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IN THE UNITED STATES DISTRICT COURT
FOR THE DISTRICT OF DELAWARE

W.L. GORE & ASSOCIATES, INC.,

Plaintiff,
C.A. No. 11-515-LPS-CJB
V.
JURY TRIAL REQUESTED
C.R. BARD, INC., and BARD

PERIPHERAL VASCULAR, INC.,

Defendants.

SECOND AMENDED COMPLAINT FOR PATENT INFRINGEMENT

Plaintiff W.L. Gore & Associates, Inc. (“Gore” or “Plaintiff”), by its attorneys, Faegre
Baker Daniels LLP, for its complaint against C.R. Bard, Inc. and Bard Peripheral Vascular, Inc.
(collectively, “Bard” or “Defendants”) alleges as follows:

Nature of the Action

1. This is an action for infringement of United States Patent Nos. 5,735,892 (the
*’892 patent™), 5,700,285 (the “’285 patent”), and 8,221,487 (the *“’487 patent”) under 35 U.S.C.
§ 271, including sections (a) and (g).

The Parties

2. Plaintiff W.L. Gore & Associates, Inc. is a corporation organized and existing
under the laws of the State of Delaware, with a principal place of business at 555 Paper Mill
Road, Newark, Delaware 19711.

3. On information and belief, Defendant C.R. Bard, Inc. is a corporation organized
and existing under the laws of the State of New Jersey, with a principal place of business at 730

Central Avenue, Murray Hill, New Jersey.
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4, On information and belief, Defendant Bard Peripheral Vascular, Inc. is a
corporation organized and existing under the laws of the State of Arizona, with a principal place
of business at 1625 West 3rd Street, Tempe, Arizona.

5. On information and belief, Bard Peripheral Vascular, Inc. is a wholly owned
subsidiary of C.R. Bard, Inc.

Jurisdiction and Venue

6. This action arises under the patent laws of the United States of America, United
States Code, Title 35, Section 1, et seq. This Court has subject matter jurisdiction over the action
under 28 U.S.C. 88 1331 and 1338.

7. This Court has personal jurisdiction over Defendants because, on information
and belief, Defendants transact business, including the sale and offering for sale of their
products, including but not limited to the FLUENCY® Plus Tracheobronchial Stent Graft and
the FLAIR® Endovascular Stent Graft, in the District of Delaware and have sufficient contacts
with this District to subject Defendants to personal jurisdiction. Moreover, Defendant C.R. Bard,
Inc. has previously filed at least four separate patent litigations in this district, availing itself of
the District of Delaware as a forum to adjudicate its disputes.

8. Venue is proper in this Court under 28 U.S.C. §8 1391 and 1400(b). Upon
information and belief, Defendants conduct substantial business in this District and have
committed and continue to commit acts of infringement in this District.

Background

9. The *892 patent, entitled “Intraluminal Stent Graft,” issued on April 7, 1998 to

David J. Myers, James D. Lewis, Wayne D. House, and Karl E. Schwarz. A copy of the ’892

patent is attached to this complaint as Exhibit A.
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10. The *285 patent, entitled “Intraluminal Stent Graft,” issued on Dec. 23, 1997 to
David J. Myers, James D. Lewis, Wayne D. House, and Karl E. Schwarz. A copy of the *285
patent is attached to this complaint as Exhibit B.

11. The *487 patent, entitled “Intraluminal Stent Graft,” issued on July 17, 2012 to
David J. Myers, James D. Lewis, and Wayne D. House. A copy of the *487 patent is attached to
this complaint as Exhibit C.

12. Defendants have had knowledge of the *892 patent since at least 19909.

13. Defendants have had knowledge of the *285 patent since at least 2007.

14. W.L. Gore & Associates, Inc. is the owner of all right, title, and interest in the
’892, 285, and ’487 patents, including the right to sue, enforce, and recover all damages, past
and future, for all infringements.

15.  Gore Enterprise Holdings, Inc. was previously the owner of the ’892 and *285
patents and W.L. Gore & Associates, Inc. was the licensee of the 892 and *285 patents with
rights to practice those patents in the United States. On January 30, 2012 Gore Enterprise
Holdings, Inc. assigned all right, title, and interest in the 892 and 285 patents to W.L. Gore &
Associates, Inc., including the right to seek damages for past infringement thereof.

16. Defendants make, use, sell, offer for sale, and/or import the FLUENCY® Plus
Tracheobronchial Stent Graft.

17. Defendants make, use, sell, offer for sale, and/or import the FLAIR®
Endovascular Stent Graft.

Count |
18.  The allegations of paragraphs 1-17 are incorporated as if fully set forth herein.

19. Defendants are infringing the *892 patent by making, using, offering to sell,



Case 1:11-cv-00515-LPS-CJB Document 64 Filed 10/19/12 Page 4 of 45 PagelD #: 873

selling, and importing at least the FLAIR® Endovascular Stent Graft and the FLUENCY® Plus
Tracheobronchial Stent Graft, all to the injury of Gore.

20. Bard’s acts of infringement have injured and damaged Gore.

21. Upon information and belief, Defendants’ infringement has been willful and will
continue to be willful, making this case exceptional and entitling Gore to increased damages and
reasonable attorney’s fees pursuant to 35 U.S.C. 8§ 284 and 285 of the patent statute.

Count 11

22. The allegations of paragraphs 1-17 are incorporated as if fully set forth herein.

23. Defendants are infringing the’285 patent by making, using, offering to sell,
selling, and importing at least the FLAIR® Endovascular Stent Graft and the FLUENCY® Plus
Tracheobronchial Stent Graft and/or inducing or contributing to the completion by others of the
method claimed in the *285 patent, all to the injury of Gore.

24. Bard’s acts of infringement have injured and damaged Gore.

25. Upon information and belief, Defendants’ infringement has been willful and will
continue to be willful, making this case exceptional and entitling Gore to increased damages and
reasonable attorney’s fees pursuant to 35 U.S.C. §§ 284 and 285 of the patent statute.

Count 111

26.  The allegations of paragraphs 1-17 are incorporated as if fully set forth herein.

217. Defendants are infringing the’487 patent by making, using, offering to sell,
selling, and importing at least the FLAIR® Endovascular Stent Graft and the FLUENCY® Plus
Tracheobronchial Stent Graft, all to the injury of Gore.

28. Bard’s acts of infringement have injured and damaged Gore.
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Praver for Relief

Wherefore, Plaintiff Gore requests the following relief:

@) judgment against Bard as to infringement of the ’892, *285, and ’487 patents;

(b) a permanent injunction preventing Defendants and their officers, directors, agents,
servants, employees, attorneys, licensees, successors, assigns, and customers, and those in active
concert or participation with any of them, from making, using, importing, selling, or offering to
sell any devices or systems that infringe the ’892, 285, and *487 patents;

(c) judgment against Defendants for money damages sustained as a result of
Defendants’ infringement of the *892, 285, and *487 patents and an accounting;

(d) judgment against Defendants for increased money damages pursuant to 35 U.S.C.
8§ 284 sustained as a result of Defendants’ willful infringement of the *892 and ’285 patents;

(e) costs and reasonable attorneys’ fees incurred in connection with this action
pursuant to 35 U.S.C. §285; and

()] such other relief as this court finds just and proper.

Jury Demand

Plaintiff Gore requests trial by jury.

Dated: October 18, 2012 YOUNG CONAWAY STARGATT & TAYLOR, LLP

[s/ Pilar G. Kraman
Adam Poff (#3990)
Pilar G. Kraman (#5199)
Rodney Square

1000 North King Street
Wilmington, DE 19801
(302) 571-6600
apoff@ycst.com
pkraman@ycst.com
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OF COUNSEL

James W. Poradek

Kevin P. Wagner

Christopher J. Burrell
Katherine S. Razavi

Lucas J. Tomsich

FAEGRE BAKER DANIELS LLP
2200 Wells Fargo Center

90 South Seventh Street
Minneapolis, MN 55419

(612) 766-1600

Attorneys for Plaintiff
W.L. GORE & ASSOCIATES, INC.

01:12662552.1
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1
INTRALUMINAL STENT GRAFT

FIELD OF THE INVENTION

This invention relates to the field of intraluminal grafts
and particularly to thin-wall intraluminal grafts useful as an
inner lining for blood vessels or other body conduits.

BACKGROUND OF THE INVENTION

Conventional vascular grafts have long been used for
vascular repair in humans and animals. These devices are
typically flexible tubes of woven or knitted polyethylene
terephthalate or of porous polytetrafluoroethylene
(hereinafter PTFE). Grafts of biological origin are also used,
these being typically fixed human umbilical or bovine
arteries. These conventional vascular grafts usually require
invasive surgical methods that expose at least both ends of
the segment of vessel to be repaired. Frequendly it is
necessary to expose the entire length of the vessel segment.
These types of repairs consequently cause major trauma to
the patient with corresponding lengthy recovery periods and
may result in occasional mortality.

Alternative methods have evolved which use intraluminal
vascular grafts in the form of adjustable stent structural
supports, tubular grafts or a combination of both. These
devices are preferably remotely introduced into a body
cavity by the use of a catheter type of delivery system.
Alternatively they may be directly implanted by invasive
surgery. The intent of these methods is to maintain patency
after an occluded vessel has been re-opened using balloon
angioplasty, laser angioplasty, atherectomy, roto-ablation,
invasive surgery, or a combination of these treatments.

Intraluminal vascular grafts can also be used to repair
aneurysmal vessels, particularly aortic arteries, by inserting
an intraluminal vascular graft within the aneurysmal vessel
so that the prosthetic withstands the blood pressure forces
responsible for creating the aneurysm.

Intraluminal vascular grafts provide a new blood contact-
ing surface within the lumen of a diseased living vessel.
Intraluminal grafts are not, however, limited to blood ves-
sels; other applications include urinary tracts, biliary ducts,
respiratory tracts and the like.

If the intraluminal graft used is of thin enough wall and
adequate flexibility, it may be collapsed and inserted into a
body conduit at a smaller diameter location remote from the
intended repair site. A catheter type of delivery system is
then used to move the intraluminal graft into the repair site
and then expand its diameter appropriately to conform to the
inner surface of the living vessel. Various attachment meth-
ods including the use of adjustable stents may be used to
secure the intraluminal graft at the desired location without
the necessity of invasive surgery.

Intraluminal vascular grafts were suggested as early as
1912 in an article by Alexis Carrel (Results of the permanent
intubation of the thoracic aorta. Surg., Gyn and Ob.
1912;15:245-248). U.S. Pat. No. 3,657,744 to Ersek
describes a method of using one or more adjustable stents to
secure a flexible fabric vascular graft intraluminally, the
graft and stent having been introduced distally and delivered
to the desired position with a separate delivery system.

Choudhury, U.S. Pat. No. 4,140,126, describes a similar
method of repairing aortic aneurysms whereby a polyethyl-
ene terephthalate vascular graft is fitted atits ends with metal
anchoring pins and pleated longitudinally to collapse the
graft to a size small enough to allow for distal introduction.

Rhodes, U.S. Pat. No. 5,122,154 and Lee, U.S. Pat. No.
5.123.917, describe endovascular bypass grafts for intralu-
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minal use which comprise a sleeve having at least two
diametrically-expandable stents. Rhodes teaches that the
sleeve material is to be made of conventional vascular graft
materials such as GORE-TEX® Vascular Graft (W. L. Gore
& Associates, Inc., Flagstaff Ariz.) or Impra® Graft (Impra,
Inc. Tempe Ariz.). Both the GORE-TEX Vascular Graft and
Tmpra Graft are extruded and longitudinally expanded PTFE
tubes. Additionally, the GORE-TEX Vascular Graft pos-
sesses an exterior helical wrapping of porous expanded
PTFE film. The difficulty with the use of either the GORE-
TEX Vascular Graft or the Impra graft as the sleeve com-
ponent is that the relatively thick, bulky wall of the extruded,
longitudinally expanded PTFE tubes limits the ability of the
tube to be contracted into a small cross-sectional area for
insertion into a blood vessel. For example, the wall thickness
of a 6 mm inside diameter Thin Walled GORE-TEX Vas-
cular Graft is typically 0.4 mm. The thinness of the wall is
limited by the difficulty of manufacturing an extruded,
longitudinally expanded tube having a thin wall of uniform
thickness.

SUMMARY OF THE INVENTION

The present invention is a tubular intraluminal graft
comprising a tubular, diametrically adjustable stent having
an exterior surface, a luminal surface and a wall having a
multiplicity of openings through the wall. and further having
a tubular covering of porous expanded PTFE film affixed to
the stent, said covering being less than about 0.10 mm thick.

Porous expanded PTFE film has a microstructure of nodes
interconnected by fibrils and is made as taught by U.S. Pat.
Nos. 3.953.566; 4,187.390 and 4.482.516. As will be
described further, the fibrils may be uniaxially oriented, that
is, oriented in primarily one direction, or multiaxially
oriented, that is, oriented in more than one direction. The
term expanded is used herein to refer to porous expanded
PTFE. The terms expand, expanding and expandable are
used herein to refer to diametrically adjustable intraluminal
stents. More specifically, the term balloon-adjustable refers
to stents of the Palmaz type as taught by U.S. Pat. No.
4,776,337 which typically require a balloon catheter to
increase the diameter of the stent within a blood vessel. The
term self-expanding refers to stents which increase in diam-
eter by various other means. Stents of this type include stents
of braided wire made as taught by Wallsten, U.S. Pat. No.
4,544,771; and stents of formed wire made as taught by
Gianturco, U.S. Pat. No. 4,580,568. Stents of this type
expand to a larger diameter after being released from a
constraining force which restricts them to a smaller diam-
eter. Self-expanding stents also include stents formed from
Nitinol wire made as taught by PCT U.S. Ser. No. $2/03481.
These stents expand in diameter when exposed to a slight
increase in temperature.

The tubular covering of porous expanded PTFE film may
be affixed to either the exterior surface or the luminal surface
of the stent. Alternatively, a first tubular covering of porous
expanded PTFE film may be affixed to the exterior surface
of the tubular diametrically adjustable stent and a second
tubular covering of porous expanded PTFE film may be
affixed to the luminal surface of the tubular diametrically
adjustable stent. The first and second tubular coverings of
porous expanded PTFE film may be affixed to each other
through the openings through the wall of the stent.

The porous expanded PTFE film may be affixed to the
stent with an adhesive. The adhesive may be a thermoplastic
adhesive and more preferably a thermoplastic fluoropolymer
adhesive such as fluorinated ethylene propylene (hereinafter
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FEP) or perfluoroalkoxy (hereinafter PFA). Where first and
second tubular coverings of expanded PTFE film are affixed
to each other through the multiplicity of openings in the stent
wall, the two coverings may be affixed by heating them
above the crystalline melt point of the PTFE film adequately
to cause them to thermally adhere, or alternatively they may
be affixed by an adhesive such as FEP.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a side view of a typical diametrically adjustable
stent.

FIG. 2 is an enlarged schematic representation of the
microstructure of porous expanded PTFE film having a
microstructure with uniaxially-oriented fibrils as used to
construct Examples 1 and 3.

FIGS. 3A and 3B describe enlarged schematic represen-
tations of the microstructure of porous expanded PTFE film
having microstructures of multiaxially-oriented fibrils as
used to construct Example 2.

FIG. 4 is a transverse cross section of the stent of Example
1 having a luminal layer of porous expanded PTFE film with
longitudinally-oriented fibrils and an exterior layer of porous
expanded PTFE film with circumferentially-oriented fibrils.

FIG. § is a transverse cross section of the stent of Example
2 having a luminal layer of porous expanded PTFE film with
biaxially-oriented fibrils.

FIG. 6 is a transverse cross section of the stent of Example
3 having an exterior layer of porous expanded PTFE film
with circumferentially-oriented fibrils.

FIG. 7 describes a method of collapsing a previously
outwardly adjusted balloon-expandable stent.

FIG. 8 describes the fitting of a single tubular sleeve to
both the exterior and luminal surfaces of a stent.

FIG. 9 describes the removal a covered, braided wire stent
of the self-expanding type from a manufacturing mandrel by
everting the braided wire, thereby placing the covering on
the luminal surface of the stent.

DETAILED DESCRIPTION OF THE
INVENTION

FIG. 1 is a side view of a typical diametrically adjustable
stent. The stent is shown as it would appear implanted into
a body conduit with its diameter adjusted beyond the col-
lapsed pre-implantation diameter. While the stent shown is
made from metal wire, a perforated sleeve having perfora-
tions of suitable shape, size and quantity may also be used.
Various suitable stents are described by U.S. Pat. No.
4,776 337 to Palmaz and PCT U.S. Ser. No. 92/03481 to
Hess. These stents may be made from implantable metals
such as titanium, stainless steel, or Nitinol.

The stent may be provided with an exterior covering of
porous expanded PTFE film, or a luminal covering of porous
expanded PTFE film, or with both exterior and luminal
coverings. Uniaxially-oriented films having a microstructure
of uniaxially-oriented fibrils wherein substantially all of the
fibrils are oriented parallel to each other may be used.
Multiaxially-oriented films having a microstructure of biaxi-
ally or multiaxially-oriented fibrils wherein the fibrils are
oriented in at least two directions which are substantially
perpendicular to each other may also be used.

FIG. 2 describes an enlarged schematic representation of
the microstructure of nodes 11 connected by fibrils 12 of a
film 20 wherein the uniaxially-oriented fibrils 12 are sub-
stantially parallel to each other. FIGS. 3A and 3B describe
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enlarged schematic representations of alternative micro-
structures of porous expanded PTFE films that may also be
used for making the present invention. These microstruc-
tures have nodes interconnected by fibrils wherein the fibrils
are oriented in at least two directions which are substantially
perpendicular to each other. FIG. 3A describes a microstruc-
ture 30 of nodes 11 and fibrils 13 and 15 wherein the fibrils
13 and 15 are biaxially-oriented fibrils which are oriented in
two different directions that are substantially perpendicular
to each other. Those microstructures may contain some
fibrils 17 which are not oriented in the two different direc-
tions. FIG. 3B describes another alternative microstructure
35 wherein the fibrils 21 are multiaxially-oriented fibrils
oriented in virtually all directions within the plane of the
sheet material. Bither of these films may be made by having
been expanded two directions that are pexpendicular to each
other. The microstructure 30 of multiaxially-oriented fibrils
21 may also have been made by being expanded in more
than two directions as shown by FIG. 3B. The manufacture
of these films is taught by U.S. Pat. Nos. 3,953,566; 4.198.
390 and 4,482,516.

The fibril lengths of the porous expanded PTFE films
referred to herein were estimated mean values obtained by
examining scanning electron photomicrographs of these
films. For multiaxially-oriented films, these estimates
included consideration of fibrils oriented in all directions.
The mean fibril lengths of the films used to construct the
intraluminal grafts of the present invention are preferred to
be within the range of about 5 to about 120 microns,
although fibril lengths beyond this range may also be useful.

Wall thickness measurements of intraluminal graft stent
coverings were determined by cutting away a portion of the
covering that covered an opening through the stent wall. The
thickness of the sample portion was measured by placing the
sample portion between the pads of a Mitutoyo model no.
804-10 snap gauge having a part no. 7300 frame, and gently
easing the pads into contact with the sample portion until the
pads were in full contact with the sample portion under the
full force of the spring-driven snap gauge pads. Film density
measurements were based on the bulk volume of a film
sample using the snap-gauge thickness measurement.

The following examples of intraluminal stent grafts are
intended to be illustrative only and are not intended to limit
the scope of the invention to only the constructions
described by these examples.

EXAMPLE 1

A Nitinol wire stent 10 (Nitinol Medical Technologies,
Boston, Mass.) of the type described by FIG. 1 was provided
with both a luminal covering and an exterior covering of
expanded PTFE film. This 3 cm long stent was formed from
0.25 mm diameter Nitinol wire into a tubular shape of
interlocking hexagons. The luminal and exterior coverings
were both made from a uniaxially-oriented film having
fibrils oriented substantially in a single direction wherein the
fibrils were all substantially parallel to each other. The
luminal covering was provided with the fibrils oriented
parallel to the longitudinal axis of the tubular stent; the
exterior covering was provided with the fibrils oriented
substantially circumferential to the tubular stent. The film
used for both the luminal and exterior coverings was a
porous expanded PTFE film having a discontinuous, porous
coating of FEP applied to one side of the porous expanded
PTFE film. Examination f the FEP coated side of the film by
scanning electron microscopy revealed FEP on only small
portions of the nodes and fibrils at the surface of the film. It
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was estimated that less than 10% of the available node and
fibril surface area exposed at the surface of the film was
covered by FEP. The presence of the FEP adhesive thus had
little or no adverse effect on the porosity of the porous PTFE
film.

The FEP-coated porous expanded PTFE film was made
by a process which comprises the steps of:

a) contacting a porous PTFE film with another layer
which is preferably a film of FEP or alternatively of
another thermoplastic polymer;

b) heating the composition obtained in step a) to a
temperature above the melting point of the thermoplas-
tic polymer;

¢) stretching the heated composition of step b) while
maintaining the temperature above the melting point of
the thermoplastic polymer; and

d) cooling the product of step c).

In addition to FEP, other thermoplastic polymers includ-
ing thermoplastic fluoropolymers may also be used to make
this coated film. The adhesive coating on the porous
expanded PTFE film may be either continuous (non-porous)
or discontinuous (porous) depending primarily on the
amount and rate of stretching, the temperature during
stretching, and the thickness of the adhesive prior to stretch-
ing.
gI’lua discontinuously FEP-coated porous expanded PTFE
film used to construct this example was of about 0.01 mm
thickness and had a density of about 0.3 g/cc. The micro-
structure of the porous expanded PTFE contained fibrils of
about 50 micron mean fibril length.

A 3.0 cm length of film 20 having uniaxially-oriented
fibrils was wrapped as a single layer 41 around a hollow,
tubular, 1.5 cm outside diameter mandrel 43 of non-porous
PTFE to form a scam 45 as described by the cross section of
FIG. 4. The secam edges 45 overlapped as shown by about 3
mm. The fibrils of the film were oriented parallel to the
longitudinal axis of the mandrel; the FEP-coated side of the
film faced away from the surface of the mandrel. The Nitinol
stent was carefully fitted over the film-wrapped portion of
the mandrel. The 3 cm length of the stent was centered over
the 3.0 cm length of film-wrapped mandrel. The stent was
then provided with an exterior covering 47 of a 3.0 cm wide
tape of the film described above by wrapping the tape
circumferentially around the exterior surface of the mandrel
so that the edges of the circumferentially-wrapped tape
overlapped by about 3 mm to form seam 49. The circum-
ferentially wrapped covering was oriented so that the FEP-
coated side of the tape faced inward in contact with the
exterior surface of the stent and the outward facing FEP-
coated surface of the luminal layer of film exposed through
the openings in the stent. Except for the overlapped seam
edges 49, the circumferentially-wrapped covering was only
one film layer thick. The uniaxially-oriented fibrils of the
microstructure of the circumferentially-wrapped tape were
circumferentially-oriented about the exterior stent surface.

The film-wrapped mandrel assembly was placed into an
oven set at 360° C. for a period of 4 minutes after which the
film-wrapped mandrel was removed from the oven and
allowed to cool. Following cooling to approximately ambi-
ent temperature, the mandrel was removed from the film-
wrapped stent. The amount of heat applied was adequate to
melt the FEP-coating on the porous expanded PTFE film and
thereby cause adjacent layers of film to adhere to each other.
Thus the luminal layer of film was adhered to the exterior
circumferentially wrapped layer through the openings
between the adjacent wires of the stent. The combined
thickness of the luminal and exterior coverings was about
0.025 mm.
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The film-covered stent was then chilled in a bath of ice
water while being rolled between human fingers applying
compression diametrically across the stent. This reduced the
outside diameter of the stent to about 0.3 cm. The collapsed
stent was then heated by immersion in about 40° C. water,
thereby increasing the stent diameter to about 1.5 cm. The
film covering showed no visible adverse effects from the
process of shrinking and increasing the stent diameter.

EXAMPLE 2

A Nitinol wire stent of the same type used for Example 1
was provided with a luminal covering of a porous expanded
PTEE film having a microstructure of biaxially-oriented
fibrils as shown by FIG. 3A. This was accomplished by
wrapping a hollow tubular mandrel of non-porous PTFE
with a layer of porous expanded PTFE film having a
continuous (non-porous) coating of FEP with the FEP-
coated side of the film facing outwardly away from the
mandrel surface. This film was about 0.02 mm thick; the
porous expanded PTFE had a microstructure of uniaxially-
oriented fibrils with the fibrils oriented circumferentially
about the exterior surface of the mandrel. The Nitinol stent
was carefully fitted over the film-wrapped portion of the
mandrel. The mandrel assembly was then placed into an
oven set at 360° C. for four minutes. After removal from the
oven and subsequent cooling, the mandrel was removed
from the stent leaving the wrapped fitm adhered to the
luminal surface of the stent. This film was then peeled from
the luminal stent surface, leaving the FEP-coating and some
small shreds of residual porous expanded PTFE adhered to
the luminal surface of the stent wires. By removing the film
and leaving the FEP adhesive on the luminal stent surface,
the film served only as a release substrate for the application
of the adhesive to the stent surface.

As shown by FIG. 5, the mandrel 43 was then provided
with a single layer 51 wrapping of a porous expanded PTFE
film 35 having a microstructure of biaxially-oriented fibrils.
This film was of about 30 micron fibril length, about 0.08
mm thickness, about 0.3 g/cc density and did not have an
FEP coating. The biaxially-oriented fibrils were oriented to
be substantially parallel to the longitudinal axis of the
mandrel and to the circumference of the mandrel.

The film was overlapped adequately to form a 2 mm wide,
longitudinally oriented seamline 45 parallel to the longitu-
dinal axis of the mandrel. A sheet of polyamide film was
temporarily placed over the surface of the seam and then
contacted with the surface of a hand-held iron set at 400° C.
to cause the PTEE film seam edges to adhere to each other.
Excess material beyond the 2 mm wide seam was trimmed
away and discarded. The stent was again carefully fitted over
the film-covered mandrel. The resulting assembly was
placed into an oven set at 380° C. for three minutes and then
removed and allowed to cool, after which the mandrel was
removed from the stent. The porous expanded PTFE film
appeared to be well adhered to the luminal surface of the
wire stent by the FEP coating left from the first, previously
removed, layer of film. The wall thickness of the PTFE film
covering was about 0.08 mm.

The film-covered stent was then chilled in a bath of ice
water while being rolled between human fingers applying
compression diametrically across the stent. This reduced the
outside diameter of the stent to about 0.3 cm. The collapsed
stent was then heated by immersion in about 40° C. water,
thereby increasing the stent diameter to about 1.5 cm. The
film covering showed no visible adverse effects from the
process of shrinking and increasing the stent diameter.
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EXAMPLE 3

A Palmaz stent of the balloon-expandable type (part no.
PS30., Johnson & Johnson Intervenmtional Systems, Inc..
Warren, N.J.) was adjusted from its collapsed outside diam-
eter of 3.4 mm to an enlarged outside diameter of 8.0 mm by
inserting a tapered stainless steel mandrel followed by a
straight 8.0 mm diameter stainless steel mandrel. This stent
was then provided with a single layer exterior wrapping of
the same discontinuously FEP-coated porous expanded
PTFE coating used for the exterior wrapping of the stent of
Example 1. This was accomplished by wrapping the film
about the exterior surface of the mandrel with the uniaxially-
oriented fibrils of the film microstructure oriented parallel to
the longitudinal axis of the stent. This exterior covering 61
is described by the transverse cross section of FIG. 6. A 2
mm wide seam 45 was formed from the overlapped edges of
the porous expanded PTFE film 20 by temporarily placing a
thin sheet of polyamide film over these edges and applying
heat from a hand-held iron with a surface temperature of
about 400° C. The film-wrapped stent 65 was then placed
into an oven set at 380° C. for 3 minutes, after which it was
removed and allowed to cool. The film appeared to be well
adhered to the exterior surface of the stent. The wall thick-
ness of the film covering was about 0.01 mm. The enlarged
stent was then collapsed by the following process.

A series of 20 cm long 6-0 sutures were tied individually
to each of the closed metal stent openings adjacent to one
end of a stent. The film-covered stent was provided with a
temporary non-adhered additional wrapping of
longitudinally-oriented film without FEP and having a
microstructure of uniaxially-oriented fibrils. This temporary
wrapping was intended as a dry lubricant. As described by
FIG. 7 which omits the exterior film covering for clarity, the
enlarged stent 71 was then pulled by these sutures 77
through a tapered die 75 of round cross section and 2.5 cm
length, the die having a tapered orifice with a 9.5 mm
diameter bore at its entrance 78 and a 4.5 mm diameter bore
at its exit 79. The result was that the stent was collapsed back
to an outside diameter of 4.5 mm. The lubricity of the
temporary covering of porous expanded PTFE film aided in
making it possible to pull the stent through the die. This
temporary covering was removed after completion of the
collapsing process. It is anticipated that the use of a tapered
die having an appropriately sized, smaller diameter exit bore
would result in collapsing the stent to its original collapsed
diameter. The film-covered stent was again enlarged to a
diameter of 8 mm using a balloon catheter followed by a
tapered stainless steel mandrel. The covering of porous
expanded PTFE film appeared to be fully intact after the
collapsing and enlarging of the film-covered stent.

Stent coverings may be affixed to a stent surface by
variations on this method. For example, a tubular sleeve may
be made from a film of porous expanded PTFE and inverted
back into itself and fitted over the inner and outer surfaces
of a stent as shown by FIG. 8. The inner 83 and outer 85
portions of the tubular sleeve 81 may be thermally adhered
to each other through the openings in the stent wall, or may
be adhered to the stent surfaces by an adhesive such as FEF.
or may be affixed to the stent by suturing the open ends 87
of the tube together.

EXAMPLE 4

A long length of 0.07 mm diameter single strand 304
stainless steel wire was provided with a single layer,
approximate 1 mm overlap covering of porous expanded
PTFE film by helically wrapping the wire with a narrow tape
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cut from a sheet of porous expanded PTFE film. The tape
used was 6 mm wide. 0.01 mm thick, 0.3 g/cc density, and
had uniaxially-oriented fibrils of about 50 micron fibril
length. This tape-covered wire was then heated by pulling
the wire through the 0.14 mm diameter orifice of a 2.5 cm
long die heated to 400° C.. at a rate of 1.5 meters per minute,
thereby adhering the overlapped edges of the tape together
and thereby adhering the tape to the wire. This wire was then
cut into shorter lengths and spooled onto 16 bobbins. These
bobbins were used to supply the wire to a model D-5600
Steeger braider.

A 12 meter length of 1.75 mm diameter non-porous PTFE
mandrel was then fed into the braider where a braided
covering of the above wire was applied at a density of about
16 picks/cm. An additional covering of tape cut from a sheet
of porous expanded PTFE film was then helically wrapped
over the surface of the wire-braided PTFE mandrel. The tape
used for this helical wrapping was of 0.01 mm thickness, 0.3
g/cc density, about 50 micron fibril length and 12 mm width.
Adjacent edges of the helical wrapping were overlapped by
approximately 1 mm. The wire-braided Teflon mandrel was
then placed into an oven set at 380° C. for four minutes, after
which it was removed and allowed to cool. As shown by
FIG. 9, the wire-braided stent 91 with the exterior covering
of porous expanded PTFE tape was then removed from the
non-porous PTFE mandrel 93 by folding the ends 95 of the
braided wires back on themselves and pulling on these
everted ends. The exterior covering of porous expanded
PTFE film is omitted from FIG. 9 for clarity. By applying
tension on these everted ends in a direction paralle] to the
longitudinal axis of the mandrel and from the everted end
back toward the opposite, non-everted end, the entire
braided construction was everted and simultaneously
removed from the mandrel. This everting process of remov-
ing the braided assembly from the mandrel resulted in the
helical wrapping of film being located on the lumen of the
stent. This construction offered good self-expanding char-
acteristics in that when longitudinal tension was placed on
the stent, the length of the stent increased and the diameter
decreased. Upon release of tension, the stent immediately
recovered its previous shorter length and larger diameter.
This film-covered stent is therefore expected to be useful as
a self-expanding stent.

We claim:

1. A tubular intraluminal graft comprising:

a) a wmbular, diametrically adjustable stent having an
exterior surface, a luminal surface and a wall, and
having a multiplicity of openings through the wall of
the stent;

b) a first tubular covering of porous expanded polytet-
rafluoroethylene affixed to the exterior surface of the
tubular, diametrically adjustable stent and having an
exterior surface, a luminal surface and a seam extend-
ing from the exterior surface through to the luminal
surface; and

¢) a second tubular covering of porous expanded polytet-
raflucroethylene affixed to the luminal surface of the
tubular, diametrically adjustable stent, and having an
exterior surface, a luminal surface and a seam extend-
ing from the exterior surface through to the luminal
surface;

wherein the combined thickness of the first and second
tubular coverings is less than about 0.10 mm thick exclusive
of the stent.

2. A twbular intraluminal graft according to claim 1
wherein the first tubular covering of porous expanded poly-
tetrafluoroethylene is affixed to the second tubular covering
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of porous expanded polytetrafluoroethylene film through
openings through the wall of the stent.

3. A wbular intraluminal graft according to claim 2
wherein the first tubular covering of porous expanded poly-
tetrafluoroethylene is affixed to the second tubular covering
of porous expanded polytetraflucroethylene film by an adhe-
sive.

4. A tubular intraluminal graft according to claim 3
wherein the adhesive is fluorinated ethylene propylene.

5. A tubular intraluminal graft according to claim 1
wherein the first and second tubular coverings of porous
expanded polytetrafiuoroethylene are affixed by an adhesive.

6. A tubular intraluminal graft according to claim §
wherein the adhesive is fluorinated ethylene propylene.

7. A tubular intraluminal graft according to claim 1
wherein the first tubular covering of porous expanded poly-
tetrafluoroethylene has a microstructure of nodes intercon-
nected by uniaxially-oriented fibrils which are oriented
circumferentially with respect to the tubular. diametrically
adjustable stent, and wherein the second tubular covering of
porous expanded polytetrafluoroethylene has a microstruc-
ture of nodes interconnected by uniaxially-oriented fibrils
which are oriented longitudinally with respect to the tubular,
diametrically adjustable stent.

8. A tubular intraluminal graft according to claim 2
wherein the first tubular covering of porous expanded poly-
tetrafluoroethylene has a microstructure of nodes intercon-
nected by uniaxially-oriented fibrils which are oriented
circumferentially with respect to the tbular, diametrically
adjustable stent, and wherein the second tubular covering of
porous expanded polytetrafluoroethylene has a microstruc-
ture of nodes interconnected by uniaxially-oriented fibrils
which are oriented longitudinally with respect to the tubular,
diametrically adjustable stent.

9. A tubular intraluminal graft according to claim 1
wherein the tubular diametrically adjustable stent is a Niti-
nol stent.

10. A tubular intraluminal graft according to claim 1
wherein the stent is a balloon-expandable stent.

11. A tubular intraluminal graft according to claim 1
wherein the stent is a self-expanding stent of braided wire.

12. A method of making a tubular intraluminal graft
comprising:

a) selecting at least one tubular, diametrically adjustable

stent having an exterior surface, a luminal surface and
a wall, and having a multiplicity of openings through
the wall of the stent;

b) affixing a first tubular covering to the exterior surface
and a second tubular covering to the luminal surface,
said first and second tubular coverings being in com-
bination less than about (.10 mm thick and said first
and second tubular coverings having an exterior
surface, a luminal surface and a seam extending from
the exterior surface through to the luminal surface of
the tubular covering.

13. A method according to claim 12 wherein the first and

second tubular coverings are affixed by an adhesive.

14. A method according to claim 13 wherein the adhesive
is fluorinated ethylene propylene.

15. A tubular intraluminal graft comprising:

a) a tobular, diametrically adjustable stent having an
exterior surface, a luminal surface, an end edge and a
wall, and having a multiplicity of openings through the
wall of the stent;

b) a tubular covering of porous expanded polytetrafiuo-
roethylene affixed to the tubular, diametrically adjust-
able stent;
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wherein the tubular covering of porous expanded polytet-
raflucroethylene is folded over the end edge of the tubular,
diametrically adjustable stent and is affixed to the exterior
surface and the luminal surface of the tubular diametrically
adjustable stent, and wherein the folded tubular covering has
a thickness less than about 0.10 mm thick exclusive of the
stent.

16. A tubular intraluminal graft according to claim 15
wherein the tubular covering is affixed by an adhesive.

17. A tubular intraluminal graft according to claim 15
wherein the tubular covering is affixed with sutures.

18. A tubular intraluminal graft comprising:

a) a tubular, diametrically adjustable stent having an
exterior surface, a luminal surface and a wall, and
having a multiplicity of openings through the wall of
the stent;

b) a first tubular covering of porous expanded polytet-
rafluoroethylene affixed to the exterior surface of the
tubular, diametrically adjustable stent, and having an
exterior surface, a luminal surface and a seam extend-
ing from the exterior surface through to the luminal
surface; and

c) a second tubular covering of porous expanded polytet-
rafluoroethylene affixed to the luminal surface of the
tubular, diametrically adjustable stent, and having an
exterior surface, a luminal surface and a seam extend-
ing from the exterior surface through to the luminal
surface.

19. A twbular intraluminal graft according to claim 18
wherein the first tubular covering of porous expanded poly-
tetrafluoroethylene is affixed to the second tubular covering
of porous expanded polytetrafiuorocthylene film through
openings through the wall of the stent.

20. A tubular intraluminal graft according to claim 19
wherein the first tubular covering of porous expanded poly-
tetrafluoroethylene has a microstructure of nodes intercon-
nected by uniaxially-oriented fibrils which are oriented
circumferentially with respect to the tubular, diametrically
adjustable stent, and wherein the second tubular covering of
porous expanded polytetrafluoroethylene has a microstruc-
ture of nodes interconnected by uniaxially-oriented fibrils
which are oriented longitudinally with respect to the tubular,
diametrically adjustable stent.

21. A tubular intraluminal graft according to claim 19
wherein the first tubular covering of porous expanded poly-
tetrafluoroethylene is affixed to the second tubular covering
of porous expanded polytetrafluorocthylene film by an adhe-
sive.

22. A tubular intraluminal graft according to claim 21
wherein the adhesive is fluorinated ethylene propylene.

23. A tubular intraluminal graft according to claim 18
wherein the first and second tubular coverings of porous
expanded polytetrafluoroethylenc are affixed by an adhesive.

24. A tubular intraluminal graft according to claim 23
wherein the adhesive is fluorinated ethylene propylene.

25. A tubular intraluminal graft according to claim 18
wherein the first tubular covering of porous expanded poly-
tetrafluoroethylene has a microstructure of nodes intercon-
nected by uniaxially-oriented fibrils which are oriented
circumferentially with respect to the tubular, diametrically
adjustable stent, and wherein the second tubular covering of
porous expanded polytetrafluoroethylene has a microstruc-
ture of nodes interconnected by uniaxially-oriented fibrils
which are oriented longitudinally with respect to the tubular,
diametrically adjustable stent.

26. A tubular intraluminal graft according to claim 18
wherein the tubular diametrically adjustable stent is a Niti-
nol stent.
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27. A tubular intraluminal graft according to claim 18

wherein the stent is a balloon-expandable stent.

28. A tubular intraluminal graft according to claim 18

wherein the stent is a self-expanding stent of braided wire.

29. A tubular intraluminal graft comprising:

a) a tubular, diametrically adjustable stent having an
exterior surface, a luminal surface, an end edge and a
wall, and having a multiplicity of openings through the
wall of the stent;

b) a tubular covering of porous expanded polytetrafiuo-
roethylene affixed to the tubular, diametrically adjust-
able stent, and said tubular covering having an exterior
surface, a luminal surface and a seam extending from
the exterior surface through to the luminal surface of
the tubular covering;

wherein the tubular covering of porous expanded polytet-
rafluoroethylene is folded over the end edge of the tubular,
diametrically adjustable stent and is affixed to the exterior
surface and the luminal surface of the tubular diametrically
adjustable stent.

30. A tubular intraluminal graft according to claim 29
wherein the tubular covering is affixed by an adhesive.

31. A tubular intraluminal graft according to claim 29
wherein the tubular covering is affixed with sutures.

32. A tubular intraluminal graft comprising:

a) a tubular, diametrically adjustable stent having an
exterior surface, a luminal surface and a wall, and
having a multiplicity of openings through the wall of
the stent;

b) a first tubular covering of porous expanded polytet-
rafluorocthylene affixed to the exterior surface of the
tubular, diametrically adjustable stent; and

¢) a second tubular covering of porous expanded polytet-
rafluoroethylene affixed to the luminal surface of the
tubular, diametrically adjustable stent;

wherein the combined thickness of the first and second
tubular coverings is less than about 0.10 mm thick exclusive
of the stent.

33. A tubular intraluminal graft according to claim 32
wherein the first tubular covering of porous expanded poly-
tetrafluoroethylene is affixed to the second tubular covering
of porous expanded polytetrafluorocthylene film through
openings through the wall of the stent.

34. A tubular intraluminal graft according to claim 33
wherein the first tubular covering of porous expanded poly-
tetrafluoroethylene is affixed to the second tubular covering
of porous expanded polytetrafluoroethylene fitm by an adhe-
sive.

35. A tubular intraluminal graft according to claim 34
wherein the adhesive is fluorinated ethylene propylene.

36. A wbular intraluminal graft according to claim 32
wherein the first and second tubular coverings of porous
expanded polytetrafinoroethylene are affixed by an adhesive.

37. A tubular intraluminal graft according to claim 36
wherein the adhesive is fluorinated ethylene propylene.

38. A tubular intraluminal graft according to claim 32
wherein the first tubular covering of porous expanded poly-
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tetrafluoroethylene has a microstructure of nodes intercon-
nected by uniaxially-oriented fibrils which are oriented
circumferentially with respect to the tubular, diametrically
adjustable stent, and wherein the second tubular covering of
porous expanded polytetraflucroethylene has a microstruc-
ture of nodes interconnected by uniaxially-oriented fibrils
which are oriented longitudinally with respect to the tubular.
diametrically adjustable stent.

39. A tubular intraluminal graft according to claim 33
wherein the first tubular covering of porous expanded poly-
tetrafluoroethylene has a microstructure of nodes intercon-
nected by uniaxially-oriented fibrils which are oriented
circamferentially with respect to the tubular, diametrically
adjustable stent, and wherein the second tubular covering of
porous expanded polytetrafluoroethylene has a microstruc-
ture of nodes interconnected by uniaxially-oriented fibrils
which are oriented longitudinally with respect to the tubular,
diametrically adjustable stent.

40. A tubular intraluminal graft according to claim 32
wherein the tubular diametrically adjustable stent is a Niti-
nol stent.

41. A tubular intraluminal graft according to claim 32
wherein the stent is a balloon-expandable stent.

42. A tobular intraluminal graft according to claim 32
wherein the stent is a self-expanding stent of braided wire.

43. A method of making a tubular intraluminal graft
comprising:

a) selecting at least one tubular, diametrically adjustable

stent having an exterior surface, a luminal surface and
a wall, and having a multiplicity of openings through
the wall of the stent;

b) affixing a first tubular covering to the exterior surface
and a second tubular covering to the luminal surface,
said first and second tubular coverings being in com-
bination less than about 0.10 mm thick.

44. A method according to claim 43 wherein the first and

second tubular coverings are affixed by an adhesive.

45. A method according to claim 44 wherein the adhesive
is fluorinated ethylene propylene.

46. A method of making a tubular intraluminal graft
comprising:

a) selecting at least one tubular, diametrically adjustable

stent having an exterior surface, a luminal surface and
a wall, and having a multiplicity of openings through
the wall of the stent;

b) affixing a first tubular covering to the exterior surface
and a second tubular covering to the luminal surface,
and said first and second wbular coverings having an
exterior surface, a luminal surface and a seam extend-
ing from the exterior surface through to the luminal
surface of the tubular covering.

47. A method according to claim 46 wherein the first and

second tubular coverings are affixed by an adhesive.

48. A method according to claim 47 wherein the adhesive
is fluorinated ethylene propylene.
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INTRALUMINAL STENT GRAFT

This application is a division of application Ser. No.
08/109,214, filed Aug. 18, 1993 (status:abandoned).

FIELD OF THE INVENTION

This invention relates to the field of intraluminal grafts
and particularly to thin-wall intraluminal grafts useful as an
inner lining for blood vessels or other body conduits.

BACKGROUND OF THE INVENTION

Conventional vascular grafts have long been used for
vascular repair in humans and animals. These devices are
typically flexible tubes of woven or knitted polyethylene
terephthalate or of porous polytetrafluoroethylene
(hereinafter PTFE). Grafts of biological origin are also used,
these being typically fixed human umbilical or bovine
arteries. These conventional vascular grafts usually require
invasive surgical methods that expose at least both ends of
the segment of vessel to be repaired. Frequently it is
necessary to expose the entire length of the vessel segment.
These types of repairs consequently cause major trauma to
the patient with corresponding lengthy recovery periods and
may result in occasional mortality.

Alternative methods have evolved which use intraluminal
vascular grafts in the form of adjustable stent structural
supports, tubular grafts or a combination of both. These
devices are preferably remotely introduced into a body
cavity by the use of a catheter type of delivery system.
Alternatively they may be directly implanted by invasive
surgery. The intent of these methods is to maintain patency
after an occluded vessel has been re-opened using balloon
angioplasty, laser angioplasty, atherectomy, roto-ablation,
invasive surgery, or a combination of these treatments.

Intraluminal vascular grafts can also be used to repair
aneurysmal vessels, particularly aortic arteries, by inserting
an intraluminal vascular graft within the aneurysmal vessel
so that the prosthetic withstands the blood pressure forces
responsible for creating the aneurysm.

Intraluminal vascular grafts provide a new blood contact-
ing surface within the lumen of a diseased 1tying vessel.
Intraluminal grafts are not, however, limited to blood ves-
sels; other applications include urinary tracts, biliary ducts,
respiratory tracts and the like.

If the intraluminal graft used is of thin enough wall and
adequate flexibility, it may be collapsed and inserted into a
body conduit at a smaller diameter location remote from the
intended repair site. A catheter type of delivery system is
then used to move the intraluminal graft into the repair site
and then expand its diameter appropriately to conform to the
inner surface of the living vessel. Various attachment meth-
ods including the use of adjustable stents may be used to
secure the intraluminal graft at the desired location without
the necessity of invasive surgery.

Intraluminal vascular grafts were suggested as early as
1912 in an article by Alexis Carrel (Results of the permanent
intubation of the thoracic aorta. Surg., Gyn and Ob.
1912;15:245-248). U.S. Pat. No. 3,657,744 to Ersek
describes a method of using one or more adjustable stents to
secure a flexible fabric vascular graft intraluminally, the
graft and stent having been introduced distally and delivered
to the desired position with a separate delivery system.

Choudhury, U.S. Pat. No. 4,140,126, describes a similar
method of repairing aortic aneurysms whereby a polyethyl-
ene terphthalate vascular graft is fitted at its ends with metal
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anchoring pins and pleated longitudinally to collapse the
graft to a size small enough to allow for distal introduction.

Rhodes, U.S. Pat. No. 5,122,154 and Lee, U.S. Pat. No.
5,123,917, describe endovascular bypass grafts for intralu-
minal use which comprise a sleeve having at least two
diametrically-expandable stents. Rhodes teaches that the
sleeve material is to be made of conventional vascular graft
materials such as GORE-TEX® Vascular Graft (W. L. Gore
& Associates, Inc., Flagstaff Ariz.) or Impra® Graft (Impra,
Inc. Tempe Ariz). Both the GORE-TEX Vascular Graft and
Impra Graft are extruded and longitudinally expanded PTFE
tubes. Additionally, the GORE-TEX Vascular Graft pos-
sesses an exterior helical wrapping of porous expanded
PTFE film. The difficulty with the use of either the GORE-
TEX Vascular Graft or the Impra graft as the sleeve com-
ponent is that the relatively thick, bulky wall of the extruded,
longitudinally expanded PTFE tubes limits the ability of the
tube to be contracted into a small cross-sectional arca for
insertion into a blood vessel. For example, the wall thickness
of a 6 mm inside diameter Thin Walled GORE-TEX Vas-
cular Graft is typically 0.4 mm. The thinness of the wall is
limited by the difficulty of manufacturing an extruded,
longitudinally expanded tube having a thin wall of uniform
thickness.

SUMMARY OF THE INVENTION

The present invention is a tubular intraluminal graft
comprising a tubular, diametrically adjustable stent having
an exterior surface, a luminal surface and a wall having a
multiplicity of openings through the wall, and further having
a tubular covering of porous expanded PTFE film affixed to
the stent, said covering being less than about 0.10 mm thick.

Porous expanded PTFE film has a microstructure of nodes
interconnected by fibrils and is made as taught by U.S. Pat.
Nos. 3,953,566; 4,187,390 and 4,482,516. As will be
described further, the fibrils may be uniaxially oriented, that
is, oriented in primarily one direction, or multiaxially
oriented, that is, oriented in more than one direction. The
term expanded is used herein to refer to porous expanded
PTFE. The terms expand, expanding and expandable are
used herein to refer to diametrically adjustable intraluminal
stents. More specifically, the term balloon-adjustable refers
to stents of the Palmaz type as taught by U.S. Pat. No.
4,776,337 which typically require a balloon catheter to
increase the diameter of the stent within a blood vessel. The
term self-expanding refers to stents which increase in diam-
eter by various other means. Stents of this type include stents
of braided wire made as taught by Wallsten, U.S. Pat. No.
4,544.771; and stents of formed wire made as taught by
Gianturco, U.S. Pat. No. 4,580,568. Stents of this type
expand to a larger diameter after being released from a
constraining force which restricts them to a smaller diam-
eter. Self-expanding stents also include stents formed from
Nitinol wire made as taught by PCT US 92/03481. These
stents expand in diameter when exposed to a slight increase
in temperature.

The tubular covering of porous expanded PTFE film may
be affixed to either the exterior surface or the luminal surface
of the stent. Alternatively, a first tubular covering of porous
expanded PTFE film may be affixed to the exterior surface
of the tmbular diametrically adjustable stent and a second
tubular covering of porous expanded PTFE film may be
affixed to the luminal surface of the tubular diametrically
adjustable stent. The first and second tubular coverings of
porous expanded PTFE film may be affixed to each other
through the openings through the wall of the stent.
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The porous expanded PTFE film may be affixed to the
steat with an adhesive. The adhesive may be a thermoplastic
adhesive and more preferably a thermoplastic fluoropolymer
adhesive such as fluorinated ethylene propylene (hereinafter
FEP) or perfluoroalkoxy (hereinafter PFA). Where first and
second tubular coverings of expanded PTFE film are affixed
to cach other through the multiplicity of openings in the stent
wall, the two coverings may be affixed by heating them
above the crystalline melt point of the PTFE film adequately
to causc them to thermally adhere, or alternatively they may
be affixed by an adhesive such as FEP.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a side view of a typical diametrically adjustable
steat.

FIG. 2 is an enlarged schematic representation of the
microstructure of porous expanded PTFE film having a
microstructure with uniaxially-oriented fibrils as used to
construct Examples 1 and 3.

FIGS. 3A and 3B describe enlarged schematic represen-
tations of the microstructure of porous expanded PTFE film
having microstructures of multiaxially-oriented fibrils as
used to construct Example 2.

FIG. 4 is a transverse cross section of the stent of Example
1 having a luminal layer of porous expanded PTFE film with
longitudinally-oriented fibrils and an exterior layer of porous
expanded PTFE film with circumferentially-oriented fibrils.

FIG. § is a transverse cross section of the stent of Example
2 having a luminal layer of porous expanded PTFE film with
biaxially-oriented fibrils.

FIG. 6 is a transverse cross section of the stent of Example
3 having an exterior layer of porous expanded PTFE film
with circumferentially-ariented fibrils.

FIG. 7 describes a method of collapsing a previously
outwardly adjusted balloon-expandabie stent.

FIG. 8 describes the fitting of a single tubular sleeve to
both the exterior and luminal surfaces of a stent.

FIG. 9 describes the removal a covered, braided wire stent
of the self-expanding type from a manufacturing mandrel by
everting the braided wire, thereby placing the covering on
the luminal surface of the stent.

DETAILED DESCRIPTION OF THE
INVENTION

FIG. 1is a side view of a typical diametrically adjustable
steat. The stent is shown as it would appear implanted into
a body conduit with its diameter adjusted beyond the col-
lapsed pre-implantation diameter. While the stent shown is
made from metal wire, a perforated sleeve having perfora-
tions of suitable shape, size and quantity may also be used.
Various suitable stents are described by U.S. Pat. No.
4,776,337 to Palmaz and PCT US 92/03481 to Hess. These
stents may be made from implantable metals such as
titanium, stainless steel, or Nitinol.

The stent may be provided with an exterior covering of
porous expanded PTFE film, or a luminal covering of porous
expanded PTFE film, or with both exterior and luminal
coverings. Uniaxially-oriented films having a microstructure
of uniaxially-oriented fibrils wherein substantially all of the
fibrils are oriented parallel to each other may be used.
Moubtiaxially-oriented films having a microstructure of biaxi-
ally or multiaxially-oriented fibrils wherein the fibrils are
ariented in at least two directions which are substantially
pespendicular to each other may also be used.

FIG. 2 describes an enlarged schematic representation of
the microstructure of nodes 11 connected by fibrils 12 of a
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film 20 wherein the uniaxially-oriented fibrils 12 are sub-
stantially parallel to each other. FIGS. 3A and 3B describe
enlarged schematic representations of alternative micro-
structures of porous expanded PTFE films that may also be
used for making the present invention. These microstruc-
tures have nodes interconnected by fibrils wherein the fibrils
are oriented in at least two directions which are substantially
perpendicular to each other. FIG. 3A describes a microstruc-
ture 30 of nodes 11 and fibrils 13 and is wherein the fibrils
13 and 15 are biaxially-oriented fibrils which are oriented in
two different directions that are substantially perpendicular
to each other. Those microstructures may contain some
fibrils 17 which are not oriented in the two different direc-
tions. FIG. 3B describes another alternative microstructure
35 wherein the fibrils 21 are multiaxially-oriented fibrils
oriented in virtually all directions within the plane of the
sheet material. Either of these films may be made by having
been expanded two directions that are perpendicular to each
other. The microstructure 30 of multiaxially-oriented fibrils
21 may also have been made by being expanded in more
than two directions as shown by FIG. 3B. The manufacture
of these films is taught by U.S. Pat. Nos. 3,953,566; 4,198,
390 and 4,482,516.

The fibril lengths of the porous expanded PTFE films
referred to herein were estimated mean values obtained by
examining scanning electron photomicrographs of these
films. For multiaxially-oriented films, these estimates
included consideration of fibrils oriented in all directions.
The mean fibril lengths of the films used to construct the
intraluminal grafts of the present invention are preferred to
be within the range of about 5 to about 120 microns,
although fibril lengths beyond this range may also be useful.

Wall thickness measurements of intraluminal graft stent
coverings were determined by cutting away a portion of the
covering that covered an opening through the stent wall. The
thickness of the sample portion was measured by placing the
sample portion between the pads of a Mitutoyo model no.
804-10 snap gauge having a part no. 7300 frame, and gently
easing the pads into contact with the sample portion until the
pads were in full contact with the sample portion under the
full force of the spring-driven snap gauge pads. Film density
measurements were based on the bulk volume of m film
sample using the snap-gauge thickness measurement.

The following examples of intraluminal stent grafts are
intended to be illustrative only and are not intended to limit
the scope of the invention to only the constructions
described by these examples.

EXAMPLE 1

A Nitinol wire stent 10 (Nitinol Medical Technologies,
Boston, Mass.) of the type described by FIG. 1 was provided
with both a luminal covering and an exterior covering of
expanded PTFE film. This 3 cm long stent was formed from
0.25 mm diameter Nitinol wire into a tubular shape of
interlocking hexagons. The luminal and exterior coverings
were both made from a uniaxially-oriented film having
fibrils oriented substantially in a single direction wherein the
fibrils were all substantially parallel to each other. The
luminal covering was provided with the fibrils oriented
parallel to the longitudinal axis of the tubular stent; the
exterior covering was provided with the fibrils oriented
substantially circumferential to the tubular stent. The film
used for both the luminal and exterior coverings was a
porous expanded PTFE film having a discontinuous, porous
coating of FEP applied to one side of the porous expanded
PTFE film. Examination of the FEP coated side of the film
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by scanning electron microscopy revealed FEP on only
small portions of the nodes and fibrils at the surface of the
film. It was estimated that less than 10% of the available
node and fibril surface area exposed at the surface of the film
was covered by FEP. The presence of the FEP adhesive thus
had little or no adverse effect on the porosity of the porous
PTFE film.

The FEP-coated porous expanded PTFE film was made
by a process which comprises the steps of:

a) contacting a porous PTFE film with another layer
which is preferably a film of FEP or alternatively of
another thermoplastic polymer;

b) heating the composition obtained in step a) to a
temperature above the melting point of the thermoplas-
tic polymer;

¢) stretching the heated composition of step b) while
maintaining the temperature above the melting point of
the thermoplastic polymer; and

d) cooling the product of step c).

In addition to FEP, other thermoplastic polymers includ-
ing thermoplastic fluoropolymers may also be used to make
this coated film. The adhesive coating on the porous
expanded PTFE film may be either continuous (non-porous)
or discontinuous (porous) depending primarily on the
amount and rate of stretching, the temperature during
stretching, and the thickness of the adhesive prior to stretch-
ing.

The discontinuously FEP-coated porous expanded PTFE
film used to construct this example was of about 0.01 mm
thickness and had a density of about 0.3 g/cc. The micro-
structure of the porous expanded PTFE contained fibrils of
about 50 micron mean fibril length.

A 3.0 cm length of film 20 having uniaxially-oriented
fibrils was wrapped as a single layer 41 around a hollow,
tubular, 1.5 cm outside diameter mandrel 43 of non-porous
PTFE to form a seam 45 as described by the cross section of
FIG. 4. The seam edges 45 overlapped as shown by about 3
mm. The fibrils of the film were oriented parallel to the
longitudinal axis of the mandrel; the FEP-coated side of the
film faced away from the surface of the mandrel. The Nitinol
stent was carefully fitted over the film-wrapped port,on of
the mandrel. The 3 cm length of the stent was centered over
the 3.0 cm length of film-wrapped mandrel. The stent was
then provided with an exterior covering 47 of a 3.0 cm wide
tape of the film described above by wrapping the tape
circumferentially around the exterior surface of the mandrel
so that the edges of the circumferentially-wrapped tape
overlapped by about 3 mm to form seam 49. The circum-
ferentially wrapped covering was oriented so that the FEP-
coated side of the tape faced inward in contact with the
exterior surface of the stent and the outward facing FEP-
coated surface of the luminal layer of film exposed through
the openings in the stent. Except for the overlapped seam
edges 49, the circumferentially-wrapped covering was only
one film layer thick. The uniaxially-oriented fibrils of the
microstructure of the circumferentially-wrapped tape were
circumferentially-oriented about the exterior stent surface.

The film-wrapped mandrel assembly was placed into an
oven set at 360° C. for a period of 4 minutes after which the
film-wrapped mandrel was removed from the oven and
allowed to cool. Following cooling to approximately ambi-
ent temperature, the mandrel was removed from the film-
wrapped stent. The amount of heat applied was adequate to
melt the FEP—coating on the porous expanded PTFE film and
thereby cause adjacent layers of film to adhere to each other.
Thus the luminal layer of film was adhered to the exterior
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circumferentially wrapped layer through the openings
between the adjacent wires of the stent. The combined
thickness of the luminal and exterior coverings was about
0.025 mm.

The film-covered stent was then chilled in a bath of ice
water while being rolled between human fingers applying
compression diametrically across the stent. This reduced the
outside diameter of the stent to about 0.3 cm. The collapsed
stent was then heated by immersion in about 40° C. water,
thereby increasing the stent diameter to about 1.5 cm. The
film covering showed no visible adverse cffects from the
process of shrinking and increasing the stent diameter.

EXAMPLE 2

A Nitinol wire stent of the same type used for Example 1
was provided with a luminal covering of a porous expanded
PTFE film having a microstructure of biaxially-oriented
fibrils as shown by FIG. 3A. This was accomplished by
wrapping a hollow tubular mandrel of non-porous PTFE
with a layer of porous expanded PTFE film having a
continuous (non-porous) coating of FEP with the FEP-
coated side of the film facing outwardly away from the
mandrel surface. This film was about 0.02 mm thick; the
porous expanded PTFE had a microstructure of uniaxially-
oriented fibrils with the fibrils oriented circumferentially
about the exterior surface of the mandrel. The Nitinol stent
was carefully fitted over the film-wrapped portion of the
mandrel. The mandrel assembly yes then placed into an oven
set at 360° C. for four minutes. After removal from the oven
and subsequent cooling, the mandrel was removed from the
stent leaving the wrapped film adhered to the luminal
surface of the stent. This film was then peeled from the
luminal stent surface, leaving the FEP-coating and some
small shreds of residual porous expanded PTFE adhered to
the luminal surface of the stent wires. By removing the film
and leaving the FEP adhesive on the luminal stent surface,
the film served only as arelease substrate for the application
of the adhesive to the stent surface.

As shown by FIG. 5, the mandrel 43 was then provided
with a single layer 51 wrapping of a porous expanded PTFE
film 35 having a microstructure of biaxially-oriented fibrils.
This film was of about 30 micron fibril length, about 0.08
mm thickness, about 0.3 g/cc density and did not have an
FEP coating. The biaxiaily-or tented fibrils were oriented to
be substantially parallel to the longitudinal axis of the
mandrel and to the circumference of the mandrel.

The film was overlapped adequately to form a 2 mm wide,
longitudinally oriented seamline 45 parallel to the longitu-
dinal axis of the mandrel. A sheet of polyamide film was
temporarily placed over the surface of the scam and then
contacted with the surface of a hand-held iron set at 400° C.
to cause the PTFE film seam edges to adhere to each other.
Excess material beyond the 2 mm wide seam was trimmed
away and discarded. The stent was again carefully fitted over
the film-covered mandrel. The resulting assembly was
placed into an oven set at 380° C. for three minutes and then
removed and allowed to cool, after which the mandrel was
removed from the stent. The porous expanded PTFE film
appeared to be well adhered to the luminal surface of the
wire stent by the FEP coating left from the first, previously
removed, layer of film. The wall thickness of the PTFE film
covering was about 0.08 mm.

The film-covered stent was then chilled in a bath of ice
water while being rolled between human fingers applying
compression diametrically across the stent. This reduced the
outside diameter of the stent to about 0.3 cm. The collapsed
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steat was then heated by immersion in about 40° C. water,
thereby increasing the stent diameter to about 1.5 cm. The
film covering showed no visible adverse effects from the
process of shrinking and increasing the stent diameter.

EXAMPLE 3

A Palmaz stent of the balloon-expandable type (part no.
PS30, Johnson & Johnson Interventional Systems, Inc.,
Watren, N.J.) was adjusted from its collapsed outside diam-
eter of 3.4 mm to an enlarged outside diameter of 8.0 mm by
inserting a tapered stainless steel mandrel followed by a
straight 8.0 mm diameter stainless stecl mandrel. This stent
was thea provided with a singie layer exterior wrapping of
the same discontinuously FEP-coated porous expanded
PTFE coating used for the exterior wrapping of the stent of
Example 1. This was accomplished by wrapping the film
sbout the exterior surface of the mandrel with the uniaxially-
ariented fibrils of the film microstructure oriented parallel to
the longitudinal axis of the stent. This exterior covering 61
is described by the transverse cross section of FIG. 6. A 2
mm wide scam 45 was formed from the overlapped edges of
the porous expanded PTFE film 20 by temporarily placing a
thin sheet of polyamide film over these edges and applying
heat from a hand-held iron with a surface temperature of
sbout 400° C. The film-wrapped stent 65 was then placed
into an oven set at 380° C. for 3 minutes, after which it was
removed and allowed to cool. The film appeared to be well
adhered to the exterior surface of the stent. The wall thick-
mess of the film covering was about 0.01 mm. The enlarged
steat was then collapsed by the following process.

A series of 20 cm long 60 sutures were tied individually
to each of the closed metal stent openings adjacent to one
end of a stent. The film-covered stent was provided with a
temporary non-adhered additional wrapping of
Jongitudinally-oriented film without FEP and having a
microstructure of uniaxially-oriented fibrils. This temporary
wrapping was intended as a dry lubricant. As described by
FIG. 7 which omits the exterior film covering for clarity, the
enlarged stent 71 was then pulled by these sutures 77
through a tapered die 75 of round cross section and 2.5 cm
length, the die having a tapered orifice with a 9.5 mm
dismeter bore at its entrance 78 and a 4.5 mm diameter bore
at its exit 79. The result was that the stent was collapsed back
to an outside diameter of 4.5 mm. The lubricity of the
temporary covering of porous expanded PTFE film aided in
making it possible to pull the stent through the die. This
temporary covering was removed after completion of the
collapsing process. It is anticipated that the use of a tapered
dic having an appropriately sized, smaller diameter exit bore
would result in collapsing the stent to its original collapsed
dismeter. The film-covered stent was again enlarged to a
diameter of 8 mm using a balloon catheter followed by a
tapered stainless steel mandrel. The covering of porous
expanded PTFE film appeared to be fully intact after the
collapsing and enlarging of the film-covered stent.

Stent coverings may be affixed to a stent surface by
variations on this method. For example, a tubular sleeve may
be made from a film of porous expanded PTFE and inverted
back into itself and fitted over the inner and outer surfaces
of a stent as shown by FIG. 8. The inner 83 and outer 85
portions of the tubular sleeve 81 may be thermally adhered
to each other through the openings in the stent wall, or may
be adhered to the stent surfaces by an adhesive such as FEP,
or may be affixed to the stent by suturing the open ends 87
of the tube together.

EXAMPLE 4

A long length of 0.07 mm diameter single strand 304
stainless stecl wire was provided with a single layer,
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approximate 1 mm overlap covering of porous expanded
PTFE film by helically wrapping the wire with a narrow tape
cut from a sheet of porous expanded PTFE film. The tape
used was 6 mm wide, 0.01 mm thick, 0.3 g/cc density, and
had uniaxiaily-oriented fibrils of about 50 micron fibril
length. This tape-covered wire was then heated by pulling
the wire through the 0.14 mm diameter orifice of a 2.5 cm
long die heated to 400° C., at arate of 1.5 meters per minute,
thereby adhering the overlapped edges of the tape together
and thereby adhering the tape to the wire. This wire was then
cut into shorter lengths and spooled onto 16 bobbins. These
bobbins were used to supply the wire to a model D-5600
Steeger braider.

A 12 meter length of 1.75 mm diameter non-porous PTFE
mandrel was then fed into the braider where a braided
covering of the above wire was applied at a density of about
16 picks/cm. An additional covering of tape cut from a sheet
of porous expanded PTFE film was then helically wrapped
over the surface of the wire-braided PTFE mandrel. The tape
used for this helical wrapping was of 0.01 mm thickness, 0.3
g/cc density, about S0 micron fibril length and 12 mm width.
Adjacent edges of the helical wrapping were overlapped by
approximately 1 mm. The wirc-braided Teflon mandrel was
then placed into an oven set at 380° C. for four minutes, after
which it was removed and allowed to cool. As shown by
FIG. 9, the wire-braided stent 91 with the exterior covering
of porous expanded PTFE tape was then removed from the
non-porous PTFE mandrel 93 by folding the ends 95 of the
braided wires back on themselves and pulling on these
everted ends. The exterior covering of porous expanded
PTFE film is omitted from Figure 9 for clarity. By applying
tension on these everted ends in a direction paraliel to the
longitudinal axis of the mandrel and from the everted end
back toward the opposite, non-everted end, the entire
braided construction was everted and simultaneously
removed from the mandrel. This everting process of remov-
ing the braided assembly from the mandrel resulted in the
helical wrapping of film being located on the lumen of the
stent. This construction offered good self-expanding char-
acteristics in that when longitudinal tension was placed on
the stent, the length of the stent increased and the diameter
decreased. Upon release of tension, the stent immediately
recovered its previous shorter length and larger diameter.
This film-covered stent is therefore expected to be useful as
a self-expanding stent.

We claim:

1. A tubular intraluminal graft comprising:

a) a tbular diametrically adjustable stent having an
exterior surface, a luminal surface and a wall and
having a multiplicity of openings through the wall of
the stent;

b) a tubular covering of porous expanded polytetrafluo-
roethylene affixed to the luminal surface of the tubular,
diametrically adjustable stent, said tubular covering
being less than about .10 mm thick and said tubular
covering having an exterior surface, a luminal surface
and a seam extending from the exterior surface,
through the luminal surface of the tubular covering; and

wherein said intraluminal graft is adapted for implantation in
a body conduit.

2. A tubular intraluminal graft according to claim 1
wherein the tubular covering of porous expanded polytet-
raflucrocthylene is affixed to the luminal surface of the
tubular diametrically adjustable stent by an adhesive.

3. A tubular intraluminal graft according to claim 2
wherein the adhesive is a thermoplastic adhesive.

4. A tubular intraluminal graft according to claim 3
wherein the thermoplastic adhesive is a thermoplastic fluo-
ropolymer adhesive.
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5. A tobular intraluminal graft according to claim 4
wherein the thermoplastic flucropolymer adhesive is fluori-
nated ethylene propylene.

6. A mbular intraluminal graft according to claim 1
wherein the tubular diametrically adjustable stent is a Niti-
nol stent.

7. A tubular intraluminal graft according to claim 1
wherein the stent is a balloon-expandable stent.

8. A wbular intraluminal graft according to claim 1
wherein the stent is a self-expanding stent of braided wire.

9. A method of making a tubular intraluminal graft
comprising:

a) selecting at least one tubular, diametrically adjustable

stent having an exterior surface, a luminal surface and
a wall, and having a multiplicity of openings through
the wall of the stent;

b) affixing a tubular covering to the luminal surface of the
tubular, diametrically adjustable stent, said covering
being less than about 0.10 mm thick and said tubular
covering having an exterior surface, a luminal surface
and a seam extending from the exterior surface through
to the luminal surface of the tubular covering.

10. A method according to claim 9 wherein the tubular

covering is affixed with an adhesive.

11. A method according to claim 10 wherein the adhesive
is fluorinated ethylene propylene.

12. A method of making a tubular intraluminal graft
comprising:

a) selecting at least one a tubular diametrically adjustable

stent having an exterior surface, a luminal surface and
a wail and having a multiplicity of openings through
the wall, said tubular diametrically adjustable stent
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having a collapsed diameter and an enlarged diameter
wherein said enlarged diameter is at least 1.5 times the
collapsed diameter, wherein said tubular diametrically
adjustable stent has been adjusted to the enlarged
diameter;

b) affixing a tubular covering to the luminal surface of the
tubular, diametrically adjustable stent; c) coliapsing the
tubular, diametrically adjustable stent to about the
collapsed diameter; and

wherein said intraluminal graft is adapted for implantation in
a body conduit.

13. A method according to claim 12 wherein said tubular

covering is less than about 0.10 mm thick.

14. A method according to claim 12 wherein said tubular

covering is of porous expanded PTFE.

15. A method according to claim 13 wherein said tubular
covering is of porous expanded PTFE.

16. A method according to claim 12 wherein said tubular
covering has an exterior surface, a luminal surface and a
seam extending from the exterior surface through to the
luminal surface of the tubular covering.

17. A method according to claim 14 wherein said tubular
covering has an exterior surface, a luminal surface and a
seam extending from the exterior surface through to the
luminal surface of the tubular covering.

18. A method according to claim 15 wherein said tubular
covering has an exterior surface, a luminal surface and a
seam extending from the exterior surface through to the
luminal surface of the tubular covering.

* * k¥ %
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INTRALUMINAL STENT GRAFT

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of U.S. application Ser.
No. 12/695,247 filed Jan. 28, 2010, now U.S. Pat. No. 8,080,
051, which is a continuation of U.S. application Ser. No.
11/237,587 filed Sep. 27, 2005, now U.S. Pat. No. 7,691,141,
which is a continuation of U.S. application Ser. No. 10/413,
731, filed Apr. 14, 2003 (U.S. Pat. No. 6,949,119), which is a
continuation of U.S. application Ser. No. 10/083,461, filed
Feb. 25, 2002 (U.S. Pat. No. 6,547,815), which is a continu-
ation of U.S. application Ser. No. 09/306,522, filed May 6,
1999 (U.S. Pat. No. 6,357,104), which is a division of U.S.
application Ser. No. 08/872,837, filed Jun. 11,1997 (U.S. Pat.
No. 5,925,075), which is a continuation of U.S. application
Ser. No. 08/109,214, filed Aug. 18,1993 (U.S. Pat. No. 5,735,
892).

FIELD OF THE INVENTION

This invention relates to the field of intraluminal grafts and
particularly to a method of making thin-wall intraluminal
grafts useful as an inner lining for blood vessels or other body
conduits.

BACKGROUND OF THE INVENTION

Conventional vascular grafts have long been used for vas-
cular repair in humans and animals. These devices are typi-
cally flexible tubes of woven or knitted polyethylene tereph-
thalate or of porous polytetrafiuoroethylene (hereinafter
PTFE). Grafts of biological origin are also used, these being
typically fixed human umbilical or bovine arteries. These
conventional vascular grafts usually require invasive surgical
methods that expose at least both ends of the segment of
vessel to be repaired. Frequently it is necessary to expose the
entire length of the vessel segment. These types of repairs
consequently cause major trauma to the patient with corre-
sponding lengthy recovery periods and may result in occa-
sional mortality.

Alternative methods have evolved which use intraluminal
vascular grafts in the form of adjustable stent structural sup-
ports, tubular grafts or a combination of both. These devices
are preferably remotely introduced into a body cavity by the
use of a catheter type of delivery system. Alternatively they
may be directly implanted by invasive surgery. The intent of
these methods is to maintain patency after an occluded vessel
has been re-opened using balloon angioplasty, laser angio-
plasty, atherectomy, roto-ablation, invasive surgery, or acom-
bination of these treatments.

Intraluminal vascular grafts can also be used to repair
aneurysmal vessels, particularly aortic arteries, by inserting
anintraluminal vascular graft within the aneurysmal vessel so
that the prosthetic withstands the blood pressure forces
responsible for creating the aneurysm.

Intraluminal vascular grafts provide a new blood contact-
ing surface within the lumen of a diseased living vessel.
Intraluminal grafts are not, however, limited to blood vessels;
other applications include urinary tracts, biliary ducts, respi-
ratory tracts and the like.

If the intraluminal graft used is of thin enough wall and
adequate flexibility, it may be collapsed and inserted into a
body conduit at a smaller diameter location remote from the
intended repair site. A catheter type of delivery system is then
used to move the intraluminal graft into the repair site and
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then expand its diameter appropriately to conform to the inner
surface of the living vessel. Various attachment methods
including the use of adjustable stents may be used to secure
the intraluminal graft at the desired location without the
necessity of invasive surgery.

Intraluminal vascular grafts were suggested as early as
1912 in an article by Alexis Carrel (Results of the permanent
intubation of the thoracic aorta. Surg., Gyn and Ob. 1912;
15:245-248). U.S. Pat. No. 3,657,744 to Ersek describes a
method of using one or more adjustable stents to secure a
flexible fabric vascular graft intraluminally, the graft and stent
having been introduced distally and delivered to the desired
position with a separate delivery system.

Choudhury, U.S. Pat. No. 4,140,126, describes a similar
method of repairing aortic aneurysms whereby a polyethyl-
ene terephthalate vascular graft is fitted at its ends with metal
anchoring pins and pleated longitudinally to collapse the graft
to a size small enough to allow for distal introduction.

Rhodes, U.S. Pat. No. 5,122,154 and Lee, U.S. Pat. No.
5,123,917, describe endovascular bypass grafts for intralumi-
nal use which comprise a sleeve having at least two diametri-
cally-expandable stents. Rhodes teaches that the sleeve mate-
rial is to be made of conventional vascular graft materials
such as GORE-TEX® Vascular Graft (W. L. Gore & Associ-
ates, Inc., Flagstaff Ariz.) or Impra® Graft (Impra, Inc.
Tempe Ariz.). Boththe GORE-TEX Vascular Graft and Impra
Graft are extruded and longitudinally expanded PTFE tubes.
Additionally, the GORE-TEX Vascular Graft possesses an
exterior helical wrapping of porous expanded PTFE film. The
difficulty with the use of either the GORE-TEX Vascular
Graft or the Impra graft as the sleeve component is that the
relatively thick, bulky wall of the extruded, longitudinally
expanded PTFE tubes limits the ability of the tube to be
contracted into a small cross-sectional area for insertion into
a blood vessel. For example, the wall thickness of a 6 mm
inside diameter Thin Walled GORE-TEX Vascular Graft is
typically 0.4 mm. The thinness of the wall is limited by the
difficulty of manufacturing an extruded, longitudinally
expanded tube having a thin wall of uniform thickness.

SUMMARY OF THE INVENTION

The present invention is a method of making a tubular
intraluminal graft comprising a tubular, diametrically adjust-
able stent having an exterior surface, a luminal surface and a
wall having a multiplicity of openings through the wall, and
further having a tubular covering of porous expanded PTFE
film affixed to the stent, said covering being less than about
0.10 mm thick.

Porous expanded PTFE film has a microstructure of nodes
interconnected by fibrils and is made as taught by U.S. Pat.
Nos. 3,953,566; 4,187,390 and 4,482,516. As will be
described further, the fibrils may be uniaxially oriented, that
is, oriented in primarily one direction, or multiaxially ori-
ented, that is, oriented in more than one direction. The term
expanded is used herein to refer to porous expanded PTFE.
The terms expand, expanding and expandable are used herein
to refer to diametrically adjustable intraluminal stents. More
specifically, the term balloon-adjustable refers to stents of the
Palmaz type as taught by U.S. Pat. No. 4,776,337 which
typically require a balloon catheter to increase the diameter of
the stent within a blood vessel. The term self-expanding refers
to stents which increase in diameter by various other means.
Stents of this type include stents of braided wire made as
taught by Wallsten, U.S. Pat. No. 4,544,771; and stents of
formed wire made as taught by Gianturco, U.S. Pat. No.
4,580,568. Stents of this type expand to a larger diameter after
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being released from a constraining force which restricts them
to a smaller diameter. Self-expanding stents also include
stents formed from Nitinol wire made as taught by PCT US
92/03481. These stents expand in diameter when exposed to
a slight increase in temperature.

The tubular covering of porous expanded PTFE film may
be affixed to either the exterior surface or the luminal surface
of the stent. Alternatively, a first tubular covering of porous
expanded PTFE film may be affixed to the exterior surface of
the tubular diametrically adjustable stent and a second tubular
covering of porous expanded PTFE film may be affixed to the
luminal surface of the tubular diametrically adjustable stent.
The first and second tubular coverings of porous expanded
PTFE film may be affixed to each other through the openings
through the wall of the stent.

The porous expanded PTFE film may be affixed to the stent
with an adhesive. The adhesive may be a thermoplastic adhe-
sive and more preferably a thermoplastic fluoropolymer
adhesive such as fluorinated ethylene propylene (hereinafter
FEP) or perfluoroalkoxy (hereinafter PFA). Where first and
second tubular coverings of expanded PTFE film are affixed
to each other through the multiplicity of openings in the stent
wall, the two coverings may be affixed by heating them above
the crystalline melt point of the PTFE film adequately to
cause them to thermally adhere, or alternatively they may be
affixed by an adhesive such as FEP.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a side view of a typical diametrically adjustable
stent.

FIG. 2 is an enlarged schematic representation of the
microstructure of porous expanded PTFE film having a
microstructure with uniaxially-oriented fibrils as used to con-
struct Examples 1 and 3.

FIGS. 3A and 3B describe enlarged schematic representa-
tions of the microstructure of porous expanded PTFE film
having microstructures of multiaxially-oriented fibrils as
used to construct Example 2.

FIG. 4 is a transverse cross section of the stent of Example
1 having a luminal layer of porous expanded PTFE film with
longitudinally-oriented fibrils and an exterior layer of porous
expanded PTFE film with circumferentially-oriented fibrils.

FIG. 5 is a transverse cross section of the stent of Example
2 having a luminal layer of porous expanded PTFE film with
biaxially-oriented fibrils.

FIG. 6 is a transverse cross section of the stent of Example
3 having an exterior layer of porous expanded PTFE film with
circumferentially-oriented fibrils.

FIG. 7 describes a method of collapsing a previously out-
wardly adjusted balloon-expandable stent.

FIG. 8 describes the fitting of a single tubular sleeve to both
the exterior and luminal surfaces of a stent.

FIG. 9 describes the removal a covered, braided wire stent
of the self-expanding type from a manufacturing mandrel by
everting the braided wire, thereby placing the covering on the
luminal surface of the stent.

DETAILED DESCRIPTION OF THE INVENTION

FIG. 1 is a side view of a typical diametrically adjustable
stent. The stent is shown as it would appear implanted into a
body conduit with its diameter adjusted beyond the collapsed
pre-implantation diameter. While the stent shown is made
from metal wire, a perforated sleeve having perforations of
suitable shape, size and quantity may also be used. Various
suitable stents are described by U.S. Pat. No. 4,776,337 to
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Palmaz and PCT US 92/03481 to Hess. These stents may be
made from implantable metals such as titanium, stainless
steel, or Nitinol.

The stent may be provided with an exterior covering of
porous expanded PTFE film, or a luminal covering of porous
expanded PTFE film, or with both exterior and luminal cov-
erings. Uniaxially-oriented films having a microstructure of
uniaxially-oriented fibrils wherein substantially all of the
fibrils are oriented parallel to each other may be used. Mul-
tiaxially-oriented films having a microstructure of biaxially
ormultiaxially-oriented fibrils wherein the fibrils are oriented
in at least two directions which are substantially perpendicu-
lar to each other may also be used.

FIG. 2 describes an enlarged schematic representation of
the microstructure of nodes 11 connected by fibrils 12 of a
film 20 wherein the uniaxially-oriented fibrils 12 are substan-
tially parallel to each other. FIGS. 3A and 3B describe
enlarged schematic representations of alternative microstruc-
tures of porous expanded PTFE films that may also be used
for making the present invention. These microstructures have
nodes interconnected by fibrils wherein the fibrils are ori-
ented in at least two directions which are substantially per-
pendicular to each other. FIG. 3A describes a microstructure
30 of nodes 11 and fibrils 13 and 15 wherein the fibrils 13 and
15 are biaxially-oriented fibrils which are oriented in two
different directions that are substantially perpendicular to
each other. Those microstructures may contain some fibrils
17 which are not oriented in the two different directions. FIG.
3B describes another alternative microstructure 35 wherein
the fibrils 21 are multiaxially-oriented fibrils oriented in vir-
tually all directions within the plane of the sheet material.
Either of these films may be made by having been expanded
two directions that are perpendicular to each other. The
microstructure 30 of multiaxially-oriented fibrils 21 may also
have been made by being expanded in more than two direc-
tions as shown by FIG. 3B. The manufacture of these films is
taught by U.S. Pat. Nos. 3,953,566; 4,198,390 and 4,482,516.

The fibril lengths of the porous expanded PTFE films
referred to herein were estimated mean values obtained by
examining scanning electron photomicrographs of these
films. For multiaxially-oriented films, these estimates
included consideration of fibrils oriented in all directions. The
mean fibril lengths of the films used to construct the intralu-
minal grafts of the present invention are preferred to be within
the range of about 5 to about 120 microns, although fibril
lengths beyond this range may also be useful.

Wall thickness measurements of intraluminal graft stent
coverings were determined by cutting away a portion of the
covering that covered an opening through the stent wall. The
thickness of the sample portion was measured by placing the
sample portion between the pads of a Mitutoyo model no.
804-10 snap gauge having a part no. 7300 frame, and gently
easing the pads into contact with the sample portion until the
pads were in full contact with the sample portion under the
full force of the spring-driven snap gauge pads. Film density
measurements were based on the bulk volume of a film
sample using the snap-gauge thickness measurement.

The following examples of intraluminal stent grafts are
intended to be illustrative only and are not intended to limit
the scope of the invention to only the constructions described
by these examples.

Example 1
A Nitinol wire stent 10 (Nitinol Medical Technologies,

Boston, Mass.) of the type described by FIG. 1 was provided
with both a luminal covering and an exterior covering of



Case 1:11-cv-00515-LPS-CJB Document 64 Filed 10/19/12 Page 43 of 45 PagelD #: 912

US 8,221,487 B2

5

expanded PTFE film. This 3 cm long stent was formed from
0.25 mm diameter Nitinol wire into a tubular shape of inter-
locking hexagons. The luminal and exterior coverings were
both made from a uniaxially-oriented film having fibrils ori-
ented substantially in a single direction wherein the fibrils
were all substantially parallel to each other. The luminal
covering was provided with the fibrils oriented parallel to the
longitudinal axis of the tubular stent; the exterior covering
was provided with the fibrils oriented substantially circum-
ferential to the tubular stent. The film used for both the lumi-
nal and exterior coverings was a porous expanded PTFE film
having a discontinuous, porous coating of FEP applied to one
side of the porous expanded PTFE film. Examination of the
FEP coated side of the film by scanning electron microscopy
revealed FEP on only small portions of the nodes and fibrils at
the surface of the film. It was estimated that less than 10% of
the available node and fibril surface area exposed at the sur-
face of the film was covered by FEP. The presence of the FEP
adhesive thus had little or no adverse effect on the porosity of
the porous PTFE film.

The FEP-coated porous expanded. PTFE film was made by
a process which comprises the steps of:

a) contacting a porous PTFE film with another layer which is
preferably a film of FEP or alternatively of another ther-
moplastic polymer;

b) heating the composition obtained in step a) to a tempera-
ture above the melting point of the thermoplastic polymer;

¢) stretching the heated composition of step b) while main-
taining the temperature above the melting point of the
thermoplastic polymer; and

d) cooling the product of step c).

In addition to FEP, other thermoplastic polymers including
thermoplastic fluoropolymers may also be used to make this
coated film. The adhesive coating on the porous expanded
PTFE film may be either continuous (non-porous) or discon-
tinuous (porous) depending primarily on the amount and rate
of stretching, the temperature during stretching, and the
thickness of the adhesive prior to stretching.

The discontinuously FEP-coated porous expanded PTFE
film used to construct this example was of about 0.01 mm
thickness and had a density ofabout 0.3 g/cc. The microstruc-
ture of the porous expanded PTFE contained fibrils of about
50 micron mean fibril length.

A 3.0 cm length of film 20 having uniaxially-oriented
fibrils was wrapped as a single layer 41 around a hollow,
tubular, 1.5 cm outside diameter mandrel 43 of non-porous
PTFE to form a seam 45 as described by the cross section of
FIG. 4. The seam edges 45 overlapped as shown by about 3
mm. The fibrils of the film were oriented parallel to the
longitudinal axis of the mandrel; the FEP-coated side of the
film faced away from the surface of the mandrel. The Nitinol
stent was carefully fitted over the film-wrapped portion of the
mandrel. The 3 cm length of the stent was centered over the
3.0 cm length of film-wrapped mandrel. The stent was then
provided with an exterior covering 47 of a 3.0 cm wide tape of
the film described above by wrapping the tape circumferen-
tially around the exterior surface of the mandrel so that the
edges of the circumferentially-wrapped tape overlapped by
about 3 mm to form seam 49. The circumferentially wrapped
covering was oriented so that the FEP-coated side of the tape
faced inward in contact with the exterior surface of the stent
and the outward facing FEP-coated surface of the luminal
layer of film exposed through the openings in the stent.
Except for the overlapped seam edges 49, the circumferen-
tially-wrapped covering was only one film layer thick. The
uniaxially-oriented fibrils of the microstructure of the cir-
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cumferentially-wrapped tape were circumferentially-ori-
ented about the exterior stent surface.

The film-wrapped mandrel assembly was placed into an

oven set at 360° C. for a period of 4 minutes after which the
film-wrapped mandrel was removed from the oven and
allowed to cool. Following cooling to approximately ambient
temperature, the mandrel was removed from the film-
wrapped stent. The amount of heat applied was adequate to
melt the FEP-coating on the porous expanded PTFE film and
thereby cause adjacent layers of film to adhere to each other.
Thus the luminal layer of film was adhered to the exterior
circumferentially wrapped layer through the openings
between the adjacent wires of the stent. The combined thick-
ness of the luminal and exterior coverings was about 0.025
mm.
The film-covered stent was then chilled in a bath of ice
water while being rolled between human fingers applying
compression diametrically across the stent. This reduced the
outside diameter of the stent to about 0.3 cm. The collapsed
stent was then heated by immersion in about 40° C. water,
thereby increasing the stent diameter to about 1.5 cm. The
film covering showed no visible adverse effects from the
process of shrinking and increasing the stent diameter.

Example 2

A Nitinol wire stent of the same type used for Example 1
was provided with a luminal covering of a porous expanded
PTFE film having a microstructure of biaxially-oriented
fibrils as shown by FIG. 3A. This was accomplished by wrap-
ping a hollow tubular mandrel of non-porous PTFE with a
layer of porous expanded PTFE film having a continuous
(non-porous) coating of FEP with the FEP-coated side of the
film facing outwardly away from the mandrel surface. This
film was about 0.02 mm thick; the porous expanded PTFE had
a microstructure of uniaxially-oriented fibrils with the fibrils
oriented circumferentially about the exterior surface of the
mandrel. The Nitinol stent was carefully fitted over the film-
wrapped portion of the mandrel. The mandrel assembly was
then placed into an oven set at 360° C. for four minutes. After
removal from the oven and subsequent cooling, the mandrel
was removed from the stent leaving the wrapped film adhered
to the luminal surface of the stent. This film was then peeled
from the luminal stent surface, leaving the FEP-coating and
some small shreds of residual porous expanded PTFE
adhered to the luminal surface of the stent wires. By removing
the film and leaving the FEP adhesive on the luminal stent
surface, the film served only as a release substrate for the
application of the adhesive to the stent surface.

As shown by FIG. 5, the mandrel 43 was then provided
with a single layer 51 wrapping of a porous expanded PTFE
film 35 having a microstructure of biaxially-oriented fibrils.
This film was of about 30 micron fibril length, about 0.08 mm
thickness, about 0.3 g/cc density and did not have an FEP
coating. The biaxially-oriented fibrils were oriented to be
substantially parallel to the longitudinal axis of the mandrel
and to the circumference of the mandrel.

The film was overlapped adequately to form a 2 mm wide,
longitudinally oriented seamline 45 parallel to the longitudi-
nal axis of the mandrel. A sheet of polyamide film was tem-
porarily placed over the surface of the seam and then con-
tacted with the surface of a hand-held iron set at 400° C. to
cause the PTFE film seam edges to adhere to each other.
Excess material beyond the 2 mm wide seam was trimmed
away and discarded. The stent was again carefully fitted over
the film-covered mandrel. The resulting assembly was placed
into an oven set at 380° C. for three minutes and then removed
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and allowed to cool, after which the mandrel was removed
from the stent. The porous expanded PTFE film appeared to
be well adhered to the luminal surface of the wire stent by the
FEP coating left from the first, previously removed, layer of
film. The wall thickness of the PTFE film covering was about
0.08 mm.

The film-covered stent was then chilled in a bath of ice
water while being rolled between human fingers applying
compression diametrically across the stent. This reduced the
outside diameter of the stent to about 0.3 cm. The collapsed
stent was then heated by immersion in about 40° C. water,
thereby increasing the stent diameter to about 1.5 cm. The
film covering showed no visible adverse effects from the
process of shrinking and increasing the stent diameter.

Example 3

A Palmaz stent of the balloon-expandable type (part no.
PS30, Johnson & Johnson Interventional Systems, Inc., War-
ren, N.J.) was adjusted from its collapsed outside diameter of
3.4 mm to an enlarged outside diameter of 8.0 mm by insert-
ing a tapered stainless steel mandrel followed by a straight 8.0
mm diameter stainless steel mandrel. This stent was then
provided with a single layer exterior wrapping of the same
discontinuously FEP-coated porous expanded PTFE coating
used for the exterior wrapping of the stent of Example 1. This
was accomplished by wrapping the film about the exterior
surface of the mandrel with the uniaxially-oriented fibrils of
the film microstructure oriented parallel to the longitudinal
axis of the stent. This exterior covering 61 is described by the
transverse cross section of FIG. 6. A 2 mm wide seam 45 was
formed from the overlapped edges of the porous expanded
PTFE film 20 by temporarily placing a thin sheet of polya-
mide film over these edges and applying heat from a hand-
held iron with a surface temperature of about 400° C. The
film-wrapped stent 65 was then placed into an oven set at 380°
C. for 3 minutes, after which it was removed and allowed to
cool. The film appeared to be well adhered to the exterior
surface of the stent. The wall thickness of the film covering
was about 0.01 mm. The enlarged stent was then collapsed by
the following process.

A series 0of 20 cm long 6-0 sutures were tied individually to
each of the closed metal stent openings adjacent to one end of
a stent. The film-covered stent was provided with a temporary
non-adhered additional wrapping of longitudinally-oriented
film without FEP and having a microstructure of uniaxially-
oriented fibrils. This temporary wrapping was intended as a
dry lubricant. As described by FIG. 7 which omits the exterior
film covering for clarity, the enlarged stent 71 was then pulled
by these sutures 77 through a tapered die 75 of round cross
section and 2.5 cm length, the die having a tapered orifice
with a 9.5 mm diameter bore at its entrance 78 and a 4.5 mm
diameter bore at its exit 79. The result was that the stent was
collapsed back to an outside diameter of 4.5 mm. The lubric-
ity of the temporary covering of porous expanded PTFE film
aided in making it possible to pull the stent through the die.
This temporary covering was removed after completion of the
collapsing process. It is anticipated that the use of a tapered
die having an appropriately sized, smaller diameter exit bore
would result in collapsing the stent to its original collapsed
diameter. The film-covered stent was again enlarged to a
diameter of 8 mm using a balloon catheter followed by a
tapered stainless steel mandrel. The covering of porous
expanded PTFE film appeared to be fully intact after the
collapsing and enlarging of the film-covered stent.

Stent coverings may be affixed to a stent surface by varia-
tions on this method. For example, a tubular sleeve may be
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made from a film of porous expanded PTFE and inverted back
into itself'and fitted over the inner and outer surfaces of a stent
as shown by FIG. 8. The inner 83 and outer 85 portions of the
tubular sleeve 81 may be thermally adhered to each other
through the openings in the stent wall, or may be adhered to
the stent surfaces by an adhesive such as FEP, or may be
affixed to the stent by suturing the open ends 87 of the tube
together.

Example 4

A long length of 0.07 mm diameter single strand 304
stainless steel wire was provided with a single layer, approxi-
mate 1 mm overlap covering of porous expanded PTFE film
by helically wrapping the wire with a narrow tape cut from a
sheet of porous expanded PTFE film. The tape used was 6 mm
wide, 0.01 mm thick, 0.3 g/cc density, and had uniaxially-
oriented fibrils of about 50 micron fibril length. This tape-
covered wire was then heated by pulling the wire through the
0.14 mm diameter orifice of a 2.5 cm long die heated to 400°
C., at a rate of 1.5 meters per minute, thereby adhering the
overlapped edges of the tape together and thereby adhering
the tape to the wire. This wire was then cut into shorter lengths
and spooled onto 16 bobbins. These bobbins were used to
supply the wire to a model D-5600 Steeger braider.

A 12 meter length of 1.75 mm diameter non-porous PTFE
mandrel was then fed into the braider where a braided cover-
ing of the above wire was applied at a density of about 16
picks/cm. An additional covering of tape cut from a sheet of
porous expanded PTFE film was then helically wrapped over
the surface of the wire-braided PTFE mandrel. The tape used
for this helical wrapping was of 0.01 mm thickness, 0.3 g/cc
density, about 50 micron fibril length and 12 mm width.
Adjacent edges of the helical wrapping were overlapped by
approximately 1 mm. The wire-braided Teflon mandrel was
then placed into an oven set at 380° C. for four minutes, after
which it was removed and allowed to cool. As shown by FIG.
9, the wire-braided stent 91 with the exterior covering of
porous expanded PTFE tape was then removed from the
non-porous PTFE mandrel 93 by folding the ends 95 of the
braided wires back on themselves and pulling on these
everted ends. The exterior covering of porous expanded PTFE
film is omitted from FIG. 9 for clarity. By applying tension on
these everted ends in a direction parallel to the longitudinal
axis of the mandrel and from the everted end back toward the
opposite, non-everted end, the entire braided construction
was everted and simultaneously removed from the mandrel.
This everting process of removing the braided assembly from
the mandrel resulted in the helical wrapping of film being
located on the lumen of the stent. This construction offered
good self-expanding characteristics in that when longitudinal
tension was placed on the stent, the length of the stent
increased and the diameter decreased. Upon release of ten-
sion, the stent immediately recovered its previous shorter
length and larger diameter. This film-covered stent is there-
fore expected to be useful as a self-expanding stent.

The invention claimed is:

1. An intraluminal graft comprising:

a) a diametrically adjustable stent having an exterior sur-
face, a luminal surface and a wall, the wall having a
multiplicity of openings;

b) a first covering adjacent to the luminal surface of the
stent; and

¢) a second covering adjacent to the exterior surface of the
stent and affixed to the first covering through the wall of
the stent,
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wherein the second covering adjacent to the exterior
surface of the stent is affixed to the first covering
through the multiplicity of openings through the wall
of the stent.
2. The intraluminal graft of claim 1 wherein the second
covering is less than about 0.10 mm thick.
3. The intraluminal graft of claim 1 wherein the polymer
forming the first covering is PTFE.
4. The intraluminal graft of claim 1 wherein the polymer
forming the second covering is PTFE.
5. The intraluminal graft of claim 1 wherein the diametri-
cally adjustable stent is a self-expanding stent.
6. The intraluminal graft of claim 1, wherein the diametri-
cally adjustable stent is a Nitinol stent.

5
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7. The intraluminal graft of claim 1, wherein the first or
second covering is of porous expanded PTFE.

8. The intraluminal graft of claim 1, wherein the second
covering adjacent to the exterior surface of the stent is affixed
to the first covering through the multiplicity of openings
through the wall of the stent via adhesive.

9. The intraluminal graft of claim 1, wherein the second
covering adjacent to the exterior surface of the stent is affixed
to the first covering through the multiplicity of openings
through the wall of the stent via sutures.

10. The intraluminal graft of claim 1 wherein the combined
thickness of the first and second coverings is less than about
0.05 mm thick.
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