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MULT-SECTION STENT

Description

RELATED APPLICATION

[0001] The present application claims the benefit of U.S. Provisional Application

No. 61/092,287, filed on August 27, 2008, the entirety of which is hereby incorporated

by reference.

BACKGROUND

[0002] Peripheral vascular disease is characterized by insufficient blood flow in

the extremities. This insufficient blood flow is often the result of stenosis, the

occlusion of the blood vessels. Stenosis associated with peripheral vascular disease

may be caused by atherosclerosis, the occlusion of blood vessels through the buildup

of fatty deposits along the arterial walls, or a combination of atherosclerosis and

thrombosis, the occlusion of blood vessels by clotted blood.

[0003] Over time, arterial disease may result in acute ischemia, the complete

cut-off of a blood vessel, or chronic ischemia, the re-routing of blood flow through

collateral vessels. Some persons suffering from arterial disease experience

claudication - the atherosclerosis of the blood vessels in the lower extremities.

Persons suffering from claudication may lose the ability to walk due to the crippling of

the feet and legs. Ischemia and chronic ischemia are also known to cause pain and

other forms of physical impairment.

[0004] Stents are commonly used to treat peripheral vascular disease. Stents

may be inserted into a diseased blood vessel and used to keep the lumen of the blood

vessel open. This is accomplished by inserting a compressed stent into the portion of

the blood vessel affected by atherosclerosis and/or thrombosis. Once inserted into

the desired location of the vessel, the stent is expanded. The expansion of the stent

may be accomplished by either using a self-expanding stent or a balloon-expandable

stent.

[0005] A self-expanding stent must be compressed in order to be inserted into a

blood vessel. The self-expanding stent will naturally return to its original expanded



position once the compressing pressure is removed. In contrast, a balloon

expandable stent begins in a compressed state. Once the stent is in place, a balloon

in the lumen of the stent is filled with saline to expand the stent. The balloon-

expandable stent will retain the expanded size even after the balloon is removed.

[0006] 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. 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%.

[0007] An aneurysm may be treated with a stent-graft by 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 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 faster recuperation than conventional surgical

techniques for treating aneurysms.

[0008] Many stents known in the art are formed of a lattice of metallic material.

Lattice stents may be divided into two groups based on the cells formed by the lattice:

open-cell stents and closed-cell stents. Open-cell stents typically feature rings of

metal connected together by substantially longitudinally-running connecting members.

The substantially longitudinally-running connecting members are often called tie bars

or bridges. The rings may take a variety of shapes, e.g., a zigzag configuration. The

tie bars may also vary in their length, number, and whether they run parallel with the



length of the stent or at an angle. In open-cell stents, the frequency of tie bars

connecting the rings is such that long cells are formed between the rings of the stent.

Thus, an open-cell stent has a high ratio of rings to tie bars relative to a closed-cell

stent. As a result, the cells of an open cell stent generally have a longitudinal length

that is substantially smaller than their circumferential length. Open-cell stents may be

advantageous because of their high flexibility and conformability to the vessel walls.

[0009] In a closed-cell stent, the metal lattice of the stent forms cells in which

the longitudinal length of the cells is approximately equal to the circumferential length

of the cells. The frequency of bars connecting the rings in a closed-cell stent is

generally higher than an open-cell stent. Closed-cell stents typically have a metallic

structure that forms a plurality of identical openings. For example, one type of closed-

cell stent is a metallic stent with a plurality of identical-diamond shaped openings.

Closed-cell stents provide strong radial strength and good plaque coverage. The ratio

of tie bars to rings in a closed-cell stent is high relative to an open-cell stent.

[0010] To facilitate stent implantation, stents are normally loaded on the end of

a catheter in a low profile, compressed state. A sheath is placed over the stent and

catheter to maintain the stent in the low profile, compressed state. The catheter is

then used to guide the stent to the portion of the vessel to be treated. Once the stent

is positioned adjacent the portion of the blood vessel to be treated, the stent is

released by pulling, or withdrawing, the sheath rearward. Normally, a stop member 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, a self-expanding

stent will spring radially outward to an expanded diameter until the stent contacts and

presses against the vessel wall. A coiled stent must be twisted for it to expand. Once

the stent is expanded, the catheter used to insert it is withdrawn, leaving the stent in

place within the vessel.

[001 1] The forces bearing on the knee present difficulties for the use of stents

to treat peripheral artery disease in the blood vessels of the knee. The superficial

femoral artery (SFA) is one artery in the knee that is commonly affected by peripheral

artery disease. Depending on whether a person is standing, sitting, or walking, the

SFA is subject to axial (stretching), radial (bending), and torsional (twisting) forces.



The SFA and other blood vessels in the knee are subject to all of these forces at high

magnitudes and at high frequency.

[0012] The stents that are currently used in the SFA and other blood vessels in

the knee, such as the popliteal, tend to kink and fracture at a higher rate than stents in

other blood vessels throughout the body. The reason for the high kinking and fracture

rate in the knee is due to the variety of forces that bear on the vessel and the

frequency and magnitude of their application. Kinking occurs when a stent is bent

radially beyond its tolerance. A kinked stent will obstruct blood flow. Stent fractures

may be caused by the application of excessive axial, radial, or torsional force. A

fractured stent may irritate the walls of the blood vessel, leading to abnormal cell

growth, known as hyperplasia. Moreover, stent fractures are associated with re

stenosis of blood vessels. Thus, the inventors believe that there is a need for a stent

that is better equipped to withstand various forces to successfully treat peripheral

vascular disease in the knee.

BRIEF SUMMARY

[0013] There is described a multi-section tubular device, which may be an

expandible medical device such as a stent, the device comprising: a first tubular

section having a first end and a second end; a second tubular section connected to

said first end of said first tubular section; and a third tubular section connected to said

second end of said first tubular section, wherein each tubular section comprises at

least one segment defining at least one cell that extends longitudinally and

circumferentially of the device, and wherein the ratio of the circumferential length to

the longitudinal length of said segment is greater in said first tubular section than in

either of said second tubular section or said third tubular section. In one arrangement,

the first section is a coil having a single coiled segment that defines between

successive turns of the coiled segment a single cell that extends the length of the coil

and therefore has a circumferential length measured along the helical path of the cell

that is very much greater than the longitudinal length measured parallel to the

longitudinal axis of the device. The ratio of the circumferential length to the

longitudinal length of said segment is therefore very much greater than unity. The

second and third sections may comprise lattices in which said ratio is closer to unity or

equal to unity. The multi-section tubular device is suitable for use as a stent in blood



vessels affected by peripheral artery disease. One advantage of the device is that the

coiled or other first section provides the device with high axial, radial, and torsional

flexibility, making the device well-equipped to withstand high axial, radial, and torsional

forces without kinking or fracturing.

[0014] The invention may include any of the following aspects in various

combinations and may also include any other aspect described below in the written

description or in the attached drawings.

[0015] One embodiment of a multi-section tubular device comprises:

a first tubular section having a first end and a second end; a second tubular section

connected to the first end of the first tubular section; and a third tubular section

connected to the second end of the first tubular section, wherein the first tubular

section comprises a coil and the second tubular section forms a first lattice and the

third tubular section forms a second lattice.

[0016] Another embodiment of a multi-section tubular device comprises a

device wherein the first tubular section, the second tubular section, and the third

tubular section are nitinol.

[001 7] Another embodiment of a multi-section tubular device comprises a

device wherein the multi-section tubular device is integral.

[001 8] Another embodiment of a multi-section tubular device comprises a

device wherein the first and second lattice each comprises: a plurality of ring

segments extending circumferentially in a zigzag pattern; and a plurality of at least

substantially longitudinally-running connector segments linking adjacent ring segments

together in a longitudinal direction.

[0019] Another embodiment of a multi-section tubular device comprises a

device wherein the ring segments and the connector segments form between them a

plurality of cells, each cell having a circumferential length and a longitudinal length,

wherein the circumferential length of each cell is substantially greater than the

longitudinal length.

[0020] Another embodiment of a multi-section tubular device further comprises:

a connection between the first end of the first tubular section and a point formed by

the zigzag pattern of an adjacent ring segment of the second tubular section; at least

two of the at least substantially longitudinally-running connector segments linking the



coil of the first tubular section to at least two additional points formed by the zigzag

pattern of the adjacent ring segment of the second tubular section; a connection

between the second end of the first tubular section and a point formed by the zigzag

pattern of an adjacent ring segment of the third tubular section; and at least two of the

at least substantially longitudinally-running connector segments linking the coil of the

first tubular section to at least two additional points formed by the zigzag pattern of the

adjacent ring segment of the third tubular section. Another embodiment of a multi¬

section tubular device comprises: a connection between the first end of the first

tubular section and a point formed by the zigzag pattern of an adjacent ring segment

of the second tubular section;

a connection between the second end of the first tubular section and a point formed by

the zigzag pattern of an adjacent ring segment of the third tubular section; a plurality

of cells formed between the ring segments and the connector segments of each of the

lattices; at least one suture running through at least one of the cells of the second

tubular section and over the coil of the first tubular section, thereby tying the coil of the

first tubular section to the second tubular section; and at least one suture running

through at least one of the cells of the third tubular section and over the coil of the first

tubular section, thereby tying the coil of the first tubular section to the third tubular

section.

[0021] Another embodiment of a multi-section tubular device further comprises

a radio-opaque substance contained on at least one of the at least substantially

longitudinally running connector segments linking two adjacent sections of the multi¬

section tubular device together.

[0022] Another embodiment of a multi-section tubular device comprises

a radio-opaque substance coated on at least one of the at least substantially

longitudinally running connector segments linking two adjacent sections of the multi¬

section tubular device together.

[0023] Another embodiment of a multi-section tubular device comprises a

device wherein the first lattice and the second lattice forms a plurality of cells, each

cell having a circumferential length and a longitudinal length, wherein the

circumferential length of each cell is approximately equal to the longitudinal length of

the cell.



[0024] Another embodiment of a multi-section tubular device comprises a

device wherein each cell has a diamond shape.

[0025] Another embodiment of a multi-section tubular device comprises:

a connection between the first end of the coil of the first tubular section and a point

formed by one of the diamond-shaped cells of the second tubular section; and a

connection between the second end of the first tubular section and a point formed by

one of the diamond-shaped cells of the third tubular section.

[0026] Another embodiment of a multi-section tubular device comprises: at

least two at least substantially longitudinally-running connector segments linking the

coil of the first tubular section to the second tubular section, wherein each of the at

least substantially longitudinally-running connector segments is connected to a point

formed by a diamond-shaped cell of the second tubular section; and at least two at

least substantially longitudinally-running connector segments linking the coil of the first

tubular section to the third tubular section, wherein each of the at least substantially

longitudinally-running connector segments is connected to a point formed by one of

the diamond-shaped cells of the third tubular section.

[0027] Another embodiment of a multi-section tubular device further comprises:

a plurality of cells formed by the first lattice, each of the cells having a longitudinal

length and a circumferential length, wherein each of the cells of the first lattice has a

circumferential length that is substantially greater than the longitudinal length;

a plurality of cells formed by the second lattice, each of the cells having a longitudinal

length and a circumferential length, wherein each of the cells of the second lattice has

a circumferential length that is approximately equally to the longitudinal length.

[0028] Another embodiment of a multi-section tubular device comprises a graft

material covering at least a portion of at least one section of the multi-section tubular

device.

[0029] Another embodiment of a multi-section tubular device comprises:

a first tubular section having a first end and a second end;

a second tubular section connected to the first end of the first tubular section; and

a third tubular section connected to the second end of the first tubular section, wherein

each of the first tubular section, the second tubular section, and the third tubular

section is formed of a lattice, the lattices each having a plurality of ring segments



extending circumferentially and at least three connector segments linking each of the

ring segments together with each adjacent ring segment, wherein the first tubular

section has a substantially lower ratio of the connector segments to ring segments

than the second tubular section, and the first tubular section has a substantially lower

ratio of the connector segments to ring segments than the third tubular section.

[0030] Another embodiment of a multi-section tubular device comprises a

device wherein three connector segments connect each of the ring segments in the

first tubular section to each adjacent ring segment in the first tubular section.

[0031] Another embodiment of a multi-section tubular device comprises

additional connector segments made of a bioabsorbable material.

[0032] Another embodiment of a multi-section tubular device comprises: a first

tubular section formed of a first lattice, having a first end and a second end; a second

tubular section formed of a second lattice connected to the first end of the first tubular

section; and a third tubular section formed of a third lattice connected to the second

end of the first tubular section, wherein the first lattice comprises a plurality of cells,

each cell having a circumferential length and a longitudinal length, the circumferential

length of each cell of the first lattice being substantially greater than the longitudinal

length and the second lattice and third lattice each comprise a plurality of cells, each

cell having a circumferential length and a longitudinal length, the circumferential length

of each cell of the second and third lattice being substantially equal to the longitudinal

length.

[0033] Another embodiment of a multi-section tubular device wherein the first

lattice of the first tubular section further comprises: a plurality of ring segments

extending circumferentially in a zigzag pattern; and a plurality of at least substantially

longitudinally-running connector segments linking adjacent ring segments together in

a longitudinal direction, wherein the first end of the first tubular section is connected to

the second tubular section by at least one of the at least substantially longitudinally-

running connector segments and the second end of the first tubular section is

connected to the third tubular section by at least one of the at least substantially

longitudinally-running connector segments.



BRIEF DESCRIPTION OF THE DRAWINGS

[0034] Figure 1 is a partial perspective view of an embodiment of the mult i

section tubular device.

[0035] Figure 2 is a partial perspective view of the tubular device of Figure 1.

[0036] Figure 3 is a perspective view of an embodiment of the multi-section

tubular device.

[0037] Figure 4 is a partial perspective view of the tubular device of Figure 3 .

[0038] Figure 5 is a partial perspective view of an embodiment of the multi¬

section tubular device.

[0039] Figure 6 is a partial perspective view of a tubular device.

[0040] Figure 7 is a partial perspective view of a tubular device.

DETAILED DESCRIPTION OF THE DRAWINGS AND THE PRESENTLY
PREFERRED EMBODIMENTS

[0041] Referring now to the drawings, and particularly to Figure 1, a multi-

section tubular device 10 is shown. The tubular device 10 includes a first tubular

section 12 having a first end 14 and a second end 16. A second tubular section 18 is

connected to the first end 14 of the first tubular section 12. A third tubular section 20

is connected to the second end 16 of the first tubular section 12. As shown, the first

tubular section 12 is formed of a coil 26. The second tubular section 18 is formed of a

first lattice 22. The third tubular section 20 is formed of a second lattice 24.

[0042] The multi-section tubular device may be inserted into an occluded or

damaged blood vessel. Once expanded, the tubular device creates an opening in the

otherwise occluded vessel to allow for the passage of blood. The coiled first tubular

section 12 is very flexible and not prone to kinking or fracturing even when subject to a

wide variety of different types of force, including axial (stretching), radial (bending),

and torsional (twisting) forces. The lattice of the second tubular section 18 and the

third tubular section 20 provides high radial force, but is less axially flexible and thus

less kink and fracture-resistant. Thus, it is preferable that the tubular device 10 be

placed in the vessel such that the first tubular section 12 is subject to the most intense

forces.

[0043] In the embodiment shown in Figure 1, the lattice of the second tubular

section 18 and the third tubular section 20 is formed of a series of ring segments 28



extending circumferentially around the tubular device 10. The ring segments 28

shown in Figures 1 and 2 have a zigzag pattern such that the ring segments 28 form a

series of "Z"s. Any other pattern known in the art may be used instead of or in

conjunction with the zigzag pattern shown in Figure 1.

[0044] Figure 1 illustrates an embodiment in which each ring segment 28 is

connected to the two adjacent ring segments 28 by a plurality of longitudinally-running

connector segments 30. The longitudinally-running connector segments 30 are

spaced such that they do not form a continuous axial line along the length of any

section of the tubular device 12. Instead, the longitudinally-running connector

segments 30 are placed such that they are offset from one another along the

longitudinal axis of the tubular device 10. The connector segments 30 may also be

spaced in any other way known in the art.

[0045] The circumferentially-running ring segments 28 and longitudinally-

running connector segments 30 form between them a plurality of cells 32. In the

lattice of the second tubular section 18 and the lattice of the third tubular section 20,

the cells formed by the ring segments are relatively long in the circumferential

direction. As shown in Figure 1, the circumferential length of the cells may be

approximately three times as great as the longitudinal length of the cells. Lattices with

cells having a substantially greater circumferential length than a longitudinal length are

generally known as open-cell stents.

[0046] In the embodiment shown in Figure 1, the first end 14 of the first tubular

section 12 is connected to the nearest ring segment of the second tubular section 18.

Likewise, the second end 16 of the first tubular section 12 is connected to the nearest

ring segment of the third tubular section 20. The connection between the second

tubular section 16 and the first tubular section 12 is shown in Figure 2. As shown, the

second end 16 may be connected to a point 34 formed by the zig-zag-shaped ring

segment 28 of the third tubular section 20. The first end 16 is preferably blended with

this point. As shown in Figure 1, in some embodiments it may be preferable to have

at least two connector segments 42 link the first tubular section 12 with the third

tubular section 20, thereby forming a total of three connections between the two

sections. The connection between the first tubular section 12 and the second tubular

section 18 may be formed of a similar structure. Although at least three connections



between each adjacent section of the tubular body may be preferable in some

embodiments, other embodiments may have one connection or two connections.

[0047] The connector segments 42 linking the coiled first tubular section 12 to

the second tubular section 18 are preferably angled in the same direction as the coiled

first tubular section 12. This may be advantageous because it allows the connector

segments 42 to flex in the same direction as the coil 26, thereby reducing the stress

on the connector segments 42 when the tubular device 10 is compressed. It also may

allow the connector segments 42 to flex when the stent is exposed to the high axial,

radial, and torsional forces of the knee. The connector segments 42 may also run in a

substantially longitudinal direction or be angled in a direction opposite to the angle of

the coil of the first tubular section 12.

[0048] Figure 3 shows an embodiment of the tubular device 38 having a second

46 and third tubular section 48 formed of a lattice of cells. Each cell 44 has a

longitudinal height that is approximately equal to its circumferential height. In this

embodiment, the second tubular section 46 may be characterized as being formed of

a first lattice 50 with a closed-cell structure. Likewise, the third tubular section 48 may

be characterized as being formed of a second lattice 52 with a closed-cell structure.

The lattices shown in Figure 2 are formed of cross-hatching such that the lattices form

a plurality of identical diamond-shaped cells. Any other form of closed-cell lattice

known in the art may be used in lieu of or in conjunction with the cross-hatched

lattices shown in Figure 2.

[0049] Figure 4 shows the connection between the coiled first tubular section 40

and the adjacent third tubular section 48 of the tubular device 38 of Figure 3 . As

shown in Figure 3 , the coil 54 of the first tubular section 40 has a first end 82 and a

second end 86. As shown in Figure 4, the first tubular section 40 is formed of a coil

54. The second end 86 of the coil 54 of the first tubular section 40 may be connected

to a point 88 of one of the diamond-shaped cells 44 in the third tubular section 48. In

addition, the coiled first tubular section 40 is connected to the third tubular section 48

by two connector segments 90, thereby forming three points of attachment between

the first 40 and third tubular sections 48. The first end 82 of the first tubular section 40

may be attached to the second tubular section 46 in the same manner.



[0050] As shown in Figure 4 , the connector segments 90 linking the first 40 and

third tubular sections 48 of the embodiment shown in Figure 3 are preferably angled in

the same direction as the coil 54 of the first tubular section 40. This may be

advantageous because it allows the connector segments 90 to flex in the same

direction as the coil 54, thereby reducing the stress on the connector segments 90

when the tubular device 38 is compressed. It also may allow the connector segments

90 to flex when the stent is exposed to the high axial, radial, and torsional forces of the

knee. The connector segments 90 may also run in a substantially longitudinal

direction or be angled in a direction opposite to the angle of the coil 54 of the first

tubular section 40.

[0051] Figure 5 illustrates a multi-section tubular device 60 in which the first

tubular section 62 is formed of an open-cell first lattice 72. The first tubular section 62

of the tubular device 60 shown in Figure 5 has a first end 64 and a second end 66. A

second tubular section 68 is connected to the first end 64 of the first tubular section

62. A third tubular section 70 is connected to the second end 66 of the first tubular

section 62. The second tubular section 68 forms a second lattice 74 and the third

tubular section 70 forms a third lattice 76. The first, second, and third lattices are each

formed of a plurality of ring segments 80. Adjacent ring segments 78 within each of

the three lattices are connected together by at least three connector segments 84.

[0052] In Figure 5 , the number of connector segments 84 connecting adjacent

ring segments 78 in the second tubular section 68 and the third tubular section 70 is

higher per ring segment 78, than the number of connector segments 84 connecting

adjacent ring segments 78 in the first tubular section 62. This results in a lower ratio

of connector segments 84 to ring segments 78 in the first tubular section 62 than in

either the second tubular section 68 or the third tubular section 70. For example, the

ring segments 78 of the second tubular section may have an average of five connector

segments 84 linking any two adjacent ring segments 78. There may be only 3

connector segments 84 linking any two adjacent ring segments 78 in the first tubular

section 62. In the foregoing example, the ratio of connector segments 84 is lower in

the first tubular section 62 than in the second tubular section 68. Figure 5 illustrates

an embodiment having fewer connector segments in the first tubular section than the

second and third tubular sections.



[0053] In some variations of the embodiment shown in Figure 5 , there are no

more than three connector segments 84 connecting any single ring segment 78 to an

adjacent ring segment 78 in the first tubular section 62. It may be preferable for some

embodiments that the number of connector segments 84 in the first tubular section 62

be greater per ring segment 78 near the first end 64 and the second end 66 of the first

tubular section 62 and that the number of connector segments 84 per ring segment 78

decrease toward the center of the first tubular section 62. This may be advantageous

because it provides the greatest axial and radial flexibility at the center of the first

tubular section 62. The device will be progressively less axially and radially flexible,

but have greater radial force, toward the first end 64 and the second end 66 of the first

tubular section 62. This may enable the device to exert the maximum radial force to

keep the vessel open while also ensuring that it is sufficiently flexible to withstand the

forces that bear on blood vessels in the knee.

[0054] In some embodiments the offset between the connector segments 84 in

the open-cell lattice may create a spiral pattern as shown in the first tubular section 62

in Figure 5 . The connector segments 84 labeled "S" in Figure 5 illustrate this spiral

pattern. This type of spiraling pattern may also be used in an open-cell lattice of the

second tubular section or third tubular section in embodiments having a coil for the

first tubular section. In embodiments combining a coiled first tubular section and a

spiraling open-cell lattice, such as the embodiment depicted in Figure 1, the spiral

pattern of the connector segments 30 preferably follows the same spiral direction as

the coil 26 of the first tubular section 12. The connector segments 30 forming one

such spiral pattern are labeled "S" in the second tubular section 18 of Figure 1. This

allows the connector segments to bend in the same direction as the coil twists and

thus provides high flexibility. However, any other pattern of connector segments 30

known in the art may be used.

[0055] In Figures 1 and 5 , the connector segments connecting adjacent ring

segments within the second and third tubular sections run longitudinally - that is, they

run parallel to the longitudinal axis of the tubular body. In other embodiments, the

connector segments will run substantially longitudinally. In embodiments with

substantially longitudinally-running connector segments, the segments may run at an

angle that is not parallel to the longitudinal axis of the tubular body. A substantially



longitudinally-running connector segment may also feature any variety of bend, curve

or other configuration. Thus, although the substantially longitudinally-running

connector segments connect the ring segments in the longitudinal direction, the

substantially longitudinally-running connector segment may not run directly parallel to

the longitudinal axis of the tubular body and portions of the substantially longitudinally-

running connector segment may even run circumferentially. It is preferable that the

connector segments run at least substantially longitudinally. That is, it is preferable

that the segments run either longitudinally or substantially longitudinally.

[0056] The embodiments shown in Figures 1, 2 , 3 , 4 , and 6 each feature a

coiled first tubular section that is connected to each adjacent tubular section via three

direct connections: one formed by the end of the coil and two formed by connector

segments. However, in some embodiments having a coiled first tubular section, there

may be only one direct connection between the coiled first tubular section and each

adjacent tubular section. In these embodiments, the only direct connections between

the coiled first tubular section and the adjacent tubular sections are formed by the

ends of the coil.

[0057] In embodiments featuring a coiled first tubular section with only one

direct connection between the first tubular section and adjacent tubular section,

additional connections may optionally be formed by sutures. For example, the sutures

may loop through the cells of the second tubular section and over the nearest full ring

of the coil of the first tubular section. The sutures may be formed of one single piece

of suture material, which is looped back and forth through the cells and over the ring of

the coil several times. In embodiments having one single piece of suture material, the

two loose ends of the suture material may be tied together to secure the suture. The

two loose ends may also be independently knotted to the tubular body. In the

alternative, the sutures may be formed of several shorter pieces of suture material,

which are knotted off periodically. The sutures may be formed of any biocompatible

material known in the art. It is preferable that embodiments of the multi-section

tubular device having a coil with only one direct connection between the sections also

include at least two sutures connecting the adjacent sections. However, other

embodiments may have only one suture or no sutures.



[0058] Sutures are a particularly advantageous method of attaching adjacent

tubular sections in embodiments featuring a coiled first tubular section. The coiled first

tubular section requires torsional (twisting) force to compact the stent while the lattice

of second and third tubular sections requires a compressive force to compact the

stent. Likewise, the different tubular sections of the stent require different types of

force for expansion. The lattice of the second and third tubular sections requires

radial force - often obtained by using a self-expanding stent. In contrast, the coiled

first tubular section requires twisting. The loops of the sutures may slide along the coil

as the coil is twisted and the lattice contracts and expands. The use of sutures which

may easily slide, bend, and twist to accommodate both torsional and compressive

forces may facilitate loading the stent in a compressed state on an insertion device

and also expanding the stent after it is inserted into a body.

[0059] Sutures may be used in lieu of connector segments or in addition to

connector segments to connect adjacent tubular sections in any embodiment.

Although sutures are particularly preferable in embodiments having only one direct

connection between the coiled first tubular section and the adjacent tubular sections,

they may also be used in addition to direct connections formed by connector

segments. In other embodiments, sutures may also be used in lieu of, or in addition

to, connector segments to connect adjacent tubular sections in embodiments having

three tubular sections each formed of a lattice similar to the one shown in Figure 5 .

[0060] As shown in Figure 1, the ends of the second tubular section and the

third tubular section that are not attached to the first tubular section may feature

rounded tips 36 extending from the points of the zigzags of the ring segments 28.

These rounded tips 36 prevent the ends of the tubular device 10 from damaging the

vessel walls once the tubular device 10 is in place. They also may serve as markers

to aid in placement of the tubular device 10. When used as a marker, the rounded tips

are embedded with a small quantity of a radio-opaque substance such as gold. The

rounded tips may also be coated rather than embedded with the radio-opaque

substance. In some embodiments, it may be preferable to use both embedding and

coating together. The radio-opaque substance serves as a marker that enables

physicians to locate the end of the stent for purposes of insertion or during routine

follow-up procedures. Figures 3 , 5, 6 , and 7 also illustrate the use of rounded tips.



Other embodiments will not have rounded tips at the ends of the second and third

tubular sections. Still other embodiments may feature rounded tips that do not

function as markers.

[0061] In other embodiments it may be preferable to use a radio-opaque

substance such as gold along a junction between two adjacent the sections of the

multi-section tubular device. The radio-opaque substance may be embedded inside

the stent or it may be coated on the stent. The use of a radio-opaque substance at

the juncture between two adjacent sections may facilitate placing the tubular device in

a patient's blood vessel such that the flexible first section is located in the portion of

the vessel subject to the highest radial, axial and torsional forces. In embodiments

having a radio-opaque substance marking the sections of the multi-section stent, it is

preferable that the radio-opaque substance be embedded in or coated on one or more

of the connector segments between adjacent sections of the multi-section stent. A

connector segment having a radio-opaque marker embedded within it may be

somewhat thicker than other connector segments. It may be advantageous to utilize a

radio-opaque coating in some embodiments because the coating may not require that

the stent be substantially thicker to accommodate the radio-opaque substance. A

radio-opaque substance may also be embedded in or coated on in a ring segment or a

portion of a coil.

[0062] Figures 1, 3 , and 5 show embodiments in which the second tubular

section and third tubular sections are formed of a lattice with a similar structure. For

example, Figure 1 shows a second tubular section 18 and a third tubular section 20

that are each formed of an open-cell lattice with a zigzag pattern. In other

embodiments, the lattice of the second tubular section and the third tubular section

may differ. For example, in some embodiments, the second tubular section may have

an open-cell lattice while the third tubular section may have a closed-cell lattice. In

addition, a single tubular device may feature two different types of open-cell lattices for

the second and third tubular sections. A single tubular device may also feature two

different types of closed-cell lattices.

[0063] Figure 6 illustrates an embodiment of a multi-section tubular device 98

having a coil and two different types of lattice. The multi-section tubular device 98

features a coiled first section 100, a second section 102, and a third section 104. The



first end 106 of the coiled first section 100 is connected to the second section 102.

The second end 108 of the coiled first section 100 is connected to the third section

104. The second section 102 forms a first lattice 110 and the third section 104 forms

a second lattice 112. The first lattice 110 is comprised of cells 114 each having a

longitudinal length that is approximately equal to the circumferential length of the cell.

In contrast, the second lattice 112 is comprised of cells 116 each having a longitudinal

length that is substantially smaller than the circumferential length of the cell. Thus, the

first lattice 110 shown in Figure 6 may be characterized as closed-cell. In contrast, the

second lattice 112 may be characterized as open-cell.

[0064] In another embodiment, the multi-section tubular device 120 may

combine a central open-cell lattice with two closed-cell lattices on either side as shown

in Figure 7 . In such an embodiment, the tubular device 120 may include a first tubular

section 122 having a first end 124 and a second end 126. A second tubular section

128 may be connected to the first end 124 of the first tubular section 122. A third

tubular section 130 may be connected to the second end 126 of the first tubular

section 122. In this embodiment, the first tubular section 122 may form a first lattice

132 having ring segments 134 that extend circumferentially in a zigzag pattern and are

joined together by at least three substantially longitudinally running connector

segments 136. As shown in Figure 7 , the longitudinal length of the cells 140 is less

than the circumferential length of the cells 140 in the lattice 132 of the first tubular

section 122. Thus, the first lattice 132 may be characterized as being open-cell. The

second tubular section 128 and the third tubular section 130 form a second 142 and

third lattice 144, respectively. In the second lattice 142 and the third lattice 144, the

longitudinal length of the cells 146 is substantially equal to the circumferential length.

Accordingly, the second 142 and third lattices 144 may be characterized as being

closed-cell lattices.

[0065] The first tubular section 122 is connected to the surrounding second and

third tubular section in Figure 7 by three longitudinally running connector segments

148. Although the connector segments shown in Figure 7 run longitudinally, other

embodiments are possible in which the connector segments run substantially

longitudinally.



[0066] The embodiment shown in Figure 7 may feature the use of a radio-

opaque substance both in the rounded tips 150 extending from the ends of the second

128 and third tubular sections 130 and along the junctions between the first 122 and

second tubular sections 128 and the first 122 and third tubular sections 130. The

rounded tips 150 preferably extend from the ends of the second 128 and third tubular

sections 130 that are not attached to the first tubular section 122. A radio-opaque

substance, such as gold may be embedded in the rounded tips 150. In embodiments

using a radio-opaque substance between sections, the substance is preferably located

within one of the connector segments 148 linking two adjacent sections of the multi-

section tubular device 120. Some embodiments may also feature a radio-opaque

coating in lieu of, or in conjunction with, embedded radio-opaque material.

[0067] The combination of open-cell and closed-cell lattices shown in Figure 7

may be advantageous because the two closed-cell lattices of the second 128 and third

tubular sections 130 will provide good plaque coverage and high radial strength. The

open-cell lattice of the first tubular section 122 will provide the tubular device with

flexibility so that the stent may withstand axial, radial, and torsional forces without

kinking or fracturing.

[0068] The multi-section tubular device is preferably made of nitinol (nickel and

titanium). However, the device may also be made of stainless steel, cobalt chromium,

or any biocompatible material known in the art. The tubular device may be made of a

single material or a combination of any of the aforementioned materials.

[0069] The length of the individual sections of the multi-section tubular device

may vary depending on the blood vessel in which the device is used. For example,

blood vessels in the knee may require a long flexible first section. In contrast, the

blood vessels in the ankle that are subject to high quantities and different varieties of

force are relatively short. Thus, the first tubular section of a multi-section tubular

device for use in a blood vessel of the ankle may be shorter than the first tubular

section of a multi-section tubular device intended to be used in the knee.

[0070] All or part of the multi-section tubular device may also be made of a

bioabsorbable material. In particular, it may be preferable for embodiments similar to

the embodiment shown in Figure 5 have additional connector segments in the first

tubular section 62 made of a bioabsorbable material. Once the stent is inserted, these



additional bioabsorbable connector segments may be absorbed by the body, thereby

reducing the overall number of connector segments in the first tubular section 62,

leaving as few as three segments. This may be beneficial because a high number of

connector segments may aid in maximizing radial force and strength during insertion

into the blood vessel. Once the tubular device is in place, the reduction in the overall

number of connector segments may maximize the flexibility of the first tubular section

62.

[0071] The multi-section tubular device may also feature the addition of a graft

material covering any one of the tubular sections. For example, in the embodiment

depicted in Figure 3 , it may be advantageous to add a graft material over the coiled

first tubular section 40. Preferably, the graft material is slightly longer than the coiled

first tubular section 40 when the coiled first tubular is in a non-compressed state. For

example, it may be preferable to have graft material that runs from the third row of

cells 44 of the second tubular section to the third row of cells 44 of the third tubular

section. However, the graft preferably does not cover the entire multi-section tubular

body. In some embodiments, the graft material may cover the first tubular section

only, or a combination of the first tubular section and a portion of the other sections.

In other embodiments it may cover only one of the second and third tubular sections.

In still other embodiments the graft material may cover only part of the first tubular

section. Any other suitable configuration of the graft material may be used, depending

on blood vessel in which the stent-graft is being inserted.

[0072] In embodiments featuring the addition of graft material, the graft material

is preferably an impermeable material. Suitable materials include woven polyesters

such as Dacron. Any other graft material known in the art may also be used. The

graft material may be located over any desirable section of the multi-section tubular

body.

[0073] The graft material is preferably not attached to the entire length of the

multi-section tubular body covered by the graft. Instead, the graft material is

preferably attached to the second tubular section and the third tubular section only.

This may be advantageous because the graft material will not restrict the movement of

the flexible first tubular section. This is particularly advantageous in embodiments

having a coiled first tubular section because the coiled tubular section may increase in



length as it is twisted to be loaded into the stent delivery device. The loose graft

material will not restrict the first tubular section as it increases in length for loading and

decreases in length when the stent is deployed. The graft material may be attached to

the stent through sutures or any other technique known in the art.

[0074] It may also be advantageous to have graft material that does not cover

the entire length of the multi-section tubular body because it allows at least a portion

of the multi-section tubular body to directly contact the interior of the blood vessel.

Over time, the tissue of the blood vessel may grow into the exposed cells of the stent

to secure the stent firmly in place. For example, in some embodiments having a graft

material, the ends of the second and third tubular bodies may not be covered by the

graft material. These ends may then serve to anchor the stent-graft in the blood

vessel as the blood vessel grows around the stent.

[0075] Embodiments featuring a graft material are particularly suitable for

treating aneurysms. The graft material may prevent blood from flowing into the

damaged portion of the vessel. The use of a multi-section tubular device with graft

material is particularly advantageous for use in treating aneurysms in blood vessels

subject to a wide range of different axial, torsional, and radial forces.

[0076] For embodiments of the multi-section tubular device that are composed

of metals, the lattice or coil is preferably laser cut from a single metallic tube. In this

preferred embodiment, the stent is formed of one integral unit. In other embodiments,

the three tubular sections of the tubular device may be laser cut separately and then

connected together by welding, sutures, a combination of grafts and sutures, or any

other technique known in the art. In still other embodiments, the lattice or coil may be

formed of wire. The wire may be twisted or coiled into the desired tubular shape and

then heat set so that the wire retains that shape. Any heat-setting technique known in

the art may be used for such embodiments. The tubular device may be either self-

expanding or balloon expandable.

[0077] It is preferable that the shape of the individual metallic segments or wire

have a flat shape. The edges of the segments or wire are preferably smoothed to

eliminate any sharp edges that might damage the walls of a blood vessel. The flat

shape maximizes the area of the blood vessel on which the tubular device exerts

radial force. Although a flat shape is preferable, a round shape may also be used.



[0078] The multi-section tubular device is particularly useful for treating

peripheral vascular disease in the blood vessels of the knee such as the SFA and the

popliteal. The device may also be useful for treating peripheral vascular disease in

other blood vessels subject to wide variety and high magnitude of forces.

[0079] 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.



Claims

1. A multi-section tubular device, the device comprising: a first tubular section

having a first end and a second end; a second tubular section connected to said

first end of said first tubular section; and a third tubular section connected to said

second end of said first tubular section, wherein each tubular section comprises

at least one segment defining at least one cell that extends longitudinally and

circumferentially of the device, and wherein the ratio of the circumferential length

to the longitudinal length of said segment is greater in said first tubular section

than in either of said second tubular section or said third tubular section.

2. The multi-section tubular device according to claim 1, wherein said first tubular

section comprises a coil and said second tubular section forms a first lattice and

said third tubular section forms a second lattice.

3 . The multi-section tubular device according to claim 1, wherein said first and

second lattice each comprises: a plurality of ring segments extending

circumferentially in a zigzag pattern; and a plurality of at least substantially

longitudinally-running connector segments linking adjacent ring segments

together in a longitudinal direction.

4 . The multi-section tubular device according to claim 3 , wherein said ring

segments and said connector segments form between them a plurality of cells,

each cell having a circumferential length and a longitudinal length, wherein said

circumferential length of each cell is substantially greater than said longitudinal

length.



5 . The multi-section tubular device according to claim 4 , further comprising: a

connection between said first end of said first tubular section and a point formed

by said zigzag pattern of an adjacent ring segment of said second tubular

section; at least two of said at least substantially longitudinally-running connector

segments linking said coil of said first tubular section to at least two additional

points formed by said zigzag pattern of said adjacent ring segment of said

second tubular section; a connection between said second end of said first

tubular section and a point formed by said zigzag pattern of an adjacent ring

segment of said third tubular section; and at least two of said at least

substantially longitudinally-running connector segments linking said coil of said

first tubular section to at least two additional points formed by said zigzag pattern

of said adjacent ring segment of said third tubular section.

6 . The multi-section tubular device according to claim 4 , further comprising: a

connection between said first end of said first tubular section and a point formed

by said zigzag pattern of an adjacent ring segment of said second tubular

section; a connection between said second end of said first tubular section and a

point formed by said zigzag pattern of an adjacent ring segment of said third

tubular section; a plurality of cells formed between said ring segments and said

connector segments of each of said lattices; at least one suture running through

at least one of said cells of said second tubular section and over said coil of said

first tubular section, thereby tying said coil of said first tubular section to said

second tubular section; and at least one suture running through at least one of

said cells of said third tubular section and over said coil of said first tubular

section, thereby tying said coil of said first tubular section to said third tubular

section.

7 . The multi-section tubular device of any one of claims 3 to 6, further comprising a

radio-opaque substance contained on at least one of said at least substantially

longitudinally running connector segments linking two adjacent sections of said

multi-section tubular device together.



8. The multi-section tubular device according to claim 2, wherein said first lattice

and said second lattice form a plurality of cells, each cell having a circumferential

length and a longitudinal length, wherein the circumferential length of each cell is

approximately equal to the longitudinal length of said cell.

9 . The multi-section tubular device according to claim 8 , wherein each cell has a

diamond shape.

10. The multi-section tubular device according to claim 9 , further comprising: a

connection between said first end of said coil of said first tubular section and a

point formed by one of said diamond-shaped cells of said second tubular section;

and a connection between said second end of said first tubular section and a

point formed by one of said diamond-shaped cells of said third tubular section.

11. The multi-section tubular device according to any one of claims 2 to 10, further

comprising: at least two at least substantially longitudinally-running connector

segments linking said coil of said first tubular section to said second tubular

section, wherein each of said at least substantially longitudinally-running

connector segments is connected to a point formed by a diamond-shaped cell of

said second tubular section; and at least two at least substantially longitudinally-

running connector segments linking said coil of said first tubular section to said

third tubular section, wherein each of said at least substantially longitudinally-

running connector segments is connected to a point formed by one of said

diamond-shaped cells of said third tubular section.

12. The multi-section tubular device according to claim 2 , further comprising: a

plurality of cells formed by said first lattice, each of said cells having a

longitudinal length and a circumferential length, wherein each of said cells of said

first lattice has a circumferential length that is substantially greater than said

longitudinal length; a plurality of cells formed by said second lattice, each of said

cells having a longitudinal length and a circumferential length, wherein each of

said cells of said second lattice has a circumferential length that is approximately

equally to said longitudinal length.

13. The multi-section tubular device according to claim 1, wherein each of said first

tubular section, said second tubular section, and said third tubular section is



formed of a lattice, said lattices each having a plurality of ring segments

extending circumferentially and at least three connector segments linking each of

said ring segments together with each adjacent ring segment, wherein said first

tubular section has a substantially lower ratio of said connector segments to said

ring segments than said second tubular section, and said first tubular section has

a substantially lower ratio of said connector segments to said ring segments than

said third tubular section.

14. The multi-section tubular device of claim 13, wherein three connector segments

connect each of said ring segments in said first tubular section to each adjacent

ring segment in said first tubular section.

15. The multi-section tubular device of claim 13 or claim 14, comprising additional

connector segments made of a bioabsorbable material.

16. The multi-section tubular device according to claim 1, wherein the first tubular

section is formed of a first lattice, the second tubular section is formed of a

second lattice and the third tubular section is formed of a third lattice, wherein

said first lattice comprises a plurality of cells, each cell having a circumferential

length and a longitudinal length, said circumferential length of each cell of said

first lattice being substantially greater than said longitudinal length and said

second lattice and third lattice each comprise a plurality of cells, each cell having

a circumferential length and a longitudinal length, said circumferential length of

each cell of said second and third lattice being substantially equal to said

longitudinal length.



17. The multi-section tubular device according to claim 16, wherein said first lattice

of said first tubular section further comprises: a plurality of ring segments

extending circumferentially in a zigzag pattern; and a plurality of at least

substantially longitudinally-running connector segments linking adjacent ring

segments together in a longitudinal direction, wherein said first end of said first

tubular section is connected to said second tubular section by at least one of

said at least substantially longitudinally-running connector segments and said

second end of said first tubular section is connected to said third tubular section

by at least one of said at least substantially longitudinally-running connector

segments.

18. The multi-section tubular device according to any one of the preceding claims,

wherein said first tubular section, said second tubular section, and said third

tubular section are nitinol.

19 . The multi-section tubular device according to any one of the preceding claims,

wherein said multi-section tubular device is integral.

20. The multi-section tubular device according to any one of the preceding claims,

further comprising a graft material covering at least a portion of at least one

section of said multi-section tubular device.
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