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(57) Abrégée/Abstract:
An endovascular graft delivery system Is configured to deliver an endovascular graft to a target location and deploy the

endovascular graft at the target location within a patient's vasculature. The delivery system includes an endovascular graft including
a tubular graft body section and a distal self-expanding member which Is disposed distally of a second self-expanding member and
the graft body section, an elongate shaft having a proximal section and a distal section, a first handle disposed on a proximal
portion of the delivery system and configured to deploy the distal self-expanding member, and a second handle disposed on the
proximal portion of the delivery system and configured to deploy the second self-expanding member.
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ABSTRACT

An endovascular graft delivery system is configured to deliver an
endovascular graft to a target location and deploy the endovascular graft at the target
location within a patient’s vasculature. The delivery system includes an endovascular
oraft including a tubular graft body section and a distal self-expanding member which
is disposed distally of a second self-expanding member and the graft body section, an
clongate shaft having a proximal section and a distal section, a first handie disposed
on a proximal portion of the delivery system and configured to deploy the distal self-
expanding member, and a second handle disposed on the proximal portion of the

delivery system and configured to deploy the second self-expanding member.
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DELIVERY SYSTEM AND METHOD FOR BIFURCATED GRAFT

This application i1s divided from Canadian Patent Application Serial No.
2,443,104 filed on April 11, 2002.

TECHNICAL FIELD

The present invention relates generally to a system and method for the treatment
of disorders of the vasculature. More specifically, 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.

BACKGROUND ART

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 can have a high
mortality rate due to the possibility of the rupture discussed above in addition to other
factors. Other risk factors for surgical treatment of aortic aneurysms 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 Aneuysms by Cooley
published in 1986 by W. B. Saunders Company.

Due to the inherent risks and complexities of surgical intervention, various
attempts have been made to develop 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 described therein the use of a Gianturco stent as disclosed in U.S. Patent No.
4,580,568. The stent is 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 ef al. in
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“Percutaneously placed endovascular grafts for aortic aneurysms: feasibility study,”
Radiology (March 1989). Mirich describes theremn 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 systems used to deliver the grafts are relatively
large 1n profile, often up to 24 French, and stiff m longitudinal bending. The large
profile and relatively high bending stiffness of existing delivery systems makes delivery
through the \{essels of a patient difficult and can pose the risk of dissection or other
trauma to the patient’s vessels. In particular, the iliac arteries of a patient are often too
narrow or irregular for the passage of existing percutaneous devices. Because of this,
non-invasive percutaneous graft delivery for treatment of aortic aneurysm 1is
contraindicated for many patients who would otherwise benefit from it.

What is needed 1s an endovascular graft and delivery system having a small outer
diameter relative to existing systems and high flexibility to facilitate percutaneous
delivery in patients who require such treatment. What is also needed is a delivery
system for an endovascular graft that is simple, reliable and that can accurately and

safely deploy an endovascular graft within a patient’s body, lumen or vessel.

DISCLOSURE OF INVENTION

The 1mvention is directed generally to a delivery system for delivery of an
expandable intracorporeal device, specifically, an endovascular graft. Embodiments of
the mvention are directed to percutaneous non-invasive delivery of endovascular grafts
which eliminate the need for a surgical cut-down in order to access the afflicted artery
or other intracorporeal conduit of the patient being treated. Such a non-invasive delivery
system and method result in shorter procedure duration, expedited recovery times and
lower risk of complication. The flexible low profile properties of some embodiments
of the mmvention also make percutaneous non-invasive procedures for delivery of
endovascular grafts available to patient populations that may not otherwise have such
treatment available. For example, patients with small anatomies or particularly tortuous

vasculature may be contraindicated for procedures that involve the use of delivery
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systems that do not have the flexible or low profile characteristics of embodiments of

the present invention.

In accordance with an illustrative embodiment, there is provided an
endovascular graft delivery system configured to deliver an endovascular graft to a
target location and deploy the endovascular graft at the target location within a
patient's vasculature, comprising: an endovascular graft including a tubular graft body
section and a distal self-expanding member which is disposed distally of a second
seif-expanding member and the graft body section; an elongate shaft having a
proximal section and a distal section; a first handle disposed on a proximal portion of
the delivery system and configured to deploy the distal self-expanding member; and a
second handle disposed on the proximal portion of the delivery system and configured

to deploy the second self-expanding member.

In accordance with another illustrative embodiment, there is provided an
endovascular graft delivery system, comprising: an endovascular graft including a
tubular gratt body section and a distal self-expanding member which is disposed
distally ot a second self-expanding member and the graft body section; and a delivery
catheter configured to deliver and deploy the endovascular graft in a constrained state
to a treatment site within a patient's body, including an elongate shaft having a
proximal section and a distal section, an outer tubular member disposed over the
constrained graft configured to cover the endovascular graft in a constrained state
during delivery to a treatment site within the patient's body and configured to be
retracted proximally to expose the endovascular graft, and a first handle disposed on a

proximal portion of the delivery catheter and configured to deploy the distal self-

expanding member.

In accordance with another illustrative embodiment, there is provided an
endovascular graft delivery system configured to deliver an endovascular graft to a
target location within a patient's vasculature and deploy the endovascular graft at the
target location, comprising: an endovascular graft including a graft body section and a
distal self-expanding member which is disposed distally of the graft body section; an

elongate shaft having a proximal section and a distal section; a handle disposed on a
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proximal portion of the delivery system configured to partially deploy the
endovascular graft upon actuation of the handle; and a handle disposed on the
proximal portion of the delivery system configured to deploy the self-expanding

member of the endovascular graft.

The delivery system is used for deploying an expandable intracorporeal device
within a patient's body. The method includes providing a delivery system for delivery
of an expandable intracorporeal device including an elongate shaft having a proximal
section and a distal section. The distal section of the elongate shaft has an elongate
belt support member disposed adjacent a portion of the expandable intracorporeal
device and a belt which is secured to the belt support member. The belt is
circumferentially disposed about the expandable intracorporeal device and has a
configuration that constrains the expandable intracorporeal device. A release member

releasably secures the belt in the constraining configuration.

Next, the distal end of the delivery system is introduced into the patient's body
and advanced to a desired site within the patient's body. The release member is then
activated, releasing the belt from the constraining configuration. Optionally, the
delivery system may also have an outer protective sheath disposed about the
endovascular graft in a constrained state, the belt in its constraining configuration and
at least a portion of the release wire disposed at the belt. In such an arrangement, the
method of deployment of an expandable intracorporeal device also includes retraction

of the outer protective sheath from the endovascular graft prior to activation of the

release member.

[n an embodiment of the invention directed to delivery of a bifurcated
intracorporeal device, an elongate shaft has a proximal section and a distal section.
The distal section of the shaft has an elongate primary belt support member and at
least one primary belt disposed on the primary belt support member. The primary belt
support member is configured to be circumferentially disposed about a bifurcated
intracorporeal device and at least partially constrain the device. A primary release
member is configured to engage and releasably secure the primary belt in a

constraining configuration. At least one elongate secondary belt support member is
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disposed adjacent the elongate primary belt support member. At least one secondary
belt is disposed on the secondary belt support member. This at least one secondary
belt is configured to be circumferentially disposed about a bifurcated intracorporeal
device and at least partially constrain the device. A secondary release member is
configured to engage and releasably secure the secondary belt in a constraining

configuration.

In a method for deploying a bifurcated intracorporeal device within a patient's
body, a delivery system for delivery and deployment of a bifurcated intracorporeal
device is provided. The delivery system includes an elongate shaft having a proximal
section and a distal section. The bifurcated intracorporeal device is disposed on the
distal section of the elongate shaft. The distal section of the elongate shaft also
includes an elongate primary belt support member and at least one primary belt
secured to the primary belt support member. The primary belt is configured to be
circumferentially disposed about a bifurcated intracorporeal device and at least
partially constrain the device. A primary release member engages and releasably
secures the primary belt in the constraining configuration. The distal section of the
clongate shaft also includes at least one elongate secondary belt support member
disposed adjacent the elongate primary belt support member. At least one secondary

belt 1S secured to the secondary belt
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support member and is configured to be circumferentially disposed about a bifurcated
intracorporeal device to at least partially constrain the device. A secondary release

member engages and releasably secures the secondary belt in a constraining

configuration.
The distal end of the delivery system is introduced into the patient’s body and

advanced to a desired site within the patient’s body. The release members are then
activated to release the belts from the constraining configuration and the device is
deployed. Thereafter, the delivery system can be removed from the patient’s body. In
some embodiments of the invention, the secondary belt support member is detached and
removed from the delivery system prior to withdrawal of the delivery system from the
patient. In another embodiment, the secondary belt support member is displaced
laterally towards the primary belt support member so as to be substantially parallel to
the primary belt support member and enable withdrawal of the delivery system through
an ipsilateral side of the bifurcated intracorporeal device.

BRIEF DESCRIPTION OF DRAVWi\IG

The objects, advantages and features of this invention will be more readily
appreciated from the following detailed description, when read in conjunction with the
accompanying drawing, in which: -

FIG. 1 1s an elevational view in partial longitudinal section illusirating an
embodiment of a delivery system for an expandable intracorporeal device having features
of the mvention.

FIG. 2 15 a transverse cross sectional view of the delivery system of FIG. 1 taken
along lines 2-2 of FIG. 1.

FIG. 3 1s a transverse cross sectional view of the delivery system of FIG. 1 taken
along hnes 3-3 of FIG. 1.

F1G, 4 1s a transverse cross sectional view of the delivery system of FIG. 1 taken
along lines 4-4 of FIG. 1. '

FIG. 5 1s a transverse cross sectional view of the delivery system of FIG. 1 taken
along limes 5-5 of FIG. 1.
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FIG. 6A 1s an enlarged elevational view in partial section of the delivery system

mn FIG. 1.

FIG. 6B 1s an enlarged elevational view in partial section of the delivery system
of FIG. 1 with portions of the graft and self-expanding members cut away for clarity of
view of the belt bushjngs'.

FIG. 7A is a perspective view showing release belt configurations having features
of the mvention.

FIG. 7B 1s a perspective view showing an alternative embodiment of release
belts,

FIG. 7C is an end view showing an alternative embodiment of release belts.

FIG. 7D i1s a perspective view of the embodiment of FIG. 7C.

FIG. 7E is an enlarged view of a particular coupling configuration between end
loops of release belts.

FIG. 7F 1s a perspective view, partially cut away, of a particular embodiment of
an end loop of a release belt.

F1G. 7G 1s a perspective view of an alternative embodiment of a release belt.

FIG. 7H is a perspective view of an alternative embodiment of a release bellt.

FIG. 71 1s a perspective view of an alternative embodiment of a branched release
wire.

FIG. 7] is an end view showing an alternative embodiment of a release belt.

FIG. 7K is a transverse cross sectional view showing the alternative embodiment
of the release belt configuration of FIG. 7J constraining a self-expanding member.

FIG. 7L 1s a detail of the connection formed where a release wire is used with
the alternative release belt embodiment of FIGS. 7]-7K.

FIG. 8 1s an elevational view in partial section of the proximal adapter shown in
FIG. 1. |

FIG. 9 1s a diagrammatic view of a patient’s body illustrating the patient’s heart,
aorta, 1liac arteries, femoral arteries, and a delivery system having features of the

invention disposed within the femoral artery and aorta.
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FIG. 10 is a diagrammatic view of a delivery system having features of the
invention disposed within an artery of a patient with an expandable intracorporeal device
being deployed within the artery.

FIG. 11 1s a diagrammatic view of a delivery system having features of the
invention disposed within an artery of a patient with an expandable intracorporeal device
being deployed within the artery.

FIG. 12 1s an enlarged diagrammatic view of a delivery. system having features
of the mvention disposed within an artery of a patient with an expandable intracorporeal
device being deployed within the artery.

FIG. 13 1s an elevational view in partial section of a connection between an
inflation tube and an inflation port of an endovascular graft.

FIG. 14 1s an elevational view 1 partial longitudinal section illustrating an
embodiment of a delivery system for an expandable intracorporeal device having features
of the mvention.

FIG. 15 1s a transverse cross sectional view of the delivery system of FIG. 14
taken along lines 15-15 in FIG. 14.

FIG. 16 1s an enlarged elevational view in partial section of the delivery system
shown in FIG. 14.

FIG. 17 1s an elevational view in partial section of the proximal adapter of the
delivery system shown in FIG. 14.

FIG. 18 1s an elevational view in partial section of an alternative embodiment of
the proximal adapter of the delivery system shown in FIG. 14 with a nested handle
configuration.

FIG. 19 1s an elevational view of a bifurcated stent graft suitable for delivery and
deployment by embodiments of the invention.

FIG. 20 1s a transverse cross sectional view of the stent graft of FIG. 19 taken
along lines 20-20 1 FIG. 19.

FIG. 21 1s a transverse cross sectional view of the stent graft of FIG. 19 taken
along lines 21-21 of FIG. 19.

FIG. 22 1s a transverse cross sectional view of the stent graft of FIG. 19 taken
along lines 22-22 of FIG. 109.
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FIG. 23 1s an elevational view in partial section of an embodiment of a delivery
system having features of the invention.

FIG. 24 1s a transverse cross sectional view of the delivery system of FIG. 23
taken along lines 24-24 of FIG. 23.

FIG. 25 1s a transverse cross sectional view of the delivery system of FIG. 23
taken along lines 25-25 of FIG. 23.

FIG. 26 1s an elevational view 1n partial section showing an enlarged view of a
distal portion of the delivery system of FIG. 23.

FIG. 27 is a transverse cross sectional view of the delivery system of FIG. 26
taken along lines 27-27 of FIG. 26.

 FIG. 28 is a traﬁsverse cross sectional view of the delivery system of FIG. 26

taken along lines 28-28 of FIG. 26.

FIG. 28A is a transverse cross sectional view of an alternative embodiment of

a secondary belt support member of a delivery system similar in function to that shown
in FI1G. 28.
FIG. 28B is an elevational view of the alternative embodiment of the secondary

belt support member of FIG. 28A.

FI1G. 29 is a transverse cross sectional view of the delivery system of FIG. 26

taken along lines 29-29 of FIG. 26.

FIG. 30 is a transverse cross sectional view of the delivery system of FIG. 26
taken along lines 30-30 in FIG. 26.

FIG. 31 is an elevétional view 1n partial section of the proximal adapter of the

delivery system of FIG. 23.

FIG. 31A is an elevational view in partial section of the proximal adapter of the
delivery system of FIG. 23, showing an optional ripcord and flexible fill catheter.

FIG. 31B is a simpler cross sectional schematic view of a bent or angled

contralateral leg inflatable channel having a bead or lumen patency member disposed 1n

a channel lumen taken.along line 31B-31B 1n FIG. 19.

FIG. 32 is a perspective view of the belt support member assembly at a distal

portion of the delivery system of FIG. 23.
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FIG. 33 illustrates a portion of the internal vasculature of a patient, including
the aorta, iliac and femoral arteries branc.hing therefrom.

FIG. 34 i1s a magnified view of the abdominal aorta area of the patient shown
in F1G. 33 and shows a guidewire positioned in the aorta from the right iliac artery.

FIGS. 35-37 illustrate the magnified view of the abdominal aorta of the patient
shown in FIG. 33 and depict a deployment sequence of the bifurcated endovascular
stent graft of FIG. 19 with the delivery system of FIG. 23.

FIG. 37A is a perspective view of a marker disposed on the delivery system
distal section in the vicinity of the nosepiece.

FIG. 37B is a perspective view of an alternative embodiment of a marker for
use in the delivery system of the present invention.

FIGS. 38-52 continue to illustrate a deployment sequence ot the bifurcated
endovascular stent graft of FIG. 19.

FIGS. 53-57 illustrate a number of alternative catheter distal shaft
arrangements in which a well is provided to facilitate the orderly and tangle-free
withdrawal of the release strand from the delivery catheter.

FIGS. 58-60 illustrate a further alternative belt support member and

contralateral leg delivery system configurations and operation.

BEST MODE FOR CARRYING OUT THE INVENTION
FIGS. 1-8 and 10 illustrate an embodiment of delivery system 10 for

delivering a variety of expandable intracorporeal devices; specifically, an expandable
endovascular graft 11. One such expandable endovascular graft 11 useful for delivery
and deployment at a desired site within a patient is disclosed in U.S. Patent No.
6,395,019 1ssued May 28, 2002 to M. Chobotov.

Delivery system 10 in FIG. 1 has an elongate shaft 12 with a proximal section
13, a distal section 14, a proximal end 135 and a distal end 16. The distal section 14 has
an elongate belt support member in the form of a guidewire tube 17 disposed adjacent
a portion of the expandable endovascular graft 11. A guidewire 18 is disposed within
guidewire tube 17. A plurality of belts 21, 22, and 23 are secured to the guidewire
tube 17 and are circumferentially disposed about portions of the endovascular graft

11. FIG. 1 shows the belts in a configuration that constrains the endovascular graft 11.
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First and second release members 24 and 25 releasably secure belts 21, 22, and 23 in a

constraining configuration as shown.

The endovascular graft 11 has a proximal end 26, a distal end 27, a proximal
inflatable cuff 28, a distal inflatable cuff 30, a proximal self-expanding member 31, a
first distal self-expanding member 32 and a second distal self-expanding member 33.
As defined herein, the proximal end of the elongate shaft is the end 15 proximal to an
operator of the delivery system 10 during use. The distal end of the elongate shaft is
the end 16 that enters and extends into the patient's body. The proximal and distal
directions for the delivery system 10 and endovascular graft 11 loaded within the
delivery system 10 as used herein 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 defines the proximal end of an
endovascular graft as that end of the graft that is proximal to the source of blood tlow
going into the graft. Such a convention is used in the previously discussed U.S. Patent
No. 6,395,019 although that convention is not adopted herein.

The guidewire tube 17 has an inner lumen 34, as shown in FIG. 2, a distal
section 35, a proximal end 36, as shown in FIG. 8, and a distal end 37. The inner
lumen 34 of the guidewire tube 17 terminates at the distal end 37 with a distal
guidewire tube port 38, as shown in FIG. 10. As seen in FIG. 8, the proximal end 36
of guidewire tube 17 terminates in a port 41 disposed in the proximal adapter 42. The
port 41 is typically a tapered fitting such as a Luer lock fitting which facilitates the
attachment of a hemostasis valve (not shown). The guidewire tube 17 1s a hollow
tubular member that normally has an annular cross section, although oval cross-
sectional profiles and others are also suitable.

A portion of the distal section 35 of the guidewire tube 17, shown in FIG. 1, 1s
disposed within an inner lumen 43 of a distal nose piece 44, as shown in FIG. 5.
Distal nose piece 44 is configured in a streamlined bullet shape for easy passage
within a patient lumen or vessel such as aorta 45. Guidewire tube 17 may be bonded

to the inner lumen 43 of the nose piece 44, or it may be molded into the nose piece 44

during
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manufacture. Referring to FIG. 1, the nose piece 44 has a distal portion 46, an
intermediate portion 47 and a proximal shoulder portion 48 configured to shdingly
engage the distal portion 51 of an inner lumen 52 of an outer tubular member 353.

Referring to FIGS. 1, 6A, 6B and 7A, on the distal section 35 of guidewire
tube 17, proximal to the proximal shoulder portion 48 of nose piece 44, a first distal
belt 21 is secured to the guidewire tube 17. The first distal belt may be secured to the
guidewire tube 17 with any suitable adhesive such as cyanoacrylate, epoxy or the like.
Both free ends 55 and 56 of the first distal belt 21 are secured to the guidewire tube 17.
The gmdewire tube 17 may be made from a vanety of suitable materials mcluding
polyethylene, teflon, polyimide and the like.

Refernng to FIGS. 2-5, the inmer lumen 34 of the gmidewire tube 17 has an
inside diameter that can accommodate a gmdewire suitable for guiding a device such as
delivery system 10. The inner lumen 34 of the guidewire tube 17 may have an inside
diameter of about 0.015 inch to about 0.045 inch; specifically, about 0.020 inch to about
0.040 inch. The outer diameter of the guidewire tube 17 may range from about 0.020
inch to about 0.060 inch; specifically, about 0.025 inch to about 0.045 inch.

Referring again to FIGS. 6A, 6B and 7A, an optional first distal belt bushing 57
is disposed about the guidewire tube 17 so as to cover the portions of the free ends 55
and 56 of the first distal belt 21 that are secured to the distal section 35 of the gnidewire
tube 17. This bushing 57 may also serve to control the constrained configuration of the
belted self-expanding members, and may include geometric features to engage or support
the belted members. A similar configuration is present at a second distal belt 22 which
has free ends secured to the guidewire tube 17 proximal to the first distal belt 21. A
second distal belt bushing 63 is disposed about the guidewire tube 17 so as to cover the
portions of the free ends of the second distal belt 22 that are secured to the guidewire
tube 17. A proximal belt 23 has free ends secured to the guidewire tube 17 proximal
to the second distal belt 22 and has an optional proximal belt bushing 67, as shown in
FIG. 6, configured similarly to the first and second distal belt bushings 57 and 63.

The belts 21, 22 and 23 can be made from any high strength, resilient material
that can accommodate the tensile requirements of the belt members and remain flexible

after being set in a constraining configuration. Typically, belts 21, 22 and 23 are made
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from solid ribbon or wire of a shape mem(;ry alloy such as mickel titanium or the like,
although other metallic or polymeric materials are possible. Belts 21, 22 and 23 may
also be made of braided metal filaments or braided or solid filaments of high strength
synthetic fibers such as Dacron®, Spectra or the like. An outside transverse cross
section of the belts 21, 22 and 23 may range from about 0.002 to about 0.012 inch,
specifically, about 0.004 to about 0.007 inch. The cross sections of belts 21, 22 and 23
may generally take on any shape, including rectangular (in the case of a ribbon),
circular, elliptical, square, etc.

In general, we have found that a ratio of a cross sectional area of the belts to a
cross sectional area of the release members, 24 and 25, of about 1:2 is useful to balance
the relative strength and stiffness requirements. Other ratios, however, may also be used
depending on the desired performance characteristics. |

The inner diameters of belt bushings 57, 63 and 67 are sized to have a close fit
over the gmidewire tube 17 and secured portion 71, as shown in FIG. 7A, of the free
ends of the belts 21, 22 and 23 that are secured to the guidewire tube 17. Typically, the
inner diameter of the belt bushings 57, 63 and 67 range from about 0.025 inch to about
0.065 1nch; specifically, about 0.030 inch to about 0.050 inch. In addition, the outer
diameter of belt bushing 57 may be sized to approximate an inner diameter 70, as shown
m FIG. 4, of the respective first distal self-expanding member 32 of the endovascular
graft 11 when the member 32 1s in a fully constrained state. The other belt bushings 63
and 67 may be similarly configured with respect to the second distal self-expanding
member 33 and the proximal self-expanding member 31.

Such an arrangement keeps the self-expanding members 31, 32 and 33 properly

situated when in a constrained state and prevents the various portions of the self-

expanding members 31, 32 and 33 from overlapping or otherwise entangling portions
thereof while 1n a constrained state. The outer diameter of the belt bushings 57, 63 and
67 may range from about 0.040 inch to about 0.200 inch; specifically, about 0.060 inch
to about 0.090 inch. The material of the belt bushings 57, 63 and 67 may be any
suitable polymer, metal, alloy or the like that is bondable. Generally, the belt bushings
37, 63 and 67 are made from a polymer such as polyurethane, silicone rubber or PVC
plastic. .
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As shown m FIG. 7A, belts 21, 22 and 23 extend radially from the guidewire
tube 17 through optional standoff tubes 72, 73 and 74. Standoff tubes 72, 73 and 74 are
disposed about belts 21-23 adjacent the guidewire tube 17 and act to prevent separation
of belts 21-23 1n a circumferential direction as tension is applied to the belts. Standoff
tubes 72 - 74 also prevent belts 21-23 from applying other undesirable forces on portions
of the endovascular graft 11 that are constrained by the belts. Specifically, the standoff
tubes 72 -74 prevent the belts 21-23 from spreading the self-expanding members 31 —
33, or portions thereof, at those locations where the belts 21-23 extend radially through
the self-expanding members.

The standoff tubes 72 - 74 typically have a length substantially equal to a single
wall thickness of the self-expanding members 31, 32 and 33. The length of the standoff
tubes 72 - 74 may range from about 0.010 inch to about 0.030 inch. An inner diameter
of an mner Iumen 75 of the standoff tubes, as shown in FIG. 4, may range from about
0.004 to about 0.024 inch, with a wall thickness of the standoff tubes being about 0.002
inch to about 0.006 inch. Typically, the standoff tubes 72 - 74 are made from a high
strength metal or alloy such as stainless steel, although they may be polymeric as well.

Belis 21-23 exit the outer apertures of standoff tubes 72 - 74 and extend
circumferentially about the respective portions of the expandable intracorporeal device
11. The term “circumferential extension” as used with regard to extension of the belts
21-23 1s meant to encompass any extension of a belt in a circumferential direction. The
belts may extend circumferentially a full 360 degrees, or any portion thereof For
example, belts or belt segments may extend partially about an endovascular device, and
may be combined with other belts or belt segments that also partially extend
circumierentially about an endovascular device. Typically, a plane formed by each of
the belts 21-23 when m a constraining configuration is generally perpendicular to a
longitudinal axis 76, shown in FIG. 1, of the distal section 14 of shaft 12. As shown
in FIGS. 6A and 6B, loop ends 81, 82 and 83 of the belts 21, 22 and 23, respectively,

are releasably locked together by one or more release members. For example, in the
embodiment shown m FIG. 1, a release member in the form of a first release wire 24
1s shown disposed within end loops 81 of the first distal belt 21 and end loops 82 of the

second distal belt 22 so as to secure the first and second distal belts 21 and 22 in a
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constraimng configuration about the endovascular graft 11. Another release member in
the form of a second release wire 25 1s shown disposed within end loops 83 of the
proximal belt 23 so as to secure the proximal belt 23 1 a constraining configuration
about the endovascular graft 11.

A single release wire may also be used to perform the function of each of the
first and second release wires, 24 and 25, so that first distal belt 21, second distal belt
22, and proximal belt 23 may be releasably secured by a single release wire. A highly
controlled, sequential belt deployment scheme may be realized with the use of a single
release wire.

Any number of release wires and belts as may be needed to effectively secure
and deploy graft 11, in combination, are within the scope of the present invention.

In some embodiments of the invention, when constrained, the end loops of any
single belt touch each other or are spaced closely together such that the belt as a whole
forms a substantially circular constraint lying substantially in a plane. Release wire 24
and 25 may be made from suitable high strength materials such as a metal or alloy (e.g.,
stainless steel) which can accommodate the torque force applied to the release wire by
the belt end loops 83 when the belts 23 are under tension from the outward radial force
of the constrained portions of the endovascular graft 11, i.e., the self-expanding members
32 and 33. |

The release wires 24 and 25 may generally have an outer diameter ranging from
about 0.006 to about 0.014 inch. Distal end portions 84 and 85 of release wires 24 and
25, respectively, may terminate at any appropriate site distal of the end loops 81-83 of
belts 21-23. As shown in FIG. 8, the proximal ends 86 and 87 of the release wires 24
and 25 extend through the elongate shaft 12 of the delivery system 10 through proximal
ports 91 and 92 on the proximal adapter 42, respectively, and terminate at respective
release wire handles 93 and 94 which are releasably secured to the proximal adapter 42.

F1G. 7B illustrates an alternative embodiment of the belts 21-23 of FIG. 7A. In

FIG. 7A, belts 21-23 are shown as each consisting of a single strand of wire formed into

the end loops 81-83, respectively, with the end loops in an overlapping‘conﬁguration.
Free ends 55 and 56 of belt 81 are shown secured to the distal section 35 of the
guidewire tube 17. In contrast, FIG. 7B, wherein like elements with regard to FIG. 7A
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are shown with like reference numerals, shows belts 21B, 22B and 23B formed of two
strands of wire, with each strand formed into a single loop which overlaps a loop of the
other strand to form end loops 81B, 82B and 83B. The free ends of the belts 21B-23B
may be secured in a similar manner to those of free ends 55 and 56 of FIG. 7A.

Turming now to FIGS. 7C and 7D, alternative embodiments for portions of the
delivery system of the present invention are shown. FIGS. 7C and 7D illustrate
alternative belts 21C, 22C and 23C disposed on gmdewire tube 17. Single or multiple
belts 21C — 23C may be deployed at various locations along guidewire tube 17 as
desired. In addition, the members comprising belts 21C-23C are shown as a single line.
However, belts 21C-23C may be of a single- or multiple strand or filament design with
various cross-sectional shapes as previously described. A single solid ribbon or wire is
particularly useful.

Belts 21C-23C shown in FIGS. 7C and 7D are a single strand filament wrapped
around guidewire tube 17 and fixed thereon via any number of suitable techniques, such
as gluing with adhesive, mechanical fixation, etc. Especially useful is fixing the belt
with an ultraviolet-curable adhesive.

Alternatively, belts 21C-23C may comprise two strand filaments each wrapped
around guidewire tube 17 so that, for instance, belt 21C is a two-filament component.

Belt 21C includes belt arms 112 and 114, each of which, mm the embodiments
shown, 1s a loop of filament twisted upon itself to form a helix. Any number of twists
may be imparted to arms 112 and 114 to provide a relatively loose or relatively tight
helix as desired. Typically the number of twists (with a single twist being defined as
a single overlap of wire segment) in each belt arm 112 and 114 numbers from zero to
about 50 or more; specifically, about two to about 10. The choice of material used for
belt 21C 1s an important factor in determining the optimum number of twists for each
belt arm. Belt arms 112 and 114 may be formed into other configurations (e.g., braid,
double helix, etc.) as well.

Disposed within the end loops of the belt arms 112 and 114 are distal apertures
or openings 120, 122, respectively. During assembly of the delivery system, a release
wire (such as wire 24) is passed through each aperture 120, 122 after the belt arms are

wrapped around the graft self-expanding member, preferably in a circumferential groove
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as further described below. The release wire may also be disposed through any aperture
created along the length of belt arms 112, 114 by each helix twist, although the distal-
most apertures 120, 122 are preferred.

The wire optionally may be welded, glued, or otherwise fixed to itself at discrete
pomnts or along all or any portion of belt arms 112, 114, save their corresponding
apertures 120 and 122. For instance, the belt arm wire may be glued or welded to itself
at the overlap or twist points, such as points 124.

FIG. 7D shows an optional belt arm sleeve 126 that may be used to encloée a
portion of one or both belt arms 112, 114, or any of the other belt embodiments
contemplated heremn. Belt 112 is shown in FIG. 7D being constrained or covered over
a length thereof by a flexible sleeve or coating 126 (or alternatively, a coil wrapping or
by fixing the loop to itself by adhesives, welding, soldering, brazing, etc.). Sleeve or
coating 126 may optionally be shrink-wrapped, crimped, or otherwise configured to
constrain or cover belt arm 112 therein. These fixation and sleeve features help to
minimize the potential of belt arm untwisting and tend to close or block some or all of
the helix apertures along the length except those through which the release wire are
intended to pass. They can also provide greater structural and operational stability to
the catheter system as a whole.

Belt arm sleeve 126 can be configured to have a transverse dimension that is
sized to fit a twisted belt arm with fixed nodal points such as the belt arm 112 shown
in FIG. 7D. In order to accommodate such a twisted belt arm 112, the inner diameter
and outer diameter would be large relative to a transverse dimension of the wire material
that forms the belt arm 112. However, the belt arm sleeve 126 can also be only slightly
larger 1n transverse dimension that the wire that forms the belt arm. For example,
embodiments of belt arms that do not have twisted wires may have a sleeve 126 that fits
closely or tightly over two strands of wire forming a belt arm. The sleeve 126 can
cover substantially the entire length of such an untwisted belt arm from at least the
guidewire tube to just proximal of the distal loop, such as distal loop 120. The distal
loop should remain exposed for engagement by a release Wire. In such an embodiment,
the sleeve covered portion of the belt arm may also be wrapped around and secured to

the guidewire tube just as the unsleeved belt portion of the belt arm 112 shown in FIG.
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7D 1s shown at 71C. This type of low profile belt arm sleeve may also be used to cover
twisted belt arm embodiments, although a slightly larger diameter sleeve would be
required.

It may be desirable to impart a particular free resting angle to the belt arms 112,
114 to improve the reliability of the system and further reduce the possibility of the arms
112 and 114 iterfering with other components of the prosthesis or delivery system. The
FIG. 7C view shows belt arms 112, 114 symmetrically disposed at an angle o as
measured from a horizontal plane 125. This angle o may range from zero to 180
degrees. For example, one or both belt arm 112, 114 may lie along plane 125 or they
may rest in the configuration shown (a = 45 degrees). Any known techniques may be
used to impart a desired resting configuration to the system, such as, for example, cold
working or shape-setting by way of an athermal phase transformation (in the case of
shape memory alloys).

FIG. 7) shows a single belt example of the version shown in FIGS. 7C and 7D.
Here, a single belt arm 113 1s shown disposed about the distal end 35 of guidewire tube
17. Belt arm 113 1s significantly longer than either belt arm 112 or 114 of the FIGS.
7C-7D embodiment so that it may extend at least around the circumference of any one
of self-expanding members 31, 32, or 33. The distal portion 115 of belt arm 113 meets
a more proximal portion 117 where one or both strands (when the belt arm 113 is a
twisted variety) extends through an end loop 119 in the belt arm 115 distal portion. As
discussed with other embodiments, a release member such as release wire 24 may be
inserted through end loop 119 and the intersecting portion of the belt arm proximal
portion 117 to releasably secure belt arm 113 in a constraining configuration about the
endovascular graft 11. FIG. 7K depicts a simplified schematic cross-sectional view of
belt arm 113 (shown here untwisted) held in place by a release wire 24 about an
exemplary self-expanding member 32. FIG. 7L is a detail of the connection formed
where release wire 24 intersects the distal and proximal portions, 115 and 117,
respectively, of belt arm 113.

All of the features discussed herein with respect to the FIGS. 7C-7D embodiment
may be employed in the embodiment of FIGS. 7J-7K as well.
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This helix configuration shown in the embodiments of FIGS. 7C-7D and 7J-7L
is a particularly reliable configuration. It reduces the possibility that a portion of belt
21C becomes entangled with a self-expanding member (such as members 31, 32 and 33)
or otherwise interferes with the safe and effective deployment of the prosthesis.

FIG. 7E depicts a particularly useful arrangement for configuring the belt end
loops 81-83 with release wires 24-25 during assembly of delivery system 10. In this
example, first and second end loops 81’ and 81’7 of belt 21 are shown connected via
release wire 24. To achieve the configuration of FIG. 7E, first end loop 81’ is passed
through aperture 88 disposed in second end loop 81°°. A portion of aperture 89
disposed in first end loop 81’ should extend through the plane created by second end
loop 81°° as shown m FIG 7E.

Next, release wire 24 1s passed through the portion of aperture 89 that extends
beyond this plane so that wire 24 “locks” the two looped ends 81’ and 81°’ together as
shown. We have found that this is a stable configuration that lends itself well to a
reliable and safe deployment protocol.

Other techniques for assembling wire 24 and first and second end loops 81’ and
81’7 may be used; the method described above is merely exemplary. Wire 24 may
simply pass through loop ends as configured and as shown at reference numerals 81, 82
and 83 m FIG. 7A, and 81B, 82B and 83B of FIG. 7B as well.

In the embodiment of FIG. 7F, belt 110 i1s a member in the shape of a wire
formed 1nto an end loop 116B having an aperture 120 for receiving a release wire. This
arrangement may be used on one or both ends of belt 110 or, alone if belt 110 is in the
form of a single belt arm as discussed above. Connection 123 is shown in FIG. 7F as
a simple wrapping of the distal end 116A of the wire comprising belt 110. Connection
123 need not be himited to such a tapered or cylindrical sleeve or coating, however.
Other methods to form end loop 116B are contemplated, including, for example, the use
of adhesives, welding, brazing, soldering, crimping, etc. An optional protective sleeve
or coating 127 (shown in sectional view in FIG. 7F) covers or is part of connection 123
and serves to protect the patient as well as components of the delivery system and

prosthesis from damage.
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Turnming now to FIGS. 7G and 7H, two alternative embodiments of a ribbon-like
belt 81G and 81H are shown. In FIG. 7G, a section 128 of material has been partially
displaced from belt 81G distal end 116C and worked into a loop-like member 129 such
that two generally orthogonal apertures 130, 132 are formed in belt distal end 116C. A
set of hinges or other protective mechanism or material may be used on each end of this
member 128 so that further tearing or peeling of this member may be prevented.
Section 128 may be formed mtegrally from the belt distal end 116C as shown in FIG.
7G or may be a separate component that is attached to the belt distal end by any suitable
means.

Second belt distal end 118C 1 FIG. 7G is shown as having an aperture 133
disposed therein. In use, a half-twist is mmparted to the ribbon-like belt 81G as the
second distal end 118C 1s brought through aperture 130 such that apertures 132 and 133
are at least partially aligned. A release wire (such as wire 24) is then brought through
apertures 132 and 133 to releasably join ends 116C and 118C.

FIG. 7H shows yet another embodiment of a belt 81H where a simple rectangular
aperture 133A 1s disposed in the distal end 117 of belt 81H through which another belt
end and release wire may be disposed as taught herein. As with the embodiment of
FIG. 7G, a half-twist 1s imparted to the belt 81H in use so that the second distal end
118D 1s brought through aperture 133. A release wire may then be threaded through
apertures 132 and 133 to releasably join ends 117 and 118D. In this embodiment,
aperture 132 should be large enough to accommodate both second distal end 118D and
a release wire.

FIG. 71 shows a perspective view of a belt assembly similar to that shown in
FIG. 7A, wherem like elements are shown with like reference numerals. An alternative
embodiment of a release wire consisting of a branched release wire 150 is illustrated in
FIG. 71. The branched release wire 150 engages belts 21-23 and is configured to release
belts 21-23 at different times with a proxim.al withdrawal movement of the branched

release wire 150, the direction of which is indicated by arrow 151. Branched release

wire 150 has a main portion 152 and a branch portion 153. Branch portion 153 is

secured to main portion 152 by a solder joint 154. The joint 154 could also be made

by any other suitable means, such as welding, bonding with an epoxy, mechanically
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binding the joint, or the like. The embodiment of the branched release wire shown 1n
FIG. 71 consists of wire which 1s generally round 1 cross section. The wire of the
branched release wire can have the same or similar material and mechanical properties
to the wire of the release wires 24 and 25 discussed above. Branch portion 153
engages first distal belt 21 and second distal belt 22. A distal‘segment 155 has a length
L indicated by arrow 156 which exiends distally from first distal belt 21 to the distal end
157 of branch portion 153.

Main portion 152 of the branched release wire 150 engages the proximal belt 23
and has a distal segment 158 that extends distally from the proximal belt 23 to a distal
end 161 of the main portion. The length L’ of the distal segment 158 of the main
portion 152 is indicated by arrow 162. Length L of distal segment 155 1s greater than
length L’ of distal segment 158. In this way, as the branched release wire is withdrawn
proximally, proximal belt 23 1s released first, first distal belt 21 1s released second and
second distal belt 1s released last. Such a branched release wire allows a wide variety
of belt release timing with a single continuous withdrawal or movement of a proximal
end (not shown) of the branched release wire 150. The proximal end of the branched
release wire may be terminated and secured to a release wire handle or the like, as
discussed herein with regard to other embodiments of release wires. The ability to
deploy multiple release wires 1n a desired timing sequence with a single branched release
wire 150 gives the designer of the delivery system great flexibility and control over the
deployment sequence while making the deployment of the belts simple and reliable for
the operator of the delivery system. Although the branched release wire 150 has been
shown with only a single branch, any number of branches or desired configuration could
be used to achieve the deployment sequence required for a given embodiment of a
delivery system. For example, a separate branch could be used for each belt in a
multiple belt system, with varying distal segment length used to control the sequence of
deployment. Also, multiple branched release wires, or the like, could be used in a single
delivery system to achieve the desired results.

A number of embodiments for the belt and belt arm components of the present
invention are described herein. In general, however, we contemplate any belt or belt

arm configuration mm which the belt may be used to releasably hold or restrain an
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implant member in conjunction with a release member. The particular embodiments
disclosed herein are not meant to be lmmiting, and other variations not explicitly
disclosed herein, such as those in which muitiple apertures (which may have varying
shapes and sizes) are disposed along the belt length, those in which the belt or belt arm
distal ends comprises a separate material or element that is affixed to the belt or belt
arm, etc. are within the scope of the invention. Furthermore, various embodiments of
the ends of the belts or belt arms taught heremn may exist in any combination in a single
delivery system.

Turning now to FIG. 6A, belts 21-23 lie within circumferential grooves or
channels 95, 96 and 97, respectively, formed into the respective self-expanding members
31, 32 and 33. Grooves 95-97 prevent axial displacement of the belts 21-23 prior to
activation or release of the releasable members 24 and 235, 1.e., proximal retraction of the
first and second release wires. Although grooves 95-97 are illustrated in the
embodiment shown, other alternatives are possible to achieve the same or similar
function of the grooves. For example, abutments extending slightly from the self-
expanding members 31-33 on either side of the belts 21-23 in their constraining
configuration could prevent axial movement of the belts. A detachable adhesive or the
like could also be used.

As shown in FIG. 10, the release of end loops 81-83 occurs when the distal end
portions 84 and 85 of the release wires 24 and 25, respectively, pass from within the
overlapped end loops 81-83. If the end loops 81-83 move axially in response to
movement of the release wires 24 and 25 due to frictional forces imposed on the end
loops 81-83 by the release wires, the point at which the distal ends of the release wires
84 and 85 pass from within the end loops 81-83 would vary depending on the amount
of movement of the end loops 81-83.

If the end loops 81-83 were to be axially displaced from their normal position
relative to the distal ends of the release wires prior to deployment, the timing of the
release of the belts 21-23 could be adversely affected. Thus, the prevention of axial
displacement of the belts 21-23 during proximal retraction of the release wires 24 and
25 facilitates accurate release of the belts by keeping the overlap joint of the belt looped

end portions 1n a constant axial position during such retraction.
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In addition, it may be desirable to keep belts 21-23 positioned at or near the
general center of a given constrained self-expanding members 31-33 so that the self-
expanding member 31-33 is substantially uniformly and evenly constrained over its axial
length. If belts 21-23 constrain the self-expanding members 31-33 at a non-centered
axial position on the member, an end of the member opposite that of the non-centered
position may be less constrained and may interfere with axial movement of the outer
tubular member 53 (and consequently deployment of the endovascular graft 11).

Tubular body member 205 of the endovascular graft 11 is disposed between and
secured to the second distal self-expanding member 33 and the proximal self-expanding
mefnber 31. The tubular body member comprised of flexible material 204, is shown
constrained 1n an idealized view m FIGS. 1, 3 and 6, for clarity. In practice, tubular
body member 205 while constrained is tightly compressed with minimal air space
between layers of flexible material 204 so as to form a tightly packed configuration as
shown m FIG. 3. Tubular body member 205 is optionally radially constrained by an
inside surface 206 of the inner lumen 52 of outer tubular member 53.

An mner tubular member 207 is slidably disposed within the inner lumen 52 of
outer tubular member 53. Release wires 24 and 25, guidewire tube 17 and an inflation
tube 211 are disposed within an inner lumen 212 of the inner tubular member 207.
Inner lumen 212 is optionally sealed with a sealing compound, depicted in FIGS. 1, 2
and 6 by reference numeral 213 at distal end 214. The sealing compound 213 prevents
leakage of fluids such as blood, etc., from a proximal end 215, shown in FIG. 8, of the
mner tubular member 207. Sealing compound 213 fills the space within the inner lumen
212 of the mner tubular member 207 between an outer surface 216 of the guidewire tube
17, the outer surface 217 of the inflation tube 211 and outer surfaces 221 and 222 of a
tubular guide 223 for the first release wire 24 and a tubular guide 224 for the second
reléase wire 25. The sealing compound 213 can be any suitable material, including
epoxies, silicone sealer, ultraviolet cured polymers, or the like.

In FIG. 2, the tubular guides 223 and 224 for the first release wire 24 and the
second releass wire 25 allow axial movement of the release wires with respect to the
sealing compound 213 and inner tubular member 207. The inside diameter of the inner

lumens of the tubular guides 223 and 224 are sized to fit closely with an outer diameter
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or transverse dimension of the release wires 24 and 25. Alternatively, tubular guides
223 and 224 may be replaced by a single tubular guide that houses one or more release
wires, such as wires 24 and 25.

Turning to FIG. 8, the mner tubular member 207 terminates proximally with the
proximal adapter 42 having a plurality of side arms 225, 226 and 227 and a proximal
exit port 231 for the inner lumen 34 of the guidewire tube 17. First release wire side
arm 225 branches from a proximal adapter body portion 233 and has an inner lumen 234
and proximal end 86 of the first release wire 24. A proximal extremity 236 of the first
release wire 24 1s anchored to the first release wire proximal handle 93 which is
threaded onto the proximal end 238 of the first release wire side arm 225. The proximal
extremity 236 of first release wire 24 is configured as an expanded bushing or other
abutment that captures the handle 93 and translates proximal axial movement of the
handie 93 to the first release wire 24 but allows relative rotational movement between
the handle 93 and the proximal end 86 of the first release wire 24.

A similar configuration exists for the proximal end 87 of the second release wire
25. There, a second release wire side arm 226 branches from the proximal adapter body
portion 233 and has an inner lumen 244 that houses the proximal end 87 of the second
release wire 25 which is free to slide in an axial orientation within the lumen 244. A
proximal extremity 246 of the second release wire 25 is configured as an expanded
bushing or other abutment that captures the second release wire handle and translates
ax1al proximal movement of the second release wire handle 94 to the second release wire
25, but allows relative rotational movement between the proximal end 87 of the second
release wire 25 and the second release wire handle 94.

The first release wire handle 93 and second release wire handle 94 may

optionally be color coded by making each, or at least two, release wire handles a color
that 1s distinctly different from the other. For example, the first release wire handle 93
could be made green in color with the second release wire handle 94 being red in color.
This configuration allows the operator to quickly distinguish between the two release
wire handles and facilitates deployment of the belts in the desired order.

In another embodiment, instead of color coding of the release wire handles 93

and 94, the spatial location of the handles can be configured to convey the proper order
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of deployment of the release wires to the operator of the delivery system. For example,
if three release wire handles are required for a particular embodiment, the corresponding
three side arms can be positioned along one side of the proximal adapter. In this
configuration, the release wire handle that needs to be deployed first can extend from
the distal-most side arm. The release wire handle that needs to be deployed second can
extend from the middle side arm. The release wire handle that is to be deployed last can
extend from the proximal-most side arm. For such a configuration, the operator is
merely instructed to start deployment of the release wires at the distal-most release wire
handle and work backward in a proximal direction to each adjacent release wire handle
until all are deployed. Of course, an opposite or any other suitable configuration could
be adopted. The configuration should adopt some type of spatially linear deployment
order, either from distal to proximal or proximal to distal, in order to make reliable
deployment of the release wires in the proper order easy to understand and repeat for
the operator of the delivery system. Other types of release order indicators such as those
discussed above could also be used, such as numbering each release wire handle or side
arm with a number that indicates the order in which that handle is to be deployed.

The proxmmal end 36 of the gmdewire tube 17 terminates and is secured to an
inner lumen 251 of the proximal end 259 of the proximal adapter 42. Inner lumen 251
typically has a longitudinal axis 253 that is aligned with a longitudinal axis 254 of the
proximal section 13 elongate shaft 12 so as to allow a guidewire to exit the proximal
end 15 of the elongate shaft 12 without undergoing bending which could create frictional
resistance to axial movement of the guidewire. A proximal port 255 of the proximal
adapter 42 may be directly fitted with a hemostasis valve, or it may be fitted with a Luer
lock fitting which can accept a hemostasis valve or the like (not shown).

The proximal adapter 42 may be secured to the proximal end 215 of the inner
tubular member 207 by adhesive bonding or other suitable method. <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>