w0 2008/118267 A1 |0 00 00 OO0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization Vd”Ij

) IO O OO T 5O

International Bureau

(43) International Publication Date
2 October 2008 (02.10.2008)

(10) International Publication Number

WO 2008/118267 Al

(51) International Patent Classification:
AGIF 2/90 (2006.01)

(21) International Application Number:
PCT/US2008/002330

(22) International Filing Date:
22 February 2008 (22.02.2008)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:

11/692,735 28 March 2007 (28.03.2007) US
(71) Applicant: BOSTON SCIENTIFIC SCIMED, INC.
[US/US]; One Scimed Place, Maple Grove, Minnesota

55311 (US).

(72) Inventors: HEGG, Jens; 2635 Aldrich Avenue, Apt #4,
Minneapolis, MN 55408 (US). MEYER, Michael P.; 6345
Stevens Avenue South, Richfield, MN 55423 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AOQ, AT, AU, AZ,BA, BB, BG, BH, BR, BW, BY, BZ, CA,
CH, CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE,
EG, ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID,
1L, IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC,
LK, LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN,
MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH,
PL, PT, RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, SV,
SY, TJ, TM, TN, TR, TT, TZ, UA, UG, UZ, VC, VN, ZA,
M, ZW.
(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB,GR, HR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL,
NO, PL, PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG,
CIL, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
with international search report

(54) Title: BIFURCATION STENT AND BALLOON ASSEMBLIES

h
.
..
RS

. PR
5%
’. <y

18

16

Sl =
W g

3 10/ / \ \ 5 4
13 27 11
14

FIG. 1

90

(57) Abstract: A bifurcated stent that is positionable adjacent to a branched body vessel. The stent includes a tapered middle portion
with a side branch assembly for positioning within the deviating branch of a body vessel. The portion of the stent positioned within
the first body vessel and the portion positioned within the main branch vessel have largely different sized diameters. The middle
region tapers steeply to bridge this diameter differential. The tapered middle region also angles the side branch assembly which can

easily be extended at an angle to the main body of the stent.
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TITLE

Bifurcation Stent and Balloon Assemblies

CROSS-REFERENCE TO RELATED APPLICATIONS
Not Applicable

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH
Not Applicable

BACKGROUND OF THE INVENTION

Field of the Invention

In some embodiments this invention relates to implantable medical
devices, their manufacture, and methods of use and more particularly to
intravascular stents that include a plurality of cavities formed on one or more

surfaces of the stent and are coated with drugs

Description of the Related Art

Stents, grafts, stent-grafts, vena cava filters, expandable 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. They may be self-expanding, expanded by
an internal radial force, such as when mounted on a balloon, or a combination of
self-expanding and balloon expandable (hybrid expandable). Stents may be
implanted to prevent restenosis following angioplasty in the vascular system.

A complication arises when stenoses form at vessel bifurcation sites.
A bifurcation site 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
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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.

The art referred to and/or described above is not intended to
constitute an admission that any patent, publication 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.

All US patents and applications and all other published documents
mentioned anywhere in this application are incorporated herein by reference in their
entirety.

Without limiting the scope of the invention a brief summary of some
of the claimed embodiments of the invention is set forth below. Additional details
of the summarized embodiments of the invention and/or additional embodiments of

the invention may be found in the Detailed Description of the Invention below.

BRIEF SUMMARY OF THE INVENTION

In one aspect of the present invention provides a bifurcated
intravascular stent with a geometry that provides for a rapid decrease in the diameter
of the main branch vessel relative to the diameter of the parent vessel. The stent
includes a tapered middle portion with a side branch assembly for positioning within
the deviating branch of a body vessel. The portion of the stent within the first body
vessel and the portion within the main branch vessel have largely different sized
diameters. The middle region tapers steeply to bridge this diameter differential.

The tapered middle region also angles the side branch assembly which can easily be
extended at an angle to the main body of the stent.

At least one embodiment of the invention is directed to a bifurcated
stent having a distal region distal to the side opening and having a diameter, a
proximal region proximal to the side opening and having a diameter, and a medial

region between the distal and proximal regions. The stent also has a second body
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comprising at least one projecting member. When the stent is in the expanded state,
the distal region diameter and proximal region diameter have different sizes and the
medial region tapers from the distal region diameter size to the proximal region
diameter size. In at least one embodiment, the difference in the diameter sizes
ranges from 18% to 35% inclusively. The at least one projecting member extends
obliquely from the first body and defines a second lumen therethrough, and the
second lumen is in fluid communication with the first lumen. A therapeutic agent
coating can be positioned on at least one connector, stent member, projecting
member, the distal region, the proximal region, the medial region, the first stent
body, the second stent body, and any combination thereof.

At least one embodiment of the invention is directed to a bifurcated
stent in which the medial region comprises a plurality of interconnected expansion
columns, at least two of the interconnected expansion columns having different
maximum expansion capacities. In one embodiment the plurality can be four
columns. In one embodiment a portion of the medial region extends along a sloped
path between the proximal and distal regions and a portion of the medial region
extending along a non-sloped linear path. The proximal and distal regions can also
be tapered.

At least one embodiment is directed to a bifurcated stent in which the
opening plane and a portion of the first stent body in the proximal region intersect at
less than 145 degrees and/or the opening plane and a portion of the first stent body
in the distal region intersect at greater than 145 degrees. In at least one
embodiment, a portion of the distal region and at least a portion of the proximal
region have a common axis.

At least one embodiment of the invention is directed to a bifurcated
stent having at least one expandable frame which at least partially defines the
perimeter of the side opening. At least one of the at least one projecting members is
engaged to the expandable frame. In the unexpanded state the expandable frame has
an at least partially looped structure with one or more curved regions. The curved
regions at least partially extends within the opening plane to define the side opening
perimeter. In the expanded state the curved regions at least partially straighten

increasing the overall circumference of the side opening area. This expandable
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frame can also increases the overall area of the opening plane along an axis
generally co-linear to an axis extending from the most distal portion of the proximal
region, through the opening plane, to the most proximal portion of the distal region.
This and other aspects of the invention are described in more detail in the

accompanying description and drawings.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

The invention is best understood from the following detailed
description when read in connection with accompanying drawings, in which:

Figure 1 is a lateral view of an expanded bifurcated stent with a
larger diameter at the portion within the parent vessel and a smaller diameter at the
portion within the main branch vessel.

Figure 3A is a lateral cross sectional image of a symmetrical
bifurcated stent with a larger diameter at the portion within the parent vessel and a
smaller diameter at the portion within the main branch vessel.

Figure 3B is a lateral cross sectional image of an asymmetrical
bifurcated stent with a larger diameter at the portion within the parent vessel and a
smaller diameter at the portion within the main branch vessel.

Figure 4A is a lateral cross sectional image of a gradually tapering
symmetrical bifurcated stent with a larger diameter at the portion within the parent
vessel and a smaller diameter at the portion within the main branch vessel.

Figure 4B is a lateral cross sectional image of a gradually tapering
asymmetrical bifurcated stent with a larger diameter at the portion within the parent
vessel and a smaller diameter at the portion within the main branch vessel.

Figure 5A is a lateral cross sectional image of a stepped tapering
symmetrical bifurcated stent with a larger diameter at the portion within the parent
vessel and a smaller diameter at the portion within the main branch vessel.

Figure 5B is a lateral cross sectional image of a stepped tapering
asymmetrical bifurcated stent with a larger diameter at the portion within the parent
vessel and a smaller diameter at the portion within the main branch vessel.

Figure 6 is a PRIOR ART bifurcated stent.

Figure 7 is an overhead view of the side branch assembly of a
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bifurcated stent with a larger diameter at the portion within the parent vessel and a
smaller diameter at the portion within the main branch vessel.

Figure 8 is a cross sectional view of the side branch assembly of a
bifurcated stent with a larger diameter at the portion within the parent vessel and a
smaller diameter at the portion within the main branch vessel.

Figure 9 is representational view of the side branch assembly of an
unexpanded bifurcated stent with an expandable frame array.

Figure 10 is representational view of the side branch assembly of an

expanded bifurcated stent with an expandable frame array.

DETAILED DESCRIPTION OF THE INVENTION

The invention will next be illustrated with reference to the figures
wherein the same numbers indicate similar elements in all figures. Such figures are
intended to be illustrative rather than limiting and are included herewith to facilitate
the explanation of the apparatus of the present invention.

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

Depicted in the figures are various aspects of the invention.
Elements depicted in one figure may be combined with, or substituted for, elements
depicted in another figure as desired.

Referring now to Figure 1, there is shown an expanded bifurcated
stent (1). When deployed, the stent is positioned at and extends along a bifurcation
site from a first or parent vessel (3) into at least two branch vessels, one being a
main branch vessel (4) and one being a deviating branch vessel (2). The main
branch vessel (4) generally extends along the same first longitudinal axis (16) as the
parent vessel (3). The deviating branch vessel (2) generally extends along a second
longitudinal axis (36). Although it would be appreciated by one of ordinary skill in
the art that embodiments in which the main branch vessel extends in a direction
proximal from the bifurcation site and in which the parent vessel extends in a
direction distal from the bifurcation site are contemplated by this invention; for the
sake of clarity, in this application the definition of the term “parent vessel” is that

branch extending in a proximal direction from the bifurcation site and the definition
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of the term “main branch vessel” is that branch extending in a distal direction from
the bifurcation site.

The inter-axis angle (90) formed at the intersection of the first
longitudinal axis (16) and the second longitudinal axis (36) defines an oblique angle.
For the purposes of this application, the definition of term “oblique” is an angle of
greater than zero degrees, such as an angle of between about 1 and about 180
degrees and explicitly includes angles of 90 degrees and of about 90 degrees. In
some bifurcated arteries, the percentage difference between the diameter of the
parent vessel and the diameter of the main branch vessel is a very large and is
caused by a steep tapering in the walls of the main branch vessel. In the context of
this application this large tapering in body vessels is referred to as rapid percent
change vessels or RPs. The tapering in RPs helps the circulatory system maintain
constant fluidic barometric pressure. Examples of RP body vessels include but are
not limited to the left main coronary artery, the left anterior descending (LAD)
artery, and the Circumflex artery. The present invention, while generally suited to
use at a wide variety of bifurcation sites in arteries, veins, and other body lumens, in
some embodiments, are particularly suited for within in RP body vessels.

The bifurcated stent (1) is a hollow structure having an outer surface
(4) positionable adjacent to the body vessel wall. The stent (1) is typically placed on
a catheter shaft and is positioned within a body vessel at the bifurcation site. The
stent (1) comprises a first stent body (10), a side branch or ostial opening (18) along
its surface, and a second stent body. The second stent body comprises a side branch
assembly (30) adjacent to and covering at least a portion of the side branch opening
(18). The inner surface of the first stent body (10) faces and defines a first fluid
lumen (14). The surface of the first stent body (10) defines a first circumferential
wall (12).

In the unexpanded state, the stent as a whole defines a singular
tubular wall which can be substantially cylindrical or which may have regions with
differing diameters or asymmetries around its longitudinal axis.

In the expanded state as shown in FIG. 1, the stent is positioned
within a bifurcation site and the first stent body (10) extends from a position within

the parent vessel (3) to a position within the main branch vessel (4). The second
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stent body comprises the expanded side branch assembly (30) which extends into
the deviating branch vessel (2) and defines the second fluid lumen (34). The first
stent body (10) generally extends along the first longitudinal axis (16) of the parent
vessel (3) and the second stent body (30) generally extends along the second
longitudinal axis (36) of the branch vessel (2).

' A generally tubular portion of the first stent body (10) located at a
position distal to the side branch assembly (30) defines the distal region (13).
Similarly a generally tubular portion of the first stent body (10) located at a position
proximal to the side branch assembly (30) defines the proximal region (15). A
medial region (27) defines the portion of the first stent body (10) between the distal
and proximal regions. The first and second bodies’ periphery are joined at the
ostium (38). The first and second bodies can be joined around the ostium (38) by
connectors or by any other means known in the art. In some embodiments, a
mounting ring or expandable frame can encircle the side opening providing a
defined interface between the first and second bodies. In at least some
embodiments, both the first and second stent bodies are formed from a single solid
tube by known techniques such as laser cutting, chemical etching or the like.

The side branch assembly (30) of the second body comprises two or
more projecting members (32) which extend away from the first circumferential
wall (12). These extended projecting members (32) deﬁﬁe the second fluid lumen
(34). The second fluid lumen is in fluid communication with the first lumen (14).

In at least one embodiment, the projecting member (32) is a petal.
For purposes of this application the definition of the term “petal” is one or more
projecting members (32) capable of twisting, bending, pivoting or otherwise
opening to define a second fluid lumen (34) by opening away from the
circumferential layer (12) of the first stent body (10). '

The petals can be arranged in an iris configuration when the stent (1)
is unexpanded. For purposes of this application the definition of the term “iris” is
one or more petals generally lying along the first circumferential wall (12) of the
stent (1) in the unexpanded configuration and covering at least a portion of the side
branch opening (18). When the stent (1) assumes an expanded state, the petals bend

outward around the ostium (38) in a crown configuration to form the second fluid
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lumen (34). The transition from iris to crown configurations may be accomplished
by balloon expansion, self-expansion or a combination of such mechanisms.

The design of the medial region (27) accommodates the severe and
rapid diameter percentage decrease between the diameter of the parent vessel (3)
and the main branch vessel (4) found in RP body vessels. The distal and proximal
regions each have differing diameters sized to match the respective size of the parent
vessel or main branch that they are positioned within. The proximal region (15) has
a greater expansion capability than the distal region (13). This may be
accomplished by using different materials between the stent regions or by use of
different stent design features such as strut dimensions differences in undulation
frequency and/or amplitude, changes in cell geometry and the like, or combinations
of such differences.

The difference in diameter between the proximal and distal regions of
the stent is bridged by the medial region (27) at least one embodiment of which is
shown in FIG. 2 which includes several undulating expansion columns (28°, 28°’,
28°>’, and 28°°*"), each with progressively differing expansion properties. In at least
one embodiment, the expansion properties of each of the medial columns (28’, 28,
28’7, 28’7"") progressively changes according to the formula:

Lproxiami /Dproximal = Lpistal/Dpistal

In which L is the continuous length of an expansion column’s
undulations and D is the average target vessel diameter or nominal expansion
diameter of a particular stent cross section. Medial columns conforming to this
formula allow the medial column to maintain its scaffolding properties, volume for
drug coatings, and maintain appropriate SAR (surface to artery ratio used for
appropriate drug dosages) while allowing for the stepped decrease or gradual taper
of the stent over the bifurcation. In at least one embodiment, the formula is
applicable to expansion columns having undulations with common amplitudes.

One exemplary embodiment has a four column medial region where
the undulations in each of the columns have equal amplitudes, the value of L for
these medial columns are proportional ratios according to the relationship of:
column-1 (28’) L= 4.0, column-2 (28°*) L= 3.75, column-3 (28°*’) L= 3.50, and

column-4 (28°"*") L= 3.0. For instance, the L values for medial columns may be 4

PCT/US2008/002330
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mm, 3.75 mm, 3.5 mm, and 3 mm, respectively. In at least one embodiment, the
diameter difference between the most distal and most proximal column is between
18% and 35%. The most distal of the medial columns (28°°”’) is attached to the
distal region (13) and has the same diameter as the distal region (13). Similarly the
most proximal of the medial columns (28°) is attached to the proximal region (15)
and has the same diameter as the proximal region (15). The intermediate medial
expansion columns (which in FIG. 2 is represented by 28°°, 28°*’, but there can also
be more, fewer, or none at all) provide scaffolding appropriate to particular cross
sections of the rapid taper of the RP vessel or other body vessel.

The taper of the medial region as well as the body vessel can be
described in terms of a slope expressed according to the common slope equation:
slope = AX/AY wherein AX represents the difference in diameter at two different
portions of the medial region or body vessel (63 and 64 in FIG. 9) and AY
represents the longitudinal displacement relative to the longitudinal axis (71 in FIGs.
9 and 10) of the different diameters. In at least one embodiment, the medial region
matches an RP body vessel which decreases from a diameter of 4 mm to a diameter
of 2.5 mm over a distance of approximately 6 mm resulting in a slope of 0.25. In at
least one other embodiment, the diameter change is from 4 mm to 3 mm over 8 mm
of distance resulting in a slope of 0.125. Embodiments of this invention
contemplate but are not limited to medial regions having a length of between 10 mm
and 3 mm and which have a decrease in diameter from Smm to 2 mm.

Although FIG. 2 illustrates a stent in which the outer surface of each
of the three regions is at least partially defined by expansion columns (7) which
comprise struts (5) connected to immediately adjacent struts (5°) by bent regions (6)
on each end of the struts (5) and in which the expansion columns (7) are connected
to adjacent expansion columns (7°) by connectors (37) it would be understood to
one of skill in the art that the invention encompasses other stent architectures known
in the art. Similarly, although FIG. § illustrates at least one embodiment in which
there are four medial expansion columns, embodiments with two or more medial
expansion columns are within the scope of this invention. In addition, the taper can
be bridged by members other than medial expansion columns such as by ringed

stent sections with different diameters.
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Referring now to FIGs. 3A, 3B, 4A, 4B, 5A and 5B there are at least
three stent configurations utilized by a bifurcated stent for an RP body vessel. Each
of these configurations has an asymmetric alternative (FIGs. 3A, 4A, and 5A) and a
symmetric alternative (FIGs. 3B, 4B, and 5B). In the asymmetric alternatives, the
trans-ostial portion (49) of the stent (1) (the portion of the medial region (27) on the
opposite side of the longitudinal axis (16) from the ostium (38)) is not a substantial
coordinate reflection of the ostium (38) relative to the longitudinal axis (16). The
advantage of an asymmetric alternative is that the trans-ostial portion (49) need not
be expanded in an oblique direction which eases expansion, reduces the possibility
of poor deployment, and reduces the possibility of barotraumas.

Along with the use of a stent (1) with non-identical expansion
columns which allow for a proper fit within an RP body vessel, at least one
embodiment of the invention is directed to an RP tapered balloon catheter which
when expanded, matches the geometric constraints of an RP body vessel and
facilitates the delivery and deployment of the stent within an RP body vessel. The
method of using an RP tapered balloon catheter with a RP tapered diameter stent is
within the scope of the present invention. Furthermore, an RP tapered balloon
curved lengthwise to match the RP tapered diameter stent is also within the scopé of
the present invention. Shapes including but not limited to those disclosed in FIGs.
3A, 3B, 4A, 4B, 5A and 5B are also formed in this manner.

In at least one embodiment, using an RP tapered balloon to at least
partially expand a non-RP tapered stent will also result in an RP tapered expanded
stent. However, since a non-tapered stent has no change in material to compensate
for the change in its surface area, such an expanded stent is RP tapered as a result of
incomplete expansion. This incompletely expanded stent will therefore have
increased material fraction at the main branch. For purposes of this application,
material fraction is the proportion of the surface of the expanded stent covered by
the stent material (such as metal). Shapes including but not limited to those
disclosed in FIGs. 3A, 3B, 4A, 4B, 5A and 5B are also formed in this manner.

FIGs. 3A and 3B each illustrate a lateral stent cross section profile in
which the proximal and distal sections each have a constant diameter and a stepped

medial region (27) bridges between them. This design addresses the rapid taper that
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can occur in RP vessels where the proximal and distal regions themselves are non-
tapered. FIGs. 4A and 4B illustrate lateral stent cross section profiles in which there
is a gradual taper extending completely from the proximal region through the medial
region (27) to the distal region. This design is panicularly suited for body vessels in
which the proximal and distal regions themselves are tapered and do not have a
large change in diameter between the parent vessel and the main branch. FIGs. 5A
and 5B illustrate profiles that accommodate tapers present in the parent vessel and
the main branch as well as being suited for a rapid decrease in diameter between the
parent vessel and the main branch.

A comparison of the stent in FIG.1 with the PRIOR ART stent of
FIG. 6 is useful to appreciate some embodiments of the invention. When compared
with the PRIOR ART stent of FIG. 6 it can be appreciated that tapered stent of
FIG.1 accommodates a rapid decrease in diameter between the parent vessel and the
main branch. In addition, the sloped medial region (27) in the stent of FIG. 1 orients
the side branch assembly (30) along an ostial angle (40) and within a branching
plane (43) which allows the projecting members or petals (32) to extend
substantially along the second longitudinal axis (36). That portion of the side
opening (18) that lies along the branching plane (43) is the opening plane.

Referring again to FIG. 1 there is shown another attribute of the stent
that the ostial angle (40) that the branching plane (43) forms with the first
longitudinal axis (16) greatly facilitates the crowning of the side branch assembly
(40). The fact that the entire ostial region is angled along a common branching
plane (43) reduces the physical requirements of the projecting members or petal
members (32) of the side branch assembly (30) to define a lumen at the same
oblique angle.

The stent of FIG. 1 also provides more side stent coverage than the
PRIOR ART stent of FIG. 6. In both stents, a plurality of ostial engagement points
(97) at the point of engagement between the extended side branch assembly (30) and
the first stent body (10) encircle the ostium (38). In the PRIOR ART stent of FIG.6,
when the second lumen is extended along the inter-axis angle (90) at a non-ninety
degree angle, one ostial engagement point (97) is a most acute side angle or acute

carina (91), one ostial engagement point (97) will be at a most obtuse side angle or
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obtuse carina (92), and the remainder of ostial engagement points (97) will be at one
or more intermediate angles of increasing acuteness relative to their proximity to the
most acute carina (91). There is a direct correlation between the acuteness of an
ostial engagement point’s angle and the axial stress imposed on the ostial
engagement point (97) when the projecting member(s) (such as petals) (33) of the
side branch assembly (30) are in a crown configuration. In the stent of FIG. 1
however, the medial region pivots the ostium as a whole along the branching plane
(43) assuring that all of the ostial engagement points (97) bend along a common
plane and undergo similar levels of stress. This common level of stress removes the
need to selectively reinforce or weaken particular ostial engagement points (97)
relative to the degree to which they bend, flex, or pivot when assuming a crown
configuration.

In at least one embodiment, the stent of FIG. 1 has projecting
members (33) of equal length. The significance of these equally long projecting
members (33) can better be understood by their comparison with the PRIOR ART
stent of FIG. 6. In the PRIOR ART stent of FIG. 6, if it is desirable to have the
second fluid lumen terminus (17) be generally uniformly at a right angle to the
second longitudinal axis (36), the most acute ostial engagement point (91) must be
closer to the second fluid lumen terminus (17) than the other ostial engagement
points (97) are. Similarly, the most obtuse ostial engagement point (92) must be
farther from the terminus than the other ostial engagement points (97). This is
because in the PRIOR ART stent design of FIG. 6, either the various projecting
members (32) must have differing lengths or a terminus (17) with a non-
perpendicular angle and with a non-uniform angle to the second longitudinal axis
(36) will result.

The bifurcated stent of FIG. 1 is particularly suited to provide a
terminus (17) that is generally uniformly at a right angle to the second longitudinal
axis (36). FIG. 1 shows that although the projecting members (33) can all have a
common uniform length regardless of the inter-axis angle (90) they still form a
terminus (17) with a generally uniform circumference. Similarly in at least one
embodiment of the stent of FIG. 1, the projecting members (32) all have a common

uniform length regardless of the inter-axis angle (90) and form a terminus (17) with
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a generally perpendicular circumference relative to the second longitudinal axis
(36). In at least one embodiment, each of the projecting members (33) are equally
wide. In at least one embodiment, each of the projecting members (33) are equally
thick.

The stent (1) can be constructed according to a number of possible
designs. In at least one embodiment, the tubular structure of the distal and proximal
regions of the stent (1) includes a plurality of interconnected expansion struts (5)
which form expansion columns (7). The struts of various expansion columns (7)
can be interconnected by connector struts (37). The open areas bordered by the
various expansion columns (7) and connectors (37) define a plurality of cells (11).
The first stent body (10) has at least one diameter having a first magnitude which
permits intraluminal delivery of the tubular structure into the body vessel
passageway, and is expanded and/or deformed to achieve upon the application of a
radially, outwardly extending force to form diameters which substantially match the
contours of an RP body vessel. In at least one embodiment, in the unexpanded state
the stent as a whole has a generally uniform diameter and in the expanded state the
proximal distal and medial regions assume their different expanded diameters (8).
The side opening and the second lumen can be any number of shapes including but
not limited to rectangular, square, circular, elliptical, or combination thereof. In at
least one embodiment the cells (11) are smaller than the side branch opening (18).

As is shown in FIGs. 7 and 8, at least a portion of the base of the side
branch assembly (30) is an expandable frame (47). Examples of expandable frames
are disclosed in the commonly owned co-pending application 60/859,420 having an
attorney docket number of S63.2-13226-US01 which has a title of “Bifurcation
Stent Design with Over Expansion Capability” which is hereby incorporated by
reference in its entirety. As shown in FIG. 7, in the unexpanded state, the
expandable frame (47) has a generally looped structure about at least a portion of the
side opening with one or more curved regions or additional nested peaks (39) lying
along the first circumferential wall (12). The nested peaks depicted in FIG. 7
comprise a first ascending segment (39°), a second descending segment (39°*), a
third ascending segment (39°”"), a fourth descendmg segment (39°°”’), a fifth
ascending segment (39°°”°”), and a sixth descending segment (39°”°”*”). While FIG.
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7 illustrates a nested peak configuration having six segments, embodiments with
more or fewer segments are contemplated by the invention.

The nested peaks (39) when in the unexpanded state reduce the
overall area of the circumferential wall (12) that the base of the side branch
assembly (30) occupies when the stent is in the unexpanded configuration. When
the expandable frame (47) is expanded as shown in FIG. 8, the additional nested
peaks (39) expand along the branching plane (43) in a direction co-linear to the
opening plane and with the remainder of the base of the side branch array (30). For
purposes of this application the term “co-linear” defines a relationship of elements
where all of the elements are in a common linear order relative to a single axis. This
expansion increases the area of the base the side branch assembly (30) crowns away
from. The expandable frame (47) allows for greater amount of scaffolding support
for the side branch assembly (30) without impinging on the stent’s overall
performance or its ability to be crimped into a size appropriate for implantation.
Petals or other projecting members can be engaged to the nested peak (39) allowing
the second stent body to define a second fluid lumen with a greater volume.

In one embodiment of this invention, the expanded nested peak of
FIG. 8 is completely extended to form a substantially rounded side branch assembly
base. In another embodiment of this invention, the nested peaks only partially
expand to result in an expanded side branch assembly base which still retains some
peaked structures. In another embodiment of this invention, two or more nested
peaks are present on the side branch assembly.

In at least one embodiment the expandable frame (47) facilitates the
increase in length that the side branch assembly spans when the stent is expanded.
A comparison of schematic FIGs. 9 and 10 show that the base of the side branch
assembly (30) when unexpanded as shown in FIG. 9, has a longitudinal length (71)
running parallel to the longitudinal axis (16) which is equal to the sloped length (51)
(the length measured according to the slope of the side branch assembly base (30)).
FIG. 10 however illustrates that the diagonal slope length (51) becomes larger than
the longitudinal length (71) when the stent is expanded. FIG. 9 shows that the
ascending and descending segments (39°, 39°’, 39°”") occupy similar or overlapping

longitudinal positions when unexpanded. It should be understood that FIG. 9 is a
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schematic drawing and the segments are positioned only to demo