9a depicting alter-
nate frames according to the same embodiment of the inven-
tion.

[0042] FIG. 9j is a fragmentary view of an expansion ele-
ment of a further alternate frame of the embodiment of FIG.
9a, when the frame is in first configuration.

[0043] FIG. 9%isaview of the expansion element of FIG. 95
when the frame is in an enlarged area configuration.

[0044] FIG. 10a is a schematic flat plan view of a stent
frame in a first configuration according to another embodi-
ment of the invention.

[0045] FIG. 104 is a enlarged view of portion 1056 of FIG.
10a.
[0046] FIG. 11a is a schematic flat plan view of a stent

frame in a first configuration according to another embodi-
ment of the invention.

[0047] FIGS. 115-11c¢ are enlarged fragmentary views of
alternate configurations for portion 115-d of FIG. 11a.
[0048] FIG. 11e is a schematic view of a frame of the
embodiment of FIG. 11a interfaced with components of the
main channel support structure of a bifurcated stent.

[0049] FIGS. 124-12p are flat plan views of segments of
stents of the invention showing the frame interface with the
main channel support structure, with details of the side chan-
nel support structure removed.

[0050] FIG. 13ais a view of a perspective view of a stent of
the invention with a frame in FIG. 124 and both main channel
and side channel portions expanded, but with the frame in
unenlarged first configuration.

[0051] FIG. 135 shows is a perspective view of a portion of
a stent of the invention with a frame as in FIG. 12¢ and both
main and side channel portions expanded, and with the frame
in an enlarged configuration.

DETAILED DESCRIPTION OF THE INVENTION

[0052] While this invention may be embodied in many
different forms, there are described in detail herein specific
embodiments of the invention. This description is an exem-
plification of the principles of the invention and is not
intended to limit the invention to the particular embodiments
illustrated.

[0053] For the purposes of this disclosure, like reference
numerals in the figures shall refer to like features unless
otherwise indicated.

[0054] Except for the paragraph immediately below the use
of the terms “unexpanded” and “expanded” in the Detailed
Description are used in regard to the frame being expanded or
unexpanded rather than the stent. It should be noted that as
used below the term “first configuration” is substantially
interchangeable with the frame being “unexpanded” and the
term “second configuration” is substantially interchangeable
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with the frame being “expanded.” The disclosure is focusing
on inventive frames of the bifurcation stent that address use of
the stent on a wide range of side vessel diameters and take off
angles. The inventive frame geometries presented here are
intended to be incorporated into any bifurcation stent regard-
less ofunique side branch and main branch geometries. A side
branch portion can extend from all the frames as shown and
can include any number of geometries and constructs (e.g.
serpentine portions, petal portions, finger portions). Some
such structure of side branch portions is shown in US 2004-
0088007 A1 which is incorporated by reference herein.
[0055] In some cases the main branch portion as described
below is expanded before the frame is expanded as needed. In
other cases the main branch portion and the frame expand
with one another even as the side branch extends outward
from the main branch portion.

[0056] InFIG.1a aschematic representation of bifurcation
stent 10 in the unexpanded state is shown having a main
branch portion 20 and an unexpanded side branch portion 30
with a frame 35 interconnecting the branches. In the
expanded state of FIG. 15 the side branch portion 30 extends
from the main branch portion 20. The side branch portion can
extend at a take-oft angle 38 that is an oblique angle from the
main branch portion 20. For the purposes of this application,
the term “oblique” refers to an angle of greater than zero
degrees, such as an angle of between about 1 and about 180
degrees. An oblique angle explicitly includes angles of about
90 degrees and so includes acute, obtuse, and right angles.
[0057] FIGS.1aand 15 areillustrative of the prior artin that
the frame 35 is shown as a simple closed circular or oval shape
whose area is essentially unchanged as the stent is expanded.
For any given bifurcation, the frame shape and size desirably
would be such that the frame would be located just at the edge
of the ostium of the side branch vessel. If the frame is located
in this position the entire side branch geometry would be
utilized to provide support to the side vessel. If the frame is
too large some of the side branch geometry would be located
outside the side branch opening, resulting in inefficient utili-
zation of the very limited stent geometry with in the frame
that is available for formation of the side branch. If the frame
is too small for the ostium, part of the frame would hang into
the ostium. Also, often the side branch vessel take off angle is
more or less than 90 degrees from the main vessel. For non-
right angle branches, the shape of the frame should be longer
in the axial direction than in the circumferential direction to
accommodate the elliptical ostium created when two cylin-
ders meet at an angle. As the angle becomes more acute the
major axis of the ellipse becomes larger resulting in the need
for an even larger frame for the side branch geometry. A single
frame configuration therefore is not ideally suited to these
varied conditions.

[0058] In accordance with the present invention, bifurca-
tion stent frame configurations are provided that allow for the
frame area to be enlarged, and in at least some embodiments
for its general shape to be substantially modified, to better
accommodate the wide range of side branch ostia that are
encountered at bifurcation locations. The frame area as
described throughout this application refers to the area as
shown in the plane or “flat” views of the frames and stents
illustrated herein.

[0059] Insomeembodiments the enlarged area shape of the
inventive frames may be obtained by a shape memory con-
figuration. In other embodiments the frame is balloon
enlargeable, which provides the advantage that the frame area

Jul. 24,2008

may be better configured to the particular side branch ostium
in which the stent is placed. Thus, with a balloon enlargeable
frame, if a stent is delivered to a bifurcation having a side
branch lumen cross-section that substantially matches the
area enclosed by the frame and the take-off angle is not very
acute then the frame need not be expanded or only somewhat
expanded. However, in some instances if the take-off angle is
very acute or if the side branch lumen cross-section is larger
than the area enclosed by the initial frame shape, the frame
may be easily expanded as needed to improve its fit to the side
branch ostium.

[0060] According to some embodiments of the invention
the frame has at least one undulated portion, the undulation(s)
of which can be modified by reducing amplitude to thereby
provide additional area within the frame when enlarged.
FIGS. 2a and 25 illustrate these embodiments. The shape of
the frame 40 in the unexpanded state of the stent is shown in
FIG. 2a enclosing an area 44. Frame 40 has a multiplicity of
undulations 45 around its circumference. The shape of the
frame 40 may be modified to an enlarged configuration as
illustrated in FIG. 26 wherein the amplitude of the undula-
tions 45 is reduced, such that the area 44' enclosed by the
frame 40 in the expanded configuration is greater than the
area 44 enclosed by the frame 40 in the first configuration.

[0061] The initial configuration of an undulating frame can
take a variety of configurations in which the undulations may
be provided around the entire circumference of the frame or in
only at particular locations. FIGS. 3a-3¢ depict alternate con-
figurations for an unexpanded frame 40 in which to illustrate
wide variety of undulations that may be implemented.
Depending on location of the undulations in the frame, ratio
of undulation amplitude to width, and thickness or width
variation of the frame at different locations, the undulations
can be made to enlarge area progressively with increasing
enlargement on the frame, or resist area enlargement until a
minimum enlargement pressure is exceeded.

[0062] Thus in some embodiments the frame is configured
to provide a fixed or substantially fixed area up to a deter-
mined stress loading but then incrementally expand when
stressed above the incremental load. This allows for a cho-
reographed opening of the frame which is advantageous when
the stent might be used for treating both small and large side
branch diameters. Initial balloon expansion of the side branch
will tend not to enlarge the frame, but then application of
stress above an incremental minimum can be used to enlarge
the frame in those cases where a large ostium is encountered.

[0063] In some embodiments in the initial configuration,
the frame encloses a primary area about which at least one
elongate expansion element of the frame at least partially
extends on the inside or outside of the primary area, or both.
This is illustrated in FI1G. 4a, where the enlargeable frame 40
substantially encloses an oval primary area but has with elon-
gate expansion elements 48 connected to the primary area at
narrow neck areas 49. The elongate expansion elements 48 of
this frame may have a small width, and substantial length,
which length may be substantially straight, or curvilinear.
Suitably the elongate expansion elements 48 are substantially
parallel to the curvature of the main body frame 40. FIG. 45
shows an enlarged configuration of the frame 40 of FIG. 4a.
The elongate expansion elements 48 can be located any num-
ber of locations and be either symmetric or asymmetric.
FIGS. 5a-5n illustrate initial frame configurations of further
embodiments of this type of frame.
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[0064] The tight turns created from the small width of the
elongate expansion elements 48 tend to hold their shape more
strongly than if the expansion elements 48 had a larger turns
of larger radius, because of this the frame will tend to main-
tain its initial shape upon initial deployment of the side branch
elements. This allows for a choreographed opening of the
frame as discussed above. In some cases a single balloon may
have a sufficient range of size and strength to provide frame
loads in the initial and incremental enlargement ranges. In
others a second larger balloon may be needed to provide for
the incremental enlargement.

[0065] Asshownin FIGS. 6a-6¢, some embodiments of the
inventive frame 40 utilize elongate expansion elements 50
that extend radially inward from the primary frame shape. If
not used to enlarge the frame, elements 50 can be utilized as
support struts for the side branch to provide vessel support
and drug delivery. FIG. 6a depicts the frame 40 is in its initial
configuration. FIG. 65 shows the expansion elements 50
rotated about the frame 40 and functioning as support struts.
In cases where the stent frame may need to be enlarged, the
expansion elements 50 provide additional frame length,
which can be accessed by balloon expansion to provide an
enlarged frame area. FIG. 6¢ illustrates such a configuration.
The expansion elements 50 can be located at multiple loca-
tions around the frame 40. The frame can consist of one or
more of these elements and the elements can vary in width
and height depending on the application.

[0066] FIGS. 7a-7b illustrate additional frame geometries
with expansion elements 50 having at least an elongate por-
tion which is directed radially inward in the initial configu-
ration that can be used that act as supports struts if frame
enlargement is not required.

[0067] Frame geometries which employ expansion ele-
ments having features of both of the elongate elements 48 of
FIGS. 4a and 5a-5r and of the inwardly directed elongate
elements 50 of FIGS. 6a and 7a-7d may also be provided, for
instance the elements 51 in FIGS. 8a-8c.

[0068] In some embodiments closed shape expansion ele-
ments may be used to provide additional perimeter which can
be exploited to enlarge the frame area. In the initial frame
configuration the frame splits, forms an expansion shape, and
closes on the other side. If the frame needs further expansion
the two ends of the expansion element are allowed to pull
apart while the sides are pulled in towards themselves. These
structures also provide for a choreographed expansion of the
frame in which the frame would tend to maintain its original
shape under stress sufficient to initially deploy the side-
branch but would yield under application of higher stresses if
a further frame enlargement is needed. FIGS. 9a and 95
illustrate one such construction. FIG. 9a depicts a frame 40
with having hexagonal closed shape frame expansion element
54. F1G. 95 depicts the frame portion 956 of FIG. 9a after the
frame has been expanded to an enlarged configuration. Com-
binations of such features can also be employed. In further
embodiments other closed geometry figures such as dia-
monds, circles, ovals, rectangles, and the like can be similarly
employed. FIGS. 9¢-9i illustrate further frame configurations
having closed geometry expansion elements incorporated
therein.

[0069] FIG. 9/ depicts a similar embodiment of an expan-
sion frame having a closed frame geometry in which the
closed Y-shaped expansion elements 55 have an additional
bends to add additional choreography to the opening of the
side branch. The tight bends of the closed Y shape will main-
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tain their shape upon initial deployment of the side branch
but, if the frame needs additional expansion, a post-dilation
balloon may be employed to deliver enough force to open the
elements, as shown in FIG. 9%, resulting enlargement of the
frame area.

[0070] In another embodiment the frame has expansion
elements that allow for frame enlargement by sliding an adja-
cent rail portion into the frame perimeter, the enlarged perim-
eter being maintained by a suitable sliding/locking structure
such as the familiar “zip-tie” mechanism. FIGS. 104 and 106
are illustrative of such embodiments. In FIG. 10a frame 40
includes several such sliding/locking expansion elements.
FIG. 105 shows an enlarged view of one such sliding/locking
expansion element. The frame perimeter is formed of rail
portions 65 and 66 joined with a locking/sliding mechanism
67. The rail 66 includes a portion 68 which is collinear with
rail 65, but outside the frame perimeter in the initial configu-
ration of the frame. Upon application of enlargement pressure
rail portions 65, 66 slide relative to each other in the direction
of'the arrows in FIG. 105, incorporating some of rail portion
68 into the enlarged frame perimeter. The expanded size is
maintained by the engagement of teeth 69 with the latch 70 in
mechanism 67. Depending on the construction of the design
of the sliding/locking mechanism 67 the force needed to
further over expand the frame can be tailored depending on
the application. Any number of sliding/locking geometries
can be incorporated to allow the frame rails to slide co-linear
to each other. The frame can consist of one locking/sliding
mechanism 67, or multiple mechanisms depending on the
application.

[0071] As shown in FIG. 114, a closed frame can be made
with weak members that if needed, will break or yield inelas-
tically when expansion stress is applied to the frame, allowing
enlargement of the frame area. Upon general deployment the
frame would maintain its designed shape. If the frame needed
to expand beyond its designed shape the custom release fea-
tures would break apart allowing the frame to be further
expanded. In F1G. 114 at least one such weaker member 72 of
the frame 40 connects one frame segment 74 to a second
frame segment 76. In the expanded configuration breaking or
elongating the weaker member 72 allows the frame segments
74,76 to be disposed further from one another than in the first
configuration. Enlarged details of several versions of such
weak member portions are shown in FIGS. 115-114. In some
embodiments, as shown in FIGS. 115 and 11c¢, the weaker
member 72 has at least one portion that is thinner than frame
segment 40a and frame segment 405. Alternatively, the
weaker member may have a different composition or have a
different degree of hardening relative to the remainder of the
frame segment. The weaker members 72 can be thin or
notched struts designed to stretch or even break upon expan-
sion of the frame 40. In FIG. 114 the weaker member 70 is a
release junction that can include a portion that breaks when
expansion pressure is applied to the frame but then opens
expanded but stays in tact in an elongated state. As an alter-
native to enlargement by elongation of the weaker member,
the weaker member may be adapted to break when the frame
is subjected to expansion pressure, enlarging the frame by
incorporating adjacent structure of the main stent body into
the frame. FIG. 11e illustrates a frame 40 interfacing with
expansion bands 80 of a stent main body portion. Weakened
portions 72 are provided on the frame which are adapted to
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break when sufficiently pressurized, opening the frame to
incorporate one or both of the stent portions 73 to become part
of the frame.

[0072] Inproviding an interface between the frame and the
main body of the stent undulations or other expansion ele-
ments may be formed in a frame location distinct from the
main body of the stent or they may be incorporated in a way
that shares structure between the frame and structure of the
main lumen portion of the stent such as circumferential
bands. While the invention is not limited to any particular
pattern or structure of the main and side lumen portions of the
stent incorporating the inventive frames, FIGS. 124-12# are
provided to illustrate a variety of interfaces which might be
provided.

[0073] In FIGS. 12a and 1254, bands 80 are designated
“contralateral” bands because, when deployed they extend
around the main body lumen to provide vessel support oppo-
site the frame. Contralateral bands 80, are distinctly termi-
nated at the attachment to the frame 40, and the frame is
provided with undulations 45 which allow for frame expan-
sion if needed.

[0074] In FIGS. 12¢-12d, the frame undulations 85 are
located in line with particular contralateral bands 82 and may
be considered to be shared part of the bands 82 whereas other
contralateral bands 80 terminate at the frame. In FIG. 124,
undulations 45 are distinct from the main channel bands
attached to the frame, but the undulations 85 may also be
considered to be part of the expansion band 82.

[0075] Frame patterns that incorporate a portion of a com-
plete main lumen circumferential expansion column structure
at proximal and distal ends of the frame are shown FIGS.
12e-12g and 12, where the undulations 86 are shared part of
the expansion column 87 and of the frame 40. In FIGS. 12e¢
and 12, the frequency and wavelength of the shared portion
of the expansion column is changed in the portion of the
column shared by the frame. Also in FIG. 12/, the frame has
additional undulations 45 not shared with an expansion col-
umn 87.

[0076] Between the proximal and distal ends of the frame,
it is also possible to incorporate portions of main lumen
expansion columns that form elongate expansion elements, as
previously described, into a frame configuration to provide
for flexibility in sizing and orienting the frame area. FIGS.
12/-121 are illustrative. In these figures adjacent contralateral
expansion columns 82 form frame expansion elements 48 for
the frame 40. Upon expansion of the frame 40 the expansion
elements 48 can spread apart and provide additional cross-
sectional area. When expansion of the frame is not necessary
the expansion element 48 provides support within the main
stent body as part of the contralateral bands 82.

[0077] FIGS. 12m and 127 illustrate a simple frame inter-
face with a main lumen structure in which the frame 40
includes elongate expansion eclements 48 as previously
described which are not shared parts of contralateral bands 80
or 81. In FIG. 12z a space accomodation for the expansion
elements 48 has been made in expansion column 81 by chang-
ing the frequency and amplitude of its undulations near the
frame attachment.

[0078] In FIG. 120, the frame 40 includes an undulating
region 88 that might be considered to be part of the expansion
column 87, but is thinner so can be rotated out of plain to
project partly into the side channel in the manner of the
frames of FIGS. 6a-6¢ and 7a-7d. Bends in the thin side
connector 89 also facilitate projection of this portion of the
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frame into side channel if the portion 88 is not needed for
frame expansion. The undulations 50 can also be rotated into
the side channel in the same manner.

[0079] Undulating portion 90 in FIG. 12p is thinner relative
to the frame 40 and main channel expansion bands 80, 82,
providing for frame enlargement and/or rotation into the side
channel as needed.

[0080] FIGS. 13a¢ and 135 are perspective views of portions
of bifurcated stents of the invention which employ frames of
the invention corresponding to FIGS. 124 and 12¢, respec-
tively. In the stent of FIG. 134 the side channel projection has
been formed, but without frame expansion. In the stent of
FIG. 135 the side channel has been expanded to a larger
diameter with corresponding frame enlargement.

[0081] The following numbered paragraphs describe fur-
ther embodiments of a stent:

1. A bifurcation stent comprising a main branch portion and a
side branch portion, the main branch portion and the side
branch portion interfacing about a frame, the stent having an
unexpanded state in which the stent comprises a generally
tubular wall defining a first lumen and an expanded state in
which the said first lumen is radially enlarged and a side
branch projects obliquely outward from the first lumen, the
side branch defining a second lumen in fluid communication
with the first lumen through an opening defined by said frame,
wherein

[0082] the frame has a first stable configuration enclosing a
first area when subjected to frame expansion stress within a
first pressure range and the frame expands to a second con-
figuration enclosing a second area larger than the first area
when the frame is subjected to expansion stress above the first
pressure range.

2. The bifurcation stent of numbered paragraph 1 wherein the
frame in the first configuration substantially encloses a pri-
mary area which opens into one or more narrow elongated
expansion elements via relative narrow neck areas.

3. The bifurcation stent of numbered paragraph 2 wherein an
elongated expansion element of said frame is shared with a
portion of a contralateral expansion column of said main
branch portion

4. The bifurcation stent of numbered paragraph 1 wherein the
frame includes at least one closed shape geometry portion
that is collapsible to enlarge the frame area.

5. The bifurcation stent of numbered paragraph 4 wherein the
at least one closed shape geometry portion forms a polygon.
6. The bifurcation stent of numbered paragraph 4 wherein the
at least one closed shape geometry has a Y-shape.

7. The bifurcation stent of numbered paragraph 1 wherein the
frame includes at least mechanism that allows for frame
enlargement by sliding an adjacent rail portion of the stent
into the frame perimeter upon application of expansion pres-
sure to the frame.

8. The bifurcation stent of numbered paragraph 7 wherein
said sliding mechanism includes a locking structure to retain
the frame in an enlarged configuration.

9. The bifurcation stent of numbered paragraph 1 wherein the
frame includes at least one weaker member that connects a
first adjacent end of the frame to a second adjacent end of the
frame, in the second configuration the weaker member allows
the first adjacent end and the second adjacent end to be dis-
posed further from one another than in the first configuration.
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10. The bifurcation stent of numbered paragraph 9 wherein
the at least one weaker member has at least one portion that is
thinner than the first adjacent end and the second adjacent
end.

11. The bifurcation stent of numbered paragraph 9 wherein
the at least one weaker member is adapted to elongate upon
application of expansion pressure to the frame.

12. The bifurcation stent of numbered paragraph 9 wherein
the atleast one weaker member is a release junction including
members that break when expanded.

13. The bifurcation stent of numbered paragraph 9 wherein
the weaker member is adapted to break upon application of
expansion pressure to the frame.

14. The bifurcation stent of numbered paragraph 1 wherein
the frame has portions that are shared with an expansion
column of the main body portion.

15. The bifurcation stent of numbered paragraph 14 wherein
the frame has proximal and distal ends shared with an expan-
sion column of the main body portion.

16. The bifurcation stent of numbered paragraph 14 wherein
a shared portion of the frame and a body expansion column
has undulations with substantially same amplitude and wave-
length as that of the expansion columns.

17. The bifurcation stent of numbered paragraph 14 wherein
a shared portion of the frame and a body expansion column
has undulations with substantially different amplitude and/or
wavelength as that of the expansion columns.

18. The bifurcation stent of numbered paragraph 14 wherein
an elongated expansion element of said frame is shared with
a portion of a contralateral expansion column of said main
branch portion.

19. The bifurcation frame of numbered paragraph 1 wherein
the frame comprises three or more undulations each having
with an amplitude that can be modified to enlarge the frame
area in the second configuration.

20. A bifurcation stent comprising a main branch portion and
a side branch portion, the main branch portion and the side
branch portion interfacing about a frame, the stent having an
unexpanded state in which the stent comprises a generally
tubular wall defining a first lumen and an expanded state in
which the said first lumen is radially enlarged and a side
branch projects obliquely outward from the first lumen, the
side branch defining a second lumen in fluid communication
with the first lumen through an opening defined by said frame,
the frame being enlargeable from a first configuration enclos-
ing a first area to a second configuration enclosing a second
area, the second area being larger than the first area, the frame
comprising three or more undulations each having an ampli-
tude that can be modified to enlarge the frame area in the
second configuration, and said undulations being located in a
portion of the frame not shared with a contralateral expansion
column of the stent.

[0083] 21.The bifurcation stent of numbered paragraph 20
wherein the undulations are located in one or more undulating
portions located between non-undulating portions of the
frame.

[0084] 22.The bifurcation stent of numbered paragraph 21
wherein an undulated portion runs in a direction axial to the
main branch portion.

23. The bifurcation stent of numbered paragraph 21 wherein
anundulated portion runs in a direction circumferential to the
main branch portion.
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24. The bifurcation stent of numbered paragraph 21 wherein
an undulated portion of said frame is shared with a portion of
a circumferential expansion column of said main branch por-
tion.

25. The bifurcation stent of numbered paragraph 21 wherein
the frame in the first configuration substantially encloses a
primary area which opens into one or more narrow elongated
expansion elements via relative narrow neck areas.

26. The bifurcation stent of numbered paragraph 25 wherein
an elongated expansion element runs in a direction axial to the
main branch portion.

27. The bifurcation stent of numbered paragraph 25 wherein
an elongated expansion element runs in a direction circum-
ferential to the main branch portion.

28. The bifurcation stent of numbered paragraph 25 having
expansion elements of different size at different locations of
the frame.

29. The bifurcation stent of numbered paragraph 21 wherein
an undulated portion of said frame is shared with a portion of
a circumferential expansion column of said main branch por-
tion.

[0085] 30. The bifurcation stent of numbered paragraph 20
wherein the frame, in at least the first configuration, is longer
in a direction axial to the stent than in a direction circumfer-
ential to the stent.

[0086] The inventive stents may be made from any suitable
biocompatible materials including one or more polymers, one
or more metals or combinations of polymer(s) and metal(s).
Examples of suitable materials include biodegradable mate-
rials that are also biocompatible. By biodegradable is meant
that a material will undergo breakdown or decomposition into
harmless compounds as part of a normal biological process.
Suitable biodegradable materials include polylactic acid,
polyglycolic acid (PGA), collagen or other connective pro-
teins or natural materials, polycaprolactone, hylauric acid,
adhesive proteins, co-polymers of these materials as well as
composites and combinations thereof and combinations of
other biodegradable polymers. Other polymers that may be
used include polyester and polycarbonate copolymers.
Examples of suitable metals include, but are not limited to,
stainless steel, titanium, tantalum, platinum, tungsten, gold
and alloys of any of the above-mentioned metals. Examples
of suitable alloys include platinum-iridium alloys, cobalt-
chromium alloys including Elgiloy and Phynox, MP35N
alloy and nickel-titanium alloys, for example, Nitinol.
[0087] The inventive stents may be made of shape memory
materials such as superelastic Nitinol or spring steel, or may
be made of materials which are plastically deformable. In the
case of shape memory materials, the stent may be provided
with a memorized shape and then deformed to a reduced
diameter shape. The stent may restore itself to its memorized
shape upon being heated to a transition temperature and hav-
ing any restraints removed therefrom.

[0088] The inventive stents may be created by methods
including cutting or etching a design from a tubular stock,
from a flat sheet which is cut or etched and which is subse-
quently rolled or from one or more interwoven wires or
braids. Any other suitable technique which is known in the art
or which is subsequently developed may also be used to
manufacture the inventive stents disclosed herein.

[0089] Insomeembodiments the stent, the delivery system
or other portion of the assembly may include one or more
areas, bands, coatings, members, etc. that is (are) detectable
by imaging modalities such as X-Ray, MRI, ultrasound, etc.
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In some embodiments at least a portion of the stent and/or
adjacent assembly is at least partially radiopaque.

[0090] Insomeembodiments, at least a portion of the stent
is configured to include one or more mechanisms for the
delivery of a therapeutic agent. Often the agent will be in the
form of a coating or other layer (or layers) of material placed
on a surface region of the stent, which is adapted to be
released at the site of the stent’s implantation or areas adjacent
thereto.

[0091] A therapeutic agent may be a drug or other pharma-
ceutical product such as non-genetic agents, genetic agents,
cellular material, etc. Some examples of suitable non-genetic
therapeutic agents include but are not limited to: anti-throm-
bogenic agents such as heparin, heparin derivatives, vascular
cell growth promoters, growth factor inhibitors, Paclitaxel,
etc. Where an agent includes a genetic therapeutic agent, such
a genetic agent may include but is not limited to: DNA, RNA
and their respective derivatives and/or components; hedge-
hog proteins, etc. Where a therapeutic agent includes cellular
material, the cellular material may include but is not limited
to: cells of human origin and/or non-human origin as well as
their respective components and/or derivatives thereof.
Where the therapeutic agent includes a polymer agent, the
polymer agent may be a polystyrene-polyisobutylene-poly-
styrene triblock copolymer (SIBS), polyethylene oxide, sili-
cone rubber and/or any other suitable substrate.

[0092] The above disclosure is intended to be illustrative
and not exhaustive. This description will suggest many varia-
tions and alternatives to one of ordinary skill in this art. The
various elements shown in the individual figures and
described above may be combined or modified for combina-
tion as desired. All these alternatives and variations are
intended to be included within the scope of the claims where
the term “comprising” means “including, but not limited to.”

[0093] Further, the particular features presented in the
dependent claims can be combined with each other in other
manners within the scope of the invention such that the inven-
tion should be recognized as also specifically directed to other
embodiments having any other possible combination of the
features of the dependent claims. For instance, for purposes of
claim publication, any dependent claim which follows should
be taken as alternatively written in a multiple dependent form
from all prior claims which possess all antecedents refer-
enced in such dependent claim if such multiple dependent
format is an accepted format within the jurisdiction (e.g. each
claim depending directly from claim 1 should be alternatively
taken as depending from all previous claims). In jurisdictions
where multiple dependent claim formats are restricted, the
following dependent claims should each be also taken as
alternatively written in each singly dependent claim format
which creates a dependency from a prior antecedent-possess-
ing claim other than the specific claim listed in such depen-
dent claim below.

[0094] This completes the description of the invention.
Those skilled in the art may recognize other equivalents to the
specific embodiment described herein which equivalents are
intended to be encompassed by the claims attached hereto.

1. A bifurcation stent comprising a main branch portion
and a side branch portion, the main branch portion and the
side branch portion interfacing about a frame, the stent having
an unexpanded state in which the stent comprises a generally
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tubular wall defining a first lumen and an expanded state in
which the said first lumen is radially enlarged and a side
branch projects obliquely outward from the first lumen, the
side branch defining a second lumen in fluid communication
with the first lumen through an opening defined by said frame,
wherein

the frame has a first stable configuration enclosing a first

area when subjected to frame expansion stress within a
first pressure range and the frame expands to a second
configuration enclosing a second area larger than the
first area when the frame is subjected to expansion stress
above the first pressure range.

2. The bifurcation stent of claim 1 wherein the frame in the
first configuration substantially encloses a primary area
which opens into one or more narrow elongated expansion
elements via relative narrow neck areas.

3. The bifurcation stent of claim 2 wherein an elongated
expansion element of said frame is shared with a portion of a
contralateral expansion column of said main branch portion

4. The bifurcation stent of claim 1 wherein the frame
includes at least one closed shape geometry portion that is
collapsible to enlarge the frame area.

5. The bifurcation stent of claim 4 wherein the at least one
closed shape geometry portion forms a polygon.

6. The bifurcation stent of claim 4 wherein the at least one
closed shape geometry has a Y-shape.

7. The bifurcation stent of claim 1 wherein the frame
includes at least mechanism that allows for frame enlarge-
ment by sliding an adjacent rail portion of the stent into the
frame perimeter upon application of expansion pressure to
the frame.

8. The bifurcation stent of claim 7 wherein said sliding
mechanism includes a locking structure to retain the frame in
an enlarged configuration.

9. The bifurcation stent of claim 1 wherein the frame
includes at least one weaker member that connects a first
adjacent end of the frame to a second adjacent end of the
frame, in the second configuration the weaker member allows
the first adjacent end and the second adjacent end to be dis-
posed further from one another than in the first configuration.

10. The bifurcation stent of claim 1 wherein the frame has
portions that are shared with an expansion column of the main
body portion.

11. The bifurcation stent of claim 10 wherein a shared
portion of the frame and a body expansion column has undu-
lations with substantially same amplitude and wavelength as
that of the expansion columns.

12. The bifurcation stent of claim 10 wherein a shared
portion of the frame and a body expansion column has undu-
lations with substantially different amplitude and/or wave-
length as that of the expansion columns.

13. The bifurcation stent of claim 10 wherein an elongated
expansion element of said frame is shared with a portion of a
contralateral expansion column of said main branch portion.

14. The bifurcation frame of claim 1 wherein the frame
comprises three or more undulations each having with an
amplitude that can be modified to enlarge the frame area in the
second configuration.

15. A bifurcation stent comprising a main branch portion
and a side branch portion, the main branch portion and the
side branch portion interfacing about a frame, the stent having
an unexpanded state in which the stent comprises a generally
tubular wall defining a first lumen and an expanded state in
which the said first lumen is radially enlarged and a side
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branch projects obliquely outward from the first lumen, the
side branch defining a second lumen in fluid communication
with the first lumen through an opening defined by said frame,
the frame being enlargeable from a first configuration enclos-
ing a first area to a second configuration enclosing a second
area, the second area being larger than the first area, the frame
comprising three or more undulations each having an ampli-
tude that can be modified to enlarge the frame area in the
second configuration, and said undulations being located in a
portion of the frame not shared with a contralateral expansion
column of the stent.

16. The bifurcation stent of claim 15 wherein the undula-
tions are located in one or more undulating portions located
between non-undulating portions of the frame.
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17. The bifurcation stent of claim 16 wherein an undulated
portion of said frame is shared with a portion of a circumfer-
ential expansion column of said main branch portion.

18. The bifurcation stent of claim 16 wherein the frame in
the first configuration substantially encloses a primary area
which opens into one or more narrow elongated expansion
elements via relative narrow neck areas.

19. The bifurcation stent of claim 18 having expansion
elements of different size at different locations of the frame.

20. The bifurcation stent of claim 16 wherein an undulated
portion of said frame is shared with a portion of a circumfer-
ential expansion column of said main branch portion.
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