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A flexible stent structure includes a plurality of axially spaced strut portions defining generally tubular axial segments of the stent and
constructed to be radially expandable. A helical portion is interposed axially between two strut portions and has a plurality of helical
elements connected between circumferentially spaced locations on the two strut portions. The helical elements extend helically
between those locations and the length of a helical element is sufficient so that, when the stent is In a radially expanded state, it can
simultaneously withstand repeated axial compression or expansion and bending.

SEaoReE /[ [ ]
BTN oy

" "'.
KT
pa .
N »

P . _
‘ l an a dH http:/opic.ge.ca + Ottawa/Gatineau K1A 0C9 - hmp./cipo.ge.ca o p1C
OPIC - CIPO 191




wO 2006/108010 A2 I D0 AL AN Y10 Y R D 0 L L

CA 02610108 2007-11-28

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization [4

International Bureau

(43) International Publication Date
12 October 2006 (12.10.2006)

(51) International Patent Classification:
AG6IF 2/06 (2006.01)

(21) International Application Number:
PCT/US2006/012579

(22) International Filing Date: 4 April 2006 (04.04.2006)

(25) Filing Language: English
(26) Publication Language: English

(30) Priority Data:

60/667,613 4 April 2005 (04.04.2005) US
11/250,226 14 October 2005 (14.10.2005) US
11/397,987 4 April 2006 (04.04.2006) US

(71) Applicant (for all designated States except US): BURPEE
MATERIALS TECHNOLOGY, LLC [US/US]; 10 In-
dustrial Way East, Suite 4, Eatontown, New Jersey 07724
(US).

(72) Inventors: BURPEE, Janet; 56 Buttonwood Drive, Fair
Haven, New Jersey 07704 (US). BEACH, Bradley; 822
13th Avenue, Belmar, NJ 07719 (US).

(74) Agent: DUNN MCKAY, Diane;, MATHEWS, SHEP-
HERD, MCKAY & BRUNEAU, P.A., 100 Thanet Circle,
Suite 306, Princeton, New Jersey 08540 (US).

(54) Title: FLEXIBLE STENT

12

ol ‘_

=

LENGTHihw*

=

(10) International Publication Number

WO 2006/108010 A2

(81) Designated States (unless otherwise indicated, for every

kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KL,
KG, KM, KN, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV,
LY, MA, MD, MG, MK, MN, MW, MX, MZ, NA, NG, NI,
NO, NZ, OM, PG, PH, PL, PT, RO, RU, SC, SD, SE, SG,
SK, SL, SM, SY, T], TM, TN, TR, TT, TZ, UA, UG, UZ,
VC, VN, YU, ZA, ZM, ZW.
(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, 8Z, TZ, UG, ZM,
/W), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, 1,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT,
RO, SE, SI, SK, TR), OAPI (BE, BJ, CF, CG, CI, CM, GA,
GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
without international search report and to be republished
upon receipt of that report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.

~WIDTH

14 10

18 /

(57) Abstract: A flexible stent structure includes a plurality of axially spaced strut portions defining generally tubular axial seg-
ments of the stent and constructed to be radially expandable. A helical portion is interposed axially between two strut portions and
has a plurality of helical elements connected between circumferentially spaced locations on the two strut portions. The helical ele-
ments extend helically between those locations and the length of a helical element is sufficient so that, when the stent is in a radially
expanded state, it can simultaneously withstand repeated axial compression or expansion and bending.
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FLEXIBLE STENT
Background of the Invention

The present invention relates generally to expandable tubular structures
capable of insertion into small spaces in living bodies and, more particularly, concerns
a stent structure which 1is capable of substantial and repeated flexing at points along its
length without mechanical failures and with no substantial changes in its geometry.

A stent 1s a tubular structure that, in a radially compressed or crimped state,
may be inserted into a confined space in a living body, such as an artery or other
vessel. After insertion, the stent may be expanded radially to enlarge the space in
which 1t 1s located. Stents are typically characterized as balloon-expanding (BX) or
self-expanding (SX). A balloon-expanding stent requires a balloon, which is usually
part of a delivery system, to expand the stent from within and to dilate the vessel. A
self expanding stent 1s designed, through choice of material, geometry, or
manufacturing techniques, to expand from the crimped state to an expanded state once
it 1s released into the intended vessel. In certain situations higher forces than the
expanding force of the self expanding stent are required to dilate a diseased vessel. In
this case, a balloon or similar device might be employed to aid the expansion of a self
expanding stent.

Stents are typically used in the treatment of vascular and non-vascular
diseases. For instance, a crimped stent may be inserted into a clogged artery and then
expanded to restore blood flow in the artery. Prior to release, the stent would
typically be retained in its crimped state within a catheter and the like. Upon
completion of the procedure, the stent is left inside the patient's artery 1n its expanded
state. The health, and sometimes the life, of the patient depend upon the stent's ability
to remain 1n its expanded state.

Many available stents are flexible in their crimped state in order to facilitate
the delivery of the stent, for example within an artery. Few are flexible after being
deployed and expanded. Yet, after deployment, in certain applications, a stent may be
subjected to substantial flexing or bending, axial compressions and repeated
displacements at points along its length, for example, when stenting the superficial
femoral artery. This can produce severe strain and fatigue, resulting in failure of the

stent.
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A similar problem exists with respect to stent-like structures. An example
would be a stent-like structure used with other components in a catheter-based valve
delivery system. Such a stent-like structure holds a valve which 1s placed in a vessel.

Summary of the Invention

In accordance with the present invention, a stent or a stent-like structure is
constructed to have different types of tubular portions along its length. In general,
there are strut portions and helical portions, where the strut portions are constructed
primarily to provide radial expansion and radial strength, and the helical portions are
constructed primarily to permit repeated flexing and axial compression and
expansion. The flexing and axial compression are likely to be required
simultaneously, so the stent structure permits repeated and substantial flexing while 1n
an axially compressed or expanded state, and it permits axial compression while 1n a
flexed state. Preferably, strut portions are provided between helical portions or helical
portions are provided between strut portions. In a preferred embodiment, the stent 1s
self-expanding and strut portions and helical portions alternate along the length of the
stent.

The stent is preferably constructed so that, in the expanded state the helical
portions permit axial compression or expansion of about 20% (preferably between
15% and 25%) and simultaneously permit bending with a minimum bending radius of
about 13mm (preferably between 10mm and 16mm).

In accordance with another aspect of the invention, a helical portion 1s made of
helical elements which extend helically about the axis of the stent between points on
two different strut portions which are spaced apart circumiferentially by a distance
which is more than approximately 25% of the circumference of the stent (which 1s
equivalent to an extent of 90 degrees about the axis of the stent) when it 1s in 1ts
expanded state.

In accordance with yet another aspect of the invention, a helical portion 1s
made of helical elements which extend helically about the axis of the stent between
locations on two different strut portions. In one embodiment a helical element 1s bi-
directional, in that it extends first in one circumferential direction and then the other
between the two locations and has a peak.

In accordance with yet another aspect of the invention, a stent has a plurality

of axially spaced strut portions defining generally tubular axial segments of the stent
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and constructed to be radially expandable. A helical portion is interposed axially
between two strut portions, and the helical portion has a plurality of helical elements
connected between circumferentially spaced locations on two strut portions. A helical
element extends helically between these locations, and at least part of the helical portion
has a greater diameter than a strut portion when the stent is in an expanded state. In an
alternate embodiment, at least part of the helical portion has a smaller diameter than the
strut portion when the strut 1s in an expanded state.

In one embodiment, the helical element 1s wound at least 90 degrees between strut
elements connected to the helical element. In another embodiment, the helical element is
wound at least 360 degrees between strut elements connected to the helical element.

In an alternate embodiment, stent grafts are formed of a biocompatible graft
material covering the outside, inside or both the outside and inside of the stent. The stent
graft can have any embodiment of a stent structure of the present invention. Stent graft
devices are used, for example, in the treatment of aneurysms, dissections and tracheo-
bronchial strictures. The stent can also be coated with a polymer and/or drug eluting
material as are known in the art.

In one aspect, there is provided a flexible stent comprising: a helical portion
comprising a plurality of side-by-side, individual helical elements helically wound about
an axis of said stent, said helical portion being expandable radially upon deployment and
compressible, expandable and bendable 1n a deployed state; and a strut portion on either
side of said helical portion, each of said strut portions comprising helically aligned strut
elements having a first end connected to said helical elements of said helical portion, said
strut portions being radially expandable upon deployment.

In another aspect, there 1s provided a self expanding flexible stent comprising: a
helical strut member helically wound about an axis of said stent, said helical strut
member comprising a plurality of helical strut elements; and a plurality of individual
helical elements helically wound about said axis of said stent in the same direction of said
helical strut member with said helical elements extending between and interconnecting
points on subsequent windings of said helical strut member; wherein said helical

elements are elongated elements without overlapping in the radial direction both in the
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compressed state and deployed state; wherein the distance between at least some adjacent
helical elements in the compressed state varies along the length of said adjacent helical
elements and 1s in a range from zero and about the maximum distance between adjacent
helical elements in the deployed state; and wherein said stent in the compressed state is
longer than in the deployed state; wherein in the deployed state the elongated elements
are substantially parallel and said helical strut member and said helical strut elements
define a cylinder having a constant diameter.

In another aspect, there 1s provided a self expanding tlexible stent comprising: a
helical strut member helically wound about an axis of said stent, said helical strut
member comprising a plurality of helical strut elements; a plurality of individual helical
elements helically wound about said axis of said stent in the same direction of said helical
strut member with said helical elements extending between and interconnecting points on
subsequent windings of said helical strut member; a strut portion helically wound about
an axis of said stent, said strut portion comprising a plurality of helical strut elements,
satd strut portion connected to an end of said helical strut member, said strut portion 1s a
helical continuation of the winding of said helical strut member, said strut portion is
wound about said axis of said stent with an acute angle formed between a plane

perpendicular to said axis of said stent and said strut portion winding that 1s smaller than

an acute angle formed between the plane perpendicular to said axis of said stent and the

winding of said helical strut member; and a transitional helical portion interconnected
between said strut portion and a winding of said helical strut member; said transitional
helical portion comprising transitional helical elements, said transitional helical elements
progress helically connecting strut peaks of some of said helical strut elements of said
helical strut member with strut peaks of some of said helical strut elements of said strut
portion, said strut peaks of said helical strut element of said strut portion detine said acute
angle of said strut portion winding; and said transitional helical portion interconnects
about one rotational winding or less of said strut portion.

In another aspect, there is provided a self expanding flexible stent comprising: a
helical strut member helically wound about an axis of said stent, said helical strut

member comprising a plurality of helical strut elements; and a plurality ot individual
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helical elements helically wound about said axis of said stent in the same direction of said
helical strut member with said helical elements extending between and interconnecting
points on subsequent windings of said helical strut member; wherein said helical
elements are elongated elements both in the compressed state and deployed state; wherein
in the compressed state the distance between at least some adjacent helical elements
varies along the léngth of said adjacent helical elements and is in a range from zero and
about the maximum distance between adjacent helical elements in the deployed state;
wherein in the deployed state the elongated elements are substantially parallel; and said
helical strut member and said helical strut elements define a cylinder having a constant
diameter; wherein said stent in the compressed state 1s longer than in the deployed state.
In another aspect, there is provided a self expanding flexible stent comprising: a
helical strut member helically wound about an axis of said stent, said helical strut
member comprising a plurality of helical strut elements; and a plurality of individual
helical elements helically wound about said axis of said stent in the same direction of said
helical strut member with said helical elements extending between and interconnecting
points on subsequent windings of said helical strut member; wherein said helical
elements are elongated elements both in the compressed state and deployed state; wherein
the distance between at least some adjacent helical elements in the compressed state
varies along the length of said adjacent helical elements and is in a range from zero and
about the maximum distance between adjacent helical elements 1n the deployed state; and
wherein said stent in the compressed state is longer than in the deployed state; a strut
portion helically wound about an axis of said stent, said strut portion comprising a
plurality of helical strut elements, said strut portion connected to an end of said helical
strut member, said strut portion is a helical continuation of the winding of said helical
strut member, said strut portion is wound about said axis of said stent with an acute angle
formed between a plane perpendicular to said axis of said stent and said strut portion
winding that is smaller than an acute angle formed between the plane perpendicular to
said axis of said stent and the winding of said helical strut member; and wherein in the

deployed state the elongated elements are substantially parallel and said helical strut
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member and said helical strut elements define a cylinder having a substantially constant
diameter.

In another aspect, there is provided a self expanding tlexible stent comprising: a
helical strut member helically wound about an axis of said stent, said helical strut
member comprising a plurality of helical strut elements; a plurality of individual helical
elements helically wound about said axis of said stent in the same direction of said helical
strut member with said helical elements extending between and interconnecting points on
subsequent windings of said helical strut member; a strut portion helically wound about
an axis of said stent, said strut portion comprising a plurality of helical strut elements,
said strut portion connected to an end of said helical strut member, said strut portion 1s a
helical continuation of the winding of said helical strut member, said strut portion 1s
wound about said axis of said stent with an acute angle formed between a plane
perpendicular to said axis of said stent and said strut portion winding that 1s smaller than
an acute angle formed between the plane perpendicular to said axis of said stent and the
winding of said helical strut member; and a transitional helical portion interconnected
between said strut portion and a winding of said helical strut member; said transitional
helical portion comprising transitional helical elements, said transitional helical elements
progress helically connecting strut peaks of some of said helical strut elements of said
helical strut member with strut peaks of some of said helical strut elements of said strut
portion, said strut peaks of said helical strut element of said strut portion define said acute
angle of said strut portion winding; and wherein said strut portion is wound about said
axis of said stent having a number of windings less than about 1/4 of the total number of
windings of said helical strut member.

In another aspect, there is provided a self expanding flexible stent comprising: a
helical strut member helically wound about an axis of said stent, said helical strut
member comprising a plurality of helical strut elements; a plurality of individual helical
elements helically wound about said axis of said stent in the same direction of said helical
strut member with said helical elements extending between and interconnecting points on

subsequent windings of said helical strut member; a strut portion helically wound about

an axis of said stent, said strut portion comprising a plurality of helical strut elements,
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said strut portion connected to an end of said helical strut member, said strut portion is a
helical continuation of the winding of said helical strut member, said strut portion is
wound about said axis of said stent with an acute angle formed between a plane
perpendicular to said axis of said stent and said strut portion winding that is smaller than
an acute angle formed between the plane perpendicular to said axis of said stent and the
winding of said helical strut member; and a transitional helical portion interconnected
between said strut portion and a winding of said helical strut member; said transitional
helical portion comprising transitional helical elements, said transitional helical elements
progress helically connecting strut peaks of some of said helical strut elements of said
helical strut member with strut peaks of some of said helical strut elements of said strut
portion, said strut peaks of said helical strut element of said strut portion define said acute
angle of said strut portion winding; and wherein the number of said helical strut elements
In one rotation of said strut portion winding 1s greater than the number of said helical
strut elements in one rotation of said helical strut member winding.

In another aspect, there 1s provided a self expanding flexible stent comprising: a
helical strut member helically wound about an axis of said stent, said helical strut
member comprising a plurality of helical strut elements; and a plurality of individual
helical elements helically wound about said axis of said stent with said helical elements
extending between and interconnecting points on subsequent windings of said helical
strut member; wherein said helical elements are elongated elements both in the
compressed state and deployed state; wherein in the compressed state the distance
between at least some adjacent helical elements varies along the length of said adjacent
helical elements and is in a range from zero and about the maximum distance between
adjacent helical elements in the deployed state; wherein in the deployed state the
clongated elements are substantially parallel; and said helical strut member and said
helical strut elements define a cylinder having a substantially constant diameter; wherein
said stent in the compressed state is longer than 1n the deployed state.

In another aspect, there is provided a self expanding flexible stent comprising: a
helical strut member helically wound about an axis of said stent, said helical strut

member comprising a plurality of helical strut elements; a plurality of individual helical
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elements helically wound about said axis of said stent in the same direction of said helical
strut member with said helical elements extending between and interconnecting points on
subsequent windings ot said helical strut member; a strut portion helically wound about
an axis of said stent, said strut portion comprising a plurality of helical strut elements;
said strut portion connected to an end of said helical strut member, said strut portion 1s a
helical continuation of the winding of said helical strut member; wherein said strut
portion is wound with an acute angle formed between a plane perpendicular to said axis
of said stent and said strut portion winding that is smaller than an acute angle formed
between the plane perpendicular to said axis of said stent and the winding of said helical
strut member; and a transitional helical portion interconnected between said strut portion
and a winding of said helical strut member; said transitional helical portion comprising
transitional helical elements; said transitional helical elements progress helically
connecting strut peaks of some of said helical strut elements of said helical strut member
with strut peaks of some of said helical strut elements of said strut portion, said strut
peaks of said helical strut element of said strut portion define said acute angle of said
strut portion winding wherein said helical elements are elongated elements both 1n the
compressed state and deployed state; wherein the minimum angle of said helical elements
with the longitudinal axis of the stent in the compressed state is less than the minimum
angle of helical elements with the longitudinal axis of the stent in the deployed state; and
wherein the spacing between subsequent windings of said helical strut member 1n the
compressed state is substantially the same as the spacing between the subsequent
windings of said helical strut member in the deployed state.
In another aspect, there is provided a self expanding flexible stent comprising:

a helical strut member helically wound about an axis of said stent, said helical strut
member comprising a plurality of helical strut elements; and a plurality of individual
helical elements helically wound about said axis of said stent in the same direction of said
helical strut member with said helical elements extending between and interconnecting
points on subsequent windings of said helical strut member; a strut portion helically
wound about an axis of said stent, said strut portion comprising a plurality of helical strut

elements; said strut portion connected to an end of said helical strut member, said strut
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portion 1s a helical continuation of the winding of said helical strut member; wherein said
strut portion 1s wound with an acute angle formed between a plane perpendicular to said
axis of said stent and said strut portion winding that is smaller than an acute angle formed
between the plane perpendicular to said axis of said stent and the winding of said helical
strut member; and a transitional helical portion interconnected between said strut portion
and a winding of said helical strut member; said transitional helical portion comprising
transitional helical elements; said transitional helical elements progress helically
connecting strut peaks of some of said helical strut elements of said helical strut member
with strut peaks of some of said helical strut elements of said strut portion, said strut
peaks of said helical strut element of said strut portion define said acute angle ot said
strut portion winding wherein said helical elements are elongated elements both in the
compressed state and deployed state; wherein said stent in the compressed state 1s longer
than in the deployed state; wherein the spacing between subsequent windings of said
helical strut member in the compressed state is greater than the spacing between
subsequent windings of said helical strut member 1n the deployed state.

In another aspect, there is provided a self expanding flexible stent comprising: a
helical strut member helically wound about an axis of said stent, said helical strut
member comprising a plurality of helical strut elements; and a plurality of individual
helical elements helically wound about said axis of said stent in the same direction of said
helical strut member with said helical elements extending between and interconnecting
points on subsequent windings of said helical strut member; a strut portion helically
wound about an axis of said stent, said strut portion comprising a plurality of helical strut
elements; said strut portion connected to an end of said helical strut member, said strut
portion is a helical continuation of the winding of said helical strut member; wherein said
strut portion is wound with an acute angle formed between a plane perpendicular to said
axis of said stent and said strut portion winding that is smaller than an acute angle tformed
between the plane perpendicular to said axis of said stent and the winding of said helical
strut member; and a transitional helical portion interconnected between said strut portion
and a winding of said helical strut member; .said transitional helical portion comprising

transitional helical elements; said transitional helical elements progress helically
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connecting strut peaks of some of said helical strut elements of said helical strut member
with strut peaks of some of said helical strut elements of said strut portion, said strut
peaks of said helical strut element of said strut portion define said acute angle of said
strut portion winding wherein said helical elements are elongated elements both in the
compressed state and deployed state; wherein the distance between at least some adjacent
helical elements in the compressed state varies along the length of said adjacent helical
elements and is 1n a range from zero and about the maximum distance between adjacent
helical elements in the deployed state; and wherein the spacing between subsequent
windings of said helical strut member in the compressed state is substantially the same to
the spacing between subsequent windings of said helical strut member in the deployed
state.
Briet Description of the Drawings

The foregoing description, as well as further objects, features, and advantages of
the present invention will be understood more completely from the following detailed
description of presently preferred, but nonetheless illustrative embodiments in accordance
with the present invention, with reference being had to the accompanying drawings, in
which:

Fig. 1A 1s a plan view of a first embodiment of a stent in accordance with the
present invention, the stent being shown 1n an unexpanded state;

Fig. 1B is a plan view of the first embodiment of a stent in accordance with the

present invention, the stent being shown 1n a radially expanded state;

Fig. 2 1s a plan view of a second embodiment ot a stent in accordance with the

present invention;

Fig. 3 is a plan view of a third embodiment of a stent in accordance with the

present invention;

Fig. 4 is a plan view of a fourth embodiment of a stent in accordance with the

present invention,;
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Fig. 5 1s a sectional end view of a fifth embodiment of a stent in accordance
with the present invention;

'Fig. 6 1s a lengthwise side outline view of the same embodiment as Fig. 5;

Fig. 7A 1s a plan view of another embodiment of a stent in accordance with the
present invention;

Fig. 7B 1s a plan view of another embodiment of the stent in accordance with
the present invention;

Fig. 8 1s a sectional end view of another embodiment of the stent in
accordance with the present invention;

Fig. 9 1s a lengthwise side outline view of the embodiment shown in Fig. 8;

Fig. 10A 1s a sectional end view of an alternate embodiment of a stent in
accordance with the present invention including graft material covering an outer
surface of the stent;

Fig. 10B is a sectional end view of an alternate embodiment of a stent in
accordance with the present invention including graft material covering an inner
surface of the stent;

Fig. 10C 1s a sectional end view of an alternate embodiment of a stent in
accordance with the present invention including graft material covering an outer
surface and an inner surface of the stent;

Fig. 11A is a side view of an alternate embodiment of a stent in accordance
with the present invention including graft material attached to the strut portion, the
graft material covering the strut portion and the helical portion;

Fig. 11B is a side view of an alternate embodiment of a stent in accordance
with the present invention including a plurality of sections of biocompatible graft
material wherein a gap 1s provided between each of the sections of graft material;

Fig. 11C 1s a side view of an alternate embodiment of a stent in accordance
with the present invention including a plurality of sections of a biocompatible graft
material wherein the graft material of adjacent sections is overlapped;

Fig. 11D is a side view of an alternate embodiment of a stent in accordance
with the present invention including a biocompatible graft material, the graft material

having a bulge at the helical portions;
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Fig. 11E 1s a side view of an alternate embodiment of a stent in accordance
with the present invention including a biocompatible graft material, the graft material
having a plurality of longitudinal openings over the helical portions;

Fig. 11F is a side view of an alternate embodiment of a stent in accordance
with the present invention the graft material having a bulge at the helical portions and
the graft material having a plurality of longitudinal openings over the helical portions;

Fig. 11G is a side view of an alternate embodiment of a stent in accordance
with the present invention including a biocompatible graft material having a plurality
of helical openings corresponding to a pitch of the helical elements;

Fig. 11H is a side view of an alternate embodiment of a stent in accordance
with the present invention including a plurality of sections of biocompatible graft
material each of the sections being attached to either the strut portion or the helical
portion wherein a gap is provided between each of the sections of graft material;

Fig. 11]J is a side view of an alternate embodiment of a stent in accordance
with the present invention including a plurality of sections of biocompatible graft
material, each of the sections being attached to either the strut portion or the helical
portion wherein adjacent sections of graft material 1s overlapped;

Fig. 12A is a plan view of an alternate embodiment of a stent in an expanded
state;

Fig. 12B is a plan view of the stent of Fig. 12A in a crimped state such that the
gap between helical elements is the same throughout the helical portions.
Additionally, the length of the stent is the same in both the crimped and expanded
state; |

Fig. 12C is a plan view of the stent of Fig. 12A in a crimped state such that the
gap between helical elements changes throughout the helical portion. Additionally,
the stent is longer in the crimped state than the expanded state; and

Fig. 13 is a plan view of an alternate embodiment of a stent in accordance with
the present invention.

Detailed Description of the Preferred Embodiments

Reference will now be made in greater detail to a preferred embodiment of the
invention, an example of which is illustrated in the accompanying drawings.
Wherever possible, the same reference numerals will be used throughout the drawings

and the description to refer to the same or like parts.
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Figs. 1A and 1B are plan views of a first embodiment of stent 10 in
accordance with the present invention shown in an unexpanded state and expanded
state, respectively. As used herein, the term "plan view" will be understood to
describe an unwrapped plan view. This could be thought of as slicing open a tubular
stent along a line parallel to its axis and laying it out flat. It should therefore be
appreciated that, in the actual stent, the top edge of the Fig. 1A will be joined to the
lower edge.

Stent 10 is made from a common material for self expanding stents, such as
Nitinol nickel-titanium alloy (N1/T1), as is well known in the art. Typically, the stent
is laser cut from tubing, for example, with a diameter of about S5Smm (Fig. 1A). If 1s
then expanded and set to a diameter of about 8mm (Fig. 1B), and for pre-deployment
it would be crimped to a diameter appropriate for the application, for example about
3mm. However, it 1s contemplated that the present invention 1s applicable to any type
and s1ze of stent.

Stent 10 is generally made up of strut portion 12 and helical portion 14 with
axially aligned strut portion 12 alternating with helical portion 14. In a preterred
embodiment, strut portion 12 is positioned at either end of stent 10. Strut portion 12
being radially expandable upon deployment. Each strut portion 12 includes strut ring
16 having a pattern of wave-like strut elements 16a that progresses circumferentially
about the stent. Each strut element 16a has a width equal to the peak to peak distance
around the stent and a length equal to the peak-to-peak distance along the length of
the stent. It will be appreciated that strut ring 16 could be partially straightened
(stretched vertically in Fig. 1B) so as to widen strut elements 16a and reduce their
length. This is equivalent to expanding stent 10 radially. Preferably, the material of
which stent 10 is made is such that strut element 16a will retain some wave-like shape
in a radially expanded state. For delivery, the stent would be crimped and fitted into a
catheter, and it would expand after the catheter is inserted into the vessel and the stent
is advanced out of the catheter.

Each helical portion is made up of a plurality of side-by-side helical elements
18, each of which is helically wound about an axis of stent 10. Helical portion 14 is
expandable radially upon deployment and compressible, expandable and bendable in
a deployed state. Helical elements 18 can be connected between opposed individual

wave portions of strut element 16a of different strut portions 12. In this embodiment,
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each helical element 18 makes a complete rotation about the surface of stent 10.
However, they can make a partial rotation or more than one rotation. The helical
portion is preferably constructed to permit repeated axial compression or expansion of
about 20% (preferably between 15% and 25%) and simultaneously permit bending
with a minimum bending radius of about 13mm (preferably between 10mm and
16mm), all without failure.

Improved flexibility and axial compression can generally be accomplished 1f
helical element 18 1s wound at least 90 degrees between strut elements 16a connected
to helical elements 18. Alternatively, helical element 18 1s wound at least 360 degrees
between strut elements 16a connected to helical elements 18.

Fig. 2 is a plan view of a second embodiment of stent 20 similar to stent 10 of
Fig. 1. The primary differences are in the structure of strut portions 12' and that there
are right-handed and left-handed helical portions (14R and 14L, respectively). Each
strut portion 12' comprises two adjacent strut rings 26, 27 connected by short link 28.
The closely opposed peaks of strut elements 26a, 27a are connected by short link 28,
so that each strut portion 12’ has a double strut ring structure. It would also be
possible to connect multiple strut rings together to form a larger strut portion. The
advantage of twin or multiple strut ring strut portions 1s that they offer increased
radial stiffness over the single strut ring strut portion and can stabilize the strut
portions so they are less affected by axial forces.

In a right-handed helical portion 14R, the elements 18 progress clockwise
about the surface of stent 10 and, in a left-handed helical portion 14L, they progress
counterclockwise. Helical elements 18 essentially float and permit relatively large
displacements about and along the stent axis between the two strut ring portions at
either end. In this embodiment, it will be appreciated that the diameter of the stent at
each helical portion 14R, 14L is the same as the diameter of the stent at the strut
portions 12 on either side. However, this need not be the case, as will become evident
from additional embodiments discussed below. A benefit of using left-handed and
right-handed helical portions is that when the stent deploys the two portions rotate in
opposite directions, maintaining the relative rotational positions of different axial
portions of the stent.

Fig. 3 is another embodiment of stent 30 in accordance with the present

invention. It is similar to stent 20 of Fig. 2, except that helical portions 34 include
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helical element 38 which progresses bi-directionally (first counterclockwise and then
clockwise) about the perimeter of stent 30 between connection locations on two
different strut portions 12'. Helical element 38 is wound at least 90 degrees from a
first strut portion 12' to peak 35 and is wound 90 degrees from peak 35 to a second
strut portion 12' in order to maintain flexibility. The one-directional helical
elements 18 of Fig. 1A and 1B can allow adjacent strut portions to rotate relative to
one another. The bi-directional helical elements 38 limit the amount adjacent strut
portions can rotate about the stent axis relative to one another but still provide axial
and bending flexibility.

Fig. 4 1s a plan view of a fourth embodiment of a stent in accordance with the
present invention. In this case, stent 40 has strut portions 12' of Fig. 2 and the helical
portions 14L, 14R (Fig. 2) and helical portions 34 (Fig. 3). The advantage of this
construction 1s that combining different types of helical elements allows a mix of
properties as described herein, providing the opportunity for further optimization of
overall stent performance for a given application.

Fig. 5 1s a sectional view perpendicular to the axis of a fifth embodiment of
stent 30' in accordance with the present invention, and Fig. 6 is a side outline view of
the same embodiment. The stent has the structure shown in Fig. 3, except that helical
portions 38' have a larger diameter than strut portions 12'. In this construction the
radial stiffness of the helical portions is increased, but to a lesser degree than the strut
portions.

When all portions of the stent have the same diameter, the helical portions
may not have as much outward force on a vessel as the strut portions when the strut is
expanded. The geometry of Fig. 6 will tend to force the helical portions to expand
more than the strut portions, increasing the outward force of the helical portions,
which equalizes the radial stiffness.

Nitinol structures have a biased stiffness, such that the force required to
collapse the structure back towards the collapsed state is generally greater than the
force that continues to dilate the diseased vessel when the stent is in its expanded
state. With some self expanding Nitinol stents, a balloon is used to assist the
expansion/dilation of the vessel. The biased stiffness is enough to support the open
vessel, but the outward force may not be enough to open the vessel (or it may take a

longer period of time). A stent with the type of geometry shown in Fig. 5 would
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therefore be a good expedient to use in conjunction with balloon assisted expansion,
or other applications requiring additional expansive force.

Fig. 7A is a plan view of another embodiment of stent 40B' in accordance with
the present invention. Stent40B' includes strut member 42. Strut member 42
progresses helically from one end of stent 40B' to the other. Strut member 42 forms
main body of stent 40B'. In this embodiment, each strut element 44a is connected to a
strut 1n a subsequent winding of strut member 42 by helical element 46. In this
embodiment, helical element 46 of helical portion 45 progresses helically less than
one full rotation of 360 degrees about stent 40B'. Helical element 46 progresses in a
direction opposite of the direction of which strut member 42 progresses helically
about stent 40B'.

Preferably, helical elements 46 are axially abutted, forming a type of spring
which permits a great deal of flexibility and axial expansion, while strut member 42
provides radial strength and retains the stent in its expanded condition.

Fig. 7B is a plan view of another embodiment of stent 40C' in accordance with
the present ivention. Stent40C' 1s similar to stent40B' and includes strut
member 42. Strut member 42 progresses helically from one end of stent 40C' to the
other. Strut member 42 forms main body of stent 40C'. In the present embodiment,
each strut element 44a 1s connected to a strut 1in a subsequent winding of strut member
42 by helical element 47. In this embodiment, helical element 47 progresses helically
about stent 40C' in the same direction as strut member 42 progresses helically about
stent 40C'. Stent 40C' includes transitional helical portions 49 and strut portions 48 at
either end of stent 40C' to allow strut portion 48 to be provided at either end of
stent 40C".

Stents 40B' and 40C' have the advantage that the flexible helical elements are
distributed more continuously along the length of the stent and may provide more
continuous flexibility.

Those skilled in the art will appreciate that various modifications to stent 40B'
or 40C' are possible, depending upon the requirements of a particular design. For
example, it might be desirable to connect fewer than all of strut elements 44a 1n a
particular winding to a subsequent winding, reducing the number of helical elements
46. Helical elements 46 can extend for less or for any integer or non-integer multiple

of a rotation. A stent could also be made of a plurality of tubular sections each having



CA 02610108 2007-11-28

WO 2006/108010 PCT/US2006/012579

10

15

20

25

30

the construction of stent 40B' or 40C' and joined lengthwise by another type of
section.

Fig. 8 1s a sectional view perpendicular to the axis of an embodiment of
stent 20° in accordance with the present invention, and Fig. 9 is a side outline view of
the same embodiment. The stent has the structure shown in Fig. 1A, except that
helical portions 14' neck down to a smaller diameter than strut portions 12'. In this
construction the helical portions will exert less force on the vessel wall than if the
helical portions were the same diameter. Reducing the force the stent exerts on a
vessel wall can reduce the amount of damage done to a vessel and provide a better
performing stent.

Figs. 10A-10C are sectional views perpendicular to the axis of the stent in
accordance with the present invention. Stent graft 60, 70 and 80 have a stent structure
of the present invention of any of the embodiments described above with helical
portions interposed between strut portions. In one embodiment, biocompatible graft

material 62 covers outside 64 of stent graft 60, as shown in Fig. 10A. Altematively,

'biocompatible oraft material 62 covers inside 74 of stent 70, as shown in Fig. 10B.

Alternatively, graft material 62 covers outside 64 and inside 74 of stent 80, as shown
in Fig. 10C. Graft material 62 can be formed of any number of polymers or other
biocompatible materials that have been woven or formed into a sheet or knitted
surface. Alternatively, the stent can be coated with a polymer and/or drug eluting
material as are known in the art.

Figs. 11A-11J are side profile views of stent grafts including the features of
the flexible stent structure of the present invention.

Stent graft 100 comprises a continuous covering of graft material 102 covering
stent 10, as shown in Fig. 11A. Graft material 102 1s attached to strut portions 12.
Graft material 102 covers and 1s not attached to helical portions 14.

Stent graft 110 comprises a plurality of sections 111 of graft material 112
covering the stent structure, as shown in Fig. 11B. Graft material 112 1s attached to
strut portions 12. Graft material 112 covers at least a portion of helical portions 14
and is not attached to helical portions 14. Gap 115 1s positioned between adjacent
sections 111 of graft material 112. Gap 115 will typically range in size between 0
(meaning no gap) and about 20% of the length of helical portion 14.

10
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Stent graft 120 comprises a plurality of sections 121 of graft material 122
covering the stent structure, as shown 1n Fig. 11C. Graft material 122 is attached to
strut portions 12. Graft material 122 covers and is not attached to helical portions 14.
Sections 121 of graft material 122 are positioned such that there is an overlap 125
between adjacent sections 121 of graft material 122. Overlap 125 will typically range
in size between 0 (meaning no gap) and about 40% of the length of helical portion 14.

Stent graft 130 comprises a continuous covering of graft material 132, as
shown in Fig. 11D. Graft material 132 is attached to strut portions 12. Graft
material 132 covers and 1s not attached to helical portions 14. Graft material 132 has
bulge 133 at helical portions 14.

Stent graft 140 comprises a continuous covering of graft material 142, as
shown in Fig. 11E. Graft material 142 has a plurality of longitudinal openings 144
over helical portions 14.

Stent graft 150 comprises a continuous covering of graft material 152, as
shown 1n Fig. 11F. Graft material 152 has bulge 153 at helical portions 14 and has a
plurality of longitudinal openings 154 over helical portions 14.

Stent graft 160 comprises a continuous covering of graft material 162, as
shown 1n Fig. 11F. Graft material 162 has helical openings 164 in helical portions 14
that correspond to the pitch and angle of helical portions 14.

Stent graft 170 comprises a plurality of sections 171 of graft material 172
covering stent 10, as shown in Fig. 11H. Sections 171 can be attached to strut
portions 12 or helical portions 14. Gap 175 1s pbsitioned between adjacent
sections 171 of graft material 172. Gap 175 will typically range in size between 0
(meaning no gap) and about 20% of the length of helical portion 14.

Stent graft 180 comprises a plurality of sections 181 of graft material 182
covering stent 10, as shown in Fig. 11J. Sections 181 can be attached to strut portions
12 or helical portions 14. Sections 181 of graft material 182 are positioned such that
there is an overlap 185 between adjacent sections 181 of graft material 182.
Overlap 185 will typically range in size between 0 (meaning no gap) and about 40%
of the length of helical portion 14.

Figs. 12A, 12B and 12C are plan views of stent 200 in accordance with the
present invention. Fig. 12A shows stent 200 in an expanded state with gap 202
between helical elements 18. Figs. 12B and 12C show stent 200 1n two different

11
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compressed states. In Fig. 12B stent 200 is compressed such that gap 212 between
side-by-side helical elements 18 is about the same throughout helical portion 14. The
size of gap 212 between side-by-side helical elements 18 can range between 0 and
about the size of the gap 202 in the expanded state, for example, as shown in
Fig. 12A. In other words, when the size of the gap is 0, there is no space between
side-by—side helical elements 18 and side-by-side helical elements 18 contact one
another.

The helical elements of the stent shown in Fig. 12B have been wrapped around
the stent a number of times such that in the crimped state the overall length 211 of the
stent in the crimped state is the same as the overall length 201 of the stent in the
expanded state shown in Fig. 12A, thereby eliminating foreshortening.

In Fig. 12C stent 200 is compressed such that helical element 18 is elongated
and gap 222 between side-by-side helical elements 18 varies throughout the axial
length of helical portion 14. The size of gap 222 between adjacent helical
elements 18 can range between 0 and about the size of the gap 202 in the expanded
state, for example, as shown in Fig. 12A. In other words, when the size of the gap is
0, there 1s no space between side-by-side helical elements 18 and side-by-side helical
elements 18 contact one another. In Fig. 12C, the overall length 221 of the stent in
the crimped state is greater then the overall length 201 of the stent in the expanded
state.

An additional method can be provided to crimp the stent such that the length
of helical portions is shorter in the crimped state than in the expanded state. For
example, if the stent of Fig. 12A were crimped similar to that shown in Fig. 12B,
except no gap exists between side-by-side helical elements the stent would be have
length 211 in the crimped state which is shorter than length 201 in the expanded
state. In one embodiment, a method of crimping provides a stent where the overall
length 1s the same in the crimped and expanded state and there is no gap between
helical elements in the crimped state.

As described above, one preferred embodiment of the stent is to permit
repeated axial compression or expansion of about 20% and simultaneously permit
bending with a minimum bending radius of about 13mm. One method to construct a
stent of the present invention with a specific target for flexibility is to vary the ratio

between the sum of the gap space in the helical portion to the overall length. By

12
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increasing that ratio, the flexibility of the stent increases. This ratio will also be
approximately the maximum axial compression the stent will allow. It will be
appreciated that the maximum axial compression for satety may be limited by other
factors such as strain in the helical elements.

Fig. 13 1s a plan view of a stent 300 in accordance with the present invention.
Stent 300 1s similar to other embodiments described above except 1t includes various
configurations and various axial lengths of strut portions and various configurations
and various axial lengths of helical portions. Strut portions 302 positioned at the
outer most portion of stent 300 includes long strut elements 301. Long strut
elements 301 have length 311. Length 311 of long strut element 301 is greater than
length 312 of strut portions 304 positioned at the inner portion of stent 300. Long
strut elements 301 provided on the ends of the stent may be advantageous to provide
better anchoring and provide an area for adjacent stents to overlap, but not impede the
flexibility of the helical portion. In some vasculatures, notably the femoropopliteal
arteries, the length of diseased artery may be long, often longer than 10 cm. Multiple
stents may be required to treat these long sections of diseased arteries. A common
procedure in this case is to overlap the adjacent stents so that the vessel being treated
is covered. When some conventional stents are overlapped in this manner, the
mechanism which makes them flexible is impeded and this artificial stiffening can
cause many problems, including stent fractures. An advantage of the present
invention is that the elements that allow bending and axial flexibility (helical portion)
are different than the elements that provide radial structure (strut portion) so that the
strut portions on adjacent stents may overlap and not impede the movement of the
helical portion and therefore the overall flexibility of the stent.

Helical portion 303 that is adjacent to the strut portion 302 comprises helical
elements 18 that are connected to every strut element 301 of strut portion 302.
Helical portion 303 can provide a high percentage of surface area for optimized
delivery of a drug or other therapeutic agent. Strut portion 304 is connected to helical
portion 303 by helical element 18 at every strut element 16a on side 320 of strut
portion 304 and is connected to helical portion 309 at every other strut element 16a on
side 321 of strut portion 304. Helical portion 309 provides a lower percentage of
surface area and greater flexibility than helical portion 303. This type of configuration

13
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can provide a transition from a stiffer helical portion that has a high percentage of
surface area to a more flexible helical portion.

Helical portion 309 has a higher ratio of the sum of gap lengths 323 to
length 324 of helical portion 309 than the sum of gap lengths 325 to length 326 of
helical portion 303, so that helical portion 309 will generally have greater flexibility.

Strut portion 306 has half as many strut elements 305 as strut portions 302
or 304 and therefore generally has more open area compared to strut portion 302 or
strut portion 304. An advantage of a stent including a portion having a larger open
area than other portions of the stent 1s that the larger open portion of the stent can be
placed over an arterial bifurcation and not impede blood flow. Whereas the strut
portion with a higher strut element density may impede blood flow.

The stent structure of the present invention, namely flexible helical portions
flanked on either side by strut portions, provide an optimized structure where the strut
portions stabilize a naturally unstable helical structure, and the helical portions
provide net flexibility. There 1s substantial design optimization potential in
combining various embodiments of the two portions.

The flexible stents and stent grafts of the present invention may be placed
within vessels using procedures well known 1n the art. The flexible stents and stent -
orafts may be loaded into the proximal end of a catheter and advanced through the
catheter and released at the desired site. Alternatively, the flexible stents and stent
orafts may be carried about the distal end of the catheter in a compressed state and
released at the desired site. The flexible stents or stent grafts may either be self-
expanding or expanded by means such as an inflatable balloon segment of the
catheter. After the stent(s) or stent graft(s) have been deposited at the desired
intralumenal site, the catheter 1s withdrawn.

The flexible stents and stent grafts of the present invention may be placed
within body lumen such as vascular vessels or ducts of any mammal species including
humans, without damaging the lumenal wall. For example, the flexible stent can be
placed within a lesion or an aneurysm for treating the aneurysm. In one embodiment,
the flexible stent is placed in a super femoral artery upon insertion into the vessel, the
flexible stent or stent grafts provides coverage of at least about 50% of the vessel.

Although presently preferred embodiments of the present invention have been

disclosed for illustrative purposes, those skilled in the art will appreciate that many
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additions, modifications, and substitutions are possible without departing from the
scope and spirit of the invention as defined by the accompanying claims. For
example, a stent could be made with only right-handed or only left-handed helical
portions, or the helical portions could have multiple reversals in winding direction

5 rather than just one. Also, the helical portions could have any number of turns per

unit length or a variable pitch, and the strut rings and/or helical portions could be of

unequal length along the stent.
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CLAIMS:

1. A self expanding flexible stent comprising:

a helical strut member helically wound about an axis of said stent, said helical strut
member comprising a plurality of helical strut elements; and

a plurality of individual helical elements helically wound about said axis of said stent
in the same direction of said helical strut member with said helical elements extending
between and interconnecting points on subsequent windings of said helical strut member;

wherein said helical elements are elongated elements without overlapping in the radial
direction both in the compressed state and deployed state;

wherein the distance between at least some adjacent helical elements in the
compressed state varies along the length of said adjacent helical elements and is in a range
from zero and about the maximum distance between adjacent helical elements in the deployed
state; and

whereln said stent in the compressed state is longer than in the deployed state;

wherein in the deployed state the elongated elements are substantially parallel and said
helical strut member and said helical strut elements define a cylinder having a constant

diameter.

2. The stent of claim 1 wherein at least some of said helical elements extend helically
about the axis of the stent between and interconnecting points on subsequent windings of said
helical strut member which are spaced apart circumferentially by a distance which is 10% of
the circumference of said stent to less than 50% of the circumference of said stent in the

deployed state.

3. The stent of claim 1 wherein at least some of said helical elements extend helically
about the axis of the stent between and interconnecting points on subsequent windings of said
helical strut member which are spaced apart circumferentially by a distance which is 50% of
the circumference of said stent to less than 100% of the circumference of said stent in the

deployed state.
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4. The stent of claim 1 wherein each of said helical strut elements are connected to a

respective one of said helical elements.

5. The stent of claim 1 wherein every other one of said helical strut elements are

connected by a respective one of said helical elements.

6. The stent of claim 1 further comprising:

a strut portion helically wound about an axis of said stent, said strut portion
comprising a plurality of helical strut elements;

said strut portion connected to an end of said helical strut member, said strut portion 1s
a helical cohtinuation of the winding of said helical strut member;

wherein said strut portion is wound with an acute angle formed between a plane
perpendicular to said axis of said stent and said strut portion winding that is smaller than an
acute angle formed between the plane perpendicular to said axis of said stent and the winding
of said helical strut member; and a transitional helical portion interconnected between said
strut portion and a winding of said helical strut member;

said transitional helical portion comprising transitional helical elements;

said transitional helical elements progress helically connecting strut peaks of some of
said helical strut elements of said helical strut member with strut peaks of some of said helical
strut elements of said strut portion, said strut peaks of said helical strut element of said strut

portion define said acute angle of said strut portion winding.

7. A self expanding flexible stent comprising:

a helical strut member helically wound about an axis of said stent, said helical strut
member comprising a plurality of helical strut elements;

a plurality of individual helical elements helically wound about said axis of said stent
in the same direction of said helical strut member with said helical elements extending
between and interconnecting points on subsequent windings of said helical strut member; a

strut portion helically wound about an axis of said stent, said strut portion comprising a
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plurality of helical strut elements, said strut portion connected to an end of said helical strut
member, said strut portion is a helical continuation of the winding of said helical strut
member, said strut portion 1s wound about said axis of said stent with an acute angle formed
between a plane perpendicular to said axis of said stent and said strut portion winding that is
smaller than an acute angle formed between the plane perpendicular to said axis of said stent
and the winding of said helical strut member; and

a transitional helical portion interconnected between said strut portion and a winding
of said helical strut member;

said transitional helical portion comprising transitional helical elements, said
transitional helical elements progress helically connecting strut peaks of some of said helical
strut elements of said helical strut member with strut peaks of some of said helical strut
elements of said strut portion, said strut peaks of said helical strut element of said strut portion
define said acute angle of said strut portion winding; and

said transitional helical portion interconnects about one rotational winding or less of

said strut portion.

8. The stent of claim 7 where adjacent said helical transitional elements have

progressively increasing or decreasing lengths.

9. The stern of claim 7 wherein said strut portion is wound about said axis of said stent
having a number of windings less than about 1/4 of the total number of windings of said

helical strut member.

10.  The stent of claim 7 wherein the number of said helical strut elements in one rotation
of said strut portion winding is greater than the number of said helical strut elements in one

rotation of said helical strut member winding.

11. A self expanding flexible stent comprising:

a helical strut member helically wound about an axis of said stent, said helical strut

member comprising a plurality of helical strut elements; and
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a plurality of individual helical elements helically wound about said axis of said stent
in the same direction of said helical strut member with said helical elements extending
between and interconnecting points on subsequent windings of said helical strut member;

wherein said helical elements are elongated elements both in the compressed state and
deployed state;

wherein in the compressed state the distance between at Ieast some adjacent helical
elements varies along the length of said adjacent helical elements and is in a range from zero
and about the maximum distance between adjacent helical elements in the deployed state;

wherein in the deployed state the elongated elements are substantially parallel; and

said helical strut member and said helical strut elements define a cylinder having a

constant diameter;

wherein said stent in the compressed state is longer than in the deployed state.

12. The stent of claim 11 wherein at least some of said helical elements extend helically
about the axis of the stent between and interconnecting points on subsequent windings of said
helical strut member which are spaced apart circumferentially by a distance which is 10% of
the circumference of said stent to less than 50% of the circumference of said stent in the

deployed state.

13. The stent of claim 11 wherein at least some of said helical elements extend helically
about the axis of the stent between and interconnecting points on subsequent windings of said

helical strut member which are spaced apart circumferentially by a distance which is 50% of

the circumference of said stent to less than 100% of the circumference of said stent in the

deployed state.

14, The stent of claim 11 wherein each of said helical strut elements are connected to a

respective one of said helical elements.

15.  The stent of claim 11 wherein every other one of said helical strut elements are

connected by a respective one of said helical elements.
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16. The stent of claim 11 further comprising:

a strut portion helically wound about an axis of said stent, said strut portion
comprising a plurality of helical strut elements;

said strut portion connected to an end of said helical strut member, said strut portion is
a helical continuation of the winding of said helical strut member;

wherein said strut portion 1s wound with an acute angle formed between a plane
perpendicular to said axis of said stent and said strut portion winding that i1s smaller than an
acute angle formed between the plane perpendicular to said axis of said stent and the winding
of said helical strut member; and

a transitional helical portion interconnected between said strut portion and a winding
of said helical strut member;

said transitional helical portion comprising transitional helical elements;

said transitional helical elements progress helically connecting strut peaks of some of
said helical strut elements of said helical strut member with strut peaks of some of said helical
strut elements of said strut portion, said strut peaks of said helical strut element of said strut

portion define said acute angle of said strut portion winding.

17. A self expanding flexible stent comprising:

a helical strut member helically wound about an axis of said stent, said helical strut
member comprising a plurality of helical strut elements; and

a plurality of individual helical elements helically wound about said axis of said stent
in the same direction of said helical strut member with said helical elements extending
between and interconnecting points on subsequent windings of said helical strut member;

wherein said helical elements are elongated elements both in the compressed state and

deployed state;

wherein the distance between at least some adjacent helical elements in the
compressed state varies along the length of said adjacent helical elements and is 1n a range

from zero and about the maximum distance between adjacent helical elements in the deployed

state; and
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wherein said stent 1in the compressed state 1s longer than in the deployed state;

a strut portion helically wound about an axis of said stent, said strut portion
comprising a plurality of helical strut elements, said strut portion connected to an end of said
helical strut member, said strut portion is a helical continuation of the winding of said helical
strut member, said strut portion is wound about said axis of said stent with an acute angle
formed between a plane perpendicular to said axis of said stent and said strut portion winding
that 1s smaller than an acute angle formed between the plane perpendicular to said axis of said
stent and the winding of said helical strut member; and

wherein in the deployed state the elongated elements are substantially parallel and said
helical strut member and said helical strut elements define a cylinder having a substantially

constant diameter.

18.  The stent of claim 17 wherein at least some of said helical elements extend helically
about the axis of the stent between and interconnecting points on subsequent windings of said
helical strut member which are spaced apart circumferentially by a distance which 1s 10% of

the circumference of said stent to less than 50% of the circumference of said stent in the

deployed state.

19.  The stent of claim 17 wherein at least some of said helical elements extend helically
about the axis of the stent between and interconnecting points on subsequent windings of said
helical strut member which are spaced apart circumferentially by a distance which 1s 50% ot
the circumference of said stent to less than 100% of the circumference of said stent in the

deployed state.

20. The stent of claim 17 wherein each of said helical strut elements are connected to a

respective one of said helical elements.

21.  The stent of claim 17 further comprising:

a transitional helical portion interconnected between said strut portion and a winding

of said helical strut member;
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said transitional helical portion comprising transitional helical elements;
said transitional helical elements progress helically connecting strut peaks of some of
said helical strut elements of said helical strut member with strut peaks of some of said helical

strut elements of said strut portion, said strut peaks of said helical strut element of said strut

portion define said acute angle of said strut portion winding.

22. The stent of claim 17 wherein said stent can bend to a radius of 13 mm without

buckling.

23. The stent of claim 17 wherein the length of said stent in said deployed state is 20%

shorter than the length of said stent in the compressed state.

24. A self expanding flexible stent comprising:

a helical strut member helically wound about an axis of said stent, said helical strut
member comprising a plurality of helical strut elements;

a plurality of individual helical elements helically wound about said axis of said stent
in the same direction of said helical strut member with said helical elements extending
between and interconnecting points on subsequent windings of said helical strut member; a
strut portion helically wound about an axis of said stent, said strut portion comprising a
plurality of helical strut elements, said strut portion connected to an end of said helical strut
member, said strut portion is a helical continuation of the winding of said helical strut
member, said strut portion 1s wound about said axis of said stent with an acute angle formed
between a plane perpendicular to said axis of said stent and said strut portion winding that 1s
smaller than an acute angle formed between the plane perpendicular to said axis of said stent
and the winding of said helical strut member; and

a transitional helical portion interconnected between said strut portion and a winding
of said helical strut member;

said transitional helical portion comprising transitional helical elements, said
transitional helical elements progress helically connecting strut peaks of some of said helical

strut elements of said helical strut member with strut peaks of some of said helical strut
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elements of said strut portion, said strut peaks of said helical strut element of said strut portion
define said acute angle of said strut portion winding; and
wherein said strut portion is wound about said axis of said stent having a number of

windings less than about 1/4 of the total number of windings of said helical strut member.

25.  The stent of claim 24 wherein at least some of said helical elements extend helically
about the axis of the stent between and interconnecting points on subsequent windings of said
helical strut member which are spaced apart circumferentially by a distance which 1s 10% of

the circumference of said stent to less than 50% of the circumference of said stent in the

deployed state.

26.  The stent of claim 24 wherein at least some of said helical elements extend helically
about the axis of the stent between and interconnecting points on subsequent windings of said
helical strut member which are spaced apart circumferentially by a distance which is 50% of

the circumference of said stent to less than 100% of the circumference of said stent in the

deployed state.

27. The stent of claim 24 wherein each of said helical strut elements are connected to a

respective one of said helical elements.

28. The stent of claim 24 wherein said stent can bend to a radius of 13 mm without

buckling.

29. The stent of claim 24 wherein the length of said stent in said deployed state 1s 20%

shorter than the Iength of said stent in the compressed state.
30. A self expanding flexible stent comprising:

a helical strut member helically wound about an axis of said stent, said helical strut

member comprising a plurality of helical strut elements;
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a plurality of individual helical elements helically wound about said axis of said stent
in the same direction of said helical strut member with said helical elements extending
between and interconnecting points on subsequent windings of said helical strut member;

a strut portion helically wound about an axis of said stent, said strut portion
comprising a plurality of helical strut elements, said strut portion connected to an end of said
helical strut member, said strut portion is a helical continuation of the winding of said helical
strut member, said strut portion 1s wound about said axis of said stent with an acute angle
formed between a plane perpendicular to said axis of said stent and said strut portion winding
that 1s smaller than an acute angle formed between the plane perpendicular to said axis of said
stent and the winding of said helical strut member; and

a transitional helical portion interconnected between said strut portion and a winding
of said helical strut member;

said transitional helical portion comprising transitional helical elements, said
transitional helical elements progress helically connecting strut peaks of some of said helical
strut elements of said helical strut member with strut peaks of some of said helical strut
clements of said strut portion, said strut peaks ot said helical strut element of said strut portion
define said acute angle of said strut portion winding; and

wherein the number of said helical strut elements 1n one rotation of said strut portion

winding 1s greater than the number of said helical strut elements 1in one rotation of said helical

strut member winding.

31. The stent of claim 30 wherein at least some of said helical elements extend helically

about the axis of the stent between and interconnecting points on subsequent windings of said
helical strut member which are spaced apart circumferentially by a distance which is 10% of

the circumiference ot said stent to less than 50% of the circumference of said stent in the

deployed state.

32.  The stent of claim 30 wherein at least some of said helical elements extend helically

about the axis of the stent between and interconnecting points on subsequent windings of said

helical strut member which are spaced apart circumferentially by a distance which 1s 50% of
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the circumference of said stent to less than 100% of the circumference of said stent 1n the

deployed state.

33. The stent of claim 30 wherein each of said helical strut elements are connected to a

respective one of said helical elements.

34, The stent of claim 30 wherein said stent can bend to a radius of 13 mm without

buckling.

35.  The stent of claim 30 wherein the length of said stent in said deployed state is 20%

shorter than the length of said stent in the compressed state.

36. A self expanding flexible stent comprising:

a helical strut member helically wound about an axis of said stent, said helical strut
member comprising a plurality of helical strut elements; and

a plurality of individual helical elements helically wound about said axis of said stent
with said helical elements extending between and interconnecting points on subsequent
windings of said helical strut member;

wherein said helical elements are elongated elements both in the compressed state and
deployed state;

wherein 1n the compressed state the distance between at least some adjacent helical
elements varies along the length of said adjacent helical elements and is in a range from zero
and about the maximum distance between adjacent helical elements in the deployed state;

wherein in the deployed state the elongated elements are substantially parallel; and

said helical strut member and said helical strut elements define a cylinder having a

substantially constant diameter;

wherein said stent in the compressed state 1s longer than in the deployed state.

37.  The stent of claim 36 wherein at least some of said helical elements extend helically

about the axis of the stent between and interconnecting points on subsequent windings of said
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helical strut member which are spaced apart circurﬁferentially by a distance which 1s 10% of

the circumference of said stent to less than 50% of the circumference of said stent in the

deployed state.

38.  The stent of claim 36 wherein at least some of said helical elements extend helically
about the axis of the stent between and interconnecting points on subsequent windings of said
helical strut member which are spaced apart circumferentially by a distance which is 50% of

the circumference of said stent to less than 100% of the circumference of said stent in the

deployed state.

39, The stent of claim 36 wherein each of said helical strut elements are connected to a

respective one of said helical elements.

40.  The stent of claim 36 further comprising:

a strut portion helically wound about an axis of said stent, said strut portion
comprising a plurality of helical strut elements;

said strut portion connected to an end of said helical strut member, said strut portion is
a helical continuation of the winding of said helical strut member;

wherein said strut portion i1s wound with an acute angle formed between a plane
perpendicular to said axis of said stent and said strut portion winding that is smaller than an
acute angle formed between the plane perpendicular to said axis of said stent and the winding

of said helical strut member: and

a transitional helical portion interconnected between said strut portion and a winding

of said helical strut member;
said transitional helical portion comprising transitional helical elements;

said transitional helical elements progress helically connecting strut peaks of some of
sald helical strut elements of said helical strut member with strut peaks of some of said helical
strut elements of said strut portion, said strut peaks of said helical strut element of said strut

portion define said acute angle of said strut portion winding.
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41. The stent of claim 36 wherein said stent can bend to a radius of 13 mm without

buckling.

42.  The stent of claim 36 wherein the length of said stent 1n said deployed state 1s 20%

shorter than the length of said stent in the compressed state.

43. A self expanding flexible stent comprising:

a helical strut member helically wound about an axis of said stent, said helical strut
member comprising a plurality of helical strut elements;

a plurality of individual helical elements helically wound about said axis of said stent
in the same direction of said helical strut member with said helical elements extending
between and interconnecting points on subsequent windings of said helical strut member;

a strut portion helically wound about an axis of said stent, said strut portion
comprising a plurality of helical strut elements;

said strut portion connected to an end of said helical strut member,

said strut portion 1s a helical continuation of the winding of said helical strut member;

wherein said strut portion 1s wound with an acute angle formed between a plane
perpendicular to said axis of said stent and said strut portion winding that 1s smaller than an
acute angle formed between the plane perpendicular to said axis of said stent and the winding
of said helical strut member; and

a transitional helical portion interconnected between said strut portion and a winding
of said helical strut member;

said transitional helical portion comprising transitional helical elements;

said transitional helical elements progress helically connecting strut peaks of some of
said helical strut elements of said helical strut member with strut peaks of some of said helical
strut elements of said strut portion, said strut peaks of said helical strut element of said strut

portion define said acute angle of said strut portion winding wherein said helical elements are

elongated elements both 1n the compressed state and deployed state;
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wherein the minimum angle of said helical elements with the longitudinal axis of the

stent in the compressed state is less than the minimum angle of helical elements with the

longitudinal axis of the stent in the deployed state; and

wherein the spacing between subsequent windings of said helical strut member in the
compressed state 1s substantially the same as the spacing between the subsequent windings of

said helical strut member in the deployed state.

44. A self expanding flexible stent comprising:

a helical strut member helically wound about an axis of said stent, said helical strut
member comprising a plurality of helical strut elements; and

a plurality of individual helical elements helically wound about said axis of said stent
1n the same direction of said helical strut member with said helical elements extending
between and interconnecting points on subsequent windings of said helical strut member;

a strut portion helically wound about an axis of said stent, said strut portion
comprising a plurality of helical strut elements;

sald strut portion connected to an end of said helical strut member, said strut portion is
a helical continuation of the winding of said helical strut member;

wherein said strut portion 1s wound with an acute angle formed between a plane
perpendicular to said axis of said stent and said strut portion winding that 1s smaller than an
acute angle formed between the plane perpendicular to said axis of said stent and the winding
of said helical strut member; and

a transitional helical portion interconnected between said strut portion and a winding

of said helical strut member:;
said transitional helical portion comprising transitional helical elements;
said transitional helical elements progress helically connecting strut peaks of some of

said helical strut elements of said helical strut member with strut peaks of some of said helical
strut elements of said strut portion, said strut peaks of said helical strut element of said strut
portion define said acute angle of satd strut portion winding wherein said helical elements are

clongated elements both 1n the compressed state and deployed state;

wherein said stent in the compressed state is longer than in the deployed state;
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wherein the spacing between subsequent windings of said helical strut member in the

compressed state 1s greater than the spacing between subsequent windings of said helical strut

member 1n the deployed state.

45. A self expanding flexible stent comprising:

a helical strut member helically wound about an axis of said stent, said helical strut
member comprising a plurality of helical strut elements; and

a plurality of individual helical elements helically wound about said axis of said stent
in the same direction of said helical strut member with said helical elements extending
between and interconnecting points on subsequent windings of said helical strut member;

a strut portion helically wound about an axis of said stent, said strut portion
comprising a plurality of helical strut elements;

said strut portion connected to an end of said helical strut member, said strut portion is
a helical continuation of the winding of said helical strut member;

wherein said strut portion is wound with an acute angle formed between a plane
perpendicular to said axis of said stent and said strut portion winding that is smaller than an
acute angle formed between the plane perpendicular to said axis of said stent and the winding
of said helical strut member; and

a transitional helical portion interconnected between said strut portion and a winding
of said helical strut member;

said transitional helical portion comprising transitional helical elements;

said transitional helical elements progress helically connecting strut peaks of some of
said helical strut elements of said helical strut member with strut peaks of some of said helical
strut elements of said strut portion, said strut peaks of said helical strut element of said strut
portion define said acute angle of said strut portion winding wherein said helical elements are
elongated elements both in the compressed state and deployed state;

wherein the distance between at least some adjacent helical elements in the
compressed state varies along the length of said adjacent helical elements and 1s 1n a range

from zero and about the maximum distance between adjacent helical elements in the deployed

state; and
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wherein the spacing between subsequent windings of said helical strut member in the
compressed state 1s substantially the same to the spacing between subsequent windings of said

helical strut member in the deployed state.
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