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12 ABSTRACT

A helical stent is provided that is wound in a zig-zag pattern along a pitch 
angle with respect to a plane transverse to the axis of the stent. A bisecting line 
extending through a bend and between two adjacent angular struts is also angled 
with respect to the longitudinal axis of the stent.
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12 HELICAL STENT

[0001] This application claims priority to U.S. Provisional Application No. 

61/500,986, filed June 24, 2011, which is hereby incorporated by reference herein.

BACKGROUND

[0002] The present invention relates generally to medical devices and more 

particularly to a stent structure.

[0003] Stents have become relatively common devices for treating a number of 

organs, such as the vascular system, colon, biliary tract, urinary tract, esophagus, 

trachea and the like. Stents are useful in treating various ailments including 

blockages, occlusions, narrowing conditions and other related problems that restrict 

flow through a passageway (generally referred to as a stenosis). Stents are also 

useful in a variety of other medical procedures including treating various types of 

aneurysms.

[0004] For example, stents may be used to treat numerous vessels in the 

vascular system, including coronary arteries, peripheral arteries (e.g., carotid, 

brachial, renal, iliac and femoral), and other vessels. Stents have become a 

common alternative for treating vascular conditions because stenting procedures are 

considerably less invasive than other alternatives. As an example, stenoses in the 

coronary arteries have traditionally been treated with bypass surgery. In general, 

bypass surgery involves splitting the chest bone to open the chest cavity and grafting 

a replacement vessel onto the heart to bypass the stenosed artery. However, 

coronary bypass surgery is a very invasive procedure that is risky and requires a 

long recovery time for the patient. By contrast, stenting procedures are performed 

transluminally and do not require open surgery. In fact, open surgery has been 

shown to be unsuitable in patients with significant comorbities due to a high risk of 

mortality, morbidity, and trauma associated with this procedure. Thus, stenting 

reduces recovery time and the risks associated with surgery are minimized.

[0005] Many different types of stents and stenting procedures are possible. In 

general, however, stents are typically designed as tubular support structures that 

may be inserted percutaneously and transluminally through a body passageway. 

Typically, stents are made from a structure that wraps around at least a portion of a
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12 circumference and are adapted to compress and expand between a smaller and 

larger diameter. Stents may be self-expanding so that they elastically expand out to 

a preset larger diameter, or may be balloon-expandable in which the stent is 

deployed by applying a high pressure to the stent inner surface by a balloon. 

However, other types of stents are designed to have a fixed diameter and are not 

generally compressible. Although stents may be made from many types of 

materials, including non-metallic materials and natural tissues, common examples of 

metallic materials that may be used to make stents include stainless steel and nitinol. 

Other materials may also be used, such as cobalt-chrome alloys, amorphous metals, 

tantalum, platinum, gold, titanium, polymers and/or compatible tissues. Typically, 

stents are implanted within an artery or other passageway by positioning the stent 

within the lumen to be treated and then expanding the stent from a compressed 

diameter to an expanded diameter. The ability of the stent to expand from a 

compressed diameter makes it possible to navigate the stent through narrow, 

tortuous passageways to the area to be treated while the stent is in a relatively small, 

compressed diameter. Once the stent has been positioned and expanded at the 

area to be treated, the tubular support structure of the stent contacts and radially 

supports the inner wall of the passageway. The implanted stent may be used to 

mechanically prevent the passageway from closing in order to keep the passageway 

open to facilitate fluid flow through the passageway. Conversely, stents may also be 

used to support a graft layer to prevent fluid flow through the side walls of the stent. 

However, these are only some of the examples of how stents may be used, and 

stents may be used for other purposes as well.

[0006] Self-expanding stents are one common type of stent used in medical 

procedures. Self-expanding stents are increasingly being used by physicians 

because of their adaptability to a variety of different conditions and procedures. Self

expanding stents are usually made of shape memory materials or other elastic 

materials that act like a spring. Typical metals used in this type of stent include 

nitinol and 304 stainless steel. However, other materials may also be used. To 

facilitate stent implantation, self-expanding stents are normally installed on the end 

of a catheter in a low profile, compressed state. The stent is typically retained in the 

compressed state by inserting the stent into a sheath at the end of the catheter. The 

stent is then guided to the portion of the vessel to be treated. Once the catheter and
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12 stent are positioned adjacent the portion to be treated, the stent is released by 

pulling, or withdrawing, the sheath rearward. Normally, a step or other feature is 

provided on the catheter to prevent the stent from moving rearward with the sheath. 

After the stent is released from the retaining sheath, the stent springs radially 

outward to an expanded diameter until the stent contacts and presses against the 

vessel wall. Traditionally, self-expanding stents have been used in areas where the 

vasculature experiences a variety of motion, trauma and tortuousity. One common 

area of use for self-expanding stents is peripheral arteries in the vascular system. 

One advantage of self-expanding stents for peripheral arteries is that traumas from 

external sources do not permanently deform the stent. As a result, the stent may 

temporarily deform during unusually harsh traumas and spring back to its expanded 

state once the trauma is relieved. However, self-expanding stents may be used in 

many other applications as well.

[0007] Balloon-expandable stents are often used to treat stenosis of the coronary 

arteries but may be used in other treatments as well. Usually, balloon-expandable 

stents are made from ductile materials that plastically deform relatively easily. In the 

case of stents made from metal, 316L stainless steel that has been annealed is a 

common choice for this type of stent. One procedure for implanting balloon- 

expandable stents involves mounting the stent circumferentially on the balloon of a 

balloon-tipped catheter and threading the catheter over a guidewire through a vessel 

passageway to the area to be treated. Once the balloon is positioned at the 

narrowed portion of the vessel to be treated, the balloon is expanded by pumping 

saline through the catheter to the balloon. As a result, the balloon simultaneously 

dilates the vessel and radially expands the stent within the dilated portion. The 

balloon is then deflated and the balloon-tipped catheter is retracted from the 

passageway. This leaves the expanded stent permanently implanted at the desired 

location. Ductile metal lends itself to this type of stent since the stent may be 

compressed by plastic deformation to a small diameter when mounted onto the 

balloon. When the balloon is later expanded in the vessel, the stent is once again 

plastically deformed to a larger diameter to provide the desired radial support 

structure. Traditionally, balloon-expandable stents have been more commonly used 

in coronary vessels than in peripheral vessels because of the deformable nature of 

these stents. One reason for this is that balloon-expandable stents can be precisely
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12 sized to a particular vessel diameter and shape since the ductile metal that is used 

can be plastically deformed to a desired size and shape. In addition, there is 

minimal risk that a coronary vessel will experience a trauma from an external source 

that would permanently deform a balloon-expandable stent.

[0008] Stents may also be used in combination with other components to treat a 

number of medical conditions. For example, stent-graft assemblies are commonly 

used in the treatment of aneurysms. As those in the art well know, an aneurysm is 

an abnormal widening or ballooning of a portion of an artery. Generally, this 

condition is caused by a weakness in the blood vessel wall. High blood pressure 

and atherosclerotic disease may also contribute to the formation of aneurysms. 

Common types of aneurysms include aortic aneurysms, cerebral aneurysms, 

popliteal artery aneurysms, mesenteric artery aneurysms, and splenic artery 

aneurysms. However, it is also possible for aneurysms to form in blood vessels 

throughout the vasculature. If not treated, an aneurysm may eventually rupture, 

resulting in internal hemorrhaging. In many cases, the internal bleeding may be so 

massive that a patient can die within minutes of an aneurysm rupture. For example, 

in the case of aortic aneurysms, the survival rate after a rupture can be as low as 

20%.

[0009] Traditionally, aneurysms have been treated with surgery. For example, in 

the case of an abdominal aortic aneurysm, the abdomen is surgically opened, and 

the widened section of the aorta is typically dissected longitudinally. A graft material, 

such as Dacron, is then inserted into the vessel and sutured at each end to the inner 

wall of the non-widened portions of the vessel. The dissected edges of the vessel 

may then be overlapped and sutured to enclose the graft material within the vessel.

In smaller vessels where the aneurysm forms a balloon-like bulge with a narrow neck 

connecting the aneurysm to the vessel, the surgeon may put a clip on the blood 

vessel wall at the neck of the aneurysm between the aneurysm and the primary 

passageway of the vessel. The clip then prevents blood flow from the vessel from 

entering the aneurysm.

[0010] An alternative to traditional surgery is endovascular treatment of the blood 

vessel with a stent-graft. This alternative involves implanting a stent-graft in the 

blood vessel across the aneurysm using conventional catheter-based placement 

techniques. The stent-graft treats the aneurysm by sealing the wall of the blood
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12 vessel with a generally impermeable graft material. Thus, the aneurysm is sealed off 

and blood flow is kept within the primary passageway of the blood vessel. 

Increasingly, treatments using stent-grafts are becoming preferred since the 

procedure results in less trauma and a faster recuperation.

SUMMARY .

[0011] A stent is described that is helical in two different aspects. The stent is 

made from a wire that is configured with a series of bends and angular struts. A 

pattern of bends and struts is defined by a pitch angle with respect to a plane 

transverse to the axis of the stent. The bends and struts also define a bisecting line 

that extends through a bend and between two circumferentially adjacent angular 

struts. The bisecting line is angled with respect to the longitudinal axis of the stent. 

The inventions herein may also include any other aspect described below in the 

written description or in the attached drawings and any combinations thereof.

BRIEF DESCRIPTION OF SEVERAL VIEWS OF THE DRAWINGS 

[0012] The invention may be more fully understood by reading the following 

description in conjunction with the drawings, in which:

Figure 1 is a side view of a stent-graft;

Figure 2 is an end perspective view of the stent-graft;

Figure 3 is a side view of the stent-graft, showing the stent-graft bent;

Figure 4 is a side view of a mandrel;

Figure 5 is a perspective view of the mandrel;

Figure 6 is a side view of the mandrel with a wire wrapped around the mandrel; and 

Figure 7 is an enlarged view of the wire pattern of the stent.

DETAILED DESCRIPTION

[0013] Referring now to the figures, and particularly to Figures 1-3, a stent-graft 

10 is shown for intraluminal medical treatments. The stent-graft 10 includes a stent 

12 and a graft layer 14 adhered to the stent 12. The graft layer 14 may be made of 

various materials and adhered to the stent 12 in various ways. For example, the 

graft layer 14 may be made from Thoralon, ultra high molecular weight polyethylene, 

ePTFE, PET, collagen materials, polyurethanes, woven materials, or other suitable
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12 graft materials. The graft layer 14 may be attached to the stent 12 by the use of 

sutures, dip coating, spraying, electro-spinning, or other suitable techniques.

[0014] The stent 12 is preferably formed by a single wire 16 that is wound around 

the stent 12 body in a helical cylindrical pattern. The wire 16 may be a round cross

sectional wire 16 that is wound around a cylindrical mandrel 24 as described below. 

Alternatively, the wire 16 may have a rectangular cross-section that is formed by 

laser cutting the wire 16 structure from a cannula. The wire 16 may also be a wire 

ribbon having a rectangular cross-section. Preferably, the wire 16 is made from an 

elastic material so that the stent 12 is self-expanding; however, a more ductile 

material could be used so that the stent 12 is balloon-expandable. For example, 

elastic materials that may be used include nitinol and stainless steel. The wire 16 

may also be draw filled tubing where a tube of one material surrounds a core of 

another material. For instance, the core may be made from a radiopaque material to 

make the stent 12 visible using external visualization equipment without the need for 

separate radiopaque markers. The outer tube of the draw filled tubing may also be 

made from nitinol in order to make the stent 12 self-expanding. In addition, various 

forms of nitinol may be used, such as quaternary nitinol where tungsten, barium or 

erbium is added to conventional nitinol to increase radiopacity and chromium or 

cobalt is added to improve radial stiffness.

[0015] As shown in Figures 1 and 6, the wire 16 is bent back-and-forth along a 

helical pattern so that the wire 16 forms a series of bends 18 connecting 

circumferentially adjacent angular struts 20. Preferably, the wire 16 is in a stress 

relaxed state in the helically wound cylindrical pattern, which may be achieved by 

heat setting the stent 12 pattern as described below. The length of each of the 

angular struts 20 is equal to each other so that, as shown in Figure 7, 

circumferentially adjacent angular struts 20 are the same length. Thus, the stent 12 

structure is unlike some prior art stent structures where the strut lengths are unequal 

to give the stent a staggered pattern. However, the stent 12 pattern may include 

angular struts 20 with unequal lengths at the ends of the stent 12 to permit the ends 

of the stent 12 to form circular, non-helical rings.

[0016] As shown in Figure 7, the helically wound pattern of bends 18 and struts

20 is defined by a pitch angle A with respect to a plane transverse to the axis of the

stent 12. Preferably, the pitch angle A is from about 5° to about 20°. More
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12 preferably, the pitch angle A is from about 5° to about 15°. Most preferably, the pitch 

angle A is about 10°.

[0017] As also shown in Figure 7, an imaginary bisecting line 22 extends through 

each bend 18 connecting two circumferentially adjacent angular struts 20 and 

between the circumferentially adjacent struts 20. Preferably, the bisecting line 22 is 

angled B from the longitudinal axis of the helically wound cylindrical pattern of the 

stent 12 from about 5° to about 20°. More preferably, the bisecting line 22 is angled 

B from about 5° to about 15°. Most preferably, the bisecting line 22 is angled B 

about 10°. However, it is preferable for angle A and angle B to be equal to each 

other.

[0018] Although the dimensions of the struts 20 and bends 18 may be varied, it is 

preferred that the width C of two circumferentially adjacent angular struts 20 be 

about 5.041 mm, and the height D of the angular struts 20 be about 3 mm from the 

outside of two opposing bends 18. The wire 16 preferably has a diameter of about 

0.007”, and the inner radius of the bends 18 is preferably about 0.008”. These 

dimensions may be particularly suited to a stent with an 8 mm expanded diameter. 

However, the dimensions of the struts and bends may be designed to provide the 

desired radial force within the engineering strain limits of the material used so that 

the stent has the necessary fatigue resistance. For example, the value of C would 

depend upon the stent diameter and the number of peaks and valleys incorporated 

in one helical revolution. Most preferably, the number of peaks is about 5 to about 

12, although more peaks may be incorporated to reduce the radial force or increase 

the fatigue resistance of the stent structure.

[0019] As shown in Figures 4-6, the stent 12 may be made by winding the wire 16 

around a mandrel 24 with a circular cross-section. The mandrel 24 may have a 

series of pins 26 that extend radially outward from the mandrel 24. As shown in 

Figure 6, the helically wound cylindrical stent 12 pattern may then be formed by 

bending the wire 16 around the pins 26 and around the mandrel 24. After the wire 

16 has been fully bent around the pins 26 and wound around the mandrel 24, the 

wire 16 may be heat set while it remains on the mandrel 24 so that the wire 16 

retains the helically wound cylindrical pattern as the relaxed state of the wire 16.

The wire 16 may then be removed from the mandrel 24 and a graft layer 14 may be

attached to the stent 12 as described above.
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12 [0020] The helical stent 12 may have several advantages. As shown in Figures 

1-2 and 5-6, the stent 12 is helically wound into different respects. First, the zig-zag 

pattern of bends 18 and struts 20 wraps helically around the circumference of the 

stent 12 so that the wire 16 forms continuously connected rings along the length of 

the stent 12. Second, longitudinally adjacent bends 18 are nested within each other 

but are circumferentially offset from each other so that the bends 18 are helically 

arranged relative to each other. Because the stent 12 does not have longitudinal 

connectors connecting adjacent rings, the stent 12 may be extremely flexible. In 

addition, as shown in Figure 3, the stent 12 may have a high kink resistance, which 

may allow the stent 12 to be bent as much as 180° without kinking. The stent 12 

also has a high proportion of open area through the stent 12 wall, which may be 

desirable for flexibility, fatigue and decreased vessel wall contact. The stent 12 may 

also have increased axial flexibility, which may permit the stent 12 to change length 

as much as 50% or more to accommodate shape changes in the vessel as a person 

moves his/her body. The helical pattern of the wire 16 may also impart a swirling 

motion to blood flowing through the stent 12, which may improve blood flow through 

the stent 12. The delivery profile of the stent 12 may also be improved, since 

angular struts 20 disposed diametrically opposite of each other may not be directly 

aligned with each other, which may permit the struts 20 to diametrically nest into 

each other to provide a lower profile compressed state.

[0021] While preferred embodiments of the invention have been described, it 

should be understood that the invention is not so limited, and modifications may be 

made without departing from the invention. The scope of the invention is defined by 

the appended claims, and all devices that come within the meaning of the claims, 

either literally or by equivalence, are intended to be embraced therein. Furthermore, 

the advantages described above are not necessarily the only advantages of the 

invention, and it is not necessarily expected that all of the described advantages will 

be achieved with every embodiment of the invention.
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4 CLAIMS:

1. A self-expanding stent, comprising:

a single wire helically wound in a cylindrical pattern along a substantial portion of the 

stent, said wire being elastic and said helically wound cylindrical pattern comprising a relaxed 

state of said wire;

said wire being defined by a serious of angular struts and bends connecting 

circumferentially adjacent angular struts;

each of said angular struts in said helically wound cylindrical pattern being of equal 

lengths;

circumferentially adjacent bends defining a pitch angle of said helically wound 

cylindrical pattern;

a graft attached to said helically wound cylindrical pattern; and
said bends and said angular struts defining bisecting lines extending through said

bends and between circumferentially adjacent angular struts, said bisecting lines being 

angled from about 5°to about 20°with respect to a longitudinal axis extending through said 

helically wound cylindrical pattern, longitudinally adjacent bends being nested within each 

other, and longitudinally adjacent angular struts and bends being spaced apart from each 

other.

2. The stent according to claim 1, wherein said bisecting lines are angled from about 5° 

to about 15°with respect to said longitudinal axis .

3. The stent according to claim 1, wherein said bisecting lines are angled about 10°with 

respect to said longitudinal axis.

4. The stent according to claim 1, wherein said pitch angle is from about 5°to about 20°.

5. The stent according to claim 1, wherein said pitch angle is about 10°.

6. The stent according to claim 1, wherein said wire has a round cross-section.

7. The stent according to claim 1, wherein said wire comprises draw filled tubing wire

with a radiopaque core.

8. The stent according to claim 7, wherein said draw filled tubing wire further comprises 

a nitinol tube surrounding said radiopaque core.
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4 9. The stent according to claim 1, wherein said bisecting lines are angled generally 

equal to said pitch angle, and said wire has a round cross-section.

10. The stent according to claim 9, wherein said bisecting lines are angled from about 5° 

to about 15°with respect to said longitudinal axis , and said pitch angle has about the same 

angle as said bisecting lines.

11. The stent according to claim 10, wherein said wire comprises draw filled tubing wire 

with a radiopaque core and a nitinol tube surrounding said radiopaque core.

12. The stent according to claim 10, wherein said bisecting lines are angled about 10° 

with respect to said longitudinal axis, and said pitch angle is about 10°.

13. The stent according to claim 12, wherein said wire comprises draw filled tubing wire 

with a radiopaque core and a nitinol tube surrounding said radiopaque core.

14. A method of manufacturing a stent, comprising:

winding a single wire helically around a mandrel with a circular cross-section to form 

a cylindrical pattern along a substantial portion of the stent, said wire being elastic and said 

helically wound cylindrical pattern comprising a relaxed state of said wire;

said mandrel comprising a series of radially extending pins around which said wire is 

wound to form said wire into a serious of angular struts and bends connecting 

circumferentially adjacent angular struts;

each of said angular struts in said helically wound cylindrical pattern being of equal 

lengths;

circumferentially adjacent bends defining a pitch angle of said helically wound 

cylindrical pattern;

a graft attached to said helically wound cylindrical pattern; and

said bends and said angular struts defining bisecting lines extending through said

bends and between circumferentially adjacent angular struts, said bisecting lines being 

angled from about 5°to about 20°with respect to a longitudinal axis extending through said 

helically wound cylindrical pattern, longitudinally adjacent bends being nested within each 

other, and longitudinally adjacent angular struts and bends being spaced apart from each 

other.
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