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DELIVERY SYSTEM AND METHOD FOR
EXPANDABLE INTRACORPOREAL DEVICE

BACKGROUND

The present invention relates to a system and method for the treatment of
disorders of the vasculature. More specifically, the present invention relates to a
system and method for treatment of thoracic or abdominal aortic aneurysm and the
like, which is a condition manifested by expansion and weakening of the aorta.
Such conditions require intervention due to the severity of the sequelae, which
frequently is death. Prior methods of treating aneurysms have consisted of
invasive surgical methods with graft placement within the affected vessel as a
reinforcing member of the artery. However, such a procedure requires a surgical
cut down to access the vessel, which in turn can result in a catastrophic rupture of
the aneurysm due to the decreased external pressure from the surrounding organs
and tissues, which are moved during the procedure to gain access to the vessel.
Accordingly, surgical procedures have a high mortality rate due to the possibility
of the rupture discussed above in addition to other factors. Other factors can
include poor physical condition of the patient due to blood loss, anuria, and low
blood pressure associated with the aortic abdominal aneurysm. An example of a

surgical procedure is described in a book entitled Surgical Treatment of Aortic

Aneurysms by Denton A. Cooley, M.D., published in 1986 by W.B. Saunders
Company.

Due to the inherent risks and complexities of surgical procedures, various
attempts have been made in the development of alternative methods for
deployment of grafts within aortic aneurysms. One such method is the non-
invasive technique of percutaneous delivery by a catheter-based system. Such a
method is described in Lawrence, Jr. ef al. in “Percutaneous endovascular graft:
experimental evaluation”, Radiology (May 1987). Lawrence describes therein the

use of a Gianturco stent as disclosed in U.S. Patent No. 4,580,568. The stent is
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used to position a Dacron® fabric graft within the vessel. The Dacron graft is
compressed within the catheter and then deployed within the vessel to be treated.
A similar procedure has also been described by Mirich et al. in “Percutaneously
placed endovascular grafts for aortic aneurysms: feasibility study,” Radiology
(March 1989). Mirich describes therein a self-expanding metallic structure
covered by a nylon fabric, with said structure being anchored by barbs at the
proximal and distal ends.

One of the primary deficiencies of the existing percutaneous devices and
methods has been that the grafts and the delivery catheters used to deliver the
grafts are relatively large in profile, often up to 24 French and greater, and stiff in
bending. The large profile and bending stiffness makes delivery through the
irregular and tortuous arteries of diseased vessels difficult and risky. In particular,
the iliac arteries are often too narrow or irregular for the passage of a percutaneous
device. Because of this, non-invasive percutaneous graft delivery for treatment of
aortic aneurysm is not available to many patients who would benefit from it.

What has been needed is an endovascular graft and delivery system for the
graft which has a small outer diameter and high flexibility to facilitate
percutaneous delivery in patients who require such treatment. What has also been
needed is a delivery system for an endovascular graft which is simple, reliable and

can accurately deploy an endovascular graft within a patient’s body.

SUMMARY

The invention is directed generally to a catheter for delivery of a variety of
expandable intracorporeal devices, specifically, an endovascular graft which can
be self expanding. The catheter can have an elongate shaft with a proximal
section, a distal section, a proximal end and a distal end. The distal section of the
elongate shaft can have a radially expandable shear barrier disposed about an inner

space which is configured to accept an expandable intracorporeal device in a
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collapsed state. The catheter can be used for delivery and deployment of any
appropriate expandable intracorporeal device. Typically, the catheter is used to
deliver and deploy an expandable endovascular device such as a graft or stent
graft. An outer radially constraining section is disposed about and radially
constraining at least a portion of the radially expandable shear barrier and is
capable of axial movement relative to the radially expandable shear barrier so as to
controllably remove the radial constraint and allow the expandable intracorporeal
device to deploy. Typically, the catheter is configured for percutaneous delivery
from outside a patient to a desired site within a patient's body through an
intracorporeal conduit or tissue of the patient.

In one embodiment, the radially expandable shear barrier and the outer
radially constraining section are mechanically coupled to at least one terminal
member disposed at the proximal end of the elongate shaft such that relative axial
movement of the radially expandable shear barrier and outer radially constraining
section can be carried out by an operator manipulating the terminal member at the
proximal end of the elongate shaft. An actuator can be mechanically coupled to
the at least one terminal member such that controllable and automatic relative
axial movement between the radially expandable shear barrier and outer radially
constraining section of the distal section of the elongate shaft can be carried out by
activation of the actuator.

In another embodiment, the radially expandable shear barrier is in the form
of a slitted inner tubular section having a generally tubular configuration and a
distal end with at least one fongitudinal slit extending proximally from the distal
end. The slitted inner tubular member has an inner lumen disposed within it
which is configured to accept at least a portion of an expandable intracorporeal
device in a collapsed state. An outer tubular section is disposed about and radially
constrains at least a portion of the slitted inner tubular section. The outer tubular
section is capable of axial movement relative to the slitted inner tubular section in

order to remove the radial constraint and allow the expandable intracorporeal
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device to deploy. The slitted inner tubular section and the outer tubular section
can be mechanically coupled to at least one terminal member disposed at the
proximal end of the elongate shaft such that relative movement of the inner and
outer tubular sections can be carried out by an operator manipulating the at least
one terminal member at the proximal end of the elongate shaft. Alternatively, the
slitted inner tubular section can be mechanically coupled to a first terminal
member consisting of a proximal handle disposed at the proximal end of the
elongate shaft. The outer tubular section can be mechanically coupled to a second
terminal member consisting of a distal handle disposed at the proximal end of the
elongate shaft. Relative movement between the slitted inner tubular section and
the outer tubular section can be carried out by imparting relative axial movement
on the proximal and distal handles.

In yet another embodiment, a guidewire tube is disposed within the inner
lumen of the slitted inner tubular section and has an inner guidewire lumen, a
proximal end, a distal end and a distal section. A distally tapered nose piece can
be disposed about and secured to the distal section of the guidewire tube.
Optionally, the nosepiece disposed about a distal section of the guidewire tube can
have a distal end with a contoured distally tapered bullet shape. The nosepiece
can have a proximal end which is configured to engage the inner lumen of the
distal end of the outer tubular section and produce a substantially smooth outer
surface at the junction between the distal end of the outer tubular section and the
nose piece.

The invention is also directed to a method for deploying an expandable
intracorporeal device within a patient’s body. A catheter system suitable for use
with the method has an elongate shaft having a proximal section, a distal section, a
proximal end and a distal end. The distal section of the elongate shaft has a
radially expandable shear barrier disposed about an inner space configured to
accept the expandable intracorporeal device in a collapsed state. An outer radially

constraining section is disposed about and radially constrains at least a portion of
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the radially expandable shear barrier and which is capable of axial movement
relative to the radially expandable shear barrier member in order to remove the
radial constraint and allow the expandable intracorporeal device to deploy.

An expandable intracorporeal device is disposed within the inner space of
the radially expandable shear barrier. As discussed above, such a catheter can be
used for delivery and deployment of any appropriate expandable intracorporeal
device. Typically, the catheter is used to deliver and deploy an expandable
endovascular device such as a graft or stent graft. The distal end of the catheter
system is introduced into the patient’s body and advanced to a desired site within
the patient’s body. Various forms of guidance are suitable, including advancing
the catheter over a guidewire or the use of a deflecting or steerable distal tip on the
catheter. The catheter can be imaged during the procedure with fluoroscopic
imaging, MRI, ultrasound or any other suitable form of imaging. In order to
facilitate such imaging techniques, it may be desirable to place markers on the
catheter or expandable intracoporeal device that enhance such techniques, such as
radiopaque markers, ultrasound enhancement markers, isotopes or the like. Once
the distal section of the catheter and collapsed expandable intracorporeal device
disposed within the catheter are located in a desired position, the expandable
intracorporeal device is deployed. Deployment of the expandable intracorporeal
device can be carried out in one embodiment of the invention by initiating relative
axial movement between the radially expandable shear barrier and the outer
constraining section. The relative movement sequentially removes the radial
constraint on the radially expandable shear barrier to allow the expandable
intracorporeal device to expand and deploy at the desired site.

In another embodiment of the method, a catheter is used wherein the
radially expandable shear barrier is in the form of a slitted tubular section and the
outer radially constraining section comprises an outer tubular section. Relative
axial movement between the slitted inner tubular section and the outer tubular

section can be carried out by axially withdrawing the outer tubular section from
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the slitted tubular section in a proximal direction. In addition, it may be desirable
to deploy an expandable intracorporeal device which is an expandable
endovascular graft having an expandable anchor portion disposed at a longitudinal
extremity of the graft. With such a graft, the expandable anchor portion can be
disposed within an inner lumen of the outer tubular section distal of a distal end of
the slitted inner tubular section prior to deployment. Initiation of relative axial
movement between the slitted inner tubular section and the outer tubular section
can then be carried out to first relieve radial constraint on the expandable anchor

portion and then sequentially the slitted inner tubular section.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows an elevational view in partial section of a catheter system
having features of the invention.

FIG. 2 is a transverse cross sectional view of the catheter system of FIG. 1
taken along lines 2-2 of FIG. 1.

FIG. 3 is a transverse cross sectional view of the catheter system of FIG. 1
taken along lines 3-3 of FIG. 1.

FIG. 4 is a transverse cross sectional view of the catheter system of FIG. 1
taken along lines 4-4 of FIG. 1.

FIG. 5 is an enlarged view in partial section of a portion of the catheter
system of FIG. 1.

FIG. 6 is a schematic view of the catheter system of FIG. 1 disposed within
the vasculature of a patient.

FIG. 7 illustrates an enlarged view of a distal portion of the catheter system
of FIG. 6 disposed adjacent an abdominal aortic aneurysm of the patient.

FIG. 8 illustrates the catheter system of FIG. 6 in the initial stages of

deployment.
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FIG. 9 illustrates the catheter system of FIG. 6 with the expandable
endovascular graft in a stage of further deployment relative to FIG. 8.

FIG. 10 is a more detailed view of the catheter system of FIG. 9 showing
the expandable endovascular graft in partial longitudinal section.

FIG. 11 is a detailed view of the circumscribed portion in FIG. 10 indicated
at number 11 showing a detachable coupling of a distal end of a fill tube of the
catheter and an injection port of the expandable endovascular graft which has a
retention wire disposed about the coupling.

FIG. 12 is a view similar to that shown in FIG. 11 with an alternative
embodiment of a detachable coupling having two retention wires removably
disposed within locking holes of the distal end of the fill tube and the injection
port.

FIG. 13 is a view similar to that shown in FIG. 11 with another
embodiment of a detachable coupling.

FIG. 14 is a transverse cross sectional view of the coupling of FIG. 13
taken along lines 14-14 in FIG. 13.

FIG. 15 is a view similar to that shown in FIG. 11 with another
embodiment of a detachable coupling.

FIG. 16 shows a top view of an alternate embodiment of an actuator device.

FIG. 17 shows an elevational view in partial section of the actuator device
shown in FIG. 16.

FIG. 18 is a transverse cross sectional view of the actuator device of FIG.
17 taken along lines 18-18 of FIG. 17.

FIG. 19 is a transverse cross sectional view of the actuator device of FIG.

17 taken along lines 19-19 of FIG. 17.
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DETAILED DESCRIPTION

FIGS. 1-5 illustrate a catheter system 10 having features of the invention.
The catheter system 10 includes an expandable endovascular graft 11 and a
catheter 12. The catheter 12 has an elongate shaft 13 with a proximal section 14, a
distal section 15, a proximal end 16, a distal end 17, and a longitudinal axis 19.
The distal section 15 of the elongate shaft 13 has a radially expandable shear
barrier in the form of a slitted inner tubular section 18 disposed about an inner
space or lumen 21 which is configured to accept the expandable endovascular
graft 11 in a collapsed state. The slitted inner tubular section 18 can have a
generally tubular configuration and a distal end 22 with four longitudinal slits 23
extending proximally from the distal end 22. The longitudinal slits 23 divide the
slitted inner tubular section 18 into four petals 24. Although the longitudinal slits
23 are shown substantially parallel to the longitudinal axis 19 of the catheter 12,
the slits 23 may be helical or underlating or have any other desired configuration.
Also, the slits 23 need not extend completely through the slitted inner tubular
section 18 and may only partially penetrate the wall of the slitted inner tubular
section 18 so as to create fracture lines therein. The number of slits 23 can vary
widely from about 1 to about 20, specifically about 2 to about 6. The catheter 12
can be configured and used for delivery and deployment of any appropriate
expandable intracorporeal device.

An outer radially constraining section having an outer tubular section 25 is
disposed about and radially constrains the slitted inner tubular section 18 and is
capable of axial movement relative to the slitted inner tubular section 18.
Typically, the catheter system 10 1s configured for percutaneous delivery from
outside a patient to a desired site within a patient's body through an intracorporeal
conduit or tissue of the patient.

The slitted inner tubular section 18 is mechanically coupled to a first

terminal member 26 disposed at the proximal end 16 of the elongate shaft 13. For
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the embodiment shown in FIGS. 1-5, the first terminal member is a proximal
handle 26 on the proximal end 27 of an inner tubular member 28. The inner
tubular member 28 may be a continuation of the slitted inner tubular section 18 as
shown. The outer tubular section 25 is mechanically coupled to a second terminal
member which is a distal handle 31 disposed on the proximal end 32 of an outer
tubular member 33. The outer tubular member 33 can be an extension of the outer
tubular section 25 as shown. Relative axial movement of the slitted inner tubular
section 18 and outer tubular section 25 can be carried out by an operator
manipulating the proximal and distal handles 26 and 31 at the proximal end 16 of
the elongate shaft 13.

As is apparent from the figures, relative axial movement between the slitted
inner tubular section 18 and the outer tubular section 25 could also be carried out
by manipulation of the proximal end 27 of the inner tubular member 28 and the
proximal end 32 of the outer tubular member 33 without the need for proximal and
distal handles 26 and 31. Generally, relative axial movement between the slitted
inner tubular section 18 and the outer tubular section 25 is carried out by
proximally retracting the outer tubular section 25 relative to the slitted inner
tubular section 18 so as to preserve the axial position of the expandable
endovascular graft 11 relative to the desired deployment site within the patient
during deployment.

An actuator 35 is optionally mechanically coupled to the terminal members
26 and 31. The actuator 35 provides controllable and automatic relative axial
movement between the slitted inner tubular section 18 and outer tubular section 25
by activation of the actuator 35. The actuator 35 shown in FIG. 1 has an actuator
spring 36 and an activation trigger 37. The actuator spring 36 is mechanically
coupled to the first and second terminal members, i.e. the proximal and distal
handles 26 and 31, so as to provide a restoring force which tends to move the
terminal members 26 and 31 closer together. The activation trigger 37 has an arm

38 with a notch 41 on a distal end 42 of the arm 38. The notch 41 1s configured to



10

15

20

25

WO 01/56504 PCT/US01/03419

10

engage the distal handle 31 with a contact surface 43. The arm 38 has a pivot
point 44 which is pivitally secured to the proximal handle 26. An arm spring 45
keeps the notch 41 of the arm 38 engaged with the distal handle 31 so that the
contact surface 43 prevents relative axial movement between the proximal handle
26 and the distal handle 31. When an activation portion 46 of the arm 38 is
depressed radially inwardly relative to the proximal handle 26, the contact surface
43 disengages the distal handle 31 and the restoring force of the actuator spring 36
causes automatic relative axial movement between the proximal handle 26 and the
distal handle 31. The spring 36 can be chosen to provide rapid automatic relative
axial movement between the proximal and distal handles 26 and 31.

A guidewire tube 50 is disposed within the inner lumen 21 of the slitted
inner tubular section 18 and inner tubular member 28 and has an inner guidewire
lumen 51, a proximal end 52, a distal end 53 and a distal section 54. A distally
tapered nose piece 56 is disposed about and secured to the distal section 54 of the
guidewire tube 50. Optionally, the nosepiece 56 can have a distal end 57 with a
contoured distally tapered bullet shape. In addition, the nosepiece 56 can have a
proximal end 58 which can also be tapered to a bullet shape and a shoulder portion
59 configured to engage the inner lumen of the distal end of the outer tubular
section 25 or alternatively, the inner lumen 21 of the distal end 22 of the slitted
inner tubular section 18. In the alternative, when the slitted inner tubular section
18 is in a constrained state, there is preferentially a smooth outer surface 61 at the
junction between the distal end 22 of the slitted inner tubular section 18 and the
nosepiece 56.

The outer tubular section 25 of the distal section 15 can have an outside
transverse dimension of about 1 to about 6 mm, specifically about 2 to about 5
mm, and more specifically about 2 to about 4 mm. The outer tubular section 25
can have a wall thickness of about 0.002 to about 0.02 inch, specifically about
0.004 to about 0.015 inch, further such as 0.005 to about 0.010 inch. Suitable

materials for the outer tubular section include fluoropolymers such as Teflon®,
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polyethylene, Nylon, PEEK and the like. The overall length of the catheter system
10 can be from about 50 to about 150 cm, specifically about 75 to about 100 cm.
In alternate embodiments the overall length of the catheter system 10 can be from
about 75 to about 200 cm, specifically about 100 to about 135 cm. The slitted
inner tubular section 18, inner tubular member 28 and outer tubular member 33
can have dimensions and materials similar to those of the outer tubular section 25
discussed above; however, an outside transverse dimension of the slitted inner
tubular section 18 and inner tubular member 28 is typically configured to be
slidably received within an inside transverse dimension of the outer tubular section
25 and outer tubular member 33. The longitudinal slits 23 of the slitted inner
tubular section 18 can have a length of about 15 to about 150 mm, specifically
about 15 to 140 mm, more specifically about 50 to about 100 mm, commensurate
with the longitudinal dimension of the endovascular graft 11 contained within the
distal end of the inner tubular member 28. Both the slitted inner tubular section 18
and outer tubular section 25 typically have rounded transverse cross sections,
although an oval shape and other shapes are possible.

The expandable endovascular graft 11 is disposed within the inner lumen
21 of the slitted inner tubular section 18. A suitable expandable endovascular
graft for delivery and deployment at a desired site within a patient is disclosed in
WO 99/39662, which is hereby incorporated by reference in its entirety. The
expandable endovascular graft 11 has a proximal end 62, a distal end 63, a
proximal inflatable cuff 64, a distal inflatable cuff 65, a proximal anchor member
66 and a distal anchor member 67. As defined herein, the proximal end 16 of the
catheter 12 is the end proximal to the operator of the catheter and the distal end 17
of the catheter 12 is the portion which enters and extends into the patient’s body.
The proximal direction for the catheter 12 and expandable endovascular graft 11
are the same. This convention is used throughout the specification for the
purposes of clarity, although other conventions are commonly used. For example,

another useful convention is one defined where the proximal end of an
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endovascular graft is that end of the graft which is proximal to the source of blood
flow. Such a convention is used in the previously mentioned W099/39662,
although that convention is not adopted herein.

The endovascular graft 11 of FIG. 1 is shown in an idealized non-collapsed
state which has been reduced in scale for purposes of clarity of the drawing.

FIGS. 2 and 3 show transverse cross sections of the expandable endovascular graft
11 in a folded or collapsed state within the inner lumen 21. However, although
FIGS. 2 and 3 show a more realistic illustration of the expandable endovascular
graft 11 in a collapsed state than FIG. 1, the configuration of the graft 11 shown in
FIGS. 2 and 3 is still somewhat idealized. Typically, an expandable endovascular
graft 11 in a collapsed state that is suitable for percutaneous delivery to and
deployment within a patient’s abdominal aorta would have a large number of folds
and overlaps rather than the several folds and overlaps shown in FIGS. 2 and 3.
Also, the endovascular graft 11 is likely to be tightly packed into the inner lumen
21 in order to achieve the desired low profile of the distal section 15 of the
catheter 12 for percutaneous delivery of the catheter system 10. Outward radial
force results from the tight packing of the endovascular graft 11 which is
illustrated in FIG. 5 where the outside surface 68 of the slitted inner tubular
section 18 makes contact with the inside surface 69 of the outer tubular section 25.
In FIG. 2 a gap is shown between the outside surface 71 of the inner tubular
member 28 and the inside surface 72 of the outer tubular member 33 to allow ease
of relative axial movement therebetween.

In use, the distal end 17 of the catheter system 10 is introduced into the
patient’s body and advanced to a desired site within the patient’s body. Various
forms of guidance are suitable including advancing the catheter 12 over a
guidewire 75 or the use of a deflecting or steerable distal tip on the catheter 12.
The catheter 12 can be imaged during the procedure with fluoroscopic imaging,
MR, ultrasound or any other suitable form of imaging. In order to facilitate such

imaging techniques, it may be desirable to place markers (not shown) on the
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catheter 12 or expandable endovascular graft 11 that enhance such techniques,
such as radiopaque markers, ultrasound enhancement markers, isotopes or the like.

Referring to FIG. 6, the catheter system 10 of FIGS. 1-5 is shown disposed
within a patient’s vasculature, specifically, with the distal section 15 of the
catheter 12 disposed within the patient’s abdominal aorta 76. The proximal end
16 of the catheter 12 is shown exiting the patient’s femoral artery 77 for
manipulation by an operator of the catheter system 10. The distal section 15 of the
catheter 12 is positioned adjacent an abdominal aortic aneurysm 78.

FIG. 7 depicts an expanded view of the patient’s abdominal aorta 76 and
the aneurysm 78 with the distal section 15 of the catheter 12 disposed therein. The
aneurysm 78 has a proximal end 79, a distal end 80 and a midsection 81. The
graft 11 is positioned such that the proximal anchor member 66 and proximal
inflatable cuff 64 are disposed within a first relatively healthy portion 84 of the
patient’s aorta 76 proximally adjacent the proximal end 79 of the aneurysm 78.
Likewise, the distal anchor member 67 of the expandable endovascular graft 11 is
positioned in a second relatively healthy portion 85 of the patient’s aorta 76 distal
of the distal end 80 of the aneurysm 78. The distal anchor member 67 of the graft
11 is optionally disposed within an inner lumen 86 of the outer tubular section 25
distal of the distal end 22 of the slitted inner tubular section 18 prior to
deployment. Initiation of relative axial movement between the slitted inner
tubular section 18 and the outer tubular section 25 can then be carried out to first
relieve radial constraint on the distal anchor member 67 and then subsequently the
slitted inner tubular section 18.

Once the distal section 15 of the catheter 12 and the expandable
endovascular graft 11 are located in a desired position, the expandable
endovascular graft 11 is deployed. Deployment of the expandable endovascular
graft 11 can be carried out by initiating relative axial movement between the
slitted mner tubular section 18 and the outer tubular section 25. The relative

movement sequentially removes the radial constraint of the outer tubular section
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25 on the slitted inner tubular section 18 to allow the expandable endovascular
graft 11 to expand and deploy at the desired site. The slitted inner tubular section
18 can receive support from buckling by the graft 11, and the inner tubular section
18 in turn isolates graft 11 from shear and compressive forces created by relative
motion of the outer tubular section 25 against the inner tubular section 18.
Referring to FIG. 8, the outer tubular section 25 has been partially retracted
in a proximal direction relative to the slitted inner tubular section 18. As a result,
the distal anchor member 67 of the expandable endovascular graft 11 has
expanded radially so as to contact the inside surface 87 of the patient’s aorta 76
and anchor thereto by frictional force. Once the distal anchor member 67 is
expanded against the inside surface 87 of the patient’s aorta 76, the force of the
blood flow in a direction indicated by arrow 88 serves to fill the expandable
endovascular graft 11 and aid in its deployment in an outward radial direction.
The force of the blood flow into the distal end 63 of the expandable endovascular
graft 11 is sufficient to fill the graft 11 but allows the petals 24 of the slitted inner
tubular section 18 to be withdrawn in a proximal direction. Typically, during
deployment of the graft 11, once the outer tubular section 25 has been withdrawn
completely from the petals 24 of the slitted inner tubular section 18, thereby
removing the radial constraint on the petals 24, the petals 24 may then be
withdrawn in a proximal direction until the distal end 22 of the slitted inner
tubular section 18 is disposed proximal to the proximal end 62 of the graft 11 as
shown in FIGS. 9 and 10. This allows the optional proximal anchor member 66 of
the graft 11 to deploy in an outward radial direction and engage the inside surface
87 of the patient’s aorta 76. The petals 24 of the unconstrained slitted inner
tubular section 18 can be pulled between the self expanding proximal anchor
member 66 and the inside surface 87 of the patient’s aorta 76 notwithstanding the
frictional force created by the expansion of the anchor member 66. Once the
petals 24 of the slitted inner tubular section 18 have been retracted, the graft 11 is

mechanically deployed and can then be inflated. Prior to inflation of the graft 11,
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however, the nosepiece 56 and distal section 54 of the guidewire tube 50 are
typically withdrawn in a proximal direction through an inner lumen 89 of the graft
11.

Thereafter, a desired inflation material (not shown) is pumped through the
inflation tube 91 and into the injection port 92 of the graft 11 so as to fill the
inflatable portions of the graft 11, including the proximal inflatable cuff 64, distal
inflatable cuff 65 and longitudinal inflatable channel 93 to a desired pressure with
a desired amount of inflation material. Normally, inflation material is injected to a
pressure and amount that suffices to form a seal between the distal inflatable cuff
65 and the inside surface 87 of the patient’s aorta 76.

Suitable inflation materials can include gas, fluid, particles, gel or any
combination thereof. A fluid which sets, hardens or gels over time can also be
used as an inflation material. The inflation material may contain a contrast
medium which facilitates imaging of the device while being deployed within a
patient’s body. For example, radiopaque materials such as bismuth, barium, gold,
platinum, tantalum or the like may be used in particulate or powder form to
facilitate visualization of the graft under fluoroscopy. Fixed radiopaque markers
may also be attached or integrally molded into the graft for the same purpose, and
may be made from the same radiopaque materials discussed above.

Once a desired amount of inflatable material has been injected into the
inflatable channels of the graft 11, a distal end 94 of the inflation tube 91 is
disconnected from the injection port 92 by activation or removal of a retention
wire 95 which serves to connect the distal end 94 of the inflation tube 91 with the
injection port 92 of the graft 11.

FIGS. 11 and 12 depict alternative embodiments of retention wires used to
secure the distal end 94 of the inflation tube 91 to the injection port 92 of the graft
11. FIG. 11 illustrates a single retention filament or wire 95 which is helically
wrapped about the outside surface 96 of the injection port 92 and distal end 94 of

the inflation tube 91 disposed therein. The retention wire 95 has a preshaped
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coiled end 97 which has a nominal inside diameter which is less than an outside
diameter of the injection port 92. As such, the coiled end 97 of the retention wire
95 compresses the junction of the distal end 94 of the inflation tube 91 and the
injection port 92 so as to create a connection therebetween held in place by
frictional force. The retention wire 95 is activated or deployed by pulling on a
proximal end or section of the retention wire 95 so as to uncoil the coiled end 97
of the retention wire and remove the inward radial compressive force or constraint
and thus the frictional force between the distal end 94 of the inflation tube 91 and
the inside diameter of the injection port 92. Thereafter, the distal end 94 of the
inflation tube 91 may be axially withdrawn from the injection port 92 without
excessive frictional resistance, and i.e. not enough frictional resistance to dislodge
the graft 11 from its axial position within the patient’s aorta.

Typically, the retention wire extends from the injection port 92 proximally
to the proximal end 16 of the catheter 12 through the inside lumen of the inner
tubular member 28. In this way, an operator can disengage the inflation tube 91
from the injection port 92 by pulling on the proximal end of the retention wire 95
from a proximal end 16 of the catheter 12. The retention wire 95 can be a small
diameter wire made from a material such as stainless steel or NiTi; in a particular
embodiment of the invention, the retention wire 95 can be a spring formed of a
variety of suitable spring materials. Alternatively the material of the retention
wire may have a braided, stranded or single element, e.g. monofilament,
configuration.

FIG. 12 shows another embodiment of a retention wire system wherein a
first retention filament or wire 100 and a second retention filament or wire 101
have distal ends 102 and 103 respectively disposed within side holes 104 of the
injection port 92 and side holes 105 of the distal end 94 of the inflation tube 91.
The distal ends of the retention wires act to interlock the side holes 104 and 105
by creating a removable shear pin element which prevents relative axial movement

between the distal end 94 of the inflation tube 91 and the injection port 92. The
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retention wires 100 and 101 are activated or deployed by pulling on a proximal
portion of the retention wires so as to remove the distal ends 102 and 103 of the
retention wires from the side holes 104 and 105 and thereby remove the shear pin
function. Thereafter, relative movement between the distal end 94 of the inflation
tube 91 and the injection port 92 is possible, and the distal end 94 of the inflation
tube 91 can be withdrawn from the injection port 92 without exceésive axial force
on the graft 11, i.e. without sufficient axial force on the graft 11 to dislodge the
graft 11 from its position within the patient’s artery 76 or other intracorporeal
conduit. |

Once the graft 11 has been inflated and the distal end 94 of the inflation
tube 91 withdrawn from the injection port 92, the catheter 12 can then be
withdrawn in a proximal direction. Once clear of the site of intervention within
the patient’s body, the catheter 12 can be removed from the patient’s body
altogether.

FIG. 13 shows yet another embodiment of a retention wire system wherein
a retention filament or wire 111 is disposed within side holes 112 of the injection
port 92, side holes 113 of the distal end 94 of the inflation tube 91 and side holes
114 of an outer shroud 115. The retention wire 111 acts to interlock the side holes
112 and 113 and 114 by creating a removable shear pin element which prevents
relative axial movement between the distal end 94 of the inflation tube 91 and the
injection port 92. The retention wire 111 is activated or deployed by pulling on a
proximal portion of the retention wire 111 so as to remove the retention wire 111
from the side holes 112, 113 and 114 and thereby remove the shear pin function of
the retention wire 111. Thereafter, relative axial movement between the distal
end 94 of the inflation tube 91 and the injection port 92 is possible. Relative axial
movement is also then possible between the outer shroud 115 and the injection
port 92.

Outer shroud 115 is a tubular member having a proximal end 116 and a

distal end 117. The proximal end 116 is necked down to an inside surface 118
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which mates with and is secured to an outside surface 121 of the inflation tube 91.
The distal end 117 of the shroud 115 has an inside diameter 120 configured to be
slidably disposed and close fitting over an outside surface 121 of the inflation tube
91. The shroud 115 serves to prevent leakage at the coupling by preventing
ballooning or expansion of the injection port 92 from pressure exerted by inflation
material flowing through the coupling. In the embodiment of FIG. 13, as inflation
material is forced through the inflation tube 91 and into the injection port 92, some
inflation material may be forced into the junction between an outside surface 122
of the distal end of the inflation tube 91 and an inside surface 123 of the injection
port 92 as indicated by arrows 124. As this happens, the interposed inflation
material will tend to increase the outside diameter of the injection port 92 and
force it into the inside diameter 120 of the distal end 117 of the shroud 115
forming a seal therebetween and preventing leakage of inflation material. -

The inflation tube 91 may have a first elongated lumen 125 and a second
elongated lumen 126 disposed along the sides of the inflation tube 91 to house the
ends of the retention wire 111 within the lumens. The first and second elongated
lumens can be terminated proximal to the distal end of the inflation tube 91 at a
first distal port 127 and a second distal port 128. In this way, the retention wire
111 can be passed through the first elongated lumen 125 and exit the first distal
port 127. The retention wire 111 can then be passed through the side holes 112,
113 and 114, so as to axially lock the inflation tube 91 to the injection port 92, and
then back through the second distal port 128. The retention wire can have ends
accessible at a proximal end of the inflation tube to permit fixation of or
application of tension on the ends of the retention wire 111 during inflation and
withdrawal of the retention wire 111 thereafter in order to decouple the distal end
of the inflation tube. The first and second elongated lumens 125 and 126 keep the
retention wire from being tangled or pinched which may impede withdrawal of the

retention wire 111 and removal of the inflation tube 91 after the inflation process.
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FIG. 15 shows an additional alternative embodiment of a retention wire
system used to secure the distal end of the inflation tube 91 to the injection port 92
of the graft 11 wherein a single retention filament or wire 130 is disposed within
the lumen 131 of the inflation tube 91. The distal end 132 of the retention wire
may have one or more loops 133 and 134, respectively, disposed within side holes
104 of the injection port 92 and side holes 105 of the distal end 94 of the inflation
tube 91. The distal loops of the retention wire act to interlock the side holes 104
and 105 by creating a removable shear pin element which prevents relative axial
movement between the distal end 94 of the inflation tube 91 and the injection port
92. Alternate embodiments may include multiple retention filaments or wires
disposed within the lumen 131 of the inflation tube 91.

FIGS. 16-19 show an alternate embodiment of an actuator 135 in which a
manually activated rack and pinion mechanism 136 can be mechanically coupled
to the terminal members 26° and 31’ and can be used to employ relative motion
between the terminal members 26° and 31°. The rack and pinion mechanism 136
provides controllable and automatic relative axial movement between the slitted
inner tubular section 18 and the outer tubular section 25 by activation of the
mechanism 136. The rack and pinion mechanism 136, as shown in Figure 17 has
arack 137, a pinion 138 and a pinion handle 139 mechanically coupled to the first
terminal member 26’ with a pinion shaft 140. The pinion 138, pinion shaft 140
and the pinion handle 139 form a pinion handle assembly 141 which is rotatably
coupled to the first terminal member 26’ by the pinion shaft 140. The pinion
handle 139 is secured to the pinion 138 by the pinion shaft 140 to prevent relative
rotational movement therebetween. As discussed above, the pinion shaft 140 is
rotatably disposed within a cylindrical pinion cavity 142 disposed within the first
terminal member 26°. The rack 136 is secured to the second terminal member 31’
which is secured to the outer tubular member 33. The rack contains a plurality of
teeth 143 configured to operatively engage the notches 144 of the pinion 138 such

that when the pinion handle assembly 141 is rotated there is controlled retraction
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of the outer tubular member 33 over the inner tubular member 28. Thus, the outer
tubular section 25 is displaced relative to the slitted inner tubular section 18. The
pinion handle 139 can be activated manually, or can optionally be actuated
automatically with actuators such as a motor drive, spring drive or the like which
can be chosen to provide a fixed amount of force over a given distance and rapid
automatic relative axial movement between the first and second terminal members

26’ and 31°.

While particular forms of the invention have been illustrated and described,
it will be apparent that various modifications can be made without departing from
the spirit and scope of the invention. Accordingly, it is not intended that the

mvention be limited, except as by the appended claims.
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WHAT IS CLAIMED IS:
1. A catheter for delivery of an expandable intracorporeal device
comprising:

an elongate shaft having a proximal section, a distal section, a
proximal end and a distal end;

the distal section of the elongate shaft comprising a radially
expandable shear barrier disposed about an inner space configured to
accept an expandable intracorporeal device in a collapsed state; and

an outer radially constraining section which is disposed about and
radially constraining at least a portion of the radially expandable shear
barrier and which is capable of axial movement relative to the radially
expandable shear barrier.

2. The catheter of claim 1 wherein the radially expandable shear barrier
and the outer radially constraining section are coupled to at least one terminal
member disposed at the proximal end of the elongate shaft.

3. The catheter of claim 2 further comprising an actuator coupled to the
at least one terminal member.

4. The catheter of claim 1 wherein the radially expandable shear barrier
has a length of about 1 to about 20 cm.

5. The catheter of claim 1 wherein the radially expandable shear barrier
comprises a slitted inner tubular section and a distal end with at least one
longitudinal slit extending proximally therefrom and the inner space comprises an
mner lumen disposed within the slitted inner tubular section.

6. The catheter of claim 5 wherein the outer radially constraining
section comprises an outer tubular section which is disposed about and radially
constrains at least a portion of the slitted inner tubular section and which is

capable of axial movement relative to the slitted inner tubular section.
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7. The catheter of claim 6 wherein the slitted inner tubular section and
the outer tubular section are coupled to at least one terminal member disposed at
the proximal end of the elongate shatft.

8. The catheter of claim 7 wherein the slitted inner tubular section is
coupled to a first terminal member comprising a proximal handle disposed at the
proximal end of the elongate shaft. and the outer tubular section is coupled to a
second terminal member comprising a distal handle disposed at the proximal end
of the elongate shaft.

0. The catheter of claim 6 further comprising a guidewire tube
disposed within the inner lumen of the slitted inner tubular section and having an
inner guidewire lumen, a proximal end, a distal end and a distal section.

10.  The catheter of claim 9 further comprising a nose piece disposed
about and secured to the distal section of the guidewire tube.

11.  The catheter of claim 6 wherein the longitudinal slits of the slitted
inner tubular section have a length of about 1 to about 20 cm.

12. The catheter of claim 6 further comprising an expandable
intracorporeal device disposed within the inner lumen of the slitted inner tubular
section and wherein the catheter and expandable intracorporeal device comprise a
catheter system.

13.  The catheter system of claim 12 wherein the elongate shaft has a
length of about 10 to about 200 cm.

14.  The catheter system of claim 12 wherein the elongate shaft has a
length of about 10 to about 150 cm and is configured for percutaneous delivery
from outside a patient to a desired site within a patient's body through an
intracorporeal conduit of the patient.

15.  The catheter of claim 1 wherein the distal section of the elongate
shaft has a maximum outside transverse dimension of about 2.5 to about 3.5 mm.

16.  The catheter of claim 1 wherein the distal section of the elongate

shaft has a maximum outside transverse dimension of about 2.5 to about 6 mm.
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17.  The catheter of claim 10 wherein the nose piece has a distal end with
a contoured distally tapered bullet shape and a proximal end which is configured
to engage the inner lumen of the outer tubular section.
18.  The catheter system of claim 12 wherein the expandable
intracorporeal device comprises an expandable endovascular device.
19.  The catheter system of claim 18 wherein the expandable
endovascular device comprises an expandable endovascular graft.
20. A method for deploying an expandable intracorporeal device within
a patient’s body comprising:
a) providing a catheter system including:
an elongate shaft having a proximal section, a distal section, a
proximal end and a distal end,
the distal section of the elongate shaft comprising a radially
expandable shear barrier disposed about an inner space configured
to accept the expandable intracorporeal device in a collapsed state,
an outer radially constraining section which is disposed about
and radially constrains at least a portion of the radially expandable
shear barrier, and
an expandable intracorporeal device disposed within the inner
space of the radially expandable shear barrier;
b) introducing the distal end of the catheter system into the
patient’s body;
c) advancing the catheter system to a desired site within the
patient’s body; and
d) Initiating relative axial movement between the radially
expandable shear barrier and the outer constraining section to at least
partially remove the radial constraint on the radially expandable shear
barrier sufficiently for the expandable intracorporeal device to expand and

deploy at the desired site.
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21. The method of claim 20 wherein the expandable intracorporeal
device disposed within the inner space of the radially expandable shear barrier
comprises an expandable endovascular device.

22.  The method of claim 21 wherein the expandable endovascular
device disposed within the inner space of the radially expandable shear barrier
comprises an expandable endovascular graft.

23.  The method of claim 20 wherein the radially expandable shear
barrier comprises a slitted tubular section and the outer radially constraining
section comprises an outer tubular section.

24.  The method of claim 23 wherein the relative axial movement
between the slitted inner tubular section and the outer tubular section comprises
axially withdrawing the outer tubular section from the slitted tubular section in a
proximal direction.

25.  The method of claim 23 wherein the expandable intracorporeal
device comprises an expandable endovascular graft having an expandable anchor
portion disposed within an inner lumen of the outer tubular section distal of a
distal end of the slitted inner tubular section prior to initiation of relative axial
movement between the slitted inner tubular section and the outer tubular section.

26.  The method of claim 20 wherein a maximum outside transverse
dimension of the distal section of the elongate shaft is about 2.5 to about 6 mm
prior to initiation of relative axial movement between the radially expandable
shear barrier and the outer constraining section.

27.  The method of claim 20 wherein a maximum outside transverse
dimension of the distal section of the elongate shaft is about 2.5 to about 3.5 mm
prior to initiation of relative axial movement between the radially expandable
shear barrier and the outer constraining section.

28. A catheter system comprising:

an elongate shaft having a proximal section, a distal section, a

proximal end and a distal end; the distal section of the elongate shaft comprising



WO 01/56504 PCT/US01/03419
25

a radially expandable shear barrier disposed about an inner space configured to
accept an expandable intracorporeal device in a collapsed state;
an outer radially constraining section which is disposed about and
radially constraining at least a portion of the radially expandable shear
barrier and which is capable of axial movement relative to the radially
expandable shear barrier; and
an expandable intracorporeal device disposed within the inner lumen
of the slitted inner tubular section and wherein the catheter and expandable
intracorporeal device comprise a catheter system.

29.  The catheter system of claim 28 wherein the radially expandable
shear barrier comprises a slitted inner tubular section and a distal end with at least
one longitudinal slit extending proximally therefrom and the inner space
comprises an inner lumen disposed within the slitted inner tubular section.

30.  The catheter system of claim 29 wherein the outer radially

constraining section comprises an outer tubular section which is disposed about
and radially constrains at least a portion of the slitted inner tubular section and

which is capable of axial movement relative to the slitted inner tubular section.
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