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Title: IMPLANT DELIVERY DEVICE

Priority Data and Incorporation by Reference

This application claims priority to U.S. Provisional Patent Application Serial No.
60/679,025 filed May 9, 2005 which is hereby incorporated by reference in its entirety.

Field Of The Invention

This invention relates to a delivery device for an implantable device (e.g., stents,
and stent grafts). Such device may include a sheath having an outside surface along a length
which includes a proximal portion, a shaft portion and a distal portion, a distal end, a proximal

end and a lumen which connects the ends and is adapted to receive a biological implant device

- through the proximal end and guide the implant to the distal end for deployment into a bodily

lumen by expulsion from the distal end of the lumen. Broadly, the invention is concerned with a

percutaneous and transluminal guide catheter.

Background Of the Invention

U.S. Pat. No. 4,580,568, Gianturco shows a stainless steel stent made of zigzag
loops of stainless steel wire. Such stents have come to be known as "Z-stents". The delivery
system for Gianturco includes a catheter with a tapered tip, fitted within a sheath.

EP-A-819 411 shows a self-expanding stent between a bed on an inner tube and a
sleeve surface on an outer tube, release of the stent being effected by proximal withdrawal of the
outer sleeve. The drawings show the distal end of the delivery system abrupt and flat. As
described in EP-A-819 411, the event of deployment of the stent is followed by proximal
withdrawal, from within the stent envelope, of the inner tube. In EP-A-819 411, the inner tube
component of the delivery system, inside the stent envelope, has re-entrant surfaces associated
with the bed in which the stent was originally confined. It is believed that any such re-entrant
surfaces should be avoided, if at all possible.

U.S. Pat. No. 5,833,694 shows, in FIG. 20, a variation in which the delivery
catheter has a uniform diameter and within it a pusher tube 22, the distal end 190 of which serves
as a stop for the proximal end of the stent. To deploy the stent, the sheath is pulled back
proximally while the distal end of the inner tube prevents proximal movement of the stent itself.

U.S. Pat. No. 5,782,855 Lau et al., shows a stent lying radially between an outer

sheath and a balloon catheter. On the distal tip of the balloon catheter is a cone, into which is
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tucked a tapered distal tip of the outer sheath. For deployment of the stent, the sheath is
withdrawn proximally with respect to the stent. After balloon expansion of the stent, the balloon
catheter is withdrawn proximally so that the cone passes in the proximal direction the full length
of the stent lumen. The cone has an exposed proximal-facing rim edge as it passes through the
stent lumen.

U.S. Pat. No. 6,019,778 shows a delivery apparatus for a self-expanding shape
memory alloy stent, which features a stent bed on an inner shaft and an outer sheath, which
includes a braided reinforcing layer. There is a stop on the shaft member, proximal of the stent
bed, to prevent proximal movement of the stent when the outer sheath is withdrawn proximally
to release the stent. The braided reinforcement layer is preferably made from stainless steel and
is stated to resist a tendency of the stent to become imbedded within the sheath, which surrounds
it.

EP-A-720 837 shows an integrated double-function catheter system for balloon
angioplasty and stent delivery. An outer sheath with a conically-shaped distal tip portion
surrounds a stent. Radially inside the stent is a balloon catheter. The balloon is located well distal
of the stent so as to allow better trackability of the distal end of the catheter over a flexible guide
wire and through tortuous coronary arteries and through a long tight stenosis.

EP-A-554 579 shows a stent delivery device with coaxial shaft and sheath for a
self-expanding stent. The sheath is provided at its distal tip with a protective tip, which is
bonded to the sheath thermally or with adhesive, or can be made integral with the sheath. This tip
is said to reduce the likelihood of injury to the bodily lumen wall during advancement of the
catheter in the lumen.

EP-A-119 688 shows a process and apparatus for restoring patency to bodily
vessels in which a shape memory alloy wire is contained within an outer sheath and is abutted at
its proximal end by a pushing shaft. It is believed to be deployed by withdrawing the sheath
proximally. The diameter of the sheath surrounding the prosthesis is very much greater than the
diameter of the sheath for the remainder of its transluminal length, over which it is a relatively
snug fit with the pushing shaft. The sheath is said to be inserted, as by conventional techniques,
into the aorta of the patient, in order that the prosthesis can be placed at an aneurysm.

U.S. Pat. No. 4,665,918 shows an example of a delivery system for a self-
expanding stent held within a surrounding sleeve, which is proximally withdrawn relative to a
stent bed in a coaxial inner shaft, and with a tapered tip zone on the shaft, which protrudes
beyond the distal end of the surrounding sleeve.

U.S. Pat. No. 5,662,703 shows a delivery device for a self-expanding stent,

having an outer catheter surrounding an inner catheter and a tubular stent-retaining sheath
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Iormed of a rolling membrane. 'Lhe selt-expanding stent is located at the distal ends of the inner
and outer catheters. The stent is radially inwardly constrained by a double-walled rollable
membrane. The separate proximal ends of the radially inner and outer membrane portions are
fixed respectively to inner and outer catheter components whereas the contiguous-distal ends of
the membrane portions converge and narrow thereby to form a tapered tip. For stent release, the
outer catheter is moved proximally at least twice the length of the stent in order to pull back
proximally both the inner and outer layers of the membrane, thereby releasing the stent.

U.S. Pat. No. 5,735,859 shows a stent delivery device having an inner and outer
catheter and a stent covered by a thin-walled sheath. The inner catheter projects beyond the distal
end being fixed to the distal end of the outer catheter. The distal end of the sheath is releasably
received in the distal section of the inner catheter distal to the stent. The sheath can be released
from the distal section of the inner catheter and pulled back from the stent, thereby releasing said
stent. Where the distal end of the sheath is received in the distal section of the inner catheter, a
step in the radially outside surface of the inner catheter is present.

EP-A-747 022 shows a coil-reinforced retractable sleeve for a stent delivery
catheter. One embodiment of the sleeve has a distal tip, which tapers inwardly and is provided
with a plurality of slits, which extend proximally from the distal end of the sleeve and
substantially parallel to the longitudinal axis of the sleeve, the slits functioning to provide the
sleeve with a low profile adapted for traveling through a blood vessel.

EP-A-948 946 shows apparatus and methods for deployment and release of an
intraluminal graft for treating a stenosis, the graft being surrounded by a cylindrical cover which
is withdrawn proximally to release the graft. The cover can have an atraumatic distal end of
reduced diameter in which there are slits extending axially from the distal end wall.

WO 99/49929 shows a rapid exchange delivery system to alleviate a stenosis in a
body lumen, with the stent being covered by a retractable sheath, and the stent itself being
mounted on a balloon. In the drawings, it appears that the diameter of the sheath is somewhat
greater radially outside the stent than in a distal end zone of the sheath, distal of the stent,
touching the underlying balloon.

EP-A-850 655 shows a catheter tip mold and cut process in which the molding
process creates a flash which extends beyond the desired catheter tip, which flash is then parted
from the distal end of the molded catheter tip by use of a cutter.

U.S. Pat. No. 5,843,090 shows an inner catheter with a step at its distal end when
the outer catheter is withdrawn proximally. See FIG. 6

U.S. Pat. No. 5,743,874 also shows an inner catheter with a step in its outer
surface. See FIG. 1, feature 81.
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U.S. Pat. No. 6,726,712 shows a device 16 with a flexible outer catheter 18 with a
marker 22 mounted to the catheter. The catheter has distal region 26 with two polymeric
materials. A braid 34 is provided at one region of the catheter. The catheter has an outer layer,
medial layer and a proximal outer layer which are bonded to a PTFE liner.

U.S. Pat. No. 4,898,591 shows a body 22 with an inner layer 30 and outer layer
32 with a reinforcing braid 34 disposed therebetween. The inner and outer layers 30 and 32 are
formed from a blend, i.e., a mixture or intermingling of components, of Nylon and ester-linked
polyether-polyamide copolymer in proportions selected to produce desired properties for the
catheter. (

U.S. Pat. No. 6,042,578 shows an intravascular catheter having an elongated
tubular body formed with polymeric materials but no radio-opaque marker or filler due to the
presence of a metallic reinforcing braiding.

U.S. Pat. Nos. 5,603,705 and 5,674,208 show an intravascular catheter with inner
and outer tubular members provided with a support member formed from wire braiding.

U.S. Pat. Nos. 5,951,495 and 5,951,495 show the use of various adhesives to
restrain the flaring of wire braiding in a catheter.

U.S. Pat. No. 6,212,422 shows a catheter with an inner member, outer member
and a tubular braid layer therebetween. A braid restraint is also shown and described.

U.S. Pat. No. 6,505,066 shows a catheter with a lubricious liner and a wire
braiding with adhesive means to restrain the free ends from flaring.

The documents described above are incorporated by reference herein in their

entirety.

Summary of the Present Invention

The present invention provides a medical implant delivery device. The implant
delivery device can include one of a stent and a stent graft. In one aspect, the present invention
provides a system for delivering stents to stenosis or other sites within a biological body of a
patient, which minimizes trauma to the affected tissue of the patient yet, at the same time, offers
the medical practitioner a robust and simple system for stent placement. In one preferred
embodiment, an implant delivery device includes a first shaft having a proximal portion and a
distal portion. The first shaft has an outer surface and an inner surface defining a first lumen
along a longitudinal axis and the distal portion has a tip defining a taper in the distal direction
toward the longitudinal axis and terminating at a distal opening. The device includes a second
shaft having a proximal portion and a distal portion and an inner surface defining a second lumen

therebetween having a first cross-section. The second shaft is preferably disposed within the
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first lumen such that the second lumen is generally coaxial with the first lumen to define a
chamber. The distal portion of the second shaft preferably terminates in a port having an
opening in communication with the distal opening of the first shaft. The port preferably has a
second cross-section greater than the first cross-section. The port can include a flared portion
extending in a direction toward the inner surface of the first shaft. Moreover, at least a portion of
the port can be substantially frusto-conical. Preferably the flared portion circumscribes the
longitudinal axis such that at least a portion of the port is substantially tulip-shaped.

In another embodiment of the implant delivery device, the device includes an
outer sheath having a proximal end and a distal end. The outer sheath has an inngr surface
defining a lumen along a longitudinal axis. The device also includes an inner shaft having a
proximal portion and a distal portion, the inner shaft disposed within the lumen to define a
chamber between the outer sheath and the inner shaft. The inner shaft is movable along the
longitudinal axis relative to the outer sheath. The device further includes a member disposed
between the inner shaft and the outer sheath. The member has a surface movable relative to the
inner shaft and outer sheath. The member preferably provides a pusher. In another aspect, the
present invention provides a sheath, which is, at the same time, both a guide catheter and an
outer sheath for a delivery system for an implant (such as a stent). The sheath preferably
surrounds the pusher wherein operation, the pusher becomes a stationary pusher. The pusher
being coupled to a coiled spring disposed within a portion of the sheath.

According to yet another aspect, the delivery device includes an inner shaft
coupled to a truncated tulip portion disposed within an outer catheter shaft. The inner shaft
extends within the outer sheath to receive a guide wire. According to yet another aspect, the
delivery device includes an outer sheath connected to a tip at one distal portion of the outer
sheath. The outer sheath includes a proximal portion having a flared end coupled to an
introducer having a swivel nut. The flared end is bonded to an inner surface of the swivel nut
and disposed between the swivel nut and a boss. In a further aspect, a locking mechanism is
provided between at least one of the inner catheter, swivel nut, boss, and a fluid manifold to
prevent extraction proximally of the inner catheter through at least one of the swivel nut, boss, or
fluid manifold.

In yet another embodiment of the implant delivery device, the device includes an
inner shaft having a proximal end and a distal end spaced apart along a longitudinal axis, and an
outer sheath disposed about the inner shaft. The outer sheath is movable along the longitudinal
axis relative to the inner shaft. The outer sheath has a layer including a proximal portion, a distal
portion, and at least one intermediate portion therebetween. The proximal, distal and at least one

intermediate portions are preferably discrete portions along the longitudinal axis, each having a
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discrete durometer. PreféraBlefiie durometers of the discrete portion increase from the distal
portion to the proximal portion.

An alternative embodiment of an implant delivery device includes an inner shaft
having a proximal end and a distal end spaced apart along a longitudinal axis, and an outer
sheath having a proximal portion, a distal portion and at least one intermediate portion
therebetween. The outer sheath is disposed about the inner shaft and is preferably movable
along the longitudinal axis relative to the inner shaft. The outer sheath preferably includes an
inner layer, an outer layer, an intermediate layer, and a braiding disposed between a portion of
the inner and outer layer. The outer layer preferably includes a first polymer; a second polymer
having a durometer greater that of the first polymer and at least a third polymer disposed
between the first and second polymer to join the braid to the first and second polymer.

Another embodiment of the preferred invention provides a method of forming an
outer sheath of an implant delivery device. The method includes forming a tubular membrane
with a distal end over a mandrel and withdrawing the mandrel through the distal end. Preferably,
the distal end includes a tip such that withdrawing the mandrel includes withdrawing the mandrel
through the tip to form an opening in the tip.

Another preferred embodiment provides a catheter sheath. The sheath preferably
includes a first polymer material that circumscribes and extends along a longitudinal axis over a
first length and a second polymer contiguous to the first polymer that extends along the
longitudinal axis along a second length less than the first and having a surface exposed to the
longitudinal axis. The sheath further includes a third polymer interposed between the first and
second polymer that extends along the longitudinal axis along a third length less than the first
length and a marker contiguous to one of the first and second polymers.

In yet another preferred embodiment, a catheter sheath includes a proximal
portion, a distal portion and at least one intermediate portion therebetween. The sheath has an
inner and an outer layer. The outer layer preferably includes a first polymer, a second polymer
having a durometer greater that of the first polymer and at least a third polymer disposed
between the first and second polymer to join the braid to the first and second polymer.

In yet a further aspect, the present invention provides for an outer catheter with an
outer layer having at least three distinct polymeric regions, each with a different hardness value.
In particular, the at least three distinct polymeric regions have successively increasing hardness
values, and one of the polymeric regions is joined to a Nylon portion. The outer layers are
coupled to an inner layer. Between the two layers, a reinforcement mesh (i.e., braiding) is
spaced along the length of the outer catheter substantially closer to the outer surface than to the

inner surface. The braided portion can include metallic wires.
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In another aspect, the delivery system, according to the preferred embodiments,
allows for lower deployment forces with a known stent graft. In particular, for a stent graft 112
with a diameter of 6 mm by 80 mm, the average deployment force is about 23 Newtons (“N”);
for a stent graft 112 with a diameter of 7 mm by 60 mm, the average deployment force is less
than 17N; for a stent graft 112 with a diameter of 7mm by 80 mm, the average deployment force
is less than 30N and preferably 17N; for a stent graft 112 with a diameter of 10 mm by 80 mm in
length, the average deployment force is less than 20N.

According to another aspect of the invention, there is provided a stent delivery
device having an outer sheath. The outer sheath is coupled to a truncated generally conical tip
having an inner and outer surface spaced apart over a thickness of about 0.2 millimeters at one

portion of the tip and about 0.1 millimeter at a distal portion of the tip.

Brief Descriptions of the Drawings 4

The accompanying drawings, which are incorporated herein and constitute part of
this specification, illustrate exemplary embodiments of the invention, and, together with the
general description given above and the detailed description given below, serve to explain the
features of the invention.

Figure 1 is a plan view of a preferred embodiment of a delivery device.

Figure 2 is a cross-sectional view along line A-A of the device of Figure 1 with
enlarged view of various portions of the device.

Figure 3 is an enlarged view of a tip portion of the device of Figure 2 that
illustrates a portion of a stent graft being disposed in the tip portion.

Figure 4 is an enlarged view of a mid-portion of the device in Figure 2. The mid-
portion includes a proximal end of the stent graft with a pusher element.

Figure 5 is an enlarged view of a coupler portion of the device of Figure 2. The
coupler portion includes a swivel nut and a flexible joint.

Figure 6 is an enlarged view of a luer-coupling portion of the device of Figure 2.
The luer-coupling portion includes an inner catheter and a luer-adapter.

Figure 7A illustrates the outer sheath 10 in an intermediate manufacturing stage.

Figures 7B and 7C are successive magnification of portions of the outer sheath
10.

Figures 8A-81 illustrate a simulated deployment of a stent graft proximate a
simulated stenosis area in a body vessel.

Figure 9 is a graphical comparison of deployment forces for various stent graft

sizes for a known delivery device and the delivery device of Figure 1.
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Detailed Description of the Preferred Embodiments

Figures 1-9 illustrate the preferred embodiments. Referring to Figure 1, there is
shown a preferred embodiment of an implant delivery device 100. The implant delivery device
100 is preferably for delivery of a stent graft 112 or stent (not shown). The delivery device 100
includes an outer sheath 10, swivel nut 20, coupling 30, Y-adapter 40 and a Tuohy-Borst valve
50, safety mechanism 60, coupling 70, adapter body 80, and adapter 90. The delivery device 100
is provided in a plurality of sizes as appropriate for implanting the stent graft 112 or stentin a
vessel of a mammal. For example, the device 100 can be configured to have an outer diameter 6,
7, 8,9, or 10 in “French sizes” with at least two different lengths, 80 centimeters or 120
centimeters. It should be noted that the term "French size" denotes a scale used to identify the
outer diameter of a catheter. French scale units are obtained by multiplying the outer diameter of
the catheter in millimeter by about 3.0. Likewise, multiplying the French size by about 0.33 will
give the outer diameter of the catheter in millimeters (“mm”).

The stent graft 112 (for use with the device 100) can be, for example, a vascular
stent graft 112 available from Bard Peripheral Vascular Inc., under the trade name “Fluency™,”
which is shown and described in the brochure entitled “Fluency™ Tracheobronchial Stent
Graft,” from Bard Peripheral Vascular Inc., having identifier No. S11413A (2003) incorporated
by reference herein in its entirety. Alternatively, other self-expanding stent of Nitinol shape
memory alloy or balloon expandable stents can be utilized with the device 100. A brochure
distributed by Angiomed GmbH & Co. Medizintechnik KG and Bard Peripheral Vascular Inc.,
entitled: “Fluency™ Vascular Stent Graft: Step By Step Placement,” having identifier No.
A05000010 (08/2003-R), which is incorporated by reference herein in its entirety, describes
placement of the stent graft 112 with a known delivery device. As used herein, the term “stent”
includes both “stent grafts” and “stents.”

The stent graft 112 is confined within the lumen of an outer sheath 10
surrounding a boss portion 22 and lying radially outside the tubular wall of an inner shaft 14 of
the delivery device 100. For deployment of the stent graft 112, the distal end 100A of the
delivery device 100 is arranged so that the confined stent graft 112 lies inside the stenosed region
200 to be treated and then, holding the inner shaft 14 against proximal movement, the outer
sheath 10 is withdrawn proximally, so as to release the stent graft 112 into the stenosed region
(Fig. 8I).

The delivery device 100 is shown as a dual-lumen, generally coaxial catheter
system that includes an outer sheath 10 (also known as an “outer catheter”) and an inner shaft 14
(also known as “an inner catheter”). The outer sheath 10 is attached to a tube end portion 11,

which is coupled to a swivel nut 20. The swivel nut 20 is coupled to a boss 30 for mounting a Y-
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adapter 40, which is connected to a Tuohy-Borst valve 50 at one end of the Y-adapter 40. A
clockwise rotation of the valve 50 will gradually prevent rotation of the inner shaft 14 relative to
the outer sheath 10. A fluid valve 42 is connected to the other end of the Y-adapter 40. The
fluid valve 42 allows the device 100 to be flushed with sterile saline to reduce or eliminate air
bubbles and facilitate delivery of the stent graft 112 by allowing fluid for lubrication and clearing
out any occlusions. A safety device 60 is provided to maintain the stent graft 112 ina
undeployed state in the outer sheath 10. As shown in Figs. 2 and 6, the inner shaft 14 is attached
to the adapter body 80 via a generally stiff tubular member or outer shaft 15. The inner shaft 14
extends for a substantial portion of the outer shaft 15. At a terminal end of the device 100, the
body 80 is provided with a luer-adapter 90.

Figure 3 shows that the distal end 100A of the outer sheath 10 is a tapered tip 18
which can be molded out of the material of the wall of the sheath 10 or of another material,
which is most preferably PEBAX® having a durometer value of about 40D. The tip 18 has
parallel wall surfaces 18A and 18B, which in a preferred embodiment, a generally constant wall
thickness “t” is provided from its base 18C all the way to the distal opening 18D of the tip 18.
Not visible in the drawings are two lengthwise slits in the wall thickness of the outer sheath 10,
running from the distal opening proximally back over most of the length of the tapered tip 18 and
arranged diametrically opposite each other on the tip 18. These slits are believed to reduce the
tensile stress needed to pull the outer sheath 10 proximally back over the stent lengthwise during
stent deployment.

Disposed partly in the tip 18 is a flared entrant port 19 with first opening 19A
defining a first cross-section areas perpendicular to the longitudinal axis of the device 100. The
port 19 has a second opening 19B defining a second cross-sectional area perpendicular to the
longitudinal axis smaller than the first cross-sectional area. The port 19 preferably includes an
aperture 19C for transporting fluid from one end of the device to the tip 18 and vice versa. The
entrant port 19 preferably includes a shaft portion disposed about the inner shaft 14 to couple the
entrant port 19 to the inner shaft 14. In the preferred embodiments, the largest transverse
distance “d;” between the inner surfaces of the distal end 19A is at least 10% greater than the
largest transverse distance “d,” between opposing outer surfaces of the inner shaft 14. The
entrant port 19 is preferably slidably touching the sheath 10. As shown in Figure 3, a marker 22
can be provided to indicate the location of a distal end of the stent graft 112. The tip 18, entrant
port 19 and the inner shaft 14 are provided with a hollow opening so that an appropriately sized
guide wire can be inserted through the tip end 18D to the entrant port 19A and into the inner
shaft 14.
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- In one variation, thJe wall thickness “t” of the tapered distal tip 18 of the inner

shaft 14 is configured to decrease in thickness “t;” from the base 18C towards the final distal
opening 18D with thickness “t,.” Preferably, the thickness t; is about 0.2 millimeters and the
thickness t, is about 0.1 millimeters within a range of tolerance that allows for operational use of
the delivery device. The decrease between the two positions is generally constant linearly over
the axial length of the tip. However, variations in the decrease in thickness as a function of axial
length along axis X can also be utilized. The decrease in thickness is believed to be needed in
order to accommodate the deformation of the tip 18 during stent deployment via elastic
deformation of the distal end of the distal tip 18, rather than by the use of slits, as is the case
described above. The t1p 18 angle 0 with respect axis X is preferably in a range about 8 degrees
to about 20 degrees. Marker 22 can be an annular member having preferably about 90%
platinum and about 10% iridium alloy being secured to the outer sheath 10. The marker 22 can
also be a suitable material made radio-opaque (i.c., visible under X-rays) by doping the material,
for example, with barium sulfate. In the preferred embodiments, the wall thickness “ts” of the
intermediate outer sheath 10 is about 0.2 millimeters; the wall thickness “t4 is about 0.2
millimeters; the wall thickness “ts” is about 0.3 millimeters. As used herein, variations in the
values provided in the preferred embodiment are possible as long as the variations in the given
values allow for the catheter sheath 10 to perform for its intended function as part of a delivery
device 100.

Referring to Figure 4, the stent 112 includes a proximal end 112A disposed so
that a portion of the stent 112 is contiguous to a boss 14A of inner shaft 14. A member that
provides a pusher 24 is coupled to a coil spring 26. The pusher 24 is configured to provide a
through opening 24A so that a portion of the inner shaft 14 passes through the opening 24A. The
pusher 24 is coupled to coil spring 26, which is coupled to the outer shaft 15 via a boss portion
15A by a suitable technique such as, for example, bonding, welding, brazing, or press fit via
radial coil spring force. By coupling the pusher 24 to the shaft 15, the pusher 24 is allowed to
move relative to the inner shaft 14 and the outer sheath 10. The shoulder of 24 is provided for
contact with the proximal end portion of the stent 112 as the outer shaft 15 is moved in a
proximal direction (from right to left in the drawings).

Referring to Figure 5, the sheath 10 and a liner 12 are captured to a boss portion
or swivel nut 20 via a flared end 11A of the sheath 10. The flared end 11A can be joined to the
inside tapered surface A by a suitable joining technique such as, for example, bonding, gluing
and welding. In a preferred embodiment, the flared end 11A is joined by gluing the two

components together with a suitable adhesive 11B such as, for example, Locktite®. The boss 30
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can be used to capture the liner 12 éﬁd the sheath 10 between the swivel nut 20 and the flared
end 11A.

The inner shaft 14 extends through a sealing boss 32 (Fig. 2), which is threaded
on its outside surface for engagement with the threaded portion of the boss 30. The sealing boss
32 itself carries an internal thread which receives an outside thread on a fluid manifold 44. This
manifold 44 can be provided with an axial through-bore with an O-ring seal 34, which seals with
the outer shaft 15. The fluid manifold 44 has a fluid inlet tube with a valved adapter 42, which
allows injection of liquid into the annular space between the sheath 10 and the inner shaft 14, as
appropriate, for radiology or for aspiration during a stent graft procedure. The inner shaft 14 is
coupled to an outer shaft 15 that extends to the adapter body 80 via connection 70. The preferred
configuration of the inner shaft 14 and outer shaft 15 at the adapter body 80 is shown in detail in
Figure 6.

In Fig. 6, the proximal end of the shaft 15 is coupled to the inner shaft 14 and coil
member 26. In the preferred embodiment, the inner surface 15A of the outer shaft 15 is bonded
to the outer surface 14A of the inner shaft 14. To ensure that the outer shaft 15 and the inner
shaft 14 remains fixed relative to each other, a suitable adhesive is provided between a shoulder
15B and the outer surface 14A of the inner shaft 14. Preferably, the outer shaft 15 is a metallic
hollow shaft whereas the inner shaft 14 is a polymeric hollow tubing.

To prevent the inner shaft 14 from being pulled proximally through the swivel nut
20 or the manifold 44, a suitable locking mechanism can be provided on the outer surface of the
inner shaft 14 or outer shaft so that the inner shaft 14 is prevented from being pulled through the
swivel nut 20. Alternatively, a suitable mechanism can be provided on the inner surface of the
swivel nut 20 or manifold 44 to prevent overextension of the inner shaft 14 through the swivel
nut or manifold 44. Other appropriate locations can be used to prevent the movement of the
inner shaft 14 in the proximal direction (left to right in the drawings). For example, a lock
mechanism can be provided in the threaded boss 30 to engage with a corresponding mechanism
in the pusher 24 to prevent movement of the shaft 15 proximally (left to right in Figures 4-6)
through the boss 30 but allow for distal movement (right to left in Figures 4-6).

In one preferred embodiment of a locking mechanism, the outer shaft includes a
groove that is engaged by a retaining ring 16 disposed about the outer shaft 15 and secured to the
assembled swivel nut and boss 30. More specifically, as seen for example in Figure 5, the distal
end of the outer shaft 15 preferably includes a longitudinally extending groove 21 having_
disposed therein a portion of the retaining ring 16. The retaining ring is preferably an annular
member having an outer perimeter and an inner perimeter defining a central bore through which

the inner shaft and outer shaft is disposed. The proximal and distal ends of the groove 21 engage

11



10

15

20

25

30

35

WO 2007/004076 PCT/1IB2006/002582
the inner perimeter of the ring 16 ’éo limit proximal and distal travel of the inner and outer shaft
through the swivel nut 20 and boss 30. The ring 16 is preferably captured between the threaded
engagement of the boss 30 and the swivel nut and can further be in contiguous with the flared
distal end of the outer sheath 10.

Turning now to Figure 7A, the sheath 10 is shown as a separately formed member
in an intermediate stage of assembly. The sheath 10 is configured from a combination of
materials to achieve the advantages of the preferred embodiments. It should be noted that in
Figures 7A-7C, the outer sheath 10 is in its intermediate stage where the tapered tip 18 portion
has not been formed and therefore the tip 18 is generally cylindrical in shape. As shown in
Figures 7B and 7C, the sheath 10 can be configured to have an inner layer 13A, outer layer 13B,
intermediate layer 13C, and a braiding 13D disposed between a portion of the inner and outer
layers 13A and 13B.

The outer layer 13B for the sheath 10 is provided in Figures 7A and 7B as four
separate portions I, II, I1I, and IV with respective variations in durometer value for each portion.
In distal portion I of the sheath 10, the outer layer 13B can be a first polymer such as, for
example, a thermoplastic polymer, preferably polyether block amides including those known by
trade names of Estamid® or PEBAX® and most preferably PEBAX® 3533 (manufactured by
EIf Atochem). In the proximal portion IV, the outer layer 13B of the sheath 10 can be formed
from another polymer such as, for example, polyamide Nylon® resin, such as, for example,
Nylon 75D, which is reinforced by braiding 13D. In the second portion II, the outer layer 13B
can be made from PEBAX® 6333. In the third portion III, the material for the outer layer 13B
can be PEBAX® 7233. The discrete outer layer 13B changes from portion I to portion III and is
preferably accomplished in three parts from a lower durometer value to a higher durometer
value. Preferably, the outer layer 13B is formed with PEBAX® 3533, PEBAX® 6333, and then
to PEBAX® 7233, and thereafter to Nylon 75D. The overall length of the outer sheath 10 can be
in various lengths such as, for example, 80 or 120 centimeters. The inner layer 13A, which is
offset over a distance of about 10 millimeters from the opening 18D of the tip 18, can be formed
out of a thermoplastic, most preferably PEBAX® 6333. In one preferred embodiments, the
length of section I is about 15 millimeters; length of section II is about 20 millimeters; length of
section III is at least 775 millimeters; and the length of section IV is at least 50 millimeters.

The outer sheath 10 can be constructed by at least one manufacturing process to
provide for the advantages of the preferred embodiments. In the preferred embodiments, the
sheath 10 is formed by placing the inner layer 13A over a mandrel (not shown), which is
preferably lined with PEBAX® 6333. A braiding 13D is placed over the inner layer 13A witha
portion cut back from the distal end of the layer 13A so that a small portion of polyethylene
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terephthalate (“PET”) is placed over the braiding 13D from the other end. The braiding 13D are
located so that they are not exposed to the luminal surface. The PET liner 13C is heated so that
it conforms to the braiding 13D and inner layer 13A. Any frayed wire ends of the braiding 13D
can be removed by a suitable technique, such as, for example, etching or sand blasting. Also, the
braiding end can be covered by the PET liner 13C. The marker 22 can be placed over the
assembly until the marker 22 abuts the PET layer 13C. Several sections of the outer liner 13B
with different durometers can be placed over the partial manufactured assembly so that each
section of the outer layer 13B abuts the other section. A suitable technique can be used to join
the various sections together. Preferably, a heat source with heat shrink tubing is used to join the
various discrete polymeric portions as the sheath 10. The sheath 10 can be joined to the end tube
portion 11 by a suitable joining technique, such as, for example, melding the sheath 10 to the
portion 11. In the preferred embodiments, the various sections of outer layer 13B are formed as
a plurality of discrete PEBAX® plastics and Nylon plastic joined together to form the device
100.

The sheath 10 is formed by at least three different polymers for its outer layer
with respectively increasing durometer values. The sheath 10 is formed by at least three
different polymers for its outer layer with respectively increasing durometer values (Fig. 7C).
Between the sheath portions I and II, there is preferably provided a first polymer P1 (PEBAX®
with a first durometer value) that arcuately or circumferentially surrounds a second polymer P2
(also PEBAX® with a higher durometer value than the first polymer P1) and a third polymer P3
(PET). The third polymer is preferably disposed between the first polymer P1 and the second
polymer P2. The third polymer P3 (polyethylene or “PET”) is utilized to couple the braiding
13D to the first and second polymers. The braiding 13 preferably utilizes metallic wire (e.g.,
stainless steel) having a preferable diameter of about 0.05 mm at a density of 45 crossings per
linear inch of the shaft length (17.5 crossings per linear centimeter of the shaft length). One end
of the third polymer P3 abuts against the marker 22 to prevent its movement during assembly.
The other end of the third polymer P3 is preferably surrounded by a heat melted polymer to
prevent blooming of the polymer or the braiding. A distal end of the second polymer P2 is
joined to the first polymer P1 at a shoulder, preferably by heat melting one of the polymers
together or both together. The distal end of the third polymer P3 (“PET”) is preferably about 0.5
millimeters apart from the nearest portion of marker 22. The marker 22 is preferably about 1
millimeter in length. The marker 22 can be located about 1.5 millimeters from a terminal end of
the braiding 13D. The second polymer P2 extends along the axis X over a distance of greater
than 10 millimeters and is joined to a fourth polymer P4 so that both polymers extend over a

distance of at least 80 millimeters. Preferably, the fourth polymer has a higher durometer value
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than the first polymer P 1 or the third polymer P3. The fourth polymer P4 is joined to a fifth
polymer PS5, which is preferably Nylon 75D. Both the fifth polymer P5 and the second polymer
P2 extend over a distance of at least 20 millimeters. And as used herein, the term “durometer”
indicates a quantification of the resistance of plastics toward indentation and provides an
empirical hardness value. One example of the known quantification is Shore Hardness, using'
either the Shore A or Shore D scale. -The ASTM test number for durometer testing is believed to
be ASTM D while the analogous ISO test method is believed to be ISO 88.

The tapered tip can be formed in the manner generally described in U.S. Patent
Application Publication No. 2002-0183826 A1 published on December 05, 2002, which
Publication is incorporated by reference herein in its entirety. In particular, a mandrel is
provided with a section for forming the tip 18 that includes a cylindrical distal tip-section. The
distal section of the outer sheath 10 is necked down to create a pre-form shaped like a bottleneck.
Preferably, the braiding and the PEBAX® layer of the outer catheter 10 extend distally to the
proximal end of the necked down section whereof the tip is being formed. For the tip-shaping
operation of the pre-form, the mandrel is advanced from the proximal to the distal end of the
outer catheter 10 until a cylindrical section projects distally out of the pre-form. Then, the
mandrel, together with the pre-form, is inserted into a hollow mold. The mandrel is first centered
by inserting the cylindrical tip-section into a corresponding bore of the hollow mold, which has a
snug fit. Then the distal end of the pre-form is advanced until it touches the inner wall of the
hollow mold. For forming the final tip shape in the mold cavity, the mold is heated, to
thermoform the tip shape in the cavity between the mold and the mandrel. During this heating
phase the mandrel is pressed into the hollow mold to form the final tip. The form closure
between the cylinder of the mandrel and the respective opening prevents the leaking of material
out of the molding section. The forming during the heating phase is followed by a cooling phase
before the mandrel is withdrawn proximally and the formed tip is taken out of the hollow mold.

Alternatively, the cylindrical section of sheath 10 is inserted into an outer mold
and an inner mold is inserted through the hollow volume defined by the sheath 10. Heat is
applied in order to force the thermoplastic cylindrical section I to conform to the inner and outer
molds. The inner mold can be withdrawn in a proximal direction or in a distal direction through
the now formed taper tip 18. Due to the decrease in wall thickness of the tapered tip 18, the
inner mold can be preferably withdrawn distally through the tapered tip portion 18 so as to form
the distal opening 18.

There are several design parameters that are believed to be heretofore not
available in the state of the art. First, the entrant port 19 to the inner shaft 14 is provided with a
flared (tulip-like) opening 19A, which is substantially larger than the outer diameter of a guide
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wire. The tulip opening 19A ensures that insertion of the guide wire will not result in the tip 18
of the guide wire being inserted into a dead space 19D between the inner surface 18B of the
outer sheath 10 and the outer surface of the tulip 19A.

Second, the inner shaft 14 of the preferred embodiments is not connected to an
external tip 18. In other words, the preferred embodiment is distinct from the known delivery
device that includes an atraumatic tip (e.g., rounded cone) for the outer catheter. Furthermore,
the inner shaft 14 is provided as part of a delivery device that includes the third feature of the
outer sheath 10, as described above.

Third, the inner shaft 14 of the preferred embodiments is provided with a stop
mechanism to prevent retraction of the inner shaft 14 and outer shaft 15 through the swivel nut
20 or the manifold 44 and out through the manifold 44.

Fourth, the tapered atraumatic tip 18 provides an increasing thickness from the
opening of about 0.1 millimeter to the base of the taper of about 0.2 millimeter. The increase in
thickness from the opening 18D to the base 18C of the tip 18 is believed to exert pressure on the
stent graft 112 so as to prevent a premature release of the stent graft 112. It is also believed that
the tapering thickness allows for a lower deployment force of the stent graft 112.

To better demonstrate some of the benefits of the preferred embodiments, a
simulated deployment of a stent graft 112 in a body vessel is illustrated in Figures 8A-81. In Fig.
8A, a simulated vessel 118 is shown with a stenosed region 200 and a guide wire 120 passing
through the stenosed region 200. A balloon catheter 122 can optionally be utilized to increase
the flow area through the stenosis prior to implantation of the stent graft 112, as shown in
Figures 8B and 8C. Thereafter, the balloon 122 is retracted along the guide wire 120.

In one preferred method of use of the delivery device 100, the device 100 and
stent graft 112 are prepared for deployment. More specifically, with the stent graft 112 secured
about the inner shaft 14 in an undeployed state by the sheath 100, the lumen of the stent graft
112 can be flushed with a sterile saline. First the Tuohy-Borhst valve 50 is secured about the Y-
adapter 40. A syringe of sterile saline solution can be coupled to the Y-adapter, and upon
ensuring that the fluid valve 42 is open, the saline can be injected to flush the lumen of the stent
graft 112. Saline is preferably continuously injected until drops of the solution is observed
discharging from the tip 18 of the outer sheath 10. The lumen of the inner shaft 14 can also be
prepared with a saline flush by coupling another syringe of saline to the luer-adapter 90.

With the stent graft 112 ready for deployment, the device 100 is engaged with the
guide wire 120 and the outer sheath 10 is advanced, preferably under radiographic guidance, so
as to locate the tapered tip 18 to a point distal of the stenosis as illustrated in F igure 8E. Using

the radiopaque markers of the stent graft 112 as visual cues, the stent graft 112 can be centered
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across the stenosis. Any fine adjustment that is needed to center the stent graft 112 across the
stenosis is preferably performed by drawing the device 100 backward along the guide wire.
Where the deployment is being observed on a visual monitor, the radiopaque markers on the
stent graft ends can be used to verify that the stent graft 112 is straight and centered across the
stenosis. Preferably, the proximal and distal ends of the stent graft 112 is marked on the monitor
for reference. The radiopaque markers can also be used to visually verify and adjust the device
100 to ensure that the device 100 is straight.

With the stent graft 112 centered about the stenosis, the Tuohy-Borst valve can be
opened and the safety device 60 is preferably removed by pulling the device 60 downward. The
sheath 10 can then be retracted in the proximal direction towards the operator (e.g., the
physician) of the delivery device, as shown in Figure 8F, by applying a deployment force and
pulling the Y-adapter 40 toward the adapter body or handgrip 80. This action by the operator
causes the tip 18 to expand flexibly (i.e., flaring) outward over the tulip entrant port 19 and over
the stent graft 112 to expose the stent graft 112. Preferably, about fifteen millimeters of the
distal end of the stent graft 112 is exposed and allowed to anchor before deploying the remainder
of the stent graft 112. The location of the stent graft can be preferably continuously verified by
checking the location of the makers on the stent graft 112 against the reference markers on the
monitor. The device 100 is preferably maintained as straight as possible. Accordingly, a back
tension is preferably continuously applied to the handgrip 80. In addition, the handgrip is
preferably continuously maintained in a constant location with only the Y-adapter being drawn
proximally.

As the sheath 10 is continually retracted proximally (i.e., towards the operator of
the delivery device 100), the stent graft 112 is fully deployed, shown here in Figure 8H. In the
preferred embodiment of the device 100, full deployment of the stent graft can be indicated by
contact between the Y-adapter and the handgrip 80. In addition, where the proximal end of the
stent graft 112 includes a plurality of marker, the markers will visually appear separated upon
full deployment. After the stent graft 112 is fully deployed, the tulip-like entrant port 19 of the
inner shaft 14 is retracted proximally towards the operator of the delivery device 100, shown
here in Figure 8I. Optionally, a balloon catheter can be utilized to further expand the stent-graft
122 in the vessel 118.

The average deployment force for stent grafts 112 (commercially available under
the trade name “Fluency” from Bard Peripheral Vascular Inc., (“BPV?)) as described, shown,
and claimed in U.S. Patent Nos. 5,707,386; 5,716,393; 5,827,327; 5,860,999; 6,053,941;
6,124,523; 6,383,214; 6,436,214; and 6,436,135, which are incorporated herein by reference in
their entirety) in sizes 6 mm by 80 mm (BPV Part No. FLT06080), 7mm by 60 mm (BPV Part
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~ No. FLT07060), 7mm by 80 mm (BPV Part No. FLT07080), and 10 mm by 80 mm (BPV Part

No. FLT10080) is less than 33 Newton force with at least a 20% reduction in force as compared
to the known delivery device. For example, as used with a stent graft 112 with a diameter of 6
mm by 80 mm, the average deployment force is about 23N; for a stent graft 112 with a diameter
of 7 mm by 60 mm, the average deployment force is less than 17N; for a stent graft 112 with a
diameter of 7mm by 80 mm, the average deployment force is less than 30N and preferably 17N;
for a stent graft 112 with a diameter of 10 mm by 80 mm in length, the average deployment force
is less than 20N.

While the present invention has been disclosed with reference to certain
embodiments, numerous modifications, alterations and changes to the described embodiments
are possible without departing from the sphere and scope of the present invention, as defined in
the appended claims. Accordingly, it is intended that the present invention not be limited to the
described embodiments, but that it has the full scope defined by the language of the following

claims, and equivalents thereof.
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Claims
What is Claimed Is:
1. An implant delivery device comprising:

a first shaft having a proximal portion and a distal portion, the first shaft having
an outer surface and an inner surface defining a first lumen along a longitudinal axis, the distal
portion having a tip defining a taper in the distal direction toward the longitudinal axis and
terminating at a distal opening;

a second shaft having a proximal portion and a distal portion and an inner surface
defining a second lumen therebetween having a first cross-section, the second shaft disposed
within the first lumen such that the second lumen is generally coaxial with the first lumen to
define a chamber, the distal portion of the second shaft terminating in a port having an opening
in communication with the distal opening of the first shaft, the port having a second cross-

section greater than the first cross-section.

2. The implant delivery device of claim 1, wherein the port includes a flared portion.

extending in a direction toward the inner surface of the first shaft.

3. The implant delivery device of claim 2, wherein the port includes a portion distal of the

flared portion that is parallel to the longitudinal axis.

4, The implant delivery device of claim 2, wherein the distal portion circumscribes the

longitudinal axis such that at least a portion of the port is substantially frusto-conical.

5. The implant delivery device of claim 2, wherein the flared portion circumscribes the

longitudinal axis such that at least a portion of the port is substantially tulip-shaped.

6. The implant delivery device in any one of the above claims, further comprising an inner
shaft having a proximal portion, a distal portion, an outer surface and an inner surface defining a
lumen, the inner shaft disposed in the lumen of the second shaft such that distal portion of the
second shaft directs a guide wire from the distal opening of the first shaft to the lumen of the

inner shaft.

7. The implant delivery device of claim 6, wherein the outer surface of the inner shaft is

substantially contiguous with the inner surface of the second shaft.
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8. The implant delivery device of claim 6, wherein the second shaft is coupled to the inner

shaft such that the second shaft is slidable along the longitudinal axis relative to the first shaft.

9. The implant delivery device of claim 6, wherein the proximal portion of the second shaft
terminates along a portion of the inner shaft between the distal and proximal portion of the inner
shaft.

10.  The implant delivery device of claim 6, wherein the outer surface of the inner shaft
defines a maximum distance transverse to the longitudinal axis and the inner surface of the
second shaft defines a maximum distance transverse to the longitudinal axis, the maximum
transverse distance of the second shaft being about ten percent greater than the maximum

transverse distance of the inner shaft.

11.  The implant delivery device in any one of the above claims, wherein the outer surface

and the inner surface of the tip define a wall.

12. The implant delivery device of claim 11, wherein the wall has a thickness that decreases

in a direction along the longitudinal axis from the proximal portion to the distal opening.

13. The implant delivery device of claim 12, wherein the wall thickness decreases from a

maximum of about 0.2 millimeters to a minimum of about 0.1 millimeters.

14.  The implant delivery device of claim 13, wherein the thickness decreases at a

substantially constant rate over the axial length of the tip.

15.  The implant delivery device in any one of the above claims, wherein the taper of the tip
defines an acute angle with a line parallel to the longitudinal axis, the angle ranging from about

eight degrees to about twenty degrees.

16.  The implant delivery device in any one of the above claims, wherein the distal portion of
the first shaft includes at least one radiopaque marker for identifying the position of an implant

in the chamber.

17.  The implant delivery device of claim 16, wherein the at least one marker comprises an
annular member secured to the first shaft having about ninety percent platinum and about ten

percent iridium.

18.  The implant delivery device in any one of the above claims, wherein the outer and inner

surface of the first shaft proximal the tip define a wall thickness that increases in a direction from

19



10

15

20

25

WO 2007/004076 PCT/IB2006/002582

the distal portion to the proximal portion, ranging from about 0.2 millimeters to about 0.3

millimeters.

19.  The implant delivery device in any one of the above claims, wherein the tip is

substantially made of PEBAX® having a durometer of about 40D.

20.  The implant delivery device in any one of the above claims, wherein the first shaft has at
least two slits, the at least two slits extending axially along the length of the tip diametrically

opposite one another about the distal opening.

21.  The implant delivery device in any one of the above claims, wherein the port includes an

aperture to provide communication between the tip and the lumen of the second shaft.

22.  Animplant delivery device comprising:

an outer sheath having a proximal end and a distal end, the outer sheath having an
inner surface defining a lumen along a longitudinal axis;

an inner shaft having a proximal portion and a distal portion, the inner shaft
disposed within the lumen to define a chamber between the outer sheath and the inner shaft, the
inner shaft being movable along the longitudinal axis relative to the outer sheath; and

a member being disposed between the inner shaft and the outer sheath, the

member having a surface movable relative to the inner shaft and outer sheath.

23.  The implant delivery device of claim 22, further comprising an outer shaft disposed and

fixed about the proximal portion of the inner shaft.

24.  The implant delivery device of claim 23, wherein the outer shaft is fixed to the inner shaft

by an adhesive.

25.  The implant delivery device of claim 23, wherein the outer shaft comprises a metallic

hollow shaft and the inner shaft comprises a polymeric hollow tubing.

26.  The implant delivery device of claim 23, further comprising a compression spring that

couples the member to the outer shaft and the inner shaf.

27.  The implant delivery device in any one of claims 22-26, further comprising a swivel nut,
a sealing boss, a threaded boss and a fluid manifold, each having a through bore, the inner shaft
disposed therein, a swivel nut having an internal surface secured to the distal end of the outer

sheath, the threaded boss coupling the swivel nut and the sealing boss so as to couple the inner
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shaft to the outer sheath, the sealing boss being engaged with the fluid manifold to introduce

fluid into the chamber.

28.  The implant delivery device of claim 27, wherein at least one of the outer shaft and inner
shaft comprises a locking mechanism to prevent the inner shaft from passing completely through

the central bore of the swivel nut.

29.  The implant delivery device of claim 27, wherein at least one of the swivel nut and fluid
manifold comprises a locking mechanism to prevent the inner shaft from overextending through

the central bore.

30.  The implant delivery device of claim 27, wherein the threaded boss comprises a first
locking mechanism and the pusher comprises a second locking mechanism that mates with the

first locking mechanism to prevent proximal movement of the outer shaft.

31.  The implant delivery device of claim 27, wherein at least one of the outer shaft and inner
shaft comprises a locking mechanism to prevent the inner shaft from passing completely through

the central bore of the swivel nut.

32.  The implant delivery device of claim 31, wherein the locking mechanism includes a
retaining ring and a groove on the outer shaft engaged with the retaining ring to prevent the inner

shaft from passing completely through the central bore of the swivel nut.

33.  Animplant delivery device comprising:

an inner shaft having a proximal end and a distal end spaced apart along a
longitudinal axis; and

an outer sheath disposed about the inner shaft, the outer sheath being movable
along the longitudinal axis relative to the inner shaft, the outer sheath having a layer including a
proximal portion, a distal portion, and at least one intermediate portion therebetween, the
proximal, distal and at least one intermediate portions being discrete portions along the

longitudinal axis, each having a discrete durometer.

34.  The implant delivery device of claim 33, wherein the distal portion comprises a
thermoplastic polymer, the proximal portion comprises polymide Nylon, and the at least one
intermediate portion being one of PEBAX® 6333 and PEBAX® 7233.

35.  The implant delivery device of claim 33, wherein the durometers of the discrete portions

increase from the distal portion to the proximal portion.
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36.  Animplant delivery device éomprising:

an inner shaft having a proximal end and a distal end spaced apart along a
longitudinal axis; and

an outer sheath having a proximal portion, a distal portion and at least one
intermediate portion therebetween, the outer sheath being disposed about the inner shaft, the
outer sheath being movable along the longitudinal axis relative to the inner shaft; the outer
sheath having an inner layer, an outer layer, an intermediate layer, and a braiding disposed
between a portion of the inner and outer layer; the outer layer including:

a first polymer; a second polymer having a durometer greater that of the first
polymer and at least a third polymer disposed between the first and second polymer to join the

braid to the first and second polymer.

37.  The implant delivery device of claim 36, wherein the first and second polymer are
PEBAX® and the third polymer comprises PET.

38.  The implant delivery device of claim 36, wherein the first polymer is disposed between

the distal portion and the at least one intermediate portion.

39.  The implant delivery device of claim 36, wherein the first polymer includes at least one
shoulder, the second polymer engaging the shoulder to join the first polymer to the second

polymer.

40.  The implant delivery in any one of claims 36-39, wherein the braiding comprises a
metallic wire having a diameter of about 0.05 millimeters at a density of 45 crossings per linear

inch.

41.  The implant delivery device in any one of claim 36-40, wherein the third polymer join

the braiding to the first and second polymers.

42.  The implant delivery device in any one of claim 36-41, wherein at least a portion of the

third polymer is surrounded by a heat melted polymer.

43.  The implant delivery device in any one of claim 36-42, further comprising at least one
marker disposed about 1.5 millimeters from a terminal end of the braiding so that the marker

abuts the third polymer.

44.  The implant delivery device of claim 43, wherein the marker is about one millimeter in
length,
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45.  The implant delivery device in any one of claim 36-44, wherein the outer layer of the
outer sheath includes a fourth polymer coupled to the second polymer, and a fifth polymer joined

to the fourth polymer, the fifth polymer being Nylon 75D.

46.  The implant delivery device of claim 43, wherein the second polymer has an axial length
greater than ten millimeters, the second and fourth polymers extending in the axial direction over

a length of at least eighty millimeters.

47.  The implant delivery device of claim 43, wherein the second and fifth polymers

extending in the axial direction over a length of at least twenty millimeters.

48.  The implant delivery device of claim 43, wherein the fourth polymer has a higher

durometer than either of the first or third polymers.

49.  The implant delivery device in any one of claim 36-48, wherein the inner layer of the
outer sheath includes a proximal portion, a distal portion, and at least one intermediate portion
extending in between, the distal portion being made of a thermoplastic polymer, the proximal
portion polymide Nylon, the intermediate portion being one of PEBAX® 6333 and PEBAX®
7233.

50.  The implant delivery device of claim 49, wherein the proximal, distal and at least one
intermediate portions of the inner of the outer sheath are discrete portions each having a discrete

durometer.

51. A method of forming an outer sheath of an implant delivery device, the method
comprising:
forming a tubular membrane with a distal end over a mandrel; and

withdrawing the mandrel through the distal end.
52.  The method of claim 51, wherein distal end includes a tip.

53. The method of claim 51, wherein withdrawing the mandrel includes withdrawing the

mandrel through the tip to form an opening in the tip.

54.  The implant delivery device in any of the above-claims wherein the implant delivery

device further comprises one of a stent and a stent graph.

55. A catheter sheath comprising:
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" a first polymer material that circumscribes and extends along a longitudinal axis
over a first length;

a second polymer contiguous to the first polymer that extends along the
longitudinal axis along a second length less than the first and having a surface exposed to the
longitudinal axis;

a third polymer interposed between the first and second polymer that extends
along the longitudinal axis along a third length less than the first length; and

a marker contiguous to one of the first and second polymers.

56.  The catheter sheath of claim 55, wherein the marker comprises a marker disposed

between the first and second polymers.

57.  The catheter of claim 56, wherein the marker comprises a radiopaque material contiguous

to the first, second and third polymers.

58.  The catheter sheath of claim 55, further comprising a braiding disposed between the

second and third polymer.

59.  The catheter sheath of claim 58, wherein the braiding comprises metal wires braided in a

cylindrical shape.

60. A catheter sheath comprising:

a proximal portion, a distal portion and at least one intermediate portion
therebetween, the sheath having an inner and an outer layer; the outer layer including:

a first polymer; a second polymer having a durometer greater that of the first
polymer and at least a third polymer disposed between the first and second polymer to join the

braid to the first and second polymer.

61.  The sheath of claim 60, wherein the first and second polymer are PEBAX® and the third

polymer comprises PET.

62.  The sheath of claim 60, wherein the first polymer is disposed between the distal portion

and the at least one intermediate portion.

63.  The sheath of claim 60, wherein the first polymer includes at least one shoulder, the

second polymer engaging the shoulder to join the first polymer to the second polymer.
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64.  The sheath in any one of claims 60-63, further comprising a braiding disposed between
the inner layer, wherein the braiding is made of a metallic wire having a diameter of about 0.05

millimeters at a density of 45 crossings per linear inch.

65.  The sheath of claim 64, wherein the third polymer joins the braiding to the first and

second polymers.

66.  The sheath in any one of claims 60-65, wherein at least a portion of the third polymer is

surrounded by a heat melted polymer.

67.  The sheath in any one of claims 64-66, further comprising at least one marker disposed
about 1.5 millimeters from a terminal end of the braiding so that the marker abuts the third

polymer.
68.  The sheath of claim 67, wherein the marker is about one millimeter in length.

69.  The sheath in any one of claims 60-68, wherein the outer layer of the outer sheath
includes a fourth polymer coupled to the second polymer, and a fifth polymer joined to the fourth
polymer, the fifth polymer being Nylon 75D.

70.  The sheath of claims 69, wherein the second polymer has an axial length greater than ten
millimeters, the second and fourth polymers extend in the axial direction over a length of at least

eighty millimeters.

71.  The sheath in any one of claims 69-70, wherein the second and fifth polymers extend in

the axial direction over a length of at least twenty millimeters.

72.  The sheath in any one of claims 69-71, wherein the fourth polymer has a higher

durometer than either of the first or third polymers.

73. The sheath in any one of claims 60-72, wherein the inner layer of the outer sheath
includes a proximal portion, a distal portion, and at least one intermediate portion extending in
between, the distal portion being made of a thermoplastic polymer, the proximal portion
polymide Nylon, the intermediate portion being one of PEBAX® 6333 and PEBAX® 7233.

74.  The sheath of claim 73, wherein the proximal, distal and at least one intermediate

portions of the inner of the outer sheath are discrete portions each having a discrete durometer.
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