
 

 

IN THE UNITED STATES DISTRICT COURT 
FOR THE SOUTHERN DISTRICT OF INDIANA 

INDIANAPOLIS DIVISION 
 

 
COOK INCORPORATED,  
 
  Plaintiff, 
 v. 
 
ENDOLOGIX, INC.,  
 
  Defendant. 
 

 
) 
) 
) 
) 
) 
) 
) 
) 
 

 
 
 
Case No.:  1:09-cv-1248-TWP-TAB 
 
 
DEMAND FOR JURY TRIAL 
 

 
AMENDED COMPLAINT FOR PATENT INFRINGEMENT 

 
Plaintiff Cook Incorporated (“Cook”), through counsel, brings this Amended Complaint 

against Defendant Endologix, Inc. (“Endologix”), as follows: 

JURISDICTION AND VENUE 

1. This is an action for patent infringement arising under the patent laws of the 

United States, Title 35, United States Code. 

2. This Court has subject matter over this action under 28 U.S.C. §§ 1331 and 

1338(a). 

3. Venue is proper in this district pursuant to 28 U.S.C. §§ 1391(b), 1391(c), and 

1400(b). 

PARTIES 

4. Cook is now, and at all times mentioned in this Amended Complaint has been, an 

Indiana corporation with a principal place of business of 750 Daniels Way, Bloomington, 

Indiana 47402. 

5. Endologix is a corporation of the State of Delaware, having its principal place of 

business of 11 Studebaker, Irvine, California 92618. 

Case 1:09-cv-01248-TWP-TAB   Document 78    Filed 08/17/10   Page 1 of 57



 

 2 

6. Endologix manufactures delivery systems sold under the name of the IntuiTrak 

system in California, and sells and supplies the same throughout the United States, including the 

State of Indiana and this District, and abroad. 

7. Endologix manufactures stent grafts sold under the name Powerlink stent graft in 

California, and sells and supplies the same throughout the United States, including the State of 

Indiana and this District, and abroad. 

THE PATENTS IN SUIT 

8. On May 26, 1998, the United States Patent and Trademark Office duly and legally 

issued U.S. Patent No. 5,755,777, entitled “Expandable Transluminal Graft Prosthesis for Repair 

of Aneurysm.”  On July 20, 2010, the United States Patent and Trademark Office duly and 

legally issued a Reexamination Certificate for U.S. Patent No. 5,755,777.  A copy of U.S. Patent 

No. 5,755,777 and the Reexamination Certificate for U.S. Patent No. 5,755,777 (hereinafter the 

“’777 Patent”) is attached as Exhibit A to this Amended Complaint.  Cook is the owner of the 

’777 Patent. 

9. On July 30, 1991, the United States Patent and Trademark Office duly and legally 

issued U.S. Patent No. 5,035,706 (the “’706 Patent”), entitled “Percutaneous Stent and Method 

for Retrieval Thereof.”  On November 3, 1992, the United States Patent and Trademark Office 

duly and legally issued a Certificate of Correction for U.S. Patent No. 5,035,706.  On April 20, 

2010, the United States Patent and Trademark Office duly and legally issued a Reexamination 

Certificate for U.S. Patent No. 5,035,706.  A copy of U.S. Patent No. 5,035,706, the Certificate 

of Correction for U.S. Patent No. 5,035,706, and the Reexamination Certificate for U.S. Patent 

No. 5,035,706 (hereinafter the “’706 Patent”) is attached as Exhibit B to this Amended 

Complaint.  Cook is the owner of the ’706 Patent. 
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10. On November 16, 2009, Endologix filed a request for an Ex Parte Reexamination 

of U.S. Patent No. 5,755,777, and that request was granted by the United States Patent and 

Trademark Office on December 10, 2009.  On or about April 16, 2010, Endologix received the 

Notice of Intent to Issue a Reexamination Certificate in the Ex Parte Reexamination of U.S. 

Patent No. 5,755,777 from the United States Patent and Trademark Office.  On July 20, 2010, the 

United States Patent and Trademark Office issued the Reexamination Certificate for U.S. Patent 

No. 5,755,777 that states that the United States Patent and Trademark Office determined that 

claims 1, and 21 through 33 were patentable. 

11. On November 23, 2009, Endologix filed a request for an Ex Parte Reexamination 

of U.S. Patent No. 5,035,706, and that request was granted by the United States Patent and 

Trademark Office on December 22, 2009.  On or about February 15, 2010, Endologix received 

the Notice of Intent to Issue a Reexamination Certificate in the Ex Parte Reexamination of U.S. 

Patent No. 5,035,706 from the United States Patent and Trademark Office.  On April 20, 2010, 

the United States Patent and Trademark Office issued the Reexamination Certificate for U.S. 

Patent No. 5,035,706 that states that the United States Patent and Trademark Office determined 

that claims 6 and 12 were patentable. 

COUNT I – INFRINGEMENT OF U.S. PATENT NO. 5,755,777 

12. Endologix repeats and re-alleges each and every allegation contained in the above 

paragraphs as if fully set forth herein 

13. Endologix has been and is still infringing claims 1 and 21 - 33 of the ’777 Patent 

by making, using, selling, importing, exporting or offering to sell in the United States, delivery 

systems, including products sold under the name of the IntuiTrak system, which embody, 

incorporate or otherwise practice the claimed inventions. 
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14. Use by third parties of the aforesaid delivery systems obtained from or through 

Endologix infringes the ’777 Patent.  Endologix’s activities constitute active inducement 

infringement of the ’777 Patent because, with knowledge, reckless disregard, or deliberate 

indifference amounting to knowledge of the infringement of the ’777 Patent, Endologix has 

provided and continues to provide delivery systems and/or components thereof to others for use, 

promotes and continues to promote, and/or instructed and continues to instruct others in infringement 

of the ’777 Patent. 

15. Endologix’s activities constitute contributory infringement of the ’777 Patent because 

Endologix makes, uses, sells, imports, exports or offers to sell the aforesaid delivery systems 

and/or components thereof with knowledge, reckless disregard, or deliberate indifference 

amounting to knowledge of the infringement of the ’777 Patent and said products and/or 

components thereof constitute a material part of the ’777 Patent and are especially made or 

especially adapted for use in infringement of the ’777 Patent, and said delivery systems and/or 

components thereof are not a staple article or commodity of commerce suitable for substantial non-

infringing use. 

16. Endologix has known of U.S. Patent No. 5,755,777 since no later than the service of 

the original Complaint on October 8, 2009, and Endologix has had notice of the reexamination 

proceedings involving this Patent, including the Notice of Intent to Issue a Reexamination Certificate 

issued by the United States Patent and Trademark Office on April 14, 2010 and the Reexamination 

Certificate issued by the United States Patent and Trademark Office on July 20, 2010, and since this 

knowledge, Endologix has continued to infringe the ’777 Patent even after the reexamination of that 

Patent concluded.  Endologix’s continued infringement of the ’777 Patent, despite notice of the ’777 

Patent, and despite notice of the patentability of the claims of the ’777 Patent from the reexamination 

proceeding, establish that Endologix is objectively reckless and disregarding an objectively high 
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likelihood that it infringes the ’777 Patent.  Endologix’s infringement of the ’777 Patent has been and 

continues to be deliberate, in disregard of the ’777 Patent, and willful.  

17. As a direct and proximate result of Endologix’s infringement of the ’777 Patent, 

Cook has been and continues to be damaged in its business and property, including the loss of 

revenues in an amount to be determined at trial. 

18. Endologix has caused damage by its acts of infringement of the ’777 Patent, and 

Endologix will cause additional damages and irreparable harm unless the Court enjoins 

Endologix from continuing such infringing acts and initiating such acts in the future. 

COUNT II – INFRINGEMENT OF U.S. PATENT NO. 5,035,706 

19. Endologix repeats and re-alleges each and every allegation contained in the above 

paragraphs as if fully set forth herein. 

20. Endologix has infringed claims 6 and 12 of the ’706 Patent by making, using, 

selling, importing, exporting or offering to sell in the United States, stent grafts, including 

products sold under the name of the Powerlink stent graft, which embody, incorporate or 

otherwise practice the claimed inventions. 

21. Use by third parties of the aforesaid stent grafts obtained from or through 

Endologix infringed the ’706 Patent.  Endologix’s activities constituted active inducement of the 

’706 Patent because, with knowledge, reckless disregard, or deliberate indifference amounting to 

knowledge of the infringement of the ’706 Patent, Endologix has provided stent grafts to others for 

use, promoted, and/or instructed others in infringement of the ’706 Patent. 

22. Endologix has known of U.S. Patent No. 5,035,706 since no later than the service of 

the original Complaint on October 8, 2009, and despite this knowledge, Endologix continued to 

infringe the ’706 Patent.  Instead of ceasing its infringement, Endologix filed a request for Ex Parte 

Reexamination on November 23, 2009, and without substantive input from Cook in the 
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reexamination proceeding, the United States Patent and Trademark Office confirmed the 

patentability of claims 6 and 12 of the ’706 Patent.  The confirmation of claims 6 and 12 of the ’706 

Patent in the reexamination proceeding and Endologix’s infringement with knowledge of the ’706 

Patent, establish that Endologix was objectively reckless and disregarded an objectively high 

likelihood that its conduct infringed the ’706 Patent.  Endologix’s infringement of the ’706 Patent has 

been deliberate, in disregard of the ’706 Patent, and willful. 

23. As a direct and proximate result of Endologix’s infringement of the ’706 Patent, 

Cook has been and continues to be damaged in its business and property, including the loss of 

revenues in an amount to be determined at trial. 

 
PRAYER FOR RELIEF 

WHEREFORE, by reason of the foregoing, Cook respectfully requests that this Court 

enter judgment against Defendant Endologix, Inc. that: 

(a) Endologix has infringed the ’777 Patent and the ’706 Patent; 

(b) Endologix, its officers, agents, servants, employees, and attorneys, and those 

persons in active concert or participation with it, be preliminarily and/or permanently enjoined 

from infringing the ’777 Patent during the remaining term thereof, pursuant to 35 U.S.C. § 283; 

(c) Endologix pay damages adequate to compensate for the infringement of the ’777 

Patent and ’706 Patent, including interest and costs, pursuant to 35 U.S.C. § 284; 

(d) Increasing the damages up to three times the amount found or assessed for 

Endologix’s willful acts of infringement pursuant to 35 U.S.C. § 284; 

(e) Finding this to be an exceptional case and awarding reasonable attorneys fees to 

Cook pursuant to 35 U.S.C. § 285; and 
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(f) Cook is granted such other and further relief as the Court may deem just and 

proper. 

 

JURY DEMAND 

Pursuant to Federal Rule of Civil Procedure 38(b), Plaintiff Cook Incorporated hereby 

demands a trial by jury on all issues triable of right by jury. 

 

 

Dated:  July 30, 2010    Respectfully submitted, 

/s/ Bradley G. Lane   
Richard A. Kaplan 
Bradley G. Lane 
Kelly J. Eberspecher 
Danielle Anne Phillip 
BRINKS HOFER GILSON & LIONE 
NBC Tower - Suite 3600 
455 North Cityfront Plaza Drive 
Chicago, Illinois  60611 
Phone:  (312) 321-4200 
Fax: (312) 321-4299 
E-mail:rkaplan@brinkshofer.com 
 blane@brinkshofer.com 
 keberspecher@brinkshofer.com 
 dphillip@brinkshofer.com 
 
Randy L. Campbell 
BRINKS HOFER GILSON & LIONE 
Capital Center South - Suite 1100 
201 North Illinois Street 
Indianapolis, Indiana 46204 
Phone: (317) 636-0886 
Fax: (317) 634-6701 
E-mail:rcampbell@brinkshofer.com 
 
Attorneys for Plaintiff, 
COOK INCORPORATED 
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[73] Assignee: Cook Incorporated, Bloomington, 
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[57] ABSTRACT 

A self-expanding stent formed of stainless steel wire  

arranged in a closed zig-zag configuration includes an 
endless series of straight sections joined at their ends by 
bends. The stent is compressible into a reduced diame-
ter size for insertion into and removal from a body 
passageway. The bends of at least one end of the stent 
are formed into eyes for connection with the eyes at one 
end of a similarly constructed stent to permit single-step 
introduction of several lengths of stent into the passage-
way. A stent can include a monofilament thread passing 
through successive eyes at one end of the stent, the 
thread passing through each eye at least once and 
through some of the eyes a second time. The trailing 
ends of the thread extend from the stent and outside the 
body passageway. The stent can be retrieved from the 
body passageway by threading a tube of the free ends of 
the thread until the tube is adjacent the stent. The diam-
eter at one end of the stent is reduced by pulling the free 
ends of the thread through the tube. A sheath concentri-
cally disposed over the tube is introduced into the body 
passageway and over the remaining length of the stent 
to further compress the stent for removal from the pas-
sageway. 

12 Claims, 4 Drawing Sheets 

30 

4 

40 b 

Case 1:09-cv-01248-TWP-TAB   Document 73-1    Filed 07/30/10   Page 46 of 57Case 1:09-cv-01248-TWP-TAB   Document 78    Filed 08/17/10   Page 46 of 57



U.S. Patent 	July 30, 1991 	Sheet 1 of 4 	5,035,706 

Fig.l 
PRIOR ART 

Fig.2 
PRIOR ART 

10 

0 

!0 

0 	12 

0 

10 

13 

cu 

Fig.3 	Fig.4 

Case 1:09-cv-01248-TWP-TAB   Document 78    Filed 08/17/10   Page 47 of 57



4 1  

40 ^ 

11 30 zK 

U.S. Patent 	July 30, 1991 	Sheet 2 of 4 	5,035,706 

I n'l 
I0 

Fig.S 

Fig.6 

30 

Fig.7A 
40 b 

Fig.7B 

Case 1:09-cv-01248-TWP-TAB   Document 78    Filed 08/17/10   Page 48 of 57



U.S. Patent 	July 30, 1991 	Sheet 3 of 4 	5,035,706 

50 

Fi*g*9   

56a 	s ^ 

56b 	s2 

3b 

Fig.8 

Case 1:09-cv-01248-TWP-TAB   Document 78    Filed 08/17/10   Page 49 of 57



50 

Fig.lOA 

50 

IN 

Fig.10B 

50 

15  Fig*IOC  

U.S. Patent 	July 30, 1991 	Sheet 4 of 4 	5,035,706 

Case 1:09-cv-01248-TWP-TAB   Document 78    Filed 08/17/10   Page 50 of 57



5,035,706 
1 	 2 

This invention relates to stents and a method for 
retrieving stents after insertion into the body of a pa-
tient. In particular, the invention relates to modifica-
tions to the Gianturco Expandable Wire Stent. 10 

It is desirable in various situations to provide means 
for expanding a constricted vessel portion or for main-
taining an open passageway through a vessel portion. 
Such situations arise, for example, in conjunction with 
arteriosclerosis that restricts or stops blood flow 15 
through a vessel, or in conjunction with diseases of the 
prostrate gland which resrict or stop flow through the 
urethra. 

A percutaneous stent developed by Dr. Cesare Gian-
turco is formed of a stainless steel wire arranged in a 20 
closed, zig-zag pattern, as more fully described in U.S. 
Pat. No. 4,580,568. The Gianturco stent, or the Z-stent 
as it is also known, is compressed into a reduced size 
shape with an outer diameter which is many times 
smaller its outer diameter in an expanded shape. The 25 

stent is positioned in a passageway by means of a sheath 
while the stent is retained in the compressed reduced 
size shape. A pusher or flat-ended catheter is used 
through the sheath to hold the stent in place in the 
passageway while the sheath is withdrawn, thereby 30 

allowing the stent to expand in the passageway into its 
expanded shape to hold the passageway open and en-
larged. Thus, the Z-stent provides a self-expanding 
means for maintaining an open passageway. FIG. 1 
illustrates the use of the well-known Z-stent wire within 35 

a body passageway. 
FIG. 2 illustrates the use of several Z-stents along a 

limited length of a body passageway. In illustrated ar-
rangement, two stents are situated in an overlapping 40  
arrangement, while a third stent is disposed slightly 
downstream from the other two stents. As discussed 
more fully in the above-referenced Gianturco '568 pa-
tent, each of the three stents must be separately inserted 
using the sheath and pusher described above. 

Since the initial development of the expandable wire 45 
Z-stent, it has been discovered that over time a Z-stent 
may continue to expand to its maximum diameter even 
though it was originally deployed in a passageway that 
had a diameter somewhat smaller than the maximum 50 
outer diameter of the expanded stent. Thus, the end 
result has been in some cases that the stent becomes 
embedded deeply into the walls of the passageway. In 
an effort to address this particular problem, others in the 
art have modified the expandable Z-stent to form eyes 55 
at the bends or joints of the zig-zag configuration. A 
monofilament line is then threaded through each of the 
eyes at one end of the stent to form, in essence, a contin-
uous flexible ring which restricts the expansion of the 
wire stent. The monofilament line is sufficiently elastic 60 
in the tensile direction to control the expansion of the 
stent to an optimal desired diameter. 

Further description of this modified expandable wire 
Z-stent is found in the following references: 

Modified Gianturco Expandable Wire Stents in Ex- 65 
perimental and Clinical Use, J. Rosch, CIRSE, 
Porto Cervo, Sardinia, May 25-29, 1987, Vol 31-
No. 2, 1988 

Modifications of Gianturco Expandable Wire Stents, 
Barry T. Uchida, AJR 150:1185-1187, May 1988, 
American Roentgen Ray Society 

Experimental Intrahepatic Portacaval Anastomosis: 
Use of Expandable Gianturco Stents, Josef Rosch, 
M.D., RSNA, 1987, Volume 162 No. 2 

Superior Vena Cava Syndrome Associated with Mas-
sive Thrombosis: Treatment with Expandable 
Wire Stents, RSNA, June 1988 

Gianturco Expandable Wire Stents in the Treatment 
of Superior Vena Cava Syndrome Recurring After 
Maximum-Tolerance Radiation, Reprinted from 
CANCER, Vol. 60, No. 6, Sept. 15, 1987. 

There remains, however, a need for a percutaneous 
stent that is self-expanding, yet can be retrieved after a 
period of time of insertion. There is also need for a 
percutaneous stent that includes several stent sections 
for insertion along a greater length of a body passage-
way than has been permitted by expandable stents of the 
prior art. There is also a need for a stent capable of 
combination with multiple stent sections that does not 
require multiple catheterizations for insertion opera-
tions. 

SUMMARY OF THE INVENTION 

One embodiment of the self-expanding stent of the 
present invention includes a wire formed into a closed 
zig-zag configuration defining an endless series of 
straight sections joined by bends. At each of the bends 
is formed an eye which can be used for connection of 
another similarly constructed self-expanding stent, or 
for connection of a skirt stent of like construction. A 
number of self-expanding stents can be combined by 
joining the stents at the eyes. Each of the stents is resil-
iently compressible into a first smaller shape for inser-
tion into a body passageway, such as through an intro-
ducer sheath. Once within the body passageway, the 
stents are resiliently expandable into a larger second 
shape wherein the straight sections press against the 
walls of the passageway to maintain it open. 

Another embodiment of the invention involves a 
self-expanding stent of closed zig-zag configuration 
having eyes at bends joining the straight sections of the 
stent. A monofilament thread is passed through each of 
the eyes at one end of the stent, once through each of 
the eyes in a 360 0  loop and then again 180 °  through 
some of the eyes. The trailing free ends of the monofila-
ment leave the stent at opposite sides of the stent diame-
ter and extend through an introducer sheath outside the 
body passageway. The monofilament can be tied exter-
nally to limit the expansion of the self-expanding stent 
within the body passageway. 

The free ends of the monofilament can also be used to 
reduce the diameter of the stent to permit retrieval of 
the stent from the body passageway. Thus, in a method 
of the invention, a tube is threaded over the free ends of 
the monofilament and advanced along the passageway 
until the tube is adjacent the expanded stent. The free 
ends are then pulled thereby contracting the outer di-
ameter of the stent until the diameter is approximately 
equal to the diameter of the tube. A sheath can then be 
'introduced over the tube and over the reduced diameter 
portion of the stent to further collapse the remaining 
length of the stent. The entire assembly, including the 
tube, sheath, stent and monofilament can then be re-
moved from the body passageway. 

One object of the invention is to provide a self-
expanding stent that permits the combination of several 

PERCUTANEOUS STENT AND METHOD FOR 
RETRIEVAL THEREOF 

BACKGROUND OF THE INVENTION 
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interlocked stents for insertion into a body passageway. 
Another object of the invention is to provide a method 
for removal of a self-expanding stent situated within a 
body passageway. Other objects and benefits of the 
present invention can be discerned from the following 5 
written description of the invention along with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is side cross-sectional view of a body passage- 10 
way with a self-expanding wire stent of the prior art 
situated therein. 

FIG. 2 is a view similar to FIG. 1 showing the use of 
several stents of the prior art within the body passage- 
way. 	 15 

FIG. 3 is a side elevational view of a preferred em-
bodiment of the present invention. 

FIG. 4 is an end elevational view of the structure of 
FIG. 3. 

FIG. 5 is a side elevational view of another embodi- 20 
ment of the present invention. 

FIG. 6 is a side elevational view of another embodi-
ment of the present invention. 

FIG. 7A is a side elevational view of still another 
embodiment of the present invention shown in its ex- 25 

panded state. 
FIG. 7B is a side elevational view of the structure of 

FIG. 7A shown with one end in its contracted state. 
FIG. 8 is a sectional view of a body passageway 

showing a method of insertion of the self-expanding 30 
stent of the present invention. 

FIG. 9 is a sectional view of the body passageway 
similar to FIG. 8 following insertion of the self-expand-
ing stent. 

FIG. 10A is a sectional view of the body passageway 35 
shown in FIG. 9 showing one step of a method of re-
trieval of the self-expanding stent of one embodiment of 
the present invention. 

FIG. 10B is a view similar to FIG. 10A showing 
another step of the method of retrieval. 	 4C 

FIG. 10C is a view similar to FIG. 10B showing 
another step of the method of retrieval of the present 
invention. 

DESCRIPTION OF THE PREFERRED 	45 
EMBODIMENT 

For the purposes of promoting an understanding of 
the principles of the invention, reference will now be 
made to the embodiment illustrated in the drawings and 
specific language will be used to describe the same. It 50 
will nevertheless be understood that no limitation of the 
scope of the invention is thereby intended, such alter-
ations and further modifications in the illustrated de-
vice, and such further applications of the principles of 
the invention as illustrated therein being contemplated 55 
as would normally occur to one skilled in the art to 
which the invention relates. 

Referring now more particularly to the drawings, 
there is illustrated in FIGS. 3-4 a side elevation of a 
preferred embodiment of the percutaneous stent 10 60 
which is formed from a length 11 of stainless steel wire 
formed in a closed zig-zag configuration. The ends of 
the wire are closed by a sleeve 12 which is welded or 
tightly squeezed against the ends of the wire to produce 
a continuous or endless configuration. The length 11 of 65 
wire is arranged in a number of side-by-side straight 
sections 13. Adjacents straight sections 13 of the stents 
are adjoined by cusps 14. 

4 
Up to this point, the stent 10 of the present invention 

is, in most respects, similar to the Z-stent described in 
U.S. Pat. No. 4,580,568, which description is incorpo-
rated herein by reference. In particular, the specific 
embodiment of the invention includes the wire 11 
which is of stainless steel having a 0.018 inch outer 
diameter. The cusps 14, that is the joint between adja-
cents straight sections 13, generally circumscribes a 
radius of no more than 0.2 cm or about 0.08 inch. As 
thus configured, the stent 10 is capable of being com-
pressed into a relatively much smaller outer diameter 
than that shown in FIGS. 3-4, in order to permit inser-
tion of the stent into the body passageway by use of a 
catheter or sheath. 

In one novel aspect of the present invention, the 
cusps 14 of the stent are formed into a number of eyes 
20. In the preferred embodiment, the eyes are formed in 
the continuous wire 11 and the intersection between 
adjacent straight sections 13 at the cusps 14 are soldered 
or welded together to provide a closed loop for the eyes 
20. In one specific embodiment of the invention, the 
eyes have a diameter of approximately three times the 
wire diameter, or about 0.054 inch. 

In another embodiment of the invention, multiple 
stents are combined as shown in FIGS. 5 and 6. In the 
embodiment of FIG. 5, two self-expanding stents 10' 
and 10" are connected or attached at the eyes 20' and 
20" at the ends of each of the stents. Each of the stents 
10' and 10" are generally identical to the stent 10 just 
described. In constructing the union between the two 
stents 10' and 10", the first stent 10' is formed from a 
single length of stainless steel wire 11'. The length of 
wire 11' is formed into the zig-zag and eye configura-
tion although the cusps 14' are not immediately 
soldered. The free ends of the length of wire 11' are 
joined by way of the sleeve 12'. Once the first stent 10' 
has been formed, the second stent 10" is formed from a 
second length 11" of stainless steel wire. The second 
length 11" is formed into the zig-zag and eye configura-
tion so that the eyes 20" formed at one end of the stent 
are interlocked with the eyes 20' of the first stent 10'. 
Once the second stent 10" is complete, a sleeve 12" is 
used to connect the ends of the length of wire 11' and 
the cusps 14' and 14" can then be joined or soldered. 

A similar method of construction can be used to inter-
connect a stent 10", which is identical to the stent 10 
described above, with a single skirt stent 16', as shown 
in FIG. 6. In this particular embodiment, the single skirt 
stent 16' does not have a number of eyes defined at the 
free end of the skirt. The free end of the skirt 16' may be 
formed into the configuration of hooks to prevent mi-
gration of the stent and skirt combination once the com-
bination is placed within the body passageway. It is 
understood that in the embodiments of FIGS. 5 and 6, 
the eyes at one end of one stent or skirt may be con-
nected to a stent having only bends or cusps at its con-
necting end, in a manner similar to the connection be-
tween skirt 16' and a similar skirt 16" shown in FIG. 6. 

In another embodiment of the present invention, a 
stent 30 is formed from a length of wire 31 into a zig-zag 
configuration identical to the stent 10 shown in FIG. 3. 
Alternatively, the stent 30 can be connected to a second 
stent, as shown in FIG. 5, or to a skirt, as shown in FIG. 
6. A number of eyes 35 are formed at least at one end of 
the stent 30. A thread 40, preferably a monofilament of 
bio-compatible material, is passed through successive 
eyes around the circumference of the expanded stent 30. 
The thread 40 is passed through the eyes 35 by first 
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passing one end 40a through each successive eye 35 stent 50 thus compressed, a sheath 75 can be introduced 
while retaining the other end 40b outside and apart from into the body passageway over the tube 70, as shown in 
the stent 30. The first end 40a of the thread 40 is FIG. 10C. The sheath 75 has an inner diameter larger 
threaded once through each of the eyes 35 in a 360° than the reduced diameter of the end of the stent 50. 
loop and then 180 °  further through successive eyes, or 	5 The sheath 75 is continually conveyed into the body 
about 540° around the circumference of the stent, so passageway over the tube 70 until it contacts and corn- 
that some of the eyes 35 will have two passes of the presses the remaining length of the self-expanding stent 
thread 40 therethrough. Thus, as shown in FIG. 7A, the 50. Once the sheath 75 completely covers or shrouds 
two free ends 40a and 40b of the thread 40 are situated the stent 50, that is when the stent 50 is disposed entirely 
at 180° opposite eyes 35 of the stent 30. The thread 40 10 within the sheath 75, the entire assembly can be re- 
can then be used to collapse one end of the self-expand- moved from the body passageway. In the preferred 
ing wire stent by pulling both free ends 40a and 40b of embodiment of the present method, the tube 70 and 
the thread 40. When the free ends 40a and 40b are sheath 75 are composed of medical grade plastic, such 
pulled simultaneously, the diameter of the thread 40, as an 8-polyethylene tubing. 
and therefore the diameter of one end of the stent 30, is 15 While the invention has been illustrated and de- 
decreased. Alternatively, the thread 40 can be used to scribed in detail in the drawings and foregoing descrip 
limit the expanded diameter of the stent by tying the tion, the same is to be considered as illustrative and not 
free ends 40a and 40b directly adjacent the stent. 

In using the percutaneous stent of the present inven- restrictive in character, it being understood that only 

tion, an insertion technique similar to that described in 20 the preferred embodiments have been shown and de- 

the Gianturco '568 patent is employed, as shown in scribed and that all changes and modifications that 

FIG. 8. A self-expanding stent 50 includes a number of come within the spirit of the invention are desired to be 

eyes 55 at each end of the stent 50 and is identical in all protected. 

respects to the stent 30 shown in FIG. 7A. The monofil- What is claimed is: 

araent thread 56 passes through the eyes 55 at one end 25 1. A stent assembly comprising: 

of the stent 50. In the method of insertion, the stent is a first wire formed into a closed zig-zag configuration 

compressed to its reduced diameter and disposed within including; 
a sheath 60, as shown in FIG. 8. The free ends 56a and an endless series of straight sections having oppo- 
56b of the filament 56 extend outside the sheath 60 and site ends, said straight sections being joined by 
exterior to the patient's body for access after the stent 30 bends at said opposite ends to form a stent; 
has been inserted. For example, when the stent is used a set of eyes formed at several of said bends at one 
as a prostatic stent, the filament 56 has a length of 30 to of said opposite ends; and 
40 cm measured from the stent 50 to each of the free a thread passing through successive ones of said set of 
ends 56a and 56b, so that the free ends may extend down eyes, said thread including a pair of free ends trail- 
from the prostate gland to the end of the urethra. When 35 ing from said stent; 
the stent 50 is used as a vascular stent, the length of the wherein said stent is resiliently contractable into a 
filament 56 may be considerably shorter, provided the smaller first shape for conveyance through a body 
ends 56a and 56b are situated outside the puncture site passageway; 
and are sufficiently long to be anchored onto the skin wherein said one end of said stent is contractable by 
nearby. 	 40 drawing said pair of free ends of said thread; 

In the preferred embodiment, the free ends 56a and wherein said stent is resiliently expandable into a 
56b of the filament 56 are tied together so that they can second shape in which the straight sections press 
be easily controlled and maintained. When the stent 50 against the walls of the body passageway; and 
is compressed within the sheath 60, a pusher 61 is used wherein said free ends are sufficiently long to extend 
to hold the stent 50 in position when the body passage- 45 outside the body passageway when said stent is 
way while the sheath 60 is withdrawn. The pusher 61 situated within the passageway. 
may have a channel 62 within which the monofilament 2. The stent assembly of claim 1, wherein: 
56 can be disposed to prevent any pinching or tugging said second shape of said stent includes a circumfer- 
of the filament while the sheath 60 is being removed. ence at said one of said opposite ends, said set of 
Once the sheath is removed, the pusher 61 can also be 50 eyes being situated at said circumference; and 
removed so that the stent 50 remains in position within 

said thread passes through successive eyes at least 
the body passageway as shown in FIG. 9. The monofila- 

around said circumference. 
ment 56 trails the stent and passes outside the body as 

3. The 
The 

 stent assembly of claim 2, wherein said thread 
described above. 

In certain medical operations, the stent 50 need only 55 passes through successive eyes approximately 540° 

be positioned temporarily within the body passageway. around said circumference. 

Thus, in another method of the present invention, illus- 4. The stent assembly of claim 1, further comprising: 

trated with reference to FIGS. 10A-10C, the stent 50 is a second wire formed into a closed zig-zag configura- 

retrieved from the body passageway and removed. In tion including; 

the method of this embodiment, a tube 70 is threaded 60 a second endless series of straight sections having 

over the free ends of the monofilament 56 and inserted opposite ends, said straight sections being joined 
into the body passageway along the monofilament 56 by bends at said opposite ends to form a second 
until it is adjacent the implanted stent 50, as shown in stent; 
FIG. 10A. Once the tube 70 is positioned directly adja- a second set of eyes formed at several of said bends 
cent the stent 50, the free ends of the monofilament 56 65 at one of said opposite ends; 
can be pulled through the tube 70, thereby compressing wherein said second stent is resiliently contractable 
or contracting one end of the stent 50 to a reduced into a smaller first shape for conveyance through a 
diameter, as shown in FIG. 10B. With the end of the body passageway; 
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wherein said second stent is resiliently expandable 	than the diameter of the first compressed shape of 

	

into a second shape in which the straight sections 	the stent; 

	

press against the walls of the body passageway; and 	introducing the tube into the body passageway and 

	

wherein said second set of eyes of said second wire 	conveying the tube to a position adjacent the stent; 
are engaged about said first wire at one of said 5 	pulling the free ends of the thread through the tube to 
opposite ends. 	 reduce the diameter of the one end of the stent. 

5. The stent assembly of claim 4, wherein: 	 10. The method for retrieving a stent of claim 9, 

	

said first wire includes a third set of eyes formed at 	wherein said step of reducing the diameter of the re- 

	

several bends at the other of said opposite ends of 	mainder of the stent further includes the steps of: 
said first wire; and 	 10 	introducing a sheath concentrically disposed over the 

	

said second set of eyes of said second wire are inter- 	tube into the body passageway; 
engaged with said third set of eyes. 	 conveying the sheath over the tube through the body 

6. A method for combining a first and second self- 	passageway and over the reduced diameter end of 

	

expanding stent to form a stent assembly for insertion 	the stent; 
into a body passageway comprising the steps of: 	15 	further conveying the sheath over the remainder of 

	

forming a first stent from a continuous first length of 	the stent to compress the remainder of the sheath 

	

wire formed into a closed zig-zag configuration 	and withdraw the stent from contact with the wall 

	

having an endless series of straight sections joined 	of the body passageway. 
at their ends by a plurality of bends; 	 11. The method for retrieving a stent of claim 8, 

forming a second stent from a continuous second 20 wherein said step of reducing the diameter of the re- 

	

length of wire formed into a closed zig-zag config- 	mainder of the stent further includes the steps of: 

	

uration having an endless series of straight sections 	threading a sheath over the trailing free ends of the 

	

joined at their ends by a plurality of bends, the 	thread, the sheath having an inner diameter larger 

	

bends at one end defining eyes open at the straight 	than the diameter of the first compressed shape of 
sections of the second stent; 	 25 	the stent but smaller than the diameter of the sec- 

	

engaging the eyes at the one end of the second stent 	and expanded shape of the stent; 
about bends at one end of the first stent; and 	introducing the sheath into the body passageway and 

	

closing the eyes at the one end of the second stent. 	conveying the sheath through the body passage- 
7. The method of claim 6 wherein: 	 way and over the reduced diameter end of the 

	

the step of forming the first stent includes forming 30 	stent; 

	

eyes at the one end of the first stent, the eyes open 	further conveying the sheath over the remainder of 
at the straight sections of the first stent; and 	 the stent to compress the remainder of the sheath 

	

the step of engaging the eyes at one end of the second 	and withdraw the stent from contact with the wall 

	

stent includes interlocking the eyes of the second 	of the body passageway. 
stent with the eyes of the first stent and closing the 35 	12. A stent assembly comprising: 
eyes at the one end of the first stent. 	 a first wire formed into a closed zig-zag configuration 

8. A method for retrieving a stent disposed within a 	including; 

	

body passageway, the stent including a resilient wire 	an endless series of straight sections having oppo- 

	

formed in a closed zig-zag configuration having a set of 	site ends, said straight sections being joined by 

	

eyes formed at one end of the stent, with a thread pass- 40 	bends at said opposite ends to form a first stent; 

	

ing through successive eyes of the stent and having two 	and 

	

free ends trailing from the stent outside the body pas- 	a second wire formed into a closed zig-zag configura- 

	

sageway, the stent having a first compressed shape and 	tion including; 

	

a second expanded shape in which the resilient wire 	a second endless series of straight sections having 

	

contacts the wall of the body passageway, comprising 45 	opposite ends, said straight sections being joined 
the steps of: 	 by bends at said opposite ends to form a second 

	

pulling the free ends of the thread to reduce the diam- 	stent; 

	

eter of the one end of the stent while maintaining 	a set of eyes formed at several of said bends at one 

	

the position of the stent within the body passage- 	of said opposite ends; 
way; 	 50 	wherein said first and second stents are resiliently 

	

reducing the diameter of the remainder of the stent 	contractable into a smaller first shape for convey- 

	

sufficient to permit travel of the stent through the 	ance through a body passageway; 
body passageway; 	 wherein said first and second stents are resiliently 

	

retracting the compressed stent through the passage- 	expandable into a second shape in which the 
way. 	 55 	straight sections press against the walls of the body 

9. The method for retrieving a stent of claim 8, 	passageway; and 

	

wherein said step of pulling the free ends further in- 	wherein said set of eyes of said second stent are en- 
cludes the steps of: 	 gaged about said first wire at one of said opposite 

	

threading a tube over the trailing free ends of the 	ends of said first wire. 
thread, the tube having an inner diameter smaller 60 	 * * * * * 

65 
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(57) 	 ABSTRACT 

A self-expanding stent formed of stainless steel wire 
arranged in a closed zig-zag configuration includes an end-
less series of straight sections joined at their ends by bends. 
The stent is compressible into a reduced diameter size for 
insertion into and removal from a body passageway. The 
bends of at least one end of the stent are formed into eyes for 
connection with the eyes at one end of a similarly con-
structed stent to permit single-step introduction of several 
lengths of stent into the passageway. A stent can include a 
monofilament thread passing through successive eyes at one 
end of the stent, the thread passing through each eye at least 
once and through some of the eyes a second time. The trail-
ing ends of the thread extend from the stent and outside the 
body passageway. The stent can be retrieved from the body 
passageway by threading a tube of the free ends of the thread 
until the tube is adjacent the stent. The diameter at one end 
of the stent is reduced by pulling the free ends of the thread 
through the tube. A sheath concentrically disposed over the 
tube is introduced into the body passageway and over the 
remaining length of the stent to further compress the stent 
for removal from the passageway. 
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