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EXPANDABLE MEDICAL DEVICE DELIVERY SYSTEM AND METHOD

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a delivery system and method for delivering tissue
supporting medical devices, and more particularly to a system and method for implanting
expandable, non-removable devices at the junction of two or more bodily lumens in a living

animal or human to support the organs and maintain patency.

2. Summary of the Related Art

In the past, permanent or biodegradable devices have been developed for
implantation within a body passageway to maintain patency of the passageway. These
devices are typically introduced percutaneously, and transported transluminally until
positioned at a desired location within the body passageway. The devices are then
expanded either mechanically, such as by the expansion of a mandrel or balloon positioned
inside the device, or expand themselves by releasing stored energy upon actuation within
the body. Once expanded within the lumen, these devices, called stents, become
encapsulated within the body tissue and remain a permanent implant.

Frequently, the area to be supported by such devices is located at or near the
junction of two or more lumens, called a bifurcation. In coronary angioplasty procedures,
for example, it has been estimated that 15% to 20% of cases involve reinforcing the area at
the junction of two arteries. Conventional stent implantation at such a junction results in at
least partial blockage of the branch artery, affecting blood flow and impeding access to the
branch artery for further angioplasty procedures.

Known techniques for treating bifurcations generally deliver a mesh tissue
supporting device into the artery and position the device over the bifurcation. According to

the known methods, a surgeon then attempts to create one or more branch lumen access
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holes by inserting a balloon through the sidewall of the mesh device, and then inflating the
balloon to simply push the local features of the mesh aside. These techniques are
inherently random in nature: the exact point of expansion in the device lattice cannot be
predicted, and the device may or may not expand satisfactorily at that point. Tissue
support provided by these known techniques for treating bifurcated arteries is similarly
unpredictable. In addition, the effectiveness of such procedures is limited because many
mesh devices are unable to accommodate such expansion at random locations in the device
structure. Further, prior art tissue supporting device delivery systems are unable to
accurately position specific device features over the branch artery opening.

Prior art tissue supporting devices for bifurcations generally have not attempted to
orient the device radially at the branch lumen opening. Rather, these stents included a
section along their axis or at one end at which several enlarged expansion cells were
distributed uniformly around the stent circumference. The presumption was that after stent
insertion, one or the other of these cells would be oriented closely enough with the branch
lumen opening that the subsequent procedures mentioned above would clear the opening.
One example of such a device is the Jostent® bifurcation stent design which has an 8 cell
circumferential construction over half the stent length and either 2 or 3 rows of larger cells
which can be post-dilated to allow access for placement in a bifurcated vessel. One
problem with this technique is that the resulting density of stent features at the area of the
bifurcation is so low that there is very little stent strength around the rest of the
circumference of the main artery for tissue support. Thus, the lumen junction area, which
requires the greatest tissue support, actually gets the lowest support. For the same reason,
such tissue supporting devices also provide a low ratio of tissue coverage (metal-to-tissue
area ratio) in the junction area. Low metal coverage and the resulting tissue prolapse are
associated with higher restenosis rates.

Another method for deploying a stent in a bifurcating vessel is described in
International Application W098/19628. According to this method, a main stent having a

substantially circular side opening and a flared stent having a flared end are used together
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to treat a bifurcating vessel in a two step process. In a first step, the main stent is
positioned using an inflatable balloon catheter in the interior of the main stent and a
stabilizing catheter extending through the side opening of the stent. The stabilizing catheter
is used to place the side opening in the main stent at the opening to the branch vessel. The
main stent is then expanded and the flared stent is inserted through the side opening into the
vessel bifurcation. One drawback of this method is the difficulty in positioning the side
opening of the main stent at a proper longitudinal and radial position at the vessel
bifurcation. Another drawback of this system is the flared stent which is difficult to form
and position, and may tend to protrude into the blood stream causing thrombosis.

In view of the drawbacks of the prior art bifurcated tissue supporting systems, it
would be advantageous to have a delivery system capable of accurately locating a side port
feature of a tissue supporting device at a branch lumen opening, in both the longitudinal
and radial directions.

It would further be advantageous if the same delivery system could also be used to

accurately install and orient a branch lumen second tissue supporting device.

SUMMARY OF THE INVENTION

The invention includes expandable tissue supporting devices for use at lumen
junctions or bifurcations, and a delivery system and method for accurately locating,
orienting, and implanting the tissue supporting devices at the lumen junction or bifurcation.

In accordance with one aspect of the present invention, a system is described for
delivery of a tissue supporting device to a bifurcated body lumen. The system includes a
catheter with an inflatable balloon configured to deliver an expandable tissue supporting
device to the lumen, a guide member received on a side of the balloon and connected to the
catheter, and a branch lumen guidewire extending along an exterior of the balloon and

longitudinally slidable in the guide member.
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In accordance with another aspect of the invention, a guide member is described for
use in delivery of a tissue supporting device to a bifurcated body lumen in a desired
longitudinal and radial position. The guide member includes a guide loop for receiving a
guidewire, means for securing the guide loop to a catheter, and at least one tab extending
from the guide loop for holding the guide loop in position in a side hole of a tissue
supporting device to be delivered.

In accordance with a further aspect of the invention, a method of delivering of a
tissue supporting device to a bifurcated body lumen includes the steps of:

providing an expandable tissue supporting device in an unexpanded
configuration, the tissue supporting device having a side hole;

positioning a guide member in the side hole;

positioning a side branch guidewire in a body lumen with a distal end of the
side branch guidewire extending into a side branch of a bifurcation;

delivering the tissue supporting device into the body lumen by tracking the
guide member along the side branch guidewire;

positioning the tissue supporting device with the side hole aligned radially
and longitudinally with an opening of the side branch; and

expanding the tissue supporting device.

BRIEF DESCRIPTION OF DRAWINGS

The invention will now be described in greater detail with reference to the preferred
embodiments illustrated in the accompanying drawings, in which like elements bear like
reference numerals, and wherein:

FIG. 1 is a perspective view of a guide member in accordance with the present
invention;

FIG. 2a is a side view of an unexpanded tissue supporting device with a side port,

the device has been laid flat for ease of illustration;
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FIG. 2b is a simplified, perspective view of the cylindrical tissue supporting device
of FIG. 2a;

FIG. 3 is a perspective view of the guide member of FIG. 1 mounted in the side
port of the tissue supporting device of FIGS. 2a and 2b;

FIG. 4 is a perspective view of the tissue supporting device of FIGS. 2a and 2b as it
is inserted to a junction of two arteries with a balloon catheter and two guidewires;

FIG. 5 is a perspective view illustrating a first step of the implantation sequence:
expansion of the distal end of the tissue supporting device;

FIG. 6 is a perspective view illustrating a second step of the implantation sequence:
withdrawal of the branch lumen guidewire;

FIG. 7 is a perspective view illustrating a third step of the implantation sequence:
expansion of the side port area and proximal end of the tissue supporting device;

FIG. 8 is a perspective view illustrating a fourth step of the implantation sequence:
deflation and withdrawal of the balioon and guide loop;

FIG. 9 is a perspective view of a guide member with an auxiliary guide loop in
accordance with the present invention; and

FIG. 10 is a perspective view of the guide member of FIG. 9 mounted in a tissue

supporting device having two side ports.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
The invention involves a system and method for delivery of a tissue supporting

device to a bifurcated artery such that, on expansion, the tissue supporting device provides
side ports of a specific size and geometry to accommodate bifurcations in the artery. The
delivery system is capable of accurately orienting these side ports both radially and
longitudinally with respect to branch lumen openings of the artery. The delivery system
achieves orientation by utilizing a guide member 10 which is positioned to extend from the
side port feature of the tissue supporting device. The tissue support device is delivered to

the artery on a balloon catheter which is used for expansion of the device. The guide
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member 10 is tracked along a side branch guidewire which extends into the branch lumen,
ultimately orienting the side port of the tissue supporting device properly at the branch
lumen opening. While the tissue supporting device having the side port is expanded, the
guide member 10 holds the tissue supporting device in the proper position. After
expansion, the guide member 10 drops out of the enlarged side port and is withdrawn with
the balloon catheter assembly.

FIG. 1 shows one embodiment of a guide member 10 in accordance with the present
invention. The device 10 includes a main body 12 of which is preferably formed as a
unitary piece comprising a loop 14, a spacer section 16, and two tabs 18. The inner
diameter of the loop 14 is just large enough to provide clearance for a guidewire which will
pass through the loop. The loop 14, spacer section 16, and tabs 18 may be integrally
formed from a single piece of tubing. The radius of the tabs 18 conforms generally to the
inner radius of the unexpanded tissue supporting device in which the guide loop will be
mounted.

The main body 12 of the guide member 10 is attached to a crimping lug 22 via a
long, flexible tether 20. The tether 20 can be a simple wire attached to the main body 12
and crimping lug 22 at either end, or can be integrally formed from the same tube as the
main body 12 and the crimping lug 22.

The guide member 10 is preferably made radiopaque by one of several available
methods. For example, the wall thickness of the tube may be made thick enough for good
radio opacity. Alternatively, the guide loop may be made from, plated, or coated with a
radiopaque material. This is not objectionable since the guide member is withdrawn
immediately after the procedure and does not become a permanent implant. When the
radiopaque guide member is crimped into the side port of the tissue supporting device as
described in further detail below, the exact location of the side port will be clearly visible
on the fluoroscope. }

A preferred tissue supporting device for use in the present invention provides

several capabilities not normally found in conventional stents. The tissue supporting device
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should provide a side port feature which will securely clamp the guide member 10 in the
side port when the tissue supporting device itself is crimped to the catheter balloon. The
side port should expand to some desired shape and release the guide member when the
tissue supporting device is expanded. The tissue supporting device should also be capable
of differential expansion; i.e. different areas of the device should expand at different
balloon pressures, giving the device the ability to open in a specific sequence.

FIG. 2a shows a portion of one embodiment of a cylindrical, expandable tissue
supporting device 30 which has been laid flat for ease of illustration. The device 30 of
FIG. 2a is shown in an unexpanded configuration and includes a rectangular side hole or
port 32. FIG. 2b shows a simplified cylindrical view of the expandable tissue supporting
device 30 of FIG. 2a, with the side port feature 32 shown as a rectangular hole in one side.
This embodiment of the tissue supporting device 30 relies on the use of ductile hinges
which interconnect a plurality of struts to achieve the desired performance features. Tissue
supporting devices of the type shown in FIG. 2a are described in further detail in U.S.
Patent Application Serial No. 09/183,555, filed October 29, 1998, and in U.S. Patent
Application Serial No. 09/315,892, filed on May 20, 1999 which are both incorporated
herein by reference in their entirety.

As shown in FIGS. 2a and 2b, the side hole 32 initially takes the form of a
rectangular hole in the unexpanded tissue supporting device 30. The side hole 32 is
bordered by six struts 34 that are in turn linked by ductile hinges 36. The rectangular side
hole 32 fits the profile of the guide loop feature 10 closely, and the excellent crimping
properties of the ductile hinges allow the hole to close tightly around the guide loop feature
when the tissue supporting device 30 is crimped onto the catheter balloon. When the tissue
supporting device 30 is expanded, such as by inflation of a balloon, the side hole feature 32
will expand to form an octagonal hole, releasing the guide member 10.

In the tissue supporting device 30 of FIG. 2a, the ductile hinges 38 linking struts 40
on the left or proximal end of the device are wider than the ductile hinges 42 linking struts

44 on the right or distal end of the device. The width of the ductile hinges is measured in
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the circumferential direction of the device 30. As balloon pressure is increased during
expansion of the device 30 the distal end of the device will open before the proximal end
due to the different configuration of the ductile hinges at the two ends of the device. The
tissue supporting device 30 should be selected so that the device is capable of expansion
beyond a nominal expansion which corresponds to an interior diameter of the lumen to be
supported. This will ensure that the tissue supporting device 30 can be expanded to the
desired diameter of the expanded lumen allowing for variations in artery diameters.
Allowing for some additional expansion beyond the nominal expansion of the tissue support
device 30 means that some of the struts around the circumference of the device will not
reach their locking angle when the device has been installed. Accordingly, if the struts 48
all open to their full extent before the struts 34 that border the side hole 32, this may result
in the side hole not being fully opened when the tissue supporting device is installed. The
partially opened side hole may partially block access to the branch artery. Accordingly, the
ductile hinges 36 connecting the struts 34 that border the side hole 32 are preferably
somewhat narrower than the ductile hinges 46 of the surrounding struts 48. This will
guarantee that the hole feature opens to its final shape before the surrounding struts 48
reach full expansion.

The present invention will be described with respect to a tissue supporting device
having ductile hinges such as the device illustrated in FIG. 2a. However, it should be
understood that the system and method according to the present invention may also be used
for delivery of other known tissue supporting devices having side holes.

FIG. 3 illustrates the guide member 10 inserted in the tissue supporting device 30
such that the loop 14 projects out through the rectangular side hole 32 and is retained in the
hole. The guide member 10 is retained in the side hole 32 by the tabs 16 which are trapped
between the tissue supporting device 30 and a balloon catheter assembly.

As shown in FIG. 4, the tissue supporting device 30 and guide member 10 are
mounted on a catheter balloon 56 and the tissue supporting device 30 is crimped down onto

the balloon in a known manner. The crimping process causes the strut elements 34 of the
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rectangular side hole 32 in the tissue supporting device 30 to close around the guide loop
10, locking the guide loop into place in the side hole. The crimping lug 22 of the guide
loop 10 is crimped around the catheter 54 just below the proximal end of the balloon
assembly, securing the guide member 10 to the catheter. The catheter and tissue supporting
device assembly is now ready for insertion and deployment.

The guide member 10 may take on other configurations as long as the guide member
forms a short tube or loop positioned on or secured to the balloon/catheter assembly in such
a way that it passes out through the side hole of the tissue supporting device when the
device is crimped or otherwise secured on the balloon 56. For example, the guide member
may be formed from a plastic tube and secured directly to the balloon, such as, by an
adhesive.

Prior to insertion of the catheter and tissue supporting device assembly, two catheter
guidewires are installed by the operator. A first guidewire 50 follows the main artery 60 as
shown in FIG. 4, and a second guidewire 52 is inserted into the branch artery 62. The
catheter 54 having the tissue supporting device 30 mounted on the balloon 56 at the distal
end of the catheter is tracked over the main artery guidewire 50. The branch artery
guidewire 52 is threaded through the guide loop 12 that projects through the top of the
tissue supporting device 30. The assembly is then fed through a catheter guide tube (not
shown) to the site of the bifurcation 68. As the catheter assembly approaches the
bifurcation 68, the clevis 64 formed by the tissue supporting device 30 and the branch
artery guidewire 52 comes to rest against the distal side 66 of the branch artery opening.
The guide loop 14, and thus the side port 32 of the tissue supporting device 30 in which it
is crimped, is now located directly under the branch artery opening, and the device is ready
for deployment. The spacer 16 spaces the guide loop a predetermined distance from the
distal edge of the side hole 32 so that the side hole will be properly aligned with the
opening of the bifurcation 68.

To deploy the tissue supporting device 30, pressure is increased in the catheter

balloon 56 until the distal end 70 of the tissue supporting device expands to the lumen
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diameter of the main artery 60. This procedure locks the tissue supporting device 30 in
place in the desired radial and longitudinal orientation as shown in FIG. 5.

Next, the side branch guidewire 52 is withdrawn from the branch lumen 62 and the
guide loop 14, and retracted to a position slightly behind the proximal end of the catheter
balloon 56 as shown in FIG. 6. The side branch guidewire 52 is free to move back and
forth longitudinally because the proximal end of the tissue supporting device 30 has not
been expanded. It is desirable to withdraw the side branch guidewire 52 temporarily while
completing expansion of the proximal end of the tissue supporting device 30 to avoid
pinning the side branch guidewire between the expanded tissue supporting device 30 and
the lumen wall. This is the reason that differential expansion capability is beneficial in the
tissue supporting device 30.

After withdrawal of the side branch guidewire 52, pressure in the catheter balloon
56 is increased further, until the side port area and the proximal end of the tissue
supporting device 30 expand to their full extent. During expansion of the side port area,
the spacer 16 and loop 14 maintain the longitudinal dimension of the side hole 32 and
prevent longitudinal contraction of the side hole during expansion. The main artery tissue
supporting device 30 is now fully deployed with a fully open side port 32a of specific
geometry positioned over the branch lumen opening, and a full complement of strut
elements deployed around the remainder of the artery opposite the side port to provide
good tissue support as shown in FIG. 7.

The catheter balloon 56 is then deflated, allowing the guide member 10 to drop out
of the enlarged side port 32a. The deflated catheter/balloon assembly is then withdrawn,
pulling the guide member 10 along with it via the tether 18 and crimping lug 22 as shown
in FIG. 8. After the catheter/balloon/guide loop assembly has been withdrawn, the side
branch guidewire 52 may be reinserted through the tissue supporting device enlarged side
hole 32a and into the branch lumen 62 for subsequent procedures.

The orientation accuracy of the delivery system can be improved by the addition of

one or more auxiliary guide loops to the guide member as illustrated in FIGS. 9 and 10.
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The guide member 70 as shown in FIG. 9 includes the main loop 14 with the spacer section
16 and tabs 18, and an auxiliary loop 72. The auxiliary loop 72 is also provided with tabs
74 which conform generally to the inner radius of the unexpanded tissue supporting device
in which the guide loop will be mounted. The auxiliary loop 72 is connected the main loop
14 by a first tether 76 and is connected to the crimping lug 22 by a second tether 78. As
shown in FIG. 10, the auxiliary loop 72 extends through a second side port feature 80 in
the tissue supporting device 30. The additional one or more auxiliary loops 72 are located
proximal to the primary guide loop 14. The installation procedure for the tissue supporting
device 30 using the guide member 70 shown in FIGS. 9 and 10 would be performed in the
same manner as discussed above with respect to the embodiment employing a single guide
loop, however, the side branch guidewire 52 extends through both the main guide loop 14
and the auxiliary loop 72.

One common procedure to follow implantation of the tissue supporting device 30
into the main lumen would be implantation of a second tissue supporting device in the
branch lumen 62. A procedure very similar to the one just outlined could be used to
accomplish this task, by simply reversing the roles of the main lumen and branch lumen
guidewires. As above, a guide member is inserted into the side port of a second tissue
supporting device, and the assembly is crimped down on a conventional catheter balloon.
In this case, the catheter and tissue supporting device assembly is mounted on the side
branch guidewire 52, and the main artery guidewire 50 is threaded through the guide
member. As before, the entire assembly is fed to the bifurcation site, where the clevis
formed by the tissue supporting device and main artery guidewire 50 comes to rest against
the distal side of the branch lumen opening. In this case, the side-port border-struts of the
previously implanted tissue supporting device 30 are also in place to provide an even more
accurate stop for aligning the side hole edge of the incoming tissue supporting device at the
distal side of the bifurcation.

The tissue supporting device deployment sequence for deploying the second device

would now proceed as before: the distal end of the branch tissue supporting device would
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be expanded in the branch artery, anchoring the tissue supporting device in position, and
the main artery guidewire 50 would be retracted below the proximal end of the catheter
balloon. The unexpanded proximal end of the second tissue supporting device now extends
back into the main artery, with the tissue supporting device side port facing downstream in
the main artery.

When expansion of the second tissue supporting device is completed, the proximal
end of the second tissue supporting device will be implanted in the main artery, with the
second tissue supporting device bent around the proximal side of the branch artery orifice.
The side port of the second tissue supporting device will open exactly opposite this bend,
since the leading edge of the side port was initially located at the bifurcation junction as
described above. The side port thus opens to permit flow through the main artery, and the
tissue supporting device struts arrayed opposite the side port provide support to the
proximal side of the branch artery orifice (the bend area). After implantation has been
completed, the catheter/balloon/guide loop assembly is withdrawn, completing the
procedure.

Although the invention has been described with respect to providing support for
bifurcated lumens in arteries, it should be understood that the invention may also be used to
provide support for bifurcations in other bodily lumens.

While the invention has been described in detail with reference to the preferred
embodiments thereof, it will be apparent to one skilled in the art that various changes and
modifications can be made and equivalents employed, without departing from the present

invention.
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What is claimed is:

1. A system for delivery of a tissue supporting device to a bifurcated body
lumen, the system comprising:
a catheter with an inflatable balloon, the inflatable balloon configured to
deliver an expandable tissue supporting device to the lumen;
a guide member received on a side of the balloon and connected to the
catheter; and
a branch lumen guidewire extending along an exterior of the balloon and

longitudinally slidable in the guide member.

2. The system of Claim 1, wherein the guide member extends radially from the
side of the balloon and is arranged to be received in a side hole of a tissue supporting

device mounted on the balloon.

3. The system of Claim 1, wherein the guide member includes a guide loop.

4. The system of Claim 1, further comprising a tissue supporting device
mounted on the balloon, and the branch lumen guidewire is slidable along an exterior of the

tissue supporting device.

5. The system of Claim 4, wherein the guide member is positioned between the
tissue supporting device and the balloon and is crimped in place by crimping of the tissue

supporting device onto the balloon.

6. The system of Claim 1, wherein the guide member includes a fastener

connected to the catheter.
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7. The system of Claim 6, wherein the fastener includes a crimping lug which

is connected to a body of the guide member by a tether.

8. The system of Claim 1, wherein the guide member includes first and second
guide loops which are arranged to be received in side holes of a tissue supporting device

mounted on the balloon.

9. A guide member for use in delivery of a tissue supporting device to a
bifurcated body lumen in a desired longitudinal and radial position, the guide member
comprising:

a guide loop for receiving a guidewire;
means for securing the guide loop to a catheter; and
at least one tab extending from the guide loop for holding the guide loop in

position in a side hole of a tissue supporting device to be delivered.

10.  The guide member of Claim 9, wherein the at least one tab is a curved
member having a radius of curvature which corresponds substantially to an inner radius of

the tissue supporting device to be delivered.

11.  The guide member of Claim 9, wherein the guide loop and at least one tab

are formed from a single piece of tubing.

12.  The guide member of Claim 9, wherein the means for securing the guide

loop to a catheter includes a crimping lug which is connected to the guide loop by a tether.

13.  The guide member of Claim 9, further comprising a spacer member
connected to the guide loop and configured to space the guide loop a predetermined
distance from a distal edge of the side hole of the tissue supporting device when the guide

loop is positioned in the side hole of the tissue supporting device.
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14.  The guide member of Claim 9, further comprising an auxiliary guide loop

positioned proximally of the guide loop.

15. A method of delivering of a tissue supporting device to a bifurcated body

lumen comprising:

providing an expandable tissue supporting device in an unexpanded
configuration, the tissue supporting device having a side hole;

positioning a guide member in the side hole;

positioning a side branch guidewire in a body lumen with a distal end of the
side branch guidewire extending into a side branch of a bifurcation;

delivering the tissue supporting device into the body lumen by tracking the
guide member along the side branch guidewire;

positioning the tissue supporting device with the side hole aligned radially
and longitudinally with an opening of the side branch; and

expanding the tissue supporting device.

16.  The method of Claim 15, wherein the tissue supporting device is delivered

and expanded by a balloon catheter.

17.  The method of Claim 15, wherein the guide member is positioned in the side
hole such that a guide loop of the guide member extends out of the side hole of the tissue

supporting device.

18.  The method of Claim 15, wherein the tissue supporting device is expanded
by expanding a distal segment of the tissue supporting device, removing the side branch
guidewire from the guide member, and then expanding a proximal segment of the tissue

supporting device.

19.  The method of Claim 15, further comprising delivering a second tissue

supporting device to support the side branch of the bifurcation.
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20.  The method of Claim 19, wherein the second tissue supporting device

includes a side hole and is delivered by a method comprising:

positioning a second guide member in the side hole;

positioning a guidewire in the body lumen with a distal end of the guidewire
extending into the expanded tissue supporting device;

delivering the second tissue supporting device into the body lumen by
tracking the second guide member along the guidewire;

positioning the second tissue supporting device with the side hole aligned
radially and longitudinally with an opening of a main branch of the bifurcation; and

expanding the second tissue supporting device.

21.  The method of Claim 15, wherein the delivery of the tissue supporting

device is visualized by fluoroscopy.

22.  The method of Claim 17, wherein an auxiliary guide loop extends out of an

auxiliary side hole of the tissue supporting device.
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