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Description

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention. The present invention
relates to medical devices and more specifically to med-
ical devices used in the treatment of vascular stenoses
at or near a bifurcation lesion.
[0002] Stenting is a common medical procedure main-
ly directed at revascularization of stenotic vessels where
a blocked artery is dilated and a stent is placed in the
artery to maintain vessel patency following the proce-
dure. A stent is small mesh like tubular device, usually
fabricated from metal, that can be coated with a drug or
a polymer containing a drug.
[0003] While stents are successful in treating a variety
of lesions in the vascular system, their success is limited
in the treatment of bifurcation lesions and ostial lesions.
Often, during stent placement in the main vessel at a
bifurcation lesion, the stent mesh blocks access to the
side branch thereby disrupting blood flow patterns and
limiting blood flow to the side branch. Additionally, placing
a stent in the side branch of a bifurcation lesion often
results in the stent protruding into the main vessel which
can later interfere with stent placement in the main vessel
as well as limiting branch vessel access.
[0004] In addition to acute problems such as long pro-
cedure time, complications from stents placed in bifurca-
tion lesions can result due to the limited side branch ac-
cess along with the need to use conventional stents
against their intended design or labeled use. This can
compromise long term results resulting in a higher rate
of restenosis as compared to stenting other lesions.
[0005] One method of using conventional stents in bi-
furcation lesions is to deliver a first stent to the main ves-
sel followed by delivering a second stent to the side
branch through the struts of the main vessel stent. How-
ever, this procedure is difficult since the second stent can
get caught while passing through the first stent. Another
commonly used method is to place the side branch stent
before the main vessel stent. In this case, there could be
a gap between the two stents, and restenosis often oc-
curs in this gap. Alternatively, the gap may be eliminated
by delivering the side branch stent with a portion protrud-
ing into the main vessel. In this case the protruding stent
will be crushed during delivery and expansion of the main
vessel stent. Results of crushing the side branch stent
are hard to predict and can lead to undesired deformation
of the stent as well as dissection of the blood vessel.
[0006] Drug eluting stents have demonstrated clinical
success in the coronary vessels but have failed so far to
demonstrate similar success rates in bifurcation lesions.
This outcome is attributed to the lack of metallic stent
coverage in the gap between the main vessel stent and
the side branch stent.
[0007] Conventional stent designs are well disclosed
in the prior art. These designs comprise a number of dif-
ferent stent configurations and geometries along with

various coatings and materials for fabrication. Stainless
steel and cobalt chromium alloys are commonly used for
balloon expandable stents while a nickel titanium alloy
is typically employed in self-expanding stents. The use
of self-expanding stents in the coronary arteries is limited
however, due to the need for accurate sizing and posi-
tioning as well as because of the limited ability for post-
delivery stent manipulation required for optimal stent po-
sitioning.
[0008] Attempts have been made to design a dedicat-
ed stent for bifurcation lesions. There is a need for ostial
side branch support and local drug delivery to the bifur-
cation area via a stent coating. However, current solu-
tions suffer from a number of shortcomings such as high
profile relative to conventional stents, the need for a cum-
bersome delivery system to place the stent in the proper
location and insufficiently accurate rotational positioning
facing the side branch.
[0009] Stents with reduced profiles and improved flex-
ibility have been designed and attempted using self-ex-
panding stents made from superelastic materials (such
as nickel titanium alloy). These stent devices do not re-
quire a balloon to expand the stent and therefore permit
a reduction in profile. However, self-expanding stents are
still difficult to position and deliver to a target bifurcation
site. Once expanded, the nickel titanium stents are not
easily manipulated with a balloon nor is post-delivery dil-
atation very effective.
[0010] Both balloon expandable stents and self-ex-
panding stents for bifurcation lesions are limited in their
ability to accommodate a wide range of bifurcation an-
gles. Self-expanding Nitinol strives to achieve its pre-set
configuration and thus undesired gaps might be created
between the stent and the vessel wall after expansion.
Also, currently available balloon expandable stents are
limited in their ability to adopt the local anatomical con-
figuration.
[0011] To overcome this problem, a "kissing balloon"
technique is often used. In this technique two angioplasty
balloons are simultaneously inflated in the main vessel
and the side branch with the objective of obtaining good
wall apposition of the stents. This technique is currently
the best method available. However, the two balloons
are inserted into the artery over conventional metallic
guidewires that affect the local geometry at the bifurca-
tion site and suppress the real bifurcation angle. Once
the balloons and the wires are pulled out, the side branch
angle is restored to its original position and this can leave
a gap between the stent and the arterial wall.
[0012] For these reasons and others, the current treat-
ment for bifurcation lesions is limited in the complexity of
lesions that can be treated as well as the long term clinical
benefits provided to patients. At least some of these ob-
jectives will be met by the present invention.
[0013] (WO 43/105695) describes a deformable me-
chanical implant, comprising a body defining at least two
anchor points. The body is adapted to be deformed so
that the anchor points are moved relative to each other.
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The implant has at least two elongate extensions each
fixed to an anchor point and a bridge coupling at least
two of the extensions to each other. At least two hinges
are defined on at least one of the extensions with the
hinges having different preferred bending directions.
[0014] WO 2004/006807 describes apparatuses, sys-
tems and methods for repairing aneurysms in the vascu-
lature of a patient by positioning a tube or graft within the
vasculature so that the tube extends to the region of the
aneurysm to provide a blood flow conduit similar to the
native vasculature. The tube is held in place by at least
one expandable body having at least one microstructure.
The microstructures are attached to the expandable body
in a low profile fashion suitable for atraumatic introduction
to the vasculature with the use of a catheter or other
suitable device. Each microstructure has an end which
is attached to the expandable body and a free end. Once
the apparatus is positioned within the vasculature in the
desired location, the one or more microstuctures are de-
ployed so that the free ends project radially outwardly.
The free ends of the deployed microstructures then pen-
etrate the blood vessel wall by continued expansion of
the body.

BRIEF SUMMARY OF THE INVENTION

[0015] Described herein are methods and devices for
the placement of a stent in a bifurcation or ostial lesion.
The term "bifurcation" in this patent includes all types of
bifurcation lesions or lesions near bifurcations in the ves-
sels. The phrases "bifurcation ostium area" and "ostial
lesion" apply to all types of lesions including those located
at aorto-ostial and anastomosis sites.
[0016] According to the present invention, there is pro-
vided a balloon expandable stent as set out in claim 1.
[0017] A main body portion of a balloon expandable
stent is designed to expand and support the main vessel
while a flaring portion is designed to open into and sup-
port a side branch or bifurcation ostium area at least par-
tially in response to expansion of the main body. The
term "flaring portion" used in this application refers to a
portion of the stent that protrudes outwardly from the stent
surface after the stent has been expanded, i.e., it is no
longer radially collapsed. Expansion of the flaring portion
can be achieved with the use of a single balloon disposed
in the main body of the stent and without the need for an
additional balloon that is placed in the flaring portion.
[0018] The stent design eliminates the need for using
self-expanding materials such as nickel titanium alloy
and the self-deploying feature of the flaring portion is
achieved due to the overall design of the stent features
or the balloon features, although in some instances the
present invention could use self-expanding materials in
combination with the balloon expandable components.
[0019] In a first aspect of the present invention, a bal-
loon expandable stent comprises a main body and a flar-
ing portion. The flaring portion is designed to open at
least partially in response to expansion of the main body

and does not depend on direct contact with the balloon
which expands the main body. The flaring portion is dis-
posed on a side of the main body. The flaring portion
comprises a plurality of wings that flare radially outward
into a side branch vessel in response to expansion of the
main body. The wings of the flaring portion typically flare
at an angle in the range from 10 to 150 degrees relative
to a central axis of the stent.
[0020] In a second aspect of the present invention, a
balloon expandable stent comprises a main body and a
flaring portion. The flaring portion is designed to open at
least partially in response to expansion of the main body
and does not depend on direct contact with the balloon
which expands the main body. The flaring portion may
be disposed on an end of the main body. The flaring
portion will usually comprise a plurality of wings that flare
radially outward onto a branch vessel ostium in response
to expansion of the main body. The wings of the flaring
portion typically flare at an angle in the range from 10 to
150 degrees relative to a central axis of the stent.
[0021] Flaring of the stent flaring portion in the present
invention is typically achieved by a leverage mechanism.
The leverage mechanism is connected between the main
body and the flaring portion and therefore, as the main
body expands, the leverage mechanism is also dis-
placed. This displacement and the corresponding expan-
sion forces are then transferred from the main body dur-
ing expansion along the leverage mechanism to the flar-
ing portion. The leverage mechanism can be a part of
the stent pattern which is designed to deflect forces and
lift the side portion. The leverage mechanism can also
be a portion of the main stent body or a portion of the
side branch support structure.
[0022] Also, the flaring portion of the stent may com-
prise a proximal and distal portion. The dimensions of
the leverage mechanism may be modified to make it stiff-
er which permits greater transfer of force and displace-
ment from the main body during expansion to the distal
flaring portion. Therefore, the leverage mechanism de-
flects the distal portion more than the proximal portion,
thereby flaring the distal portion at a greater angle than
the proximal portion.
[0023] The balloon expandable stent may also com-
prise a therapeutic agent disposed over at least a portion
of the balloon expandable stent. The therapeutic agent
may be coated on the stent or sequestered in a polymeric
layer or other carrier added to the balloon expandable
stent. The therapeutic agent is delivered to at least a
portion of the lesion, particularly the main vessel lesion,
side branch lesion or side branch ostium and the thera-
peutic agent helps to reduce restenosis or inflammation
post stent implantation.
[0024] A method is described for delivering a balloon
expandable stent comprises positioning a stent having a
main body in a vessel at an ostial opening to a vessel
side branch and expanding the main body. Expanding
the main body causes a portion of the main body to flare,
at least partially in response to expansion of the main
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body. This stabilizes the stent in the main vessel and
deflects a portion of the balloon expandable stent into
the ostial opening. The flaring portion may be disposed
on a side of the main body or on an end of the main body.
A therapeutic agent may be disposed over at least a por-
tion of the balloon expandable stent. The therapeutic
agent may be coated on the stent or sequestered in a
polymeric layer or other carrier added to the balloon ex-
pandable stent. The therapeutic agent is delivered to at
least a portion of the lesion, particularly the main vessel
lesion, side branch lesion or side branch ostium and the
therapeutic agent helps to reduce restenosis or inflam-
mation post stent implantation.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] Figure 1 shows a two-dimensional representa-
tion of a bifurcation stent, unrolled and flattened.
[0026] Figure 2 shows the wings and connecting struts
of the stent illustrated in Figure 1.
[0027] Figure 3 shows the bifurcation stent of Figure
1 mounted on a balloon.
[0028] Figures 4-6 show the bifurcation stent at the
bifurcation site before, during and after expansion.
[0029] Figure 7 shows a two-dimensional representa-
tion of another bifurcation stent design, unrolled and flat-
tened.
[0030] Figure 8 shows radiopaque markers on the
stent.
[0031] Figure 8a shows a two-dimensional represen-
tation of another bifurcation stent design lengthened with
additional connector struts and with four radiopaque
markers.
[0032] Figure 9 shows the mid-stent area of a bifurca-
tion stent first to expand.
[0033] Figure 10 shows a two-dimensional represen-
tation of an ostial stent, unrolled and flattened.
[0034] Figure 11 shows an end portion of the stent in
Figure 10.
[0035] Figure 12 shows the wings and connecting
struts of the stent in Figure 10.
[0036] Figure 13 shows the ostial stent of Figure 10
mounted on a balloon.
[0037] Figures 14-16 show an ostial stent at a bifurca-
tion site before, during and after expansion.
[0038] Figures 17-19 show an ostial stent at a bifurca-
tion site with an angle between the branching vessels,
before, during and after expansion.
[0039] Figure 20 illustrates the angle of the flaring por-
tion when disposed on a side of the main body.
[0040] Figure 21 illustrates the angle of the flaring por-
tion when disposed on an end of the main body.

DETAILED DESCRIPTION OF THE INVENTION

[0041] The present invention is a balloon expandable
stent for bifurcation and ostial lesions. The word bifurca-
tion in this patent includes all types of bifurcation lesions

and lesions near bifurcations in the vessels or ostial le-
sions of all types including aorto-ostial and anastomosis
sites.
[0042] The stent has a tubular structure and comprises
a main body that is balloon expandable and is capable
of supporting a main vessel. It has a portion which flares
at least partially into a side branch vessel and supports
the side branch ostium in response to expansion of the
main body, without requiring an additional deployment
balloon, An additional balloon may be used to complete
the deployment if needed.
[0043] An example of a bifurcation stent design 10 is
shown in Figure 1 two-dimensionally, unrolled and flat-
tened. Additional structural features of stent 10 are also
illustrated in Figure 2 and Figure 3 shows the same stent
10 mounted on a balloon 20. The stent 10 of Figure 1
comprises a structure 11 designed to radially expand and
a connector 12 between the radially expandable structure
11 and a flaring portion 13.
[0044] The radially expandable structure 11 is at-
tached to both sides of connector 12 but does not nec-
essarily form a circumferential ring. The structure 11 ex-
pands to support the main vessel while enabling the con-
nector 12 to open. Connector 12 is designed to have a
geometrical preference to deform outwardly rather than
along the balloon surface. Once the expandable structure
11 expands and allows the connector 12 to open, con-
nector 12 is deflected outwardly.
[0045] Flaring portion 13 in this example comprises
two wings 14 shown in Figure 2 that are interconnected
with connecting struts 15 also shown in Figure 2. Addi-
tional wings may be added. Alternatively, the wings can
be replaced with meandering struts or any other strut
design. Wings 14 are attached to connectors 12 and are
deployed outwardly into the side branch when the con-
nectors 12 deflect. The wings 14 shown in this example
are symmetrical although each one can have a different
size or design to allow better support of different bifurca-
tion angles. When wings 14 are deployed, connecting
struts 15 are pulled and may add more coverage to the
side branch ostium. The stent further comprises another
radially expandable structure 16 shown in Figure 1 that
expands due to balloon inflation and supports the main
vessel at the mid-stent area. This area can be designed
with many different patterns to allow coverage of the main
vessel.
[0046] Figures 4, 5 and 6 illustrate a bifurcation stent
design 10 undergoing the expansion process. Figure 4
shows the stent 10 comprising a flaring region 13 crimped
over a balloon 20 in a blood vessel (BV), Figure 5 shows
the stent during expansion where the flaring portion 13
begins to flare in response to main body expansion and
Figure 6 shows the fully expanded stent with the flaring
portion 13 extending into a side branch. Figure 20 shows
α, the angle of the flaring portion relative to a central axis
of the stent, which is in the range from 10 to 150 degrees,
and the flaring portion is disposed on a side of the stent
main body.
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[0047] Figure 7 shows another stent design 100 con-
taining the similar structural features as previously de-
scribed in Figures 1 and 2, but with dimensions of struc-
tural features varied. In one embodiment the main stent
body has a different stiffness near its proximal and distal
ends as compared to the mid-stent region. This causes
the center of the stent to expand first during deployment.
Deployment of the center of the stent and the flaring por-
tion can be achieved by altering the design of the balloon
as shown in Figure 9. One such example is a thinner
balloon wall thickness closer to the center of the balloon
21. This pushes the flaring portion against the side branch
ostium and it is deployed inside the side branch. Early
expansion of the area near the flaring portion pushes the
stent into place before deploying the flaring portion. The
balloon center area design 21 can be controlled by the
wall thickness, mold design or thermal treatments of the
polymer.
[0048] Varying the radial stiffness of different areas of
the stent can be achieved in various ways. One option
is to reduce the width of struts (e.g. 106) or their thickness
in the stent area that is closest to the flaring portion. Op-
tionally, longer struts may be used when lower stiffness
is desired. Another possible way is to increase the spac-
ing between intersecting struts in areas where less radial
stiffness is desired (e.g. 101, 106).
[0049] In one embodiment the flaring portion structure
13 is designed to deploy to a 90 degree angle. In another
embodiment the flaring portion 13 is designed to be de-
ployed to various pre-determined angles. In yet another
embodiment the flaring portion 13 is tilted at varying an-
gles to fit the bifurcation angle anatomy. An additional
way to control the degree of flaring is by applying different
inflation pressures to the main body of the balloon used
for stent expansion.
[0050] In an alternative embodiment the stent is sym-
metrical and therefore both wings 14 of the flaring portion
13 deploy in the same way and to the same angle. Alter-
natively the stent 10 may not be symmetrical which caus-
es the distal area of the flaring portion 13 to deploy at a
greater angle than the proximal area of the flaring portion
13. This can be achieved by transmitting less force on
the connecting strut 12 at the proximal side which in turn
deflects less and therefore lifts the wing 14 to a lower
angle.
[0051] An example of a way to transmit less force along
the connecting strut 12 is to make the radially expandable
structure 11 weaker by using radially expandable struc-
ture struts that are either longer, thinner or both. Similarly,
stiffening connecting strut 12 on the distal side transmits
more force and therefore deflects more thereby lifting the
distal wing 14 to a greater angle than the proximal wing.
Alternatively, the wings 14 may have different designs to
allow for different properties and also to maximize other
benefits such as selective drug delivery for example.
[0052] In another embodiment the stent may comprise
radiopaque markers to assist accurate positioning of the
stent. For example, in Figure 8, radiopaque markers (30)

fabricated from radiopaque materials such as gold, plat-
inum, tantalum and the like, can be attached to the stent
10 at different locations and can be viewed via fluoros-
copy. Figure 7 shows an example of a stent where the
wings 114 of the flaring portion are designed to include
a marker welded or otherwise attached to the stent. Pre-
ferred locations for these radiopaque markers are the
wings 114 of the flaring portion. Having radiopaque mark-
ers placed on each of the wings 114 of the flaring portion
will assist the physician in determining where the flaring
portion is positioned relative to the side branch before
stent expansion as well as helping to position the stent
accurately. It will also enable the physician to see the
flaring portion deployed into the vessel side branch. This
is advantageous because not only does it help the phy-
sician to identify the side branch location but also helps
in placing a second stent or re-guidewiring the side
branch for post deployment treatments of the side branch
area. Multiple radiopaque markers 308 may be attached
to the flaring region in order to further enhance visibility
as illustrated in Figure 8a, which shows four radiopaque
markers.
[0053] The stent can be made from biocompatible al-
loys such as stainless steel, cobalt chromium, titanium,
nickel titanium alloys, niobium alloys or any other material
suitable for use in body implants. The stent may further
include graft materials such as PTFE or polymer mem-
branes. The stent may be coated with an anti-inflamma-
tory drug or other therapeutic agents with or without a
polymer. The use of self-expanding materials such as
nickel titanium alloys is optional but not necessary for the
functionality of the stent and the self-opening of the flaring
portion. The stent can be made of resorbable or absorb-
able materials such as different polymer formulations,
magnesium alloys and other materials that are resorba-
ble or absorbable under body conditions.
[0054] Figures 1 and 2 also illustrate another embod-
iment where the stent 10 comprises three sections, a
stent main body, a flaring portion 13 and a leverage
mechanism 12 or 15 connecting the main body and the
flaring portion 13. The leverage mechanism 12 or 15 is
designed to connect the flaring portion 13 and the main
body in a way such that forces and displacement resulting
from the partial expansion of the stent main body or the
inflation of the main body balloon are transferred and
utilized to expand the flaring portion 13. The leverage
mechanism 12 or 15 may be integrated with the design
of the flaring portion 13 or the main body to help deploy
the flaring portion 13 once the main body balloon is in-
flated, and can be fabricated in the same way as the rest
of the stent. For example, the entire stent pattern includ-
ing the side portion and the leverage mechanism may be
laser cut from a tube.
[0055] In yet another embodiment of the invention the
main body and the flaring portion share the same pattern
or same pattern features. These two portions of the stent
are connected by a leverage mechanism with different
design features aimed to deploy the flaring portion by
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leveraging the geometrical changes and forces resulting
from the main body expansion.
[0056] In another embodiment the flaring portion ex-
pansion occurs before the completion of the main body
expansion. In this embodiment the side branch portion
expansion helps the positioning and the alignment of the
stent in the bifurcation area and allows the stent system
to acquire the angle of the bifurcation and comply with
the local anatomy.
[0057] In one embodiment the main body of the stent
has more than a single pattern. In this case the area of
the stent that is close to the flaring portion has a different
pattern than the areas of the stent that are further away
from the flaring portion. The flaring portion may have ei-
ther one of these patterns, a different pattern or no pattern
at all.
[0058] In another embodiment the stent design allows
the use of a delivery system with a single balloon without
the need for additional means for deploying the flaring
portion. In this embodiment the profile of the system can
be very low as compared to other bifurcation stent sys-
tems and is typically lower than 0.06," (1.52mm), prefer-
ably lower than 0.05" (1.27mm) and usually lower than
0.04" (1.02mm) which is a typical profile of conventional
stents not dedicated to bifurcation lesions. This low pro-
file can be achieved due to the design of the stent and
the automatically deployed flaring portion.
[0059] In another embodiment the stent can be coated
with various coatings including biocompatible oxide lay-
ers such as Ir oxide and the like, drug containing polymer
coatings whether biodegradable or not, or drug mole-
cules, that can help reduce restenosis or minimize in-
flammation or impact biological processes in the vessel
with a beneficial outcome for the patient.
[0060] In another embodiment the stent has a crimped
configuration and an expanded configuration. Usually in
the crimped configuration the flaring portion is crimped
with the stent but is not necessarily flush with the crimped
main stent body because struts in the flaring portion are
not necessarily flush with the crimped cylindrical surface
of the stent. Sometimes the flaring portion can be crimped
flush with the main body of the stent.
[0061] In yet another embodiment the stent has a
crimped configuration and an expanded configuration,
whereas in the crimped configuration the proximal and
distal ends of the stent are crimped to a smaller diameter
than the middle area of the stent.
[0062] Now turning to Figure 8a, another embodiment
is illustrated with additional radiopaque markers 308 in
the flaring region and additional struts 310 which length-
en the stent body. Figure 8a illustrates a bifurcation stent
300 two-dimensionally, unrolled and flattened. The stent
300 of Figure 8a comprises a structure 301 designed to
radially expand and a connector 302 between the radially
expandable structure 301 and the flaring portion of the
stent 305 and 313. The radially expandable structure 301
is attached to one side of connector 302 but does not
necessarily form a circumferential ring. The radially ex-

pandable structure 301 expands to support the main ves-
sel while enabling connector 302 to open. Connector 302
is designed to have a geometrical preference to deform
outwardly rather than along the balloon surface. Once
the expandable structure 301 expands and allows the
connector 302 to open, connector 302 is deflected out-
wardly.
[0063] A flaring portion of the stent comprises four
wings 313 shown in Figure 8a that are interconnected
with connecting struts 305 which also flare and form part
of the flaring portion. The wings 313 are attached to con-
nectors 302 and are deployed outwardly into the side
branch when the connectors 302 deflect. The wings 313
shown in this example are symmetrical although each
one can have a different size or design to allow better
support of different bifurcation angles. When wings 313
are deployed, connecting struts 305 are pulled inward
and may add more coverage to the side branch ostium.
[0064] Many delivery systems used to treat a bifurca-
tion lesion have a side sheath or a side branch guidewire
that is placed in the side branch. In most cases the side
sheath or side branch wire passes beneath the proximal
side of the stent and exits through the side opening of
the stent. In this embodiment, the side branch sheath or
guidewire passes beneath the proximal wing 313 and
over the distal wing 313, which could interfere with distal
wing deployment. Having four wings 313 is advanta-
geous because it creates a space in between the wings
313 and permits the side branch catheter sheath or
guidewire to be deployed into the side branch without
interfering with the wings 313.
[0065] The stent further comprises another radially ex-
pandable structure 306 shown in Figure 8a that expands
due to balloon inflation and supports the main vessel at
the mid-stent area. This area can be designed with many
different patterns to allow for coverage of the main vessel.
[0066] Wings 313 have also been modified so that the
stent may further comprise radiopaque markers to assist
accurate positioning of the stent. For example, in Figure
8a, radiopaque markers 308 fabricated from radiopaque
materials such as gold, platinum, tantalum and the like,
can be attached to the stent 300 on the wings 313. The
markers 308 may be attached to the wings 313 by swag-
ing, welding, or fusing, for example.
[0067] These four markers 308 are advantageous be-
cause they assist the physician in viewing the flaring por-
tion of the stent relative to the side branch before stent
expansion as well as helping to position the stent more
accurately. It will also enable the physician to see the
flaring portion deployed into the vessel side branch. This
is advantageous because not only does it help the phy-
sician to identify the side branch location but also helps
in placing a second stent or re-guidewiring the side
branch for post deployment treatments of the side branch
area. Additionally, having four markers on the stent en-
ables the physician to determine the stent rotational ori-
entation under fluoroscopy prior to stent deployment.
When all four markers can be detected, this is an indica-
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tion that the stent side portion is either facing the fluor-
oscopy screen or facing 180 degrees the other way. The
physician can then torque the device and rotate it until
only two markers are observed, indicating a side view,
facing the ostium direction thereby confirming that the
stent is properly aligned for deployment.
[0068] The basic stent design described herein results
in a relatively short stent, typically six to eight millimeters
long. Furthermore, the architecture of the stent can be
designed to foreshorten during stent deployment and
cause movement of the struts toward the bifurcation area
resulting in more support to the bifurcation area.
[0069] In main vessels, the average lesion length is
about 15 millimeters and most lesions are in the range
of 10 to 20 millimeters. Placing a short stent at the bifur-
cation site often will require placing additional stents both
proximally and distally to the bifurcation stent. This is
difficult and undesirable since additional stents may en-
tangle as they pass through the delivered stent. For this
reason, it is desirable to add length to the stent both prox-
imally and distally and provide stent designs that vary in
length typically between 10 and 20 millimeters. An addi-
tional lengthening structure can be added to the stent
symmetrically around the side portion or may be added
to proximal or distal sections of the stent. This additional
structure can be designed with many different geometries
that support a vessel wall.
[0070] Many such geometries have been described
previously. A common design for example comprises
rows of sinusoidal rings that are radially collapsed prior
to expansion and radially opened upon balloon expan-
sion. These sinusoidal rings are commonly interconnect-
ed with a variety of connector designs. The connector
design either allows stent foreshortening during expan-
sion or the connector design allows stent lengthening
during expansion. For example, when rows of sinusoidal
rings are placed peak-to-peak and a connector joins ad-
jacent peaks of the rows, the stent will foreshorten during
expansion. On the other hand, if the adjacent rings are
interconnected with a connector between adjacent val-
leys, the stent will lengthen during expansion. Thus, ad-
ditional rows may be added to produce a stent that length-
ens during expansion to compensate for foreshortening
around the stent side portion and provides a length in the
range of 10 to 20 millimeters.
[0071] Figure 8a illustrates additional struts 310 which
connect adjacent radially expandable structures 301 so
that the stent lengthens during expansion, as describe
above. Figure 8a shows the radially expandable struc-
tures 301 symmetrical on both side of the stent 300. How-
ever, either the proximal or distal end may comprise ad-
ditional radially expandable structures 301 with a strut
310 in between adjacent radially expandable structures
301 to produce varying length stents. Additionally, all of
the modifications and variations discussed above for oth-
er bifurcation stents may be applied to the embodiment
of Figure 8a.
[0072] In another embodiment the stent 200 of Figure

10 has a crimped configuration and an expanded config-
uration. In the crimped configuration the proximal area
of the stent is crimped to a first diameter and the distal
area of the stent is crimped to a second, smaller diameter.
Also, the proximal area of the flaring portion 203 is flush
with the stent proximal area and distal area of the flaring
portion 203 is also flush with the stent distal area. An
example of such a stent design 200 is shown in Figures
10-13, where Figures 10-12 shows a two-dimensional
view of the stent 200 and Figure 13 shows the same stent
200 mounted on a balloon 20.
[0073] In another embodiment, Figures 10-13 describe
an example of an ostial stent design 200, similar to the
bifurcation design 10 previously discussed. The ostial
stent design 200 comprises a structure 201 shown in
Figure 10 which is designed to expand, a connector 202
that connects between the radially expandable structure
201, and an edge portion 203 shown in Figure 11. The
radially expandable structure 201 is made of elements
that do not necessarily form a circumferential ring and
hang on both sides of the connector 202. The structure
expands to support the side branch vessel while enabling
the connector 202 to open.
[0074] Connector 202 is designed to have a geomet-
rical preference to deform outwardly rather than along
the balloon surface. Once the expandable structure 201
expands and allows the connector 202 to open, the con-
nector 202 is deflected outwardly. The edge portion 203
comprises two wings 204 shown in Figure 12 that are
interconnected with connecting struts 205. These wings
204 are located on the connectors 202 and are deployed
outwardly into the side branch ostium when the connec-
tors 202 deflect. The wings 204 shown in this example
are symmetrical although each one can have different
size or design to allow better support of different bifurca-
tion angles. An example of an alternate wing design com-
prises meandering struts. When the wings 204 are de-
ployed, the connecting struts 205 are pulled and may
provide more coverage to the side branch ostium.
[0075] The stent 200 further comprises another radi-
ally expandable structure 206 shown in Figure 10 that
expands due to inflation of the balloon and supports the
side branch vessel at the stent area close to the ostium.
This area of the stent can be designed with many different
patterns to allow coverage of the side branch vessel.
[0076] In another example the stent may consist an
array of connectors 202 attached directly to each other
without the expandable structure 201. In this case the
stent 200 may include more then two connectors 202.
The number of connectors may be two to six, or more.
[0077] Figures 14-16 illustrate the process of ostial
stent expansion. Figure 14 shows the stent 200 crimped
over a balloon 20 in a blood vessel BV while Figure 15
shows the stent edge portion 203 deployed after the stent
200 has been expanded. Figure 16 shows the fully ex-
panded stent 200 after the balloon 20 is withdrawn. Fig-
ure 21 shows α, the angle of the flaring portion relative
to a central axis of the stent, and is in the range from 10
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to 150 degrees. In Figure 21, the flaring portion is dis-
posed on an end of the stent main body.
[0078] In another embodiment the main stent body has
a different stiffness near the distal end than the area of
the stent closer to the ostium. This results in the stent
area closer to the ostium to expand first. Deployment of
the distal area of the stent and the edge portion can be
achieved by altering the design of the balloon to have a
larger diameter at the edge portion area. Another exam-
ple is a thinner balloon wall thickness closer to the edge
portion of the stent. This way the edge portion is pushed
against the side branch ostium. Early expansion of the
area near the edge portion pushes the stent into position
before deploying the stent main body. Balloon distal area
design can be controlled by the wall thickness, mold de-
sign or thermal treatments of the polymer.
[0079] Differences in the radial stiffness in different re-
gions of the stent can be achieved by various means.
One option is to reduce strut width or thickness in the
stent area closest to the edge portion. Another option is
to use longer struts where lower stiffness is desired. An-
other possible way is to increase the spacing between
intersecting struts in areas where less radial stiffness is
desired.
[0080] In one embodiment the edge portion structure
is designed to deploy to a 90 degree angle. In another
variation, the edge portion is designed to be deployed in
various pre-determined angles. Optionally, the edge por-
tion may be tilted at different angle to accommodate small
bifurcation angle anatomy. An additional way to control
the degree of flaring is by applying different inflation pres-
sures to different sections of the stent with the balloon
used for stent expansion.
[0081] In another embodiment the stent is symmetrical
and both wings 204 of the edge portion 203 deploy the
same way and at the same angle. Alternatively the stent
may not be symmetrical, thus the distal area of the edge
portion 203 deploys at a greater angle relative to the prox-
imal area of the flaring portion. This can be achieved by
transmitting less force on the connecting strut 202 at the
proximal side which in turn will deflect less and lift the
wing 204 to a lesser angle.
[0082] An example of a way to transmit less force on
the connecting strut 202 is to make the radially expand-
able structure 201 weaker by making the radially expand-
able structure struts either longer or thinner or both. Sim-
ilarly, stiffening connecting strut 202 on the distal side
transmits more force and therefore deflects more thereby
lifting the distal wing 204 to a greater angle than the prox-
imal wing. Alternatively the wings 204 may have different
designs to allow for different properties and also to max-
imize other benefits such as selective drug delivery for
example. Figures 14-16 show the wings 204 opposed to
one another. The number of wings can vary from one to
eight wings, preferably two to four wings.
[0083] When the side branch take off angle is less then
90 degrees the ostium morphology is not cylindrically
symmetrical as shown in Figures 17-19. In order to ac-

commodate that morphology the stent 200 may have an
angulated geometry, meaning that the crimped stent pro-
file is cut at an angle at the proximal end (Figure 17). The
wings 204 may be gradual and asymmetrical around the
stent axis, thus one wing is closer to the stent distal end
than the other. When the stent 200 is deployed in the
blood vessel (BV) with a balloon (20), the wings 204 com-
ply with the ostium angulation as shown in Figures 17-19.
[0084] The wings can also differ in length since the
distal side of the ostium is longer than the proximal side.
The profile of the distal side of the ostium is different than
the profile of the proximal side of the ostium. The wings
can assume the same or different profiles in order to ac-
commodate different ostial regions.
[0085] The stent may comprise radiopaque markers
similar to 30 in another embodiment, to assist with accu-
rate positioning of the stent. An example is a radiopaque
marker made from radiopaque material such as gold,
platinum, tantalum and the like, that can be attached to
the stent at different locations and can be viewed via
fluoroscopy. Preferred locations for these radiopaque
markers are the wings 204 of the edge portion. Having
radiopaque markers placed on each of the wings 204 of
the flaring portion will assist the physician in determining
where the edge portion 203 is positioned relative to the
ostium before stent expansion as well as helping to po-
sition the stent accurately. It will also enable the physician
to see the edge portion 203 deployed over the ostium.
This is advantageous because not only does it help the
physician to identify the side branch location but also
helps in placing a second stent or re-guidewiring the side
branch for post deployment treatments of the side branch
area.
[0086] The stent can be made from biocompatible al-
loys such as stainless steel, cobalt chromium, titanium,
nickel titanium alloys, niobium alloys or any other material
suitable for use in body implants. The stent may further
include graft materials such as PTFE or polymer mem-
branes. The stent may be coated with anti-inflammatory
drug or other therapeutic agents with or without a poly-
mer. The use of self-expanding materials such as nickel
titanium alloys is optional but not necessary for the func-
tionality of the stent and the self-opening of the edge
portion. The stent can be made of resorbable or absorb-
able materials such as different polymer formulations,
magnesium alloys and other materials that are resorba-
ble or absorbable under body conditions.
[0087] In one embodiment the stent 200 comprises
three sections, a main stent body, an edge portion 203
and an optional leverage mechanism 202 or 205 con-
necting the main body and edge portion 203. The lever-
age mechanism 202 or 205 is designed to connect the
edge 203 portion and the main body in a way such that
forces and displacement resulting from the partial expan-
sion of the main body or the inflation of the main body
balloon are transferred and utilized to expand the edge
portion 203. Alternatively the leverage mechanism 202
or 205 can be integrated with the design of the edge
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portion 203 or the main body to help deploy the edge
portion 203 once the main body balloon is inflated, and
can be fabricated in the same way as the rest of the stent.
For example, the entire stent pattern including the side
portion and the leverage mechanism may be laser cut
from a tube.
[0088] In another embodiment of the invention the
main body and the edge portion share the same pattern
or same pattern features. These two portions of the stent
are connected by a leverage mechanism with different
design features aimed to deploy the edge portion by lev-
eraging the geometrical changes and forces resulting
from the main body expansion.
[0089] In an alternative embodiment, the edge portion
expansion occurs before the completion of the main body
expansion. This helps with positioning and alignment of
the stent in the bifurcation area, allows the stent system
to acquire the angle of the bifurcation and helps to comply
with the local anatomy.
[0090] Alternatively, in another embodiment the main
body of the stent has more than a single pattern. In this
case the area of the stent that is close to the location of
the edge portion has a different pattern than areas of the
stent further away from the edge portion. The edge por-
tion may have either one of those patterns, a different
pattern or no pattern at all.
[0091] The stent design allows the use of a delivery
system with a single balloon without the need for addi-
tional means for deploying the edge portion. In this em-
bodiment the profile of the system can be very low when
compared to other bifurcation or ostial stent systems and
is typically lower than 0.06" (1.52mm), preferably lower
than 0.05" (1.27mm) and usually lower than 0.04"
(1.02mm) which is a typical profile of conventional stents
not dedicated to bifurcation or ostial lesions. This low
profile can be achieved due to the design of the stent and
the automatically deployed edge portion.
[0092] In further embodiments the stent can be coated
with various coatings including biocompatible oxide layer
such as Ir oxide and the like, drug containing polymer
coatings whether biodegradable or not, or drug mole-
cules, that can help reduce restenosis or minimize in-
flammations or impact biological processes in the vessel
with a beneficial outcome for the patient.
[0093] In still another embodiment the stent has a
crimped configuration and an expanded configuration.
Usually in the crimped configuration the edge portion is
crimped with the stent but is not necessarily flush with
the crimped main body because the struts of the edge
portion are not necessarily flush with the crimped cylin-
drical stent surface. However, the edge portion may be
crimped flush with the main body of the stent. In another
variation, the proximal or distal ends of the stent are
crimped to a smaller diameter then the middle area of
the stent.
[0094] The described methods and catheters and sys-
tems can be utilized to deliver a wide variety of active
substances, including drugs useful for treating a wide

variety of luminal diseases and conditions. The described
apparatus embodying the present invention are particu-
larly useful for delivering a wide variety of therapeutic
and pharmaceutical agents, referred to collectively here-
in as active substances, particularly those suitable for
treating vascular and other luminal conditions. For ex-
ample, antiproliferative and antimitotic agents such as
paclitaxel or others, anti-inflammatory agents, immuno-
suppressive agents such as sirolimus (rapamycin) or oth-
ers, antiproliferative and antimitotic antimetabolites such
as folic acid analogs and any other therapeutic agent that
can add benefit to the patient. The active substance may
be provided on or within the stent in a variety of ways.
For example, the active substance may be coated over
at least a portion of an exposed surface of the stent, typ-
ically by dipping, spraying, painting, plasma deposition,
electroplating, centrifuge systems or the like. More typi-
cally, however, the active substance may be incorporated
in a polymeric carrier. Suitable polymeric carriers may
be resorbable, such as those comprising polylactic acids
(PLA), polyglycolic acids (PLG), collagens, and the like.
Alternatively, the polymeric carrier may be a porous but
non-resorbable material.
[0095] While the above is a complete description of
the preferred embodiment of the invention, various alter-
natives, modifications, additions and substitutions are
possible without departing from the scope thereof, which
is defined by the claims.

Claims

1. A balloon expandable stent comprising:

a main body having a flaring portion which flares
at least partially in response to expansion of the
main body (11), the flaring portion comprising at
least two meandering struts (14), each mean-
dering strut (14) being attached to a respective
connector (12) attached between the main body
(11) and the meandering strut, the main body
(11) being attached to both sides of each con-
nector, the connectors being designed to deform
outwardly such that, in use, once the expanda-
ble main body expands, the connectors deflect
outwardly to deploy the meandering struts into
a side branch vessel, the meandering struts be-
ing interconnected with connecting struts (15)
that are pulled to add more coverage to the side
branch vessel when the meandering struts are
deployed.

2. The balloon expandable stent of claim 2, wherein
each meandering strut of the flaring portion (13) com-
prises a radiopaque marker.

3. The balloon expandable stent of any one of the pre-
ceding claims, wherein the flaring portion flare is ar-
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ranged at an angle in the range from 10 to 150 de-
grees relative to a central axis of the balloon expand-
able stent, when the main body is expanded.

4. The balloon expandable stent of any one of the pre-
ceding claims, further comprising a therapeutic
agent disposed over at least a portion of the balloon
expandable stent.

5. The balloon expandable stent of claim 4, further com-
prising a polymeric layer, wherein the therapeutic
agent is sequestered in the polymer layer.

6. The balloon expandable stent of any of the preceding
claims, wherein the connectors are open loops with
the two ends of the loop being attached to the main
body so that the two ends are pulled apart as the
main body expands, each meandering strut (14) be-
ing attached to its respective connector intermediate
the two ends of the loop.

7. The balloon expandable stent of claim 6, wherein
the main body comprises a plurality of circumferen-
tial rings and the ends of each loop are attached to
a respective circumferential ring.

Patentansprüche

1. Ein ballonexpandierbarer Stent umfassend:

einen Hauptkörper mit einem Erweiterungsab-
schnitt, welcher sich mindestens teilweise in Re-
aktion auf eine Ausdehnung des Hauptkörpers
(11) erweitert, wobei der Erweiterungsabschnitt
wenigstens zwei gewundene Verstrebungen
(14) aufweist, jede gewundene Verstrebung
(14) an einem entsprechenden Verbindungs-
glied (12) angeordnet ist, welches zwischen
dem Hauptkörper (11) und der gewundenen
Verstrebung (14) angeordnet ist, der Hauptkör-
per (11) an beiden Seiten jedes Verbindungs-
glieds (12) angeordnet ist, die Verbindungsglie-
der gestaltet sind, um sich auswärts zu verfor-
men, so dass bei Benutzung, wenn der expan-
dierbare Hauptkörper expandiert, die Verbin-
dungsglieder auswärts ausgelenkt werden, um
die gewundenen Verstrebungen in ein seitliches
Zweiggefäß einzusetzen und die gewundenen
Verstrebungen untereinander mit Verbindungs-
verstrebungen (15) verbunden sind, welche ge-
zogen sind, um eine zusätzliche Abdeckung des
seitlichen Zweiggefäßes hinzuzufügen, wenn
die gewundenen Verstrebungen eingesetzt
sind.

2. Ballonexpandierbarer Stent nach Anspruch 1, wobei
jede der gewundenen Verstrebungen des Erweite-

rungsabschnitts (13) einen röntgenstrahlenundurch-
lässigen Marker aufweist.

3. Ballonexpandierbarer Stent nach einem der voran-
gegangenen Ansprüche, wobei die Erweiterung des
Erweiterungsabschnitts in einem Winkel im Bereich
von 10 bis 150 Grad relativ zu einer zentralen Achse
des ballonexpandierbaren Stents angeordnet ist,
wenn der Hauptkörper expandiert ist.

4. Ballonexpandierbarer Stent nach einem der voran-
gegangenen Ansprüche, weiterhin ein therapeuti-
sches Agens umfassend, welches mindestens über
einen Anteil des ballonexpandierbaren Stents ange-
ordnet ist.

5. Ballonexpandierbarer Stent nach Anspruch 4, wei-
terhin eine Polymerschicht umfassend, wobei das
therapeutische Agens in die Polymerschicht abge-
sondert ist.

6. Ballonexpandierbarer Stent nach einem der voran-
gegangenen Ansprüche, wobei die Verbindungs-
glieder offene Schleifen sind, wobei die beiden En-
den der Schleife mit dem Hauptkörper verbunden
sind, so dass die beiden Enden auseinander gezo-
gen werden, wenn der Hauptkörper expandiert, wo-
bei jede gewundene Verstrebung (14) an dem ent-
sprechenden Verbindungsglied zwischen den bei-
den Enden der Schleife angeordnet ist.

7. Ballonexpandierbarer Stent nach Anspruch 6, wobei
der Hauptkörper eine Vielzahl von umlaufenden Rin-
gen umfasst und die Enden jeder Schleife an einem
entsprechenden umlaufenden Ring angeordnet
sind.

Revendications

1. Stent expansible à ballonnet, comprenant :

un corps principal ayant une partie évasée qui
s’évase au moins partiellement en réponse à
l’expansion du corps principal (11), la partie éva-
sée comprenant au moins deux entretoises à
méandres (14), chaque entretoise à méandres
(14) étant fixée sur un connecteur (12) respectif
fixé entre le corps principal (11) et l’entretoise à
méandres, le corps principal (11) étant fixé des
deux côtés de chaque connecteur, les connec-
teurs étant conçus pour se déformer vers l’ex-
térieur de sorte que, à l’usage, une fois que le
corps principal expansible s’expanse, les con-
necteurs dévient vers l’extérieur afin de dé-
ployer les entretoises à méandres dans un vais-
seau de ramification latéral, les entretoises à
méandres étant interconnectées avec des en-
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tretoises de raccordement (15) qui sont tirées
pour ajouter davantage de recouvrement au
vaisseau de ramification latéral lorsque les en-
tretoises à méandres sont déployées.

2. Stent expansible à ballonnet selon la revendication
2, dans lequel chaque entretoise à méandres de la
partie évasée (13) comprend un marqueur radio-
opaque.

3. Stent expansible à ballonnet selon l’une quelconque
des revendications précédentes, dans lequel l’éva-
sement de la partie évasée est agencé selon un an-
gle de l’ordre de 10 à 150 degrés par rapport à un
axe central du stent expansible à ballonnet, lorsque
le corps principal est expansé.

4. Stent expansible à ballonnet selon l’une quelconque
des revendications précédentes, comprenant en
outre un agent thérapeutique disposé sur au moins
une partie du stent expansible à ballonnet.

5. Stent expansible à ballonnet selon la revendication
4, comprenant en outre une couche polymère, dans
lequel l’agent thérapeutique est enfermé dans la
couche polymère.

6. Stent expansible à ballonnet selon l’une quelconque
des revendications précédentes, dans lequel les
connecteurs sont des boucles ouvertes avec les
deux extrémités de la boucle qui sont fixées au corps
principal de sorte que les deux extrémités sont écar-
tées au fur et à mesure que le corps principal s’ex-
panse, chaque entretoise à méandres (14) étant
fixée sur son connecteur respectif entre les deux ex-
trémités de la boucle.

7. Stent expansible à ballonnet selon la revendication
6, dans lequel le corps principal comprend une plu-
ralité d’anneaux circonférentiels et les extrémités de
chaque boucle sont fixées sur un anneau circonfé-
rentiel respectif.
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