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BALLOON YIELDED DELIVERY SYSTEM AND
ENDOVASCULAR GRAFT DESIGN FOR EASY DEPLOYMENT

FIELD OF THE INVENTION

The present invention relates generally to a system and method of delivering an
endoluminal prosthesis within a body lumen. More particularly the present invention provides
a delivery device retaining an endoluminal prosthesis during delivery and additionally for the

deployment of the endoluminal prosthesis at a target site within the lumen.

BACKGROUND OF THE INVENTION

Endoluminal prostheses are typically used to repair, replace, or otherwise correct a
diseased or damaged blood vessel. An artery or vein may be diseased in a variety of ways.
The prosthesis may therefore be used to prevent or treat a wide variety of defects such as

stenosis of the vessel, thrombosis, occlusion, or an aneurysm.

One type of endoluminal prosthesis used in treatment and repair of diseases in various
blood vessels is a stent. A stent is a generally longitudinal tubular device which is useful to
open and support various lumens in the body. For example, stents may be used in the vascular
system, urogenital tract and bile duct, as well as in a variety of other applications in the body.
Endovascular stents have become widely used for the treatment of stenosis, strictures, and
aneurysms in various blood vessels. These devices are implanted within the vessel to open

and/or reinforce collapsing or partially occluded sections of the vessel.

Stents are generally open ended and are radially expandable between a generally
unexpanded insertion diameter and an expanded implantation diameter which is greater than
the unexpanded insertion diameter. Stents are often flexible in configuration, which allows
them to be inserted through and conform to tortuous pathways in the blood vessel. The stent is
generally inserted in a radially compressed state and expanded either through a self-expanding

mechanism, or through the use of balloon catheters.
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A graft is another type of endoluminal prosthesis which is used to repair and replace
various body vessels. Whereas a stent provides structural support to hold a damaged vessel
open, a graft provides an artificial lumen through which blood may flow. Grafts are tubular
devices which may be formed of a variety of materials, including textile and non-textile
materials. Grafts also generally have an unexpanded insertion diameter and an expanded

implantation diameter which is greater than the unexpanded diameter.

It is also known to combine a stent and a graft to form a composite endoluminal
prosthesis. Such a composite medical device provides additional support for blood flow
through weakened sections of a blood vessel. In endovascular applications the use of a
stent/graft combination is becoming increasingly important because the combination not only
effectively allows the passage of blood therethrough, but also ensures the implant will remain

open.

It is also known to provide delivery systems for delivering such prostheses
intraluminally. These delivery systems generally include catheters with the prosthesis
removably mounted to the distal end of the catheter. Quite often a catheter, introducer sheath,
or other similar retaining means, is disposed over the prosthesis to removably support the
prosthesis on the catheter. Once the prosthesis is situated in the target site in the lumen, the

catheter is removed from the prosthesis.

In order to activate the prosthesis to its expanded implantation diameter, however, it is
usually required to pull the sheath or retaining means away from the prosthesis to allow the
expansion. The catheter typically retains and delivers the prostheses in a radially contracted
state in its unexpanded insertion diameter, and removal of the catheter sheath allows expansion

to the expanded implantation diameter.

Delivery and removal of the catheter sheath, however, to implant and/or activate the
prosthesis presents several problems. First, catheter movement can disturb or move the
introducer sheath at the wound site where the catheter is inserted into the vessel, thereby
resulting in premature deployment of the prosthesis. Secondly, in tortuous anatomy, the added

friction caused by rubbing the outer catheter against the vessel can make delivery and
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deployment of the prosthesis difficult. The translation of control movements from the
proximal to the distal end of the catheter is imprecise, jerky and in some instances impossible
due to the increased friction caused by tortuosity. Thirdly, delivery of the sheathed prosthesis

can create trauma to the endothelium over the entire length of the catheter.
It is therefore desirous to provide an endoluminal prosthetic delivery system which
delivers and activates an endoluminal prosthesis to its expanded implantation diameter without

requiring removal of the catheter sheath in order to expand the prosthesis.

SUMMARY OF THE INVENTION

It is an advantage of the present invention to provide a catheter delivery system which
delivers an endoluminal prosthesis to a target site without requiring the removal of an outer

sheath or retaining structure.

It is also an advantage of the present invention to provide a delivery system for an
endoluminal prosthesis which provides for delivery and expansion while still contained within

the catheter sheath.

It is also an advantage of the present invention to provide an endoluminal prosthesis
delivery system of reduced profile for effective delivery of a prosthesis through narrow body

vessels.

It is a further advantage of the present invention to provide an endoluminal prosthesis

delivery system which can remain implanted in a body vessel with the prosthesis.

In efficient attainment of these advantages, the present invention provides an
endoluminal prosthesis delivery system comprising a tubular endoluminal prosthesis having a
luminal surface and an opposed exterior surface. said prosthesis being radially expandable from
a compressed condition under a first radially expansive force and a second radially expansive
force greater than said first expansive force; and a delivery sheath maintaining said prosthesis
in said compressed condition, said delivery sheath possessing a yield strength greater than said

first expansive force of said prosthesis, and less than said second expansive force.

(V%)
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The present invention also provides a method of implanting an endoluminal prosthesis
comprising loading a tubular endoluminal prosthesis in a reduced diameter in a compressed
condition within a delivery sheath, said prosthesis being radially expandable under a first
radially expansive force and a second radially expansive force greater than said first radially
expansive force, said delivery sheath having a yield strength sufficient to retain said prosthesis
in reduced diameter; intraluminally delivering said prosthesis to an implantation site wherein
said second radially expansive force of said prosthesis is activated, said second radially

expansive force being sufficient to surpass said yield strength of said delivery sheath.

In another method of implanting the prosthesis, a radially expansive force may be
applied to the prosthesis by a balloon catheter, said radially expansive force being sufficient to

surpass said yield strength of said delivery sheath.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a perspective showing an endoluminal prosthesis with catheter delivery

sheath comprising a thin tubular structure.

Figure 2 is a perspective showing an endoluminal prosthesis with catheter delivery

sheath comprising a sheet formed into a tube.

Figure 3 is a cross-section showing an endoluminal prosthesis with catheter delivery
sheath comprising two polymeric materials, one of said materials being in the form of

longitudinally extending segments intermittently embedded within the other material.

Figure 4 is a cross-section showing of the prosthesis and catheter sheath of Figure 3 in a

diametrically expanded state.

Figure 4A is a perspective showing of a catheter sheath of the present invention with

circumferential segments intermittently embedded within a polymeric material.

Figure 5 is a perspective showing an endoluminal prosthesis with a catheter delivery

4
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sheath comprised of polymeric strips circumferentially wrapped around said prosthesis

transversely to a longitudinal axis of said prosthesis.

Figure 6 is a cross-section showing the prosthesis and catheter sheath of Figure 5 in a

diametrically expanded state.

Figure 7 is a perspective showing an endoluminal prosthesis with a catheter delivery

sheath comprising loops of yarn oriented transversely to a longitudinal axis of the prosthesis.

Figure 8 is a perspective showing the prosthesis and catheter sheath of Figure 7 in an

expanded state.

Figure 9 is a perspective showing an endoluminal prosthesis with a catheter delivery

sheath comprising a continuous helical wrap of a polymeric material.

Figure 10 is a perspective showing an endoluminal prosthesis with a catheter delivery

sheath comprising a multi-directional helical wrap of a polymeric material.

Figure 11 is a cross-section showing another embodiment of the present invention, a

stent with a tubular covering.

Figure 12 is a cross-section showing a stent with tubular covering in a collapsed

condition of reduced diameter.

Figure 13 is a cross-section showing a stent with a tubular covering in collapsed

condition, the tubular cover adhered to itself at selected areas.

Figure 14 is a cross-section showing a sheath with a longitudinally extending notch.

Figure 15 is a perspective showing a plurality of longitudinally extending slits in a

delivery sheath.
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DETAILED DESCRIPTION OF THE INVENTION

The following is a detailed description of the preferred embodiments of the present
invention. The description is meant to describe preferred embodiments, and is not meant to

limit the invention in any way.

The present invention provides a system for delivery of an expandable prosthesis to a
target site. The delivery system may include a catheter having an expandable balloon. The
endoluminal prosthesis is supported over the balloon by a catheter sheath. The present
invention provides a catheter sheath which has a yield strength greater than a first expansive
force exhibited by the endoluminal prosthesis, but less than a second expansive force of either
the balloon or of the prosthesis so as to retain the prosthesis in a collapsed condition during
delivery and to provide for deployment of the expandable prosthesis upon application of the

expansive force from the balloon without removal of the sheath.

Various prostheses may be employed in the present invention. A stent, vascular graft,
stent covered with a graft, or other stent/graft combinations may be employed. The prosthesis
may be self-expanding, or expandable by other expansion mechanisms, such as balloon
expansion. In the case where the prosthesis is self-expanding, the second radially expansive
force may be a result of the self-expansion of the prosthesis, and a balloon catheter will not be
necessary. The term radially expansive force as used in this disclosure, refers to the force
which may be applied to the tubular prosthesis and/or delivery sheath to provide for

circumferential expansion. It could be equal to zero.

Among the various stents which may be employed include, without limitation, self-
expanding stents and balloon expandable stents. The configuration of the stent may also be
chosen from a host of geometries. The stents may be capable of radially expanding, as well as
contracting, and in this sense can best be described as radially distensible or deformable. Self-
expanding stents include those that have a spring-like action which causes the stent to radially
expand, or stents which expand due to memory properties of the stent material for a particular
configuration at a certain temperature. Nitinol is one material which has the ability to perform
well while both in spring-like mode, as well as in a memory mode based on temperature.

Other materials (as well as combinations of materials, or alloys, or both) are of course
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contemplated, such as stainless steel, platinum, gold, titanium, and other biocompatible metals,

as well as polymeric stents.

Endovascular grafts may also be used in the present invention. As mentioned above,
endovascular grafts may be used alone or in conjunction with a stent. Many combinations are
possible. For example, a stent may have an outer tubular cover, inner tubular cover, or both.
Many other variations of the stent/graft combination, as well as other types of prostheses may

also be used with the present invention.

Referring now to Figures 1 and 2 of the drawings, the delivery system 1 of the present
invention includes a delivery catheter 3 having an expandable balloon 2 at one end. As is well
known in the catheter art, catheter 3 may be used in delivering a balloon-expandable prosthesis
4. The endoluminal prosthesis 4 shown in Figures 1 and 2 is a composite stent/graft device
which includes a radially distensible stent 8 with an exterior cover 10, and an interior cover 12.
As above described, prosthesis 4 is expandable from a non-expanded or collapsed delivery
configuration to an expanded deployed configuration. Prosthesis 4 is radially distensible upon
an expansive force. The expansive force may be applied by expansion of balloon 2 or may be

derived from self-expansion of the prosthesis itself.

Delivery catheter sheath 6 is an elongate thin walled tube which surrounds the
prosthesis 4 and supports the prosthesis over balloon catheter 2. Sheath 6 retains prosthesis 4
in a non-expanded state during catheter delivery. Such retention of the prosthesis is provided
by constructing sheath 6 to have a yield strength which is greater than a first expansive force
required to expand prosthesis 4 from its collapsed configuration to its expanded configuration.
The yield strength of catheter sheath 6 is therefore sufficiently strong to retain prosthesis 4 in a
contracted state on balloon 2 during delivery of the prosthesis. The elongate tube forming
delivery catheter sheath 6 may be formed from an extruded tube shown in Figure 1, or from an
extruded sheet formed into a tube, as shown in Figure 2. While the yield strength of catheter
sheath 6 is sufficient to retain prosthesis 4 in a non-expanded configuration during delivery of
the prosthesis, the yield strength is sufficiently less than a second expansive force which is
applied to prosthesis 4 in order to deploy the prosthesis. This second expansive force is
typically derived from the expansion of balloon catheter 2. Catheter sheath 6 is therefore

formed in order to provide the yield strength which is sufficient to maintain the prosthesis in a
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collapsed delivery condition, yet is inelastically expanded upon application of a greater force
so as to permit deployment of the prosthesis. A variety of sheath constructions are
contemplated within the present invention so that the appropriate yield strength may be
imparted to the sheath. More particularly, a material is selected with the desirous yield
strength properties. Furthermore sheath 6 may also be constructed with tubular walls with a
particularly thin cross-section appropriate to impart the desirous yield strength. Still further,
weak points in the tube may be deliberately introduced to give pre-determined yield points
within sheath 6. Sheath 6 is typically formed of a polymeric material by extrusion and

stretching techniques commonly known in the art.

Standard extrusion techniques such as those discussed in U.S. Patent Nos.3,953,566,
3,962,153 and 4,187,390 may be employed.

In order to effectively deliver prosthesis 4, the following procedure is preferably
followed. Prosthesis 4 is loaded within delivery sheath 6 in a reduced delivery diameter. As
mentioned above, sheath 6 has a yield strength sufficient to retain prosthesis 4 in this reduced
diameter. An unexpanded balloon catheter is then inserted within prosthesis 4. As also noted
above, delivery catheter 3 includes an expandable balloon 2 for supporting said prosthesis and
is expandable under a radially expansive force. The prosthesis 4, sheath 6, and balloon catheter
2 are delivered intraluminally to the implantation site, however, in a contracted state. Once
delivered to the implantation site, a radially expansive force is applied to balloon catheter 2.
This radially expansive force is applied by inflating balloon 2 with a fluid as is well known in
the catheter art. The applied radially expansive force supplied by balloon expansion is
sufficient to surpass the yield strength of sheath 6. This causes the sheath 6 to expand allowing
the prosthesis to expand to its expanded position. Sheath 6 therefore allows expansion and
implantation of prosthesis 4 with the application of this radially expansive force by its thin
tubular walls expanding past their yield strength. The initial inelasticity of sheath 6 during
delivery allows successful implantation of prosthesis 4. As more fully described by the
following embodiments and drawings, the appropriate yield strength of the delivery sheath may
be provided in a number of ways. In Figures 1 and 2, the thin walled polymeric material forms

the sheath itself and provides the appropriate yield strength.
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As used in this specification, the term yield strength refers to the stress level at which
the material can no longer elastically resist permanent deformation. After a material has been
stretched beyond a certain point, the material remains fixed in its stretched condition. This
type of stretching causes the material to either undergo inelastic strain, commonly referred to
as plastic deformation, or it may cause the material to fracture. Often, the material undergoes
first inelastic strain, then fracture. In any case, delivery sheath 6 is inelastically expanded and

is no longer able to radially restrain prosthesis 4.

Once released from radial restraint of the sheath 6 and expanded, the prosthesis remains
patent in the lumen. Upon expansion, sheath 6 may remain implanted with prosthesis 4 or it
may be removed. If it is desired to remain implanted with the prosthesis, sheath 6 may be
constructed of material of sufficiently biocompatible properties so it will not interfere with
assimilation of the prosthesis in vivo. Such biological assimilation and incorporation includes
endothelialization, and other adaptive measures taken by the body in response to the implant.
Polytetrafluoroethylene is an example of a polymeric material with a microporous structure to

allow biologic assimilation.

Referring now to Figures 3 and 4 of the drawings, a further embodiment of the delivery
system of the present invention is shown. The delivery sheath 14 is a tubular body formed of
two different polymeric materials. Sheath 14 includes a plurality of longitudinally extending
segments 16 formed of a first polymeric material intermittently embedded within tubular body
18 of a second polymeric material. The first and second polymeric materials of the sheath as
well as their shape and construction may be varied according to the desired properties of yield

strength in relation to each other.

Referring now to Figure 4A of the drawings, delivery sheath 17 can be a tube having a
circumference and a longitudinal axis, and comprising a first polymeric material and a second
polymeric material. Said first polymeric material comprises circumferential segments 19
intermittently embedded within said second polymeric material 21 (which is formed into a
tubular body) and disposed transverse to said longitudinal axis. Circumferential segments 19
may be a continuous helix wrapped circumferentially around said sheath, or segments 19 may
be intermittently independent ring segments, each forming a continuous loop circumferentially

around said sheath 17.
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In one embodiment, first polymeric material 16 (or 19) has a yield or tensile strength
greater than that of second polymeric material 18 (or 21). In this embodiment a radially
expansive force applied to the sheath will cause the sheath to stretch at the preselected areas
occupied by the second polymeric material 18 (or 21). Accordingly, first polymeric material

16 (or 19) will provide strength to the sheath, and prevent axial expansion of the graft.

In another embodiment, first polymeric material 16 (19) possesses a tensile strength
less than that of polymeric material 18 (21). In this embodiment, a radially expansive force
applied to the sheath will cause the sheath to stretch at segmented areas of polymeric material
16 (19). Second polymeric material 18 (21), in which first polymeric material 16 (19) is
embedded will provide structural integrity and strength while the sheath stretches in the
preselected areas of longitudinal segments. Figure 3 shows the prosthesis and catheter sheath
of Figure 2 in a radially expanded position. The first polymeric material 16, because it is of
lesser tensile strength, provides the yielding area for the sheath. The first and second
polymeric material may be formed of a variety of material. Furthermore, various grades and
durometers of the same base resin or composite assemblies of different base resins, as well as
any number of combinations or alloys of materials may be used as either material in the sheath.

Some materials which may be used in the sheath include, but are not limited to nylon
(polyamide), polyurethane (PU), polyimide (PI), polytetrafluoroethylene (PTFE), expanded
polytetrafluoroetylene (ePTFE), polyether ether ketone (PEEK), fluorinated ethylene propylene
(FEP), and polybutylene terephthalate (PBT), as well as other thermoplastic elastomers not

mentioned.

The combination of materials comprising delivery sheath 14 in Figures 3, 4 and 4A,
and their corresponding tensile strengths, therefore, provides catheter sheath 14 and 17 with a
yield strength greater than a first radially expansive force of prosthesis 15. Similar to the
sheath described above in Figures 1 and 2, the yield strength of sheath 14 and 17 is less than
that of a second radially expansive force which is either applied by a self-expansion
mechanism of the prosthesis, or by the expansion of the balloon to said catheter. Similarly,
application of the second expansive force deploys the prosthesis within the lumen. After

deployment, catheter sheath 14 may remain implanted within the umen, or may subsequently
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be withdrawn. A preferred method of making catheter sheath 14 is by co-extrusion of the two

polymeric materials together by the above mentioned extrusion techniques.

Referring now to Figures 5 and 6 of the drawings, another embodiment of the present
invention is shown. A delivery system comprising an endoluminal prosthesis 20, and a
catheter delivery sheath 22 is shown. Delivery sheath 22 of Figure 4 is comprised of polymeric
strips circumferentially wrapped around said prosthesis transversely to a longitudinal axis of
said prosthesis. Polymeric strips 24 possess a first end 26 and a second end 28. First end 26
and second end 28 may abut or overlap to form a circumferential loop around a longitudinal
axis of the prosthesis and meet at a selected area of the sheath. First end 26 and second end 28
may be adhered together at their meeting point, may be adhesively adhered together at their
meeting point, may be adhered to the prosthesis at their meeting point, or may be adhesively

adhered to the prosthesis at the meeting point.

The term adhered as used herein is used to refer to any means of securing components
together without the use of an adhesive. Some examples include, thermal bonding, sintering,
or, fastening through other mechanical means. Adhesives which may be used vary depend on
what type of polymeric material is used as the polymeric strip. The polymeric strip may be
formed of polytetrafluoroethylene (PTFE), ePTFE, polyurethane, fluorinated ethylene
propylene (FEP), polyether ether ketone, polyimide, nylon (polyamide), polybutylene
terephthalate as well as other thermoplastic elastomers. Some adhesives which may be used

include FEP, polyurethane adhesives, silicones, cryanoacrylates, and epoxies.

Similar to the delivery system shown in Figures 1-4, the delivery system shown in
Figures 5 and 6 comprises a prosthesis 20, said prosthesis being radially expandable under a
first radially expansive force and a second radially expansive force. A balloon catheter 2 as
shown in Figure 1 may be expanded to supply said second radially expansive force, said
second radially expansive force being greater than said first expansive force of said prosthesis.
Catheter sheath 22 of Figures 5 and 6 possesses a yield strength which is greater than the first
expansive force of said prosthesis, and less than said second expansive force of the balloon
catheter. Upon application of the second expansive force, delivery sheath 22 of Figure 5
allows implantation of the prosthesis, as the yield strength of delivery sheath 22 is less than the

second expansive force. The application of the second expansive force therefore effectively
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deploys the prosthesis, as it surpasses the yield strength of the sheath, and the prosthesis is
expanded to its active radius. The yield strength of sheath 22 is provided by its configuration,
particularly the area where ends 26 and 28 of the polymeric strips meet. The seam where the
strips meet each other may provide an area of decreased strength, depending on how the ends
are adhered to each other, or to the prosthesis. These weak points provide “break-away” points

which allow deployment of the prosthesis without movement of the exterior sheath.

In addition to “break-away” points, an area of decreased tensile strength can be
constructed into a delivery sheath in a number of ways. For example, notches can be
engineered into any of the sheaths disclosed in the present invention. The term notches, as
used herein, means an area of decreased tensile strength in a sheath. Notches are typically
longitudinally extending slits in the delivery sheath. In a preferred embodiment a delivery
sheath includes a plurality of longitudinally aligned slits. A notch can be engineered into a
sheath in a number of different ways, including simply cutting away a section of a sheath.
Notches can be further lined up along a longitudinal axis of a delivery sheath to provide a line
of decreased resistance in the delivery sheath. Such a line provides a line in the sheath for a
controlled expansion of the sheath similar to a line of perforation. A notch can be anywhere
from 1 to 400 millimeters long, preferably in the range of 5 to 10 millimeters. Notches can be
on either a luminal or exterior surface of a tubular sheath. The aligned notches can be in the
range of 1 to 400 millimeters long. Referring now to Figures 14 and 15 of the drawings, a
delivery sheath 46 is shown with slits 48 longitudinally extending throughout the delivery
sheath.

Figure 6 shows a cross-section of such a delivery system after an expansive
deformation has taken place. The polymeric strips comprising delivery sheath may be formed
of PTFE, ePTFE, FEP, PEEK, PI, nylon, polyurethane, PE, PBT, and other thermoplastic

elastomers, not mentioned.

Referring now to Figures 7 and 8 of the drawings, another embodiment of the present
invention is shown. Figure 7 shows a perspective of the delivery system of the present
invention wherein the delivery sheath is comprised of polymeric strips 30, and said polymeric
strips are comprised of a thin suture. Polymeric strips cofnprising the delivery sheath may be

formed of such a suture, but also may be formed of a yarn, ribbon, or thread. Polymeric strips
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30 may have a predetermined section of decreased tensile strength 32, which upon expansion
of the prosthesis, yields to allow implantation of the prosthesis. Figure 8 is a perspective

showing an expanded prosthesis with polymeric strips allowing implantation in such a manner.

Referring now to Figures 9 and 10 of the drawings, another embodiment of the present
invention is shown. Figure 9 shows a perspective of the delivery system of the present
invention wherein the delivery sheath is comprised of polymeric strips 34 wound helically in a
continuous band around, through, or within stent/graft prosthesis 36. The continuous winding
is shown with a tape-like polymeric winding, but other forms are contemplated within the
present invention. The continuous helical winding may be with a thin suture, yarn, ribbon, or
thread. The predetermined yield strength of the delivery sheath may be achieved as a result of
the material used, the thinness of the material, or with a predetermined section of decreased

tensile strength which may be manufactured into the sheath.

Referring now to Figures 11-13 of the drawings, yet another embodiment of the present
invention is shown. A prosthesis, stent 38 is shown in cross-section in Figure 11 in its
expanded state a with a tubular cover 40. Tubular cover 40 is integrally associated with stent
38. Tubular structure 40 is placed circumferentially on the exterior surface of stent 38 in its
expanded state, where it is held taught by the expanded stent. Tubular cover 40 may also be
placed circumferentially on the interior of stent 38, or on both sides. The stent may be on a
mandrel. The stent is then collapsed, and reduced in diameter to its compressed condition as
shown in Figure 12. This leaves areas of slack 42 in tubular cover 40 as seen in the cross-
section in Figure 12. The selected portions of slack 42 of tubular cover 38 are then wrapped
around stent 38 folded over itself as seen in the cross-section shown in Figure 13. Tubular
cover 40 is then adhered to itself at selected areas 44 of the cover. The adhesion may take
place by any means discussed above, including adhesively adhering, sintering, thermal
adhesion, or adhesion by other mechanical means. The tubular cover may be comprised of a
number of polymeric materials, including but not limited to a polymer selected from the group
consisting of PTFE, ePTFE, nylon, polyurethane, polyimide, polyether ether ketone,
fluorinated ethylene propylene, and polybutylene terephthalate.

This embodiment is particularly useful because the tubular cover is integrally

associated with the prosthesis, and a reduced profile is created for the delivery system, which
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provides for easier, and more efficient delivery of the prosthesis. The selected areas of
adhesion 44 provide for an area of decreased tensile strength with respect to the tubular cover.
In a preferred embodiment, a balloon catheter is inserted within the stent 38, and expansion of
the balloon catheter ruptures the tubular cover 40 at areas of adhesion 44. In a preferred
embodiment, tubular cover 40 is bio-compatible or biodegradable and may be assimilated

within the body, and remains implanted with stent 38.

Another advantage of the present invention is that in certain embodiments, it is possible
to allow the delivery sheath to remain implanted with the prosthesis after implantation.
Additionally, a sheath may be comprised of bio-absorbable materials. The term bio-absorbable
as used in this disclosure is synonymous with biodegradable, meaning the ability to be
degraded by processes involving biological conditions, such as those present in the bodies of
humans or other animals. More specifically, this term indicates the physical or chemical
breaking down of the polymer into smaller units which are preferably innocuous, non-toxic and
are readily eliminated or metabolized by the body. Some bio-absorbable materials which may
be used include polymers, copolymers, block polymers, and mixtures thereof. Bio-absorbable
polymers and polymer classes include, but are not limited to the following: poly(glycolic acid)
(PGA), poly(lactic acid) (PLA), polydioxanes, polyoxalates, poly(a-esters), polyanhydrides,
polyacetates, polycaprolactones, poly(orthoesters), polyamino acids, polyurethanes,
polycarbonates, polyiminocarbonates, polyamides, poly(alkyl cyanoacrylates), and mixtures
and copolymers thereof. Additional useful polymers include, stereopolymers of L- and D-
lactic acid, copolymers of bis(p-carboxyphenoxy) proprionic acid and sebacic acid, sebacic
acid copolymers, copolymers of caprolactone, poly(lactic acid)/poly(glycoclic
acid)/polyethyleneglycol copolymers, copolymers of polyurethane and poly(lactic acid),
copolymers of a-amino acids, copolymers of a-amino acids and caproic acid, copolymers of a-
benzyl glutamate and polyethylene glycol, copolymers of succinate and poly(glycols),
polyphosphazene, polyhydroxy-alkanoates and mixtures thereof. Binary and ternary systems

are contemplated.

Although the illustrative embodiments of the present invention have been described

herein with reference to the accompanying drawings, it is to be understood that the invention is

14
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not limited to those precise embodiments, and that various other changes and modifications
may be effected therein by one skilled in the art without departing from the scope or spirit of
the invention, and it is intended to claim all such changes and modifications to fall within the

scope of the invention.

15
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WHAT IS CLAIMED IS

1. An endoluminal prosthesis delivery system comprising:

a tubular endoluminal prosthesis having a luminal surface and an opposed exterior
surface, said prosthesis being radially expandable from a compressed position under a first
radially expansive force and a second radially expansive force greater than said first expansive
force; and

a delivery sheath maintaining said prosthesis in said compressed condition, said
delivery sheath possessing a yield strength greater than said first expansive force of said

prosthesis, and less than said second expansive force.

2. The delivery system according to claim 1 further comprising a balloon catheter having
an expandable balloon for supporting said prosthesis, said balloon applying said second
radially expansive force to said prosthesis.

3. The delivery system according to claim 1 wherein said prosthesis is self-expanding.

4. The delivery system according to claim 1 wherein said delivery sheath is a thin wall

tube comprised of polymeric material.

5. The delivery system according to claim 4 wherein said tube is an extruded tube.

6. The delivery system according to claim 4 wherein said tube is a sheet formed into a
tube.

7. The delivery system according to claim 4 wherein said polymeric material is selected

from the group consisting of nylon, polyuréthane, polytetrafluoroethylene(PTFE), ePTFE,
fluorinated ethylene propylene, polyimide, polyether ether ketone, and polybutylene

terephthalate.

8. The delivery system according to claim 1 wherein said delivery sheath is a tube having
a longitudinal axis and comprising a first polymeric material and a second polymeric material,

said first polymeric material comprising longitudinally extending segments intermittently

16



WO 01/24733 PCT/US00/25720

embedded within said second polymeric material and extending parallel to said longitudinal

axis.

9. The delivery system according to claim 8 wherein said first polymeric material
possesses a first tensile strength and said second polymeric material possesses a second tensile

strength greater than said first tensile strength.

10.  The delivery system according to claim 8 wherein said first polymeric material
possesses a first tensile strength and said second polymeric material possesses a second tensile

strength less than said first tensile strength.

11.  The delivery system according to claim 1 wherein said delivery sheath is a tube having
a circumference and a longitudinal axis and comprising a first polymeric material and a second
polymeric material, said first polymeric material comprising circumferential segments

intermittently embedded within said second polymeric material and disposed transverse to said

5 longitudinal axis.

12.  The delivery system according to claim 11 wherein said first polymeric material
possess a first tensile strength and said second polymeric material possesses a second tensile

strength greater than said first tensile strength.

13.  The delivery system according to claim 11 wherein said first polymeric material
possesses a first tensile strength and said second polymeric material possesses a second tensile

strength less than said first tensile strength.

14.  The delivery system according to claim 1 wherein said delivery sheath comprise
polymeric strips circumferentially wrapped around said prosthesis transversely along a

longitudinal axis of said prosthesis.
15.  The delivery system according to claim 14 wherein said polymeric strips comprise a

first end and a second end, and wherein said first ends adhere to said second ends of said strips

to form loops circumferentially around said prosthesis.

17
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16. The delivery system according to claim 14 wherein said polymeric strips are adjacently

secured along said longitudinal axis of said prosthesis to form a tubular structure.

17. The delivery system according to claim 14 wherein said polymeric strips are made of a
material selected from the group consisting of PTFE, ePTFE, nylon, polyurethane, polyimide,

polyether ether ketone, fluorinated ethylene propylene, and polybutylene terephthalate.

18.  The delivery system according to claim 14 wherein said polymeric strips are selected

from the group consisting of suture, yarn, ribbon, and thread.

19.  The delivery system according to claim 18 wherein said polymeric strips are adhered to

said prosthesis.

20.  The delivery system according to claim 19 wherein said polymeric strips possess pre-

determined sections of decreased tensile strength.

21.  The delivery system according to claim 1 wherein said prosthesis may be implanted

within a human body.

22.  The delivery system according to claim 21 wherein said delivery sheath may remain

with said prosthesis after implantation within a human body.

23.  The deliver system according to claim 1 wherein said delivery sheath is bio-absorbable.

24.  The delivery system according to claim 1 wherein said endoluminal prosthesis

comprises a stent.

25.  The delivery system according to claim 24 wherein said delivery sheath is a tubular
cover integrally associated with said prosthesis, said tubular cover adhered to itself at selected

areas of decreased tensile strength.

26.  The delivery system according to claim 1 wherein said delivery sheath further includes

a longitudinally aligned slit.

18



WO 01/24733 PCT/US00/25720

27.  The delivery system according to claim 26 wherein said delivery sheath includes a

plurality of longitudinally aligned slits.

28. A method of implanting an endoluminal prosthesis comprising:
loading a tubular endoluminal prosthesis in a reduced diameter within a delivery sheath,
said prosthesis being radially expandable under a first radially expansive force and a second
radially expansive force greater than said first radially expansive force, said delivery sheath
5  having a yield strength sufficient to retain said prosthesis in a reduced diameter;
intraluminally delivering said prosthesis to an implantation site wherein said second
radially expansive force expands said prosthesis, said radially expansive force being sufficient

to surpass said yield strength of said delivery sheath.
29.  The method according to claim 28 further including the step of inserting a balloon
catheter within said prosthesis, said balloon catheter applying a third radially expansive force

of sufficient force to surpass said yield strength of said sheath.

30.  The method according to claim 28 wherein said delivery sheath is removed from said

implantation site after implantation of said prosthesis.

31.  The method according to claim 28 wherein said delivery sheath remains implanted with

said prosthesis after implantation of said prosthesis.
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