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(57) Abstract: An endoluminal prosthetic device is formed by attaching a stent (14) to a graft (12). The stent is a plurality of struts 
O(15) and joints or apices (16) between the struts. At least one apex of the stent may be attached to the graft with at least two stitches 
S(18) sharing a penetration (19) in the graft. This more firmly anchors the stent to the graft, preventing separation of the stent from 

Sthe graft. By using at least one opening or penetration in the graft for more than one stitch, the number of penetrations or openings in 
the graft is minimized. This has the advantage of maintaining as much as possible the integrity of the graft while minimizing leakage 
and complications.
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MULTIPLE STITCHES FOR ATTACHING STENT TO GRAFT 

FIELD OF THE INVENTION 

[0001] The field of the invention is that of stents and grafts and the attachment 

of stents to grafts useful for insertion into a body passageway, such as a vascular 

passageway or other body lumen.  

BACKGROUND 

[00021 Stent-grafts are used in body lumens and in particular, in vascular 

lumens. These grafts allow the use of the lumen in situations where the lumen 

may have a defect, such as a stenosis or an aneurysm. Stents perform functions 

that make them useful in combination with grafts. An external stent can resist 

pressure on a graft, and help to provide support and containment for a blood 

vessel. An internal stent can provide an outward pressure to keep the graft and 

hence the lumen open. The stent also may be used to anchor the graft in place, 

provided there are anchors or barbs on the,stent that secure the stent, and hence the 

graft, in the desired location.  

[0003] Previous grafts have included stents, but sometimes have defects that 

hinder their use. For example, Fig. 2 of U.S. Pat. No. 6,004,347 depicts a stent 

that may be difficult to manufacture because of the many resistance welds. A 

more serious difficulty is the method used to attach the stent to the graft, as 

depicted in the patent. In order to properly secure the stent to the graft, according 

to the patent, eight penetrations or openings are needed for four successive 

stitches. Each stitch is positioned further away from a bend in the proximal end of 

the stent. This method spreads out the stress on the graft from the stent, but 

requires many penetrations per bend of the stent.  

[00041 Figs. 17-18 of U.S. Pat. No. 6,287,330 and Figs. 19-21 of U.S. Pat. No.  

6,221,102 depict stents used to secure a graft material. In these examples, the 

stent is separate from an attachment system that anchors the graft to the body 

lumen. Many stitches are required to secure the stent and the attachment system to 

the graft.
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BRIEF SUMMARY 

One aspect of the invention is an an endoluminal prosthetic device, comprising: 

a graft comprising warp and weft threads; and 

a stent comprising a plurality of struts and apices between the struts, at least one of the apices 

5 secured to the graft by at least two stitches within 5 graft threads of each other.  

Another aspect is an endoluminal prosthetic device, comprising a graft, an anchoring stent 

secured to the graft by at least two stitches sharing a penetration in the graft, and a second stent 

secured with stitches to the graft.  

Another aspect of the invention is a method of forming an endoluminal prosthetic device, the 

0 method comprising: 

providing a graft having warp and weft threads; and 

joining a first stent to the graft by at least two stitches within 5 graft threads of each other, the 

first stent comprising a plurity of struts and apices between the struts.  

There are many ways to practice the present invention, as shown in the following drawings 

5 and specification. The embodiments are not meant to limit the invention, but rather to describe and 

illustrate some of the ways that the present invention may be used.  

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. I is an elevational view of a first embodiment; 

.0 Fig. 2 is an elevational view of a second embodiment; 

Fig. 3 is an elevational view of a third embodiment; 

Fig. 4 is an elevational view of a further embodiment; and 

Fig. 5 depicts an apparatus to deploy a prosthesis or prosthetic device.  

25 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

An endoluminal prosthetic device in accordance with the present disclosure is presented in 
Fig. 1. The device 10 comprises a graft 12 made from polyester or other graft material suitable for use 
in a human body. These materials may include, but are not limited to, polyester, polyurethane, 

polyethylene, polypropylene, and polytetrafluoroethylene, as well as other fluorinated polymer 
30 products. A preferred material is polyester, woven in a twill pattern, and available
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commercially from Vascutek Ltd. of Scotland. Biomaterials may also be used, 

such as collagen or ECM (extracellular matrix materials). One example is porcine 

small intestine submucosa (SIS) material, which may be remodeled into repair 

tissues for the human body.  

[0015] Device 10 also includes at least one anchoring stent 14 and an internal 

stent 11. These stents may be in the form of zigzag stents, that is, a continuous 

chain of struts 15 and joints between the struts, or apices 16. Zigzag stents sold 

under the trademark Cook-Z* and stent-grafts for abdominal aortic aneurysm 

(AAA) repair, made by Cook Incorporated of Bloomington, Indiana, are an 

example of commercial embodiments. Serpentine stents, having curved struts, 

may also be used.  

[00161 In addition, anchoring stent 14 may include anchors 17, small barbs or 

hooks that will anchor the stent to the internal wall of a body lumen, such as a wall 

of an aorta. Anchoring stents are oriented so that they may easily attach to the 

body lumen when they are placed inside a patient. The barbs are preferably 

attached to strut 15 by welding, soldering, or other permanent attachment. The 

barb is preferably attached by several coils at a first pitch or spacing, and a final 

coil at a greater pitch than the first coils, to increase the fatigue life of the barb.  

[00171 The stents may be made from one or more of several materials. These 

materials include, but are not limited to, stainless steel, titanium, and shape 

memory materials, such as Nitinol. These stents are desirably in the form of a 

zigzag stent, a continuous chain of struts and intersections where the struts join.  

As noted above, anchoring stent 14 may have one or more anchors 17, or small 

barbs, for securing the anchoring stent in a body lumen or passageway. Radially 

compressible, self expanding stents are preferred. PCT Application WO 

98/53761, hereby incorporated by reference in its entirety, discloses a number of 

details concerning stents, stent grafts, and a method for implanting stent grafts into 

the human body.  

[00181 The graft, as discussed above, should be suitable for placement inside a 

person, although these grafts are not limited to uses for humans and may also be 

used for animals. The graft 12, as depicted in Fig. 1, desirably includes a short
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cuff 13. This cuff doubles the thickness of the graft and thus reinforces the graft 

in what may be the area of greatest stress. The end of the cuff forms a continuous 

band of fuzzy, frayed material 13a. The fraying encourages ingrowth of tissue to 

the graft. A cuff of from about 0.050 inches to about 0.50 inches long may be 

used.  

[0019] Anchoring stent 14 is secured to graft 12 using sutures 18 through 

penetrations 19 in the graft. Anchoring stent 14 is desirably secured to graft 12 

with more than one stitch or suture 18 in order to strengthen its attachment to the 

graft. In order to minimize the number of penetrations in the graft, it is desirable 

for the sutures to share penetrations or openings in the graft to the greatest extent 

possible. Thus, in Fig. 1, anchoring stent 14 is secured with two stitches and three 

penetrations, shown at 19, 19a, for each of two struts 15 and single joint or apex 

16 of anchoring stent 14. The stitches, therefore, share openings or penetrations 

where possible, as shown at penetration 19a. Note that the openings or 

penetrations are shown greatly exaggerated for clarity in all of the drawings.  

[00201 In the example of Fig. 1, each segment of the anchoring stent includes 

two struts 15 and apex 16. Each segment is secured with two stitches using three 

penetrations. Of course, it is possible to have fewer penetrations, such as two, but 

then there may only be one stitch. However, in this embodiment, it is desired to 

secure the anchoring stent with more than one stitch per apex or segment. Note 

that in Fig. 1, each segment of internal stent 11 may be secured to graft 12 with 

only one stitch 18 using two penetrations or holes 19 in graft 12. The stresses on 

the internal or other external stents are typically not as great as those involved with 

the anchoring stent. Each suture or stitch preferably includes at least one knot, so 

that once the suture is made, the suture will be secure in its position and will not 

move.  

[00211 In practicing the invention, it is preferable to push the needle holding 

the suture through precisely the same penetration in order to minimize the size of 

the opening or penetration. Preferably, a seamstress or technician assembling the 

stent graft of the present invention will place the needle and the resulting suture 

through precisely the same point between the threads of the graft, so that two or
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more sutures share precisely the same opening or space through the warp and weft 

threads of the graft. Sharing a penetration may also mean, however, that the 

subsequent penetration and stitch is within a few graft threads, as shown in 

penetration 19a. Therefore, when two stitches share a penetration in the graft, it 

means the stitches are in precisely the same opening or are sufficiently close so 

that the stitches are separated by 0 to about 5 of the graft threads. If a graft is 

made of a continuous material, such as a biomaterial or collagen, there are no 

discrete threads in the graft, and the sutures are construed as sharing the same 

opening or penetration if they are within one suture diameter of each other.  

[00221 The embodiment described in Fig. I provides excellent retention of 

stents within the graft or to the graft, while minimizing the number of openings or 

penetrations needed for sutures. Thus, the potential for leakage of body fluid, such 

as blood, is minimized. In addition, the potential for thrombi and other disruptions 

is minimized by minimizing the number of growth sites.  

[0023] The suture may be made of any biocompatible fiber suitable for the 

application, including but not limited to, monofilament polyester or braided multi

filament polyester, nylon, polyaramid, polypropylene, and polyethylene. Green, 

braided polyester 4-0 suture material is preferred for attaching internal stents to 

grafts, while monofilament suture material is preferred for attaching anchoring 

stents to grafts. The polyester 4-0 suture material is nonabsorbable and has limits 

of 0.150 to 0.199 mm (metric size 1.5). Suture materials are commercially 

available from a number of companies, including Genzyme Biosurgery, Fall 

River, MA. The suture material may be attached to a hollow needle used to thread 

the suture through the graft, thus attaching the stent to the graft. In making the 

sutures at the apices described above, suturing may begin at any convenient point.  

[0024] In the present context, suture means the thread or material that secures 

the stents to the graft. Suture may also refer to the configuration of this material in 

a loop, the material securing a portion of a stent to a graft. A suture is made by 

looping material through the graft and around the stent or an apex of a stent. A 

knot is then tied, intertwining the ends of the suture in such a way that they will 

not be easily separated. A suture thus has a knot and may have more than one
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knot. In some cases, or in many cases, an apex of a stent may be secured to the 

graft by two loops of suture or thread through the graft and also through or around 

the apex of the stent, and then secured with one knot or more than one knot, in 

essence tying the ends of the suture. Knots may be locking knots, preferred for 

apices, or overthreaded knots, preferred along the length of the strut or for other 

applications. Knots in the stent-graft may include any other useful or desired 

knots and are not limited to these types. A stitch is a single suture and includes at 

least one knot.  

[00251 Fig. 2 is a second embodiment of an endoluminal prosthetic device 20, 

including graft 22, cuff 23 and frayed edge 23a. Internal stent 21 and anchoring 

stent 24 are secured to graft 22. The segment of internal stent 21 is secured with a 

single suture or stitch 28, using two openings or penetrations 29. Each segment of 

anchoring stent 24 is secured to graft 22 with three stitches 28, using four 

penetrations or openings 25, 29. In this embodiment, anchoring stent 24 is better 

secured against stresses that would tend to separate anchoring stent 24 from graft 

22. In the event of a suture or stitch failure, all three stitches 28 at any one apex or 

segment of the anchoring stent would have to fail in order for that portion of the 

stent to separate from the graft. Thus, the stent is better secured to the graft than if 

only one stitch were used. Because the stitches or sutures share openings or 

penetrations 25, there are fewer openings or penetrations in the graft, and leakage 

and reactive sites within the graft are minimized. All openings or penetrations are 

shown in greatly exaggerated size, as compared with the stitches and other 

components of the endoluminal prosthetic device.  

[00261 There are other techniques to further increase the strength of the 

attachment of the stents to the graft. Fig. 3 depicts an endoluminal prosthetic 

device 30, comprising an aortic graft 31 with an anchoring stent 32 and an internal 

stent 33. Segments of the anchoring stent 32 are joined to graft 31 with three 

stitches 35a, 35b, 35c using four openings or penetrations 34, 39. Segments of 

internal stent 33 are secured to the graft with a single stitch 36 and two 

penetrations 34 for each apex of the internal stent.
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[00271 In this embodiment, stitches 35b, 35c, 36 are then joined into a 

continuous chain as shown with running sutures 37, 38. Running sutures are 

formed by forming a first stitch or stitches at one point in the stent-graft, tying a 

knot to secure the stitch or stitches, and then refraining from cutting or trimming 

the thread or suture material, but "running" the thread or suture material to the 

next point for a stitch in the stent graft, and then making a stitch or stitches in the 

next location, and so on, for as many locations as are desired. By using running 

sutures 37, 38, the anchoring stent is better secured to the graft through its 

attachment to other stitches. When a stress is placed on anchoring stent 32, the 

load is distributed through stitches 35 from upper penetrations 39 to lower 

penetrations 34, transferring the stress from the sutures to graft 31. Running 

sutures 37, 38, further spread the load to the stitches of adjoining apices. Thus, if 

a stress is placed on only one or two apices of the anchoring stent, the running 

sutures help to redistribute the stress to a wider area of the graft. This strengthens 

the attachment of the stent to the graft.  

[00281 In practice, the stents may be secured by beginning the stitches with the 

internal stent, and then running a chain of stitches to the nearest apex or portion of 

the anchoring stent, and then continuing around the periphery of the graft. It is 

easier to stitch on the outer periphery of the graft. It may not be possible to have a 

complete unbroken link of suture around the periphery of the graft, but the chain 

or running suture should be as complete and continuous as possible.  

[00291 Fig. 4 is another embodiment using a running suture or continuous 

chain of sutures around the periphery of the graft. Endoluminal prosthetic device 

40 includes a graft 41, an anchoring stent 42 and an internal stent 43. Apices 43a 

of internal stent 43 are secured to the graft with single stitches 45 through two 

penetrations 44 per stitch. Apices 42a of anchoring stent 42 are secured to graft 41 

by two stitches 47a, 47b using three openings or penetrations 44, 44a. Penetration 

44a is formed when the two stitches are made, and the stitches are desirably placed 

into exactly the same opening or penetration 44a. The sizes of the openings or 

penetrations are greatly exaggerated in Fig. 4.
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[0030] The stitches for the anchoring stent are joined by running sutures 46 to 

link top stitches 47a, 47b. Thus, a running suture 46 is formed by a continuous 

chain of stitches for anchoring stent 42. This chain strengthens the attachment of 

the stents to the graft and makes for a stronger attachment of the stent to the graft.  

When a stress is placed on anchoring stent 42, the load is distributed through both 

stitches 47a, 47b from penetration 44a to lower penetrations 44, which anchor 

each apex of the anchoring stent. The stress is thus distributed from the sutures to 

graft 41. Running sutures 46 further spread the load to the stitches of adjoining 

apices in the upper stents.  

[00311 The running suture in Fig. 4 may be formed by first looping thread or 

suture material around first apex 42a for at least one loop and then tying the thread 

to form at least one stitch 47a between openings 44 and 44a. Without cutting the 

thread, and using the same opening or penetration 44a, a second stitch 47b is then 

formed between opening 44a and the next lower opening 44 by looping the thread 

around and tying a knot. Without cutting the thread or suture material, the 

material is then "run" to the next apex 42a of anchoring stent 42 and the process is 

repeated. The running suture may also include stitches from the internal stent, as 

shown in Fig. 3, which is achieved by a similar process of stitching. Note that it 

may not be possible to join all the stitches into a single running suture, as also 

shown in Fig. 3, in which stitches 35a are not joined in the running suture.  

[0032] As mentioned above, the top edge of graft 11 may be formed into a 

cuff, of double thickness, in the top half-inch or top quarter-inch, to add strength 

to the graft where it is most needed. The sutures are preferably made on an 

outside periphery of the graft. Sutures or stitches may also be made on an inside 

periphery of the graft, but the outside is preferred because it is much easier to 

work on the outside and to leave the "running" portion of the running sutures on 

the outside of the graft. In addition, it is preferably to leave the inside surfaces of 

the graft as free from interruptions as possible, in order to avoid thrombi and to 

encourage flow of body fluids to the greatest extent possible.  

[0033] Figure 5 shows a self-expanding bifurcated prosthesis 120, a self

expanding tubular prosthesis 150, and an endovascular deployment system 100,
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also known as an introducer 100, for deploying the prosthesis 120 in a lumen of a 

patient during a medical procedure. These items are each described in greater 

detail in PCT application W098/5376 1, which was earlier incorporated by 

reference in its entirety. The terms "proximal" and "proximally" are used for a 

position or direction towards the patient's heart and the terms "distal" and 

"distally" are used for a position or direction away from the patient's heart.  

[0034] The bifurcated prosthesis 120 has a generally inverted Y-shaped 

configuration. The prosthesis 120 includes a body 123, a shorter leg 160 and a 

longer leg 132. The bifurcated prosthesis 120 comprises a tubular graft material, 

such as polyester, with self-expanding stents 119 attached thereto. The self

expanding stents 119 cause the prosthesis 120 to expand following its release from 

the introducer 100. The prosthesis 120 also includes a self-expanding zigzag stent 

121 that extends from its proximal end. The self-expanding zigzag stent 121 has 

distally extending barbs 151. When it is released from the introducer 100, the self

expanding zigzag stent 121 anchors the barbs 151, and thus the proximal end of 

the prosthesis 120, to the lumen of the patient.  

[00351 The self-expanding tubular prosthesis 150 is similar to the bifurcated 

prosthesis 120, but has a unitary (i.e. non-bifurcated) lumen. The tubular 

prosthesis 150 also comprises a tubular graft material, such as polyester, having 

self-expanding stents attached thereto. The tubular prosthesis 150 is configured to 

connect to the shorter leg 160 of the bifurcated prosthesis 120.  

[0036] The introducer 100 includes an external manipulation section 101, a 

distal attachment region 122 and a proximal attachment region 103. The distal 

attachment region 102 and the proximal attachment region 103 secure the distal 

and proximal ends of the prosthesis 120, respectively. During the medical 

procedure to deploy the prosthesis 120, the distal and proximal attachment regions 

102 and 103 will travel through the lumen to a desired deployment site. The 

external manipulation section 101, which is acted upon by a user to manipulate the 

introducer, remains outside of the patient throughout the procedure.  

[00371 The proximal attachment region 103 of the introducer 100 includes a 

cylindrical sleeve 110. The cylindrical sleeve 110 has a long tapered flexible
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extension 111 extending from its proximal end. The flexible extension 11 has an 

internal longitudinal aperture (not shown). This longitudinal aperture facilitates 

advancement of the tapered flexible extension 111 along an insertion wire (not 

shown). The longitudinal aperture also provides a channel for the introduction of 

medical reagents. For example, it may be desirable to supply a contrast agent to 

allow angiography to be performed during placement and deployment phases of 

the medical procedure.  

100381 A thin walled metal tube 115 is fastened to the extension 11. The thin 

walled metal tube 115 is flexible so that the introducer 100 can be advanced along 

a relatively tortuous vessel, such as a femoral artery, and so that the distal 

attachment region 102 can be longitudinally and rotationally manipulated. The 

thin walled metal tube 115 extends through the introducer 100 to the manipulation 

section 101, terminating at a connection means 116.  

[00391 The connection means 116 is adapted to accept a syringe to facilitate 

the introduction of reagents into the thin walled metal tube 115. The thin walled 

metal tube 115 is in fluid communication with the apertures 112 of the flexible 

extension 111. Therefore, reagents introduced into connection means 116 will 

flow to and emanate from the apertures 112.  

[00401 A plastic tube 141 is coaxial with and radially outside of the thin walled 

metal tube 115. The plastic tube 141 is "thick walled" - its wall is preferably 

several times thicker than that of the thin walled metal tube 115. A sheath 130 is 

coaxial with and radially outside of the plastic tube 141. The thick walled plastic 

tube 141 and the sheath 130 extend distally to the manipulation region 101.  

100411 During the placement phase of the medical procedure, the prosthesis 

120 is retained in a compressed condition by the sheath 130. The sheath 130 

extends distally to a gripping and haemostatic sealing means 135 of the external 

manipulation section 101. During assembly of the introducer 100, the sheath 130 

is advanced over the cylindrical sleeve 110 of the proximal attachment region 103 

while the prosthesis 120 is held in a compressed state by an external force. A 

distal attachment (retention) section 140 (inside sheath 130 and not visible in this 

view) is coupled to the thick walled plastic tube 141. The distal attachment
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section 140 retains a distal end 142 of the prosthesis 120 during the procedure.  

Likewise, the cylindrical sleeve 110 retains the self-expanding zigzag stent 121.  

[00421 The distal end 142 of the prosthesis 120 is retained by the distal 

attachment section 140. The distal end 142 of the prosthesis 120 has a loop (not 

shown) through which a distal trigger wire (not shown) extends. The distal trigger 

wire extends through an aperture (not shown) in the distal attachment section 140 

into an annular region between the thin walled tube 115 and the thick walled tube 

141. The distal trigger wire extends through the annular space to the manipulation 

region 101. The distal trigger wire exits the annular space at a distal wire release 

mechanism 125.  

[0043] The external manipulation section 101 includes a haemostatic sealing 

means 135. The haemostatic sealing means 135 includes a haemostatic seal (not 

shown) and a side tube 129. The haemostatic sealing means 135 also includes a 

clamping collar (not shown) that clamps the sheath 130 to the haemostatic seal, 

and a silicone seal ring (not shown) that forms a haemostatic seal around the thick 

walled plastic tube 141. The side tube 129 facilitates the introduction of medical 

reagents between the thick walled tube 141 and the sheath 130.  

[00441 A proximal portion of the external manipulation section 101 includes a 

release wire actuation section that has a body 136. The body 136 is mounted onto 

the thick walled plastic tube 141. The thin walled tube 115 passes through the 

body 136. The distal wire release mechanism 125 and the proximal wire release 

mechanism 124 are mounted for slidable movement onto the body 136.  

[00451 The positioning of the proximal and distal wire release mechanisms 124 

and 125 is such that the proximal wire release mechanism 124 must be moved 

before the distal wire release mechanism 125 can be moved. Therefore, the distal 

end 142 of the prosthesis 120 cannot be released until the self-expanding zigzag 

stent 121 has been released, and the barbs 151 have been anchored to the lumen.  

Clamping screws 137 prevent inadvertent early release of the prosthesis 120. A 

haemostatic seal (not shown) is included so that the release wires can extend out 

through the body 136 without unnecessary blood loss during the medical 

procedure.
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[00461 A distal portion of the external manipulation section 101 includes a pin 

vise 139. The pin vise 139 is mounted onto the distal end of the body 136. The 

pin vise 139 has a screw cap 146. When screwed in, vise jaws (not shown) of the 

pin vise 139 clamp against or engage the thin walled metal tube 115. When the 

vise jaws are engaged, the thin walled tube 115 can only move with the body 136, 
and hence the thin walled tube 115 can only move with the thick walled tube 141.  

With the screw cap 146 tightened, the entire assembly can be moved together as 

one piece.  

[00471 A second introducer may be used to introduce the tubular prosthesis 

150. This second introducer may be based on the same principles as the 

introducer 100 described above, but less complex. For example, the second 

introducer may include a complex sheath for containing the tubular prosthesis 150 

in a compressed state, so that it can be introduced into a targeted anatomy and then 

released to either self-expand or be actively expanded with a balloon.  

[00481 The second introducer may also be adapted so that it can introduce the 

tubular prosthesis 150 by passing it through one ostium in the bifurcated prosthesis 

120 and partially out of another ostium until the terminus of the tubular prosthesis 

150 that is closest to the external end of the second introducer is properly 

positioned. At that point, the tubular prosthesis 150 can be released from the 

second introducer.  

DEPLOYMENT 

[00491 Prosthetic modules are preferably deployed seriatim. The intermodular 

connection between the tubular prosthesis 150 and the bifurcated prosthesis 120 is 

formed in situ. First the bifurcated prosthesis 120 is deployed, and then the 

tubular prosthesis 150 is deployed. For example, a bifurcated aortic prosthesis 

120, as described in W098/53761, can be deployed into the abdominal aorta. The 

bifurcated prosthesis 120 has a generally inverted Y-shaped configuration having a 

body portion 123, a shorter leg 160 and a longer leg 132. The body of the 

prosthesis is constructed from a tubular woven polyester. At the proximal end of 

the prosthesis 120 is a self-expanding stent 121 which extends beyond the end of
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the prosthesis and has distally extending barbs 151. The shorter leg 160 and the 

longer leg 132 have internal projections extending from their distal termini.  

[00501 This bifurcated prosthesis 120 can be deployed in any method known in 

the art, preferably the method described in W098/53761 in which the device is 

inserted by an introducer via a surgical cut-down into a femoral artery, and then 

advanced into the desired position over a stiff wire guide using endoluminal 

interventional techniques. For example, a guide wire (not shown) is first 

introduced into a femoral artery of the patient and advanced until its tip is beyond 

the desired deployment region of the prosthesis 120. At this stage, the introducer 

assembly 100 is fully assembled, and ready for introduction into the patient. The 

prosthesis 120 is retained at one end by the cylindrical sleeve 110 and the other by 

the distal attachment sections 140, and compressed by the sheath 130. If an aortic 

aneurism is to be repaired, the introducer assembly 100 can be inserted through a 

femoral artery over the guide wire, and positioned by radiographic techniques, 

which are not discussed here.  

[00511 Once the introducer assembly 100 is in the desired deployment position, 

the sheath 130 is withdrawn to just proximal of the distal attachment section 140.  

This action releases the middle portion of the prosthesis 120 so that it can expand 

radially. Consequently, the prosthesis 120 can still be rotated or lengthened or 

shortened for accurate positioning. The proximal self-expanding stent 121, 
however, is still retained within the cylindrical sleeve 110. Also, the distal end 

142 of the prosthesis 120 is still retained within the external sheath 130.  

[0052] Next, the pin vise 139 is released to allow small movements of the thin 

walled tube 115 with respect to the thick walled tube 141. These movements 

allow the prosthesis 120 to be lengthened or shortened or rotated or compressed 

for accurate placement in the desired location within the lumen. X-ray opaque 

markers (not shown) may be placed along the prosthesis 120 to assist with 

placement of the prosthesis.  

[00531 When the proximal end of the prosthesis 120 is in place, the proximal 

trigger wire is withdrawn by distal movement of the proximal wire release 

mechanism 124. The proximal wire release mechanism 124 and the proximal
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trigger wire can be completely removed by passing the proximal wire release 

mechanism 124 over the pin vise 139, the screw cap 146, and the connection 

means 116.  

[0054] Next, the screw cap 146 of the pin vise 139 is then loosened. After this 

loosening, the thin walled tube 115 can be pushed in a proximal direction to move 

the cylindrical sleeve 110 in a proximal direction. When the cylindrical sleeve 

110 no longer surrounds the self-expanding stent 121, the self-expanding stent 121 

expands. When the self-expanding stent 121 expands, the barbs 151 grip the walls 

of the lumen to hold the proximal end of the prosthesis 120 in place. From this 

stage on, the proximal end of the prosthesis 120 cannot be moved again.  

[0055] Once the proximal end of the prosthesis 120 is anchored, the external 

sheath 130 is withdrawn distally of the distal attachment section 140. This 

withdrawal allows the contralateral limb 160 and the longer leg 132 of the 

prosthesis 120 to expand. At this point, the distal end 142 of the prosthesis 120 

may still be moved. Such positioning of the prosthesis 120 may ensure that the 

shorter leg 160 extends in the direction of a contralateral artery.  

[00561 After the shorter leg 160 extends in the direction of the contra-iliac 

artery, the tubular prosthesis 150 is deployed. The tubular prosthesis 150 is 

deployed such that it forms a connection with the shorter leg 160 and extends from 

the shorter leg 160 into the contralateral artery.  

[0057] There are many ways of practicing the invention. For instance, while 

each bottom apex in the anchoring stent has been depicted with multiple sutures 

using three or more openings or penetrations, it is not necessary to so reinforce all 

the apices. If it is desired to add stitches or sutures in only one apex or a portion 

of the periphery of the stent or graft, that may also be done. In addition, the 

openings or penetrations may be prepared in advance in the graft, such as by 

punching or other preparatory method for forming openings or penetrations.  

[00581 Some anchoring stents are referred to as "top" stents, but an anchoring 

or top or "bare" stent need not be vertically on top of the graft or another stent; an 

anchoring stent may be vertically higher or lower than a neighboring stent.
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Depending on the application, an anchoring stent may be placed horizontally side 

by side another stent in a stent-graft or other endoluminal prosthetic device. All 
such devices and methods may be equivalent to the inventions described above 

and claimed in the claims attached hereto. The embodiments depicted herein 

include anchoring stents, but embodiments of the invention in which two or more 

stitches share a hole or a penetration in a graft are not limited to anchoring stents.  

Embodiments may include an internal or an external stent, alone or with another 

stent.  

[0059] Any other undisclosed or incidental details of the construction or 

composition of the various elements of the disclosed embodiment of the present 

invention are not believed to be critical to the achievement of the advantages of 

the present invention, so long as the elements possess the attributes needed for 

them to perfonn as disclosed. The selection of these and other details of 

construction are believed to be well within the ability of even one of rudimentary 

skills in this area, in view of the present disclosure.  

[00601 Illustrative embodiments of the present invention have been described 

in considerable detail for the purpose of disclosing a practical, operative structure 

whereby the invention may be practiced advantageously. The designs described 

herein are intended to be exemplary only. The novel characteristics of the 

invention may be incorporated in other structural forms without departing from the 

spirit and scope of the invention. The invention encompasses embodiments both 

comprising and consisting of the elements described herein with reference to the 

illustrative embodiments. Unless otherwise indicates, all ordinary words and 

terms used herein, shall take their customary meaning as defined in the New 

Shorter Oxford English Dictionary, 1993 edition. All technical terms not defined 

herein shall take on their customary meaning as established by the appropriate 

technical discipline utilized by those normally skilled in that particular art area.  

All medical terms shall take their meaning as defined by Stedman's Medical 

Dictionary, 27th edition.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS: 

1. An endoluminal prosthetic device, comprising: 

a graft comprising warp and weft threads; and 

5 a stent comprising a plurality of struts and apices between the struts, at least one of the apices 

secured to the graft by at least two stitches between the threads of the graft and within 5 graft threads 

of each other.  

2. The endoluminal prosthetic device of Claim 1, wherein at least two of the stitches form a 

0 running suture.  

3. The endoluminal prosthetic device of Claim 1, wherein the stent is a zigzag stent.  

4. The endoluminal prosthetic device of Claim 1, wherein the graft is made of material selected 

5 from the group consisting of polyester, polyurethane, polyethylene, polypropylene and 

polytetrafluoroethylene.  

5. The endoluminal prosthetic device of Claim 1, wherein the stitches further comprise 

monofilament or braided multi-filament material selected from the group consisting of polyester, 
0 nylon, polyaramid, polypropylene, and polyethylene.  

6. The endoluminal prosthetic device of Claim I, wherein the stent comprises material selected 

from the group consisting of stainless steel, titanium, and shape memory material.  

25 7. The endoluminal prosthetic device of Claim 1, further comprising a cuff on the graft, and 

wherein the penetration is through both layers of the cuff.  

8. The endoluminal prosthetic device of Claim 1, wherein the graft incorporates biomaterial 

selected from the group consisting of collagen, extracellular matrix material, and small intestine 

30 submucosa (SIS).  

9. The endoluminal prosthetic device of Claim 2, further comprising a second stent, at least one 

of the apices in the second stent secured to the graft by stitches in the running suture.  

35 10. An endoluminal prosthetic device of claim 1, wherein the stent is an anchoring stent and the 
device further comprises a second stent secured with stitches to the graft.



- 17

I1. The endoluminal prosthetic device of Claim 10, wherein the device is an aortic graft and the 

anchoring stent is a suprarenal stent.  

12. A method of forming an endoluminal prosthetic device, the method comprising: 

5 providing a graft having warp and weft threads; and 

joining a first stent to the graft by at least two stitches between the threads of the graft and 

within 5 graft threads of each other, the first stent comprising a plurality of struts and apices between 

the struts.  

0 13. The method of Claim 12, further comprising linking at least two stitches with a running 

suture.  

14. The method of Claim 12, further comprising joining a second stent to the graft, at least one of 

the apices in the second stent secured to the graft by stitches in a suture running to the first stent.  
5 

15. The method of Claim 12, further comprising folding the graft to form a cuff before the step of 
joining the first stent.  

16. The method of Claim 15, further comprising forming at least one opening in the graft before 
0 the step ofjoining.
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