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Title: IMPLANTABLE STENT

(57) Abstract: Implantable stents that include strips that are each comprised of main struts connected by first connectors, and adjacent
strips are connected by second connectors. The strut connectors have a structure, including areas of expanded or reduced width or

thickness, to account for venous applications. When used for venous applications, the stents convey benefit from configurations that
improve flexibility (due to the greater elasticity of venous applications) while maintaining enough stiffness to resist pressure on the
venous structure in selected areas (such as for the May-Thurner syndrome). The stents include particular structural characteristics that
are particularly advantageous for (although not limited to) venous applications.
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IMPLANTABLE STENT

BACKGROUND

Field of the Invention

[0001] Disclosed herein are stents for implantation within the body and
methods for delivery and/or deployment. Certain embodiments disclosed herein may be
used in procedures to treat May-Thurner syndrome and/or deep venous thrombosis and

the resulting post-thrombotic syndrome.

Description of the Related Art

[0002] May-Thurner syndrome, also known as iliac vein compression
syndrome, is a condition in which compression of the common venous outflow tract of
the left lower extremity may cause various adverse effects, including, but not limited to,
discomfort, swelling, pain, and/or deep venous thrombosis (DVT) (commonly known as
blood clots). May-Thurner syndrome occurs when the left common iliac vein is
compressed by the overlying right common iliac artery, leading to stasis of blood, which
may cause the formation of blood clots in some individuals. Other, less common,
variations of May-Thurner syndrome have been described, such as compression of the
right common iliac vein by the right common iliac artery.

[0003] While May-Thurner syndrome is thought to represent between two
to five percent of lower-extremity venous disorders, it frequently goes unrecognized.
Nevertheless, it is generally accepted that May-Thurner syndrome is about three times
more common in women than it is in men and typically manifests itself between the age
of twenty and forty. Patients exhibiting both hypercoagulability and left lower extremity
thrombosis may be suffering from May-Thurner syndrome. To confirm that diagnosis, it
may be necessary to rule out other causes for hypercoagulable state, for example by
evaluating levels of antithrombin, protein C, protein S, factor V Leiden, and prothrombin
G20210A.

[0004] By contrast to the right common iliac vein, which ascends almost
vertically parallel to the inferior vena cava, the left common iliac vein takes a more
transverse course. Along this course, it lies under the right common iliac artery, which

may compress it against the lumbar spine. Iliac vein compression is a frequent anatomic
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variant — it is thought that as much as 50% luminal compression of the left iliac vein
occurs in a quarter of healthy individuals. However, compression of the left common
iliac vein becomes clinically significant only if such compression causes appreciable
hemodynamic changes in venous flow or venous pressure, or if it leads to acute or
chronic deep venous thrombosis, which will be discussed in more detail below. In
addition to the other problems associated with compression, the vein may also develop
intraluminal fibrous spurs from the effects of the chronic pulsatile compressive force
from the overlying artery.

[0005] The narrowed, turbulent channel associated with May-Thurner
syndrome may predispose the afflicted patient to thrombosis. And, the compromised
blood flow often causes collateral blood vessels to form - most often horizontal
transpelvis collaterals, connecting both internal iliac veins to create additional outflow
possibilities through the right common iliac vein. Sometimes vertical collaterals are
formed, most often paralumbar, which can cause neurological symptoms, like tingling
and numbness.

[0006] Current best practices for the treatment and/or management of
May-Thurner syndrome is proportional to the severity of the clinical presentation. Leg
swelling and pain is best evaluated by vascular specialists, such as vascular surgeons,
interventional cardiologists, and interventional radiologists, who both diagnose and treat
arterial and venous diseases to ensure that the cause of the extremity pain is evaluated.
Diagnosis of May-Thurner syndrome is generally confirmed one or more imaging
modalities that may include magnetic resonance venography, and venogram, which,
because the collapsed/flattened left common iliac may not be visible or noticed using
conventional venography, are usually confirmed with intravascular ultrasound. To
prevent prolonged swelling or pain as downstream consequences of the left common
iliac hemostasis, blood flow out of the leg should be improved/increased. Early-stage or
uncomplicated cases may be managed simply with compression stockings. Late-stage or
severe May-Thurner syndrome may require thrombolysis if there is a recent onset of
thrombosis, followed by angioplasty and stenting of the iliac vein after confirming the
diagnosis with a venogram or an intravascular ultrasound. A stent may be used to
support the area from further compression following angioplasty. However, currently

available stenting options suffer from several complications — including severe
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foreshortenting, lack of flexibility (which can force the vessel to straighten excessively),
vessel wear and eventual perforation, increased load on and deformation of the stent
causing early fatigue failure, and/or impedance of flow in the overlying left iliac artery
potentially causing peripheral arterial discase. The compressed, narrowed outflow
channel present in May-Thurner syndrome may cause stasis of the blood, which an
important contributing factor to deep vein thrombosis.

[0007] Some patients suffering from May-Thurner syndrome may exhibit
thrombosis while others may not. Nevertheless, those patients that do not experience
thrombotic symptoms may still experience thrombosis at any time. If a patient has
extensive thrombosis, pharmacologic and/or mechanical (i.e., pharmacomechanical)
thrombectomy may be necessary. The hemostasis caused by May-Thurner syndrome has
been positively linked to an increased incidence of deep vein thrombosis (“DVT™).

[0008] Deep vein thrombosis, or deep venous thrombosis, is the formation
of a blood clot (thrombus) within a deep vein, predominantly in the legs. The right and
left common iliac are common locations for deep vein thrombosis, but other locations of
occurrence are common. Non-specific symptoms associated with the condition may
include pain, swelling, redness, warmness, and engorged superficial veins. Pulmonary
embolism, a potentially life-threatening complication of deep vein thrombosis, is caused
by the detachment of a partial or complete thrombus that travels to the lungs. Post-
thrombotic syndrome, another long-term complication associated with deep venous
thrombosis, is a medical condition caused by a reduction in the return of venous blood to
the heart and can include the symptoms of chronic leg pain, swelling, redness, and ulcers
or sores.

[0009] Deep vein thrombosis formation typically begins inside the valves
of the calf veins, where the blood is relatively oxygen deprived, which activates certain
biochemical pathways. Several medical conditions increase the risk for deep vein
thrombosis, including cancer, trauma, and antiphospholipid syndrome. Other risk
factors include older age, surgery, immobilization (e.g., as experienced with bed rest,
orthopedic casts, and sitting on long flights), combined oral contraceptives, pregnancy,
the postnatal period, and genetic factors. Those genetic factors include deficiencies with
antithrombin, protein C, and protein S, the mutation of Factor V Leiden, and the property

of having a non-O blood type. The rate of new cases of deep vein thrombosis increases
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dramatically from childhood to old age; in adulthood, about 1 in 1000 adults develops
the condition annually.

[0010] Common symptoms of deep vein thrombosis include pain or
tenderness, swelling, warmth, redness or discoloration, and distention of surface veins,
although about half of those with the condition have no symptoms. Signs and symptoms
alone are not sufficiently sensitive or specific to make a diagnosis, but when considered
in conjunction with known risk factors can help determine the likelihood of deep vein
thrombosis. Deep vein thrombosis is frequently ruled out as a diagnosis after patient
evaluation: the suspected symptoms are more often due to other, unrelated causes, such
as cellulitis, Baker's cyst, musculoskeletal injury, or lymphedema. Other differential
diagnoses include hematoma, tumors, venous or arterial aneurysms, and connective
tissue disorders.

[0011] Anticoagulation, which prevents further coagulation but does not act
directly on existing clots, is the standard treatment for deep vein thrombosis. Other,
potentially adjunct, therapies/treatments may include compression stockings, selective
movement and/or stretching, inferior vena cava filters, thrombolysis, and thrombectomy.

[0012] In any case, treatment of various venous maladies, including those
described above, can be improved with stents. Improvements in stents for venous use

are therefore desired.

BRIEF SUMMARY OF THE INVENTION

[0013] Accordingly, the present invention in accordance with various
embodiments is directed to an implantable intravascular stent for deployment that
obviates one or more of the problems due to limitations and disadvantages of the related
art.

[0014] Disclosed herein are expandable stents that include pluralities of
main struts and connector struts. The inventors have designed the struts of and flexible
connectors with structure, including areas of expanded or reduced width or thickness, to
account for venous applications. As another example, the inventors have recognized that
venous applications benefit from configurations that improve flexibility (due to the

greater elasticity of venous applications) while maintaining enough stiffness to resist
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pressure on the venous structure in selected arcas (such as for the May-Thurner
syndrome).

[0015] Stent embodiments below address the above-described needs and
confer other advantages by providing a stent structure that reduces foreshortening while
providing radial stiffness and flexibility particularly well suited for venous (and similar)
applications. Such improvements are, for example, provided by use of oblique (or
helically) oriented stent struts with opposingly oriented oblique connectors that form
strips or strip fragments. Those strips or strip fragments (or portions) are then
interconnected with flexible connectors that further reduce/minimize shortening.

[0016] In one embodiment, a stent includes at least one strip including a
plurality of main struts and a plurality of first connector struts. The main struts are
obliquely oriented to a longitudinal axis of the stent and extend circumferentially around
the longitudinal axis of the stent. The first connector struts extend between and connect
circumferentially adjacent pairs of the main struts. The stent also includes a plurality of
second connector struts extending between and connecting adjacent strip portions. Ends
of the second connector struts are connected to the main struts between ends of the main
struts so as to reduce foreshortening of the stent during expansion.

[0017] In one aspect, the at least one strip is formed into a generally
tubular structure. In another aspect, the ends of the main struts define edges of the at least
one strip. In another aspect, the main struts are generally straight. In another aspect, the
main struts have a width that is at least twice the width of the first connector struts. In
another aspect, the main struts of the at least one strip are cach oriented at the same
oblique angle to the longitudinal axis of the stent.

[0018] In another aspect, the main struts of the at least one strip are each
oriented at the same oblique angle to the longitudinal axis of the stent and the oblique
angle is between 10 to 50 degrees from the longitudinal axis of the stent. In another
aspect, the main struts are longer than the first connector struts. In another aspect, the
length of each first connector strut is 30%, 50%, or 70% of the length of each main strut.

[0019] In another aspect, at least a pair of first connector struts connects
cach pair of the main struts. In another aspect, an end of one of the pair of first connector

struts is connected to an end of one of the pair of the main struts. In another aspect, an
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end of the second one of the pair of the first connector struts is connected to the opposite
end of the other of the pair of main struts.

[0020] In another aspect, the first connector struts are obliquely oriented to
the longitudinal axis of the stent. In another aspect, the first connector struts are all
oriented at the same oblique angle to the longitudinal axis of the stent. In another aspect,
the first connector struts are oriented generally opposite the main struts.

[0021] In another aspect, each of the first connector struts is generally
straight between its ends. In another aspect, the ends of the second connector struts are
attached to a middle portion of the main struts. In another aspect, each of the second
connector struts has at least one bend. In another aspect, each of the second connector
struts has two bends curving in generally opposite directions. In another aspect, the
second connector struts attach to a side of the main struts opposite another side of the
main struts to which the first connector struts are attached.

[0022] In another embodiment, a stent includes at least one strip extending
helically around a longitudinal axis of the stent. The at least one strip includes a
plurality of main struts and a plurality of first connector struts. The main struts are
obliquely oriented to a longitudinal axis of the stent and extend helically around the
longitudinal axis of the stent, and the first connector struts extend between and connect
circumferentially adjacent pairs of the main struts. The stent also includes a plurality of
second connector struts extending between and connecting adjacent strip portions. Ends
of the second connector struts are connected to the main struts between ends of the main
struts so as to reduce foreshortening of the stent during expansion.

[0023] In one aspect, the second connector struts connect adjacent main
struts between a middle portion of one main strut to the middle portion of a respective
adjacent main strut. In another aspect, each of the second connector struts has at least one
bend. In another aspect, each of the second connector struts has at least two bends
curving in generally opposite directions.

[0024] In another aspect, the first connector struts are obliquely oriented to
the longitudinal axis of the stent. In another aspect, the first connector struts are obliquely
oriented to the longitudinal axis in a direction that is generally opposite the oblique

orientation of the main struts. In another aspect, the main struts are generally straight. In
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another aspect, the main struts have a width that is at least twice the width of the first
connector struts.

[0025] In another aspect, the main struts of the at least one strip are each
oriented at the same oblique angle to the longitudinal axis of the stent. In another aspect,
the main struts of the at least one strip are each oriented at the same oblique angle to the
longitudinal axis of the stent and the oblique angle is between 10 to 50 degrees from the
longitudinal axis of the stent. In another aspect, the main struts are longer than the first
connector struts. In another aspect, the length of each first connector strut is 30%, 50%,
or 70% of the length of each main strut.

[0026] In another aspect, at least a pair of first connector struts connects
cach pair of the main struts. In another aspect, an end of one of the pair of first connector
struts is connected to an end of one of the pair of the main struts. In another aspect, an
end of another one of the pair of the first connector struts is connected to an end of
another one of the pair of main struts. In another aspect, each of the first connector struts
is generally straight between its ends.

[0027] In another embodiment, a stent includes at least two strips
including a plurality of main struts and a plurality of first connector struts. The main
struts are obliquely oriented to a longitudinal axis of the stent and extend
circumferentially around the longitudinal axis of the stent. The first connector struts
extend between and connect circumferentially adjacent pairs of the main struts, and the
at least two strips form at least two respective circumferential rings. The stent also
includes a plurality of second connector struts extending between and connecting
adjacent circumferential rings. Ends of the second connector struts are connected to the
main struts between ends of the main struts so as to reduce foreshortening of the stent
during expansion.

[0028] In one aspect, the at least two circumferential rings extend serially
along the longitudinal axis of the stent. In another aspect, each respective main strut has
an oblique orientation to the longitudinal axis of the stent that is generally opposite the
oblique orientation of a respective main strut of an adjacent strip. In another aspect, the
first connector struts of each of the at least two strips have an oblique orientation to the
longitudinal axis of the stent that is generally opposite the oblique orientation of the first

connector struts of an adjacent strip of the at least two strips.
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[0029] In another aspect, the ends of the main struts define edges of each
of the at least two strips. In another aspect, the main struts are generally straight. In
another aspect, the main struts have a width that is at least twice the width of the first
connector struts. In another aspect, the main struts of the at least two strips are each
oriented at the same oblique angle to the longitudinal axis of the stent. In another aspect,
the main struts of the at least two strips are each oriented at the same oblique angle to the
longitudinal axis of the stent and the oblique angle is between 10 to 50 degrees from the
longitudinal axis of the stent.

[0030] In another aspect, the main struts are longer than the first connector
struts. In another aspect, the length of each first connector strut is 30%, 50%, or 70% of
the length of each main strut. In another aspect, at least a pair of first connector struts
connects each pair of the main struts. In another aspect, an end of one of the pair of first
connector struts is connected to an end of one of the pair of the main struts. In another
aspect, an end of another one of the pair of the first connector struts is connected to an end
of another one of the pair of main struts.

[0031] In another aspect, the first connector struts are obliquely oriented to
the longitudinal axis of the stent. In another aspect, the first connector struts of each strip
are all oriented at the same oblique angle to the longitudinal axis of the stent. In another
aspect, the first connector struts are oriented generally opposite the main struts.

[0032] In another aspect, each of the first connector struts is generally
straight between its ends. In another aspect, the ends of the second connector struts are
attached to a middle portion of the main struts. In another aspect, the second connector
struts have an arc shape extending over a space between adjacent circumferential rings.

[0033] Further embodiments, features, and advantages of the intravascular
stent, as well as the structure and operation of the various embodiments of the
intravascular stent, are described in detail below with reference to the accompanying
drawings.

[0034] It is to be understood that both the foregoing general description
and the following detailed description are exemplary and explanatory only, and are not

restrictive of the invention as claimed.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0035] The accompanying figures, which are incorporated herein and form
part of the specification, illustrate an intravascular stent. Together with the description,
the figures further serve to explain the principles of the intravascular stent described
herein and thereby enable a person skilled in the pertinent art to make and use the
intravascular stent.

[0036] FIG. 1 shows an inferior-posterior view of the LS lumbar and the
bifurcations of the abdominal aorta and inferior vena cava;

[0037] FIG. 2 shows a schematic of the standard overlap of the right
common iliac artery over the left common iliac vein;

[0038] FIG. 3 shows a cross-sectional schematic of the arterio-venous

system shown in FIG. 2 taken along the dotted line;

[0039] FIG. 4 shows a perspective view of a stent according to one
embodiment;

[0040] FIG. 5 shows an enlarged view of the stent of FIG. 4, opened up
and laid flat;

[0041] FIG. 6 shows an enlarged side view of two adjacent and connected

strip portions from FIG. 5;

[0042] FIG. 7 shows an enlarged perspective view of adjacent and
connected strip portions from the stent shown in FIG. 4;

[0043] FIG. 8 shows a stent comprised of two connected, adjacent
circumferential rings, with each of the rings being formed by respective pluralities of

main struts and flexible first connector struts;

[0044] FIG. 9 shows a perspective view of a stent according to another
embodiment;

[0045] FIG. 10 shows an enlarged view of the stent of FIG. 9, opened up
and laid flat;

[0046] FIG. 11 shows an enlarged, side view of certain connected

structures of the stent of FIG. 9 comprised of main struts, first connector struts, and

second connector struts; and
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[0047] FIG. 12 shows an enlarged perspective view of certain structures of
the stent of FIG. 9, with S-shaped second connector struts connecting sets of main struts

and first connector struts to other sets of main struts and first connector struts.

DETAILED DESCRIPTION

[0048] The inventors have observed certain problems in the prior art
associated with foreshortening of stents, and in particular foreshortening of stents used for
venous applications. Foreshortening causes difficulty in accurately placing the stent in the
patient’s lumen, since the end which exits the delivery system first will either move the
lumen or move in the lumen, toward the constrained end during the deployment.
Additionally, this movement can cause trauma to the already compromised/fragile lumen
being treated.

[0049] Accurate placement is ideal in all medical interventions, but it is
vital in areas where the end that is first deployed is critical. Such areas include at vessel
bifurcations and branch vessels, so that the implant does not enter or interfere with the
portion of the vessel that does not require treatment. Such a bifurcation is present at the
inferior vena cava where it branches into right and left iliac veins, as described in more
detail below.

[0050] May-Thurner syndrome, or iliac vein compression syndrome,
occurs in the peripheral venous system when the iliac artery compresses the iliac vein
against the spine as shown in FIG. 1. FIG. 1 illustrates a vertebra, the right and left
common iliac arteries near the bifurcation of the abdominal aorta, and the right and left
common iliac arteries near the bifurcation of the inferior vena cava. The bifurcations
generally occur near the LS lumbar vertebra. Thus, it can be seen that FIG. 1 shows an
inferior-posterior view of the L5 lumbar and the bifurcations of the abdominal aorta and
inferior vena cava.

[0051] As shown, the strong right common iliac artery has compressed the
iliac vein causing it to become narrowed. This is one possible, if not a classic,
manifestation of May-Thurner syndrome. Over time, such narrowing may cause
vascular scarring which can result in intraluminal changes that could precipitate
iliofemoral venous outflow obstruction and/or deep vein thrombosis. As discussed

above, venous insufficiency (i.e., a condition in which the flow of blood through the

-10-
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veins is impaired) can ultimately lead to various deleterious pathologies including, but
not limited to, pain, swelling, edema, skin changes, and ulcerations. Venous
insufficiency is typically brought on by venous hypertension that develops as a result of
persistent venous obstruction and incompetent (or subcompetent) venous valves.
Current treatments for venous outflow obstruction include anticoagulation, thrombolysis,
balloon angioplasty and stenting.

[0052] FIG. 2 illustrates the standard overlap of the right common iliac
artery over the left common iliac vein. The arteries shown include the abdominal aorta
1500 branching into the left common iliac artery 1501 and the right common iliac artery
1502. The veins shown include the inferior vena cava 1503 branching into the left
common iliac vein 1504 and right common iliac vein 1505. It will be understood that
the rough diagram illustrated in FIG. 2 represents the view looking down on a patient
laying face-up (i.e., an anterior-poster view of the patient at the location of the
bifurcation of the abdominal aorta 1500 and the inferior vena cava 1503). The overlap
of the right common iliac artery 1502, which is relatively strong and muscular, over the
left common iliac vein 1504 can cause May-Thurner syndrome by pressing down on the
vein 1504, crushing it against the spine, restricting flow, and, eventually, causing
thrombosis and potentially partially or completely clotting off of the left common iliac
vein 1054 and everything upstream of it (i.e., the venous system in the left leg, among
others).

[0053] FIG. 3 illustrates a cross-section of the arterio-venous system
shown in FIG. 2 taken along the dotted line. Shown in schematic are the right common
iliac artery 1600, the left common iliac vein 1601, and a vertebra 1602 of the spine
(possibly the L5 lumbar vertebra of the lumbar spine). As can be seen, the right common
iliac artery 1600 is substantially cylindrical, due to its strong, muscular construction
(among other potential factors). That strong, muscular artery has pressed down on the left
common iliac vein 1601, until it has almost completely lost patency, i.e., it is nearly
completely pinched off. It will be understood that May-Thurner syndrome may indeed
involve such severe pinching/crushing of the underlying left common iliac vein 1601
against the vertebra 1602 of the lumbar spine. However, it will also be understood that
May-Thurner syndrome may involve much less pinching/crushing of the underlying left

common iliac vein 1601 against the vertebra 1602. Indeed, embodiments disclosed herein

-11-
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are appropriate for the treatment of various degrees of May-Thurner syndrome, including
full crushing/pinching of the left common iliac vein 1602 by the right common iliac artery
1600. Other embodiments disclosed herein are appropriate for the treatment of various
degrees of May-Thurner syndrome, including, but not limited to a crush/pinch of the
underlying left common iliac vein 1601 of between about 10-95%, about 15-90%, about
20-85%, about 25-80%, about 30-75%, about 35-70%, about 40-65%, about 45-60%, and
about 50-55%, or any other crush/pinch that could merit treatment using one or more of
the devices disclosed herein.

[0054] Disclosed herein in accordance with various embodiments are
stents that include pluralities of main struts and connector struts. For example, the
inventors have designed the struts with structure, including areas of expanded or reduced
width or thickness, to account for venous applications. As another example, the inventors
have recognized that venous applications benefit from configurations that improve
flexibility (due to the greater clasticity of venous applications) while maintaining enough
stiffness to resist pressure on the venous structure in selected areas (such as for the May-
Thurner syndrome). To that end, explored herein are particular structural characteristics —
often expressed as ratios or ranges between different measurements — that the inventors
have determined are particularly advantageous for (although not limited to) venous
applications.

[0055] The dimensions and orientation of these struts are designed to
provide flexibility and radial stiffness in combination with substantially reduced or, for
practical purposes in venous applications, “zero” foreshortening that is particularly
advantageous for use in venous applications. Such advantages are provided by use of
oblique (or helically) oriented stent struts with opposingly oriented oblique connectors
that form strips or strip fragments. Those strips or strip fragments (or portions) are then
interconnected with flexible connectors that further mediate shortening.

[0056] Notably the stents herein are not necessarily limited to venous
applications unless specifically required by the claims. The disclosed stents could be
employed in arterial and biliary applications, for example. But, are particularly suited for
the demands of relatively soft structures defining lumens that are subject to much greater
bending, twisting, stretching and other contortions and loads than are general atrial

lumens.
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[0057] It should be noted that terms such as “perpendicular”, “oblique”,
“thickness”, “length”, “width”, “adjacent”, “middle”, and other dimensional and
geometric terms should not be regarded as strict or perfect in their application. Instead,
geometric and other dimensional reference terms should be interpreted based on their
correspondence to accepted manufacturing tolerances and functional needs of the stent on
which they are employed. For example, the terms “perpendicular” and “straight™ should
be appreciated as affording a reasonable amount of angular variation due to
manufacturing imperfections or the actual intentional curves cut or formed in the stent
design. Also, any thickness, width or other dimension should be assessed based on
tolerances and functional needs of the design rather than idealized measurements.

[0058] FIG. 4 shows a perspective view of a stent 10 according to one
embodiment. The stent 10 has a generally cylindrical form along its longitudinal axis 11
(also referred to herein as the “long axis”), formed by adjacently connected, closed
circumferential portions (also referred to herein as “circumferential rings™) that connect
such that they extend serially along the length of the stent 10. As will be shown in further
detail in FIGS. 5-8, a circumferential portion is comprised of a plurality of main struts
connected by flexible connector struts.

[0059] In the illustrations of FIGS. 5 and 6, the stent 10 is opened up and
laid flat such that adjacent strips 12 are shown. Structural features of the cylindrical
stent shown in FIG. 4 are depicted by a view of the stent 10 in a cut-open and laid flat
state. When connected at opposite ends, each strip 12 forms a closed, circumferential
portion (circumferential ring) that extends circumferentially around the long axis 11 of
the stent 10. For example, circumferential portions that together form the stent 10 can
be formed by welding together opposite ends of the strips 12.

[0060] As shown in FIGS. 5 and 6, each of the plurality of adjacently
connected strips 12 includes a plurality of main struts 14. Each respective main strut 14
is connected to a next respective main strut 14 by a plurality of flexible first connecting
struts 16. Edges of each strip 12 are defined by opposing ends of the main struts 14, and
each main strut 14 is substantially straight. Second connector struts 18 connect main
struts 14 of one strip 12 to main struts 14 of a next adjacent strip 12 along the length of

the stent 10. As particularly shown in FIG. 6, each second connector strut 18 connects a
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main strut 14 of one strip 12 to a main strut 14 of the adjacent strip 12 by extending
between the main struts 14.

[0061] Structural components of the stent 10 are formed from materials
that facilitate reduced foreshortening while providing radial stiffness and flexibility. The
main struts 14, first connector structs 16, and/or second connector struts 18, may be, for
example formed from nitinol, spring steel, stainless steel, or durable polymer.

[0062] When the stent 10 is in a compressed state, for example when in a
catheter for delivery, the main struts 14 align nearly in parallel with the centerline of the
stent, e.g., nearly parallel to the long axis 11. When the stent 10 is deployed and
expands into an uncompressed state, the angular orientation of the main struts 14
increases, such that the main struts 14 are each more obliquely oriented to the long axis
11. In an exemplary embodiment, the angle 6 of orientation of the main struts 14 when
the stent 10 is expanded in the unconstrained state is between 10 and 50 degrees from
the long axis 11, which can be between 5 and 40 degrees when deployed into the
patient’s lumen. In some embodiments, the range of strut angles is between 15 and 30
degrees from the long axis in the unconstrainted state, which can be between 10 and 25
degrees when deployed into the lumen. In some embodiments, the change in angular
orientation corresponds to rotation of the main struts 14 relative to the first connecting
struts 16 when expanding from a compressed or otherwise constrained state.

[0063] As shown, each main strut 14 of each strip 12 has an oblique
orientation relative to the long axis 11 of the stent 10 that is the same oblique orientation
of the other main struts 14. It should be appreciated that the angle of orientation of one
or more main struts may be different than that of others, either within the same strip or
different strips of the stent, in order to provide desired expansion or compression
performance of the stent. The second connector struts 18 are also oriented obliquely to
the long axis of the stent 10, but at an angular orientation that is generally opposite the
oblique orientation of the main struts 14. The second connector struts 18 having an
opposite angle, with respect to the long axis of the stent 10, facilitates the angular change
in the main struts 14 to increase the length of the second connector struts 18, thus
minimizing the foreshortening of the entire stent.

[0064] In the exemplary embodiment of the stent 10 shown in FIGS. 4-6,

and as can be particularly seen in closer detail in FIG. 6, the angular orientation of each
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of the main struts 14 of one strip 12 is generally opposite the angular orientation of each
of the main struts 14 of an adjacent strip. For example, the main struts 14 of the left
strip 12a shown in in FIG. 6 have an angular orientation that is different than and
generally opposite the angular orientation of the main struts 14 of the right strip 12b.
When viewed along the length of the stent 10 (along the long axis 11), it can be seen that
cach strip 12 has its main struts 14 oriented oppositely in this manner from one strip 12
to another. That is, the angular orientation of the main struts 14 alternates from one strip
to another along the length of the stent 10. In this way, it can be considered that the
angular orientation of one closed circumferential portion is opposite to the angular
orientation of the next adjacent closed circumferential portion along the length of the
stent 10. This alternating arrangement, with opposing orientations facilitates the stent 10
being accurately placed in a manner that minimizes the foreshortening of the stent 10
during deployment.

[0065] The main struts 14 are wider and longer than the first connector
struts 16. In an exemplary embodiment, the main struts 14 are each at least twice as wide
as the first connector struts 16. For example, the main struts may each be 0.03 inches
wide, whereas the first connector struts may be 0.01 inches wide. The width of a strut as
described herein is generally perpendicular to the strut radial direction. The length of a
strut as described herein is generally the distance along the longitudinal axis of the strut
between its opposite ends. The length of the first connector struts 16 can be 30%, 50%, or
70% of the length of the main struts 14. As can be particularly seen in the perspective
view of FIG. 7, the thinner, flexible first connector struts 16 connect main struts 14
together at locations from between an end and approximately the middle of one main strut
14 (on one side of the main strut, for example the right side) to approximately the middle
and other respective end (other side, for example the left side) of the next main strut 14,
and this pattern is repeated around the circumference.

[0066] Each second connector strut 18 connects a main strut 14 of one
strip 12 to a main strut 14 of the adjacent strip 12 by extending between the main struts
14. In particular, the second connector struts 18 connect from a location at
approximately the middle of one main strut 14 to a location of an adjacent main strut 14

that is more proximate to an end of that adjacent main strut. This offset facilitates
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nesting together of adjacent portions formed by the main struts and first connector struts
when the stent is compressed or under bending.

[0067] In the exemplary embodiment shown in FIGS. 4-7, the second
connector struts 18 each have a curved form depicted generally as an arc shape. During
expansion, the curved connector struts 18 straighten out and lengthen to compensate for
the main struts 14 shifting in their angular orientation from being generally aligned with
the long axis 11 of the stent 10 to being obliquely oriented, to thereby provide for
minimal or zero foreshortening of the stent 10. As can be particularly seen in FIG. 5,
some pairs of adjacent strips 12 are connected by second connector struts 18 that form a
curve generally facing upwards, whereas other pairs of adjacent strips 12 are connected
by second connector struts 18 with a curve shape that generally faces downwards. In
embodiments in which the curve of the second connector struts 18 alternate in facing
upwards and downwards from one adjacent strip 12 to the next, this arrangement can
allow for the stent 10 to ratchet along its length, with each adjacent strip 12 along the
length rotating in a different direction. Although in the exemplary embodiment shown
in FIGS. 4-7 each main strut 14 of one strip 12 is connected by a second connector strut
18 to an adjacent main strut 14 of an adjacent strip 12, the configurations are not limited
to having a 1-1 correspondence. In some embodiments (not shown), every other set, or
every third set, of adjacent main struts, for instance, may be connected by a second
connector strut.

[0068] FIG. 8 shows a perspective view of a stent formed by two adjacent
and connected closed circumferential portions (circumferential rings), each formed by
respective pluralities of main struts 14 and flexible first connector struts 16 as described
above with respect to FIGS. 4-7. The circumferential rings are connected by second
connector struts 18 as described above with respect to FIGS. 4-7.

[0069] FIG. 9 shows a perspective view of a stent 20 according to another
embodiment. The stent 20 is comprised of portions with main struts, first connector
struts, and second connector struts that are connected to form a continuous single strip
structure that extends helically and circumferentially around the long axis 21. In the
illustrations of FIGS. 10 and 11, the stent 20 is opened up and laid flat such that the strip
22 is shown with cut ends (thus formed of several strips or strip fragments). Structural

features of the generally cylindrical-shaped stent 22 shown in FIG. 9 are thereby
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depicted by a view of the stent 20 in a cut-open and laid flat state. When connected at
opposite ends as depicted in FIG. 10, the strips 22 form the helically oriented
circumferential arrangement shown in FIG. 9. The connected strips may thereby be
considered a continuous helical strip that extends helically around the long axis of the
stent.

[0070] The strip 22 as shown in the laid-flat view of FIG. 10 includes a
plurality of main struts 24 connected by a plurality of flexible, first connector struts 26.
Expressed in terms of the axis running from one end of the fragment of strip 22 to the
other end (e.g., top to bottom of a strip as shown in FIG. 10), each main strut 24 of the
fragment of strip 22 connects to a next main strut 24 along this axis via a plurality of
respective first connector struts 26 between them. Each of the main struts 24 is
substantially straight along its length. As can be particularly seen in the perspective
view of FIG. 12, the first connector struts 26 connect main struts 24 together at locations
from between an end and approximately the middle of one main strut 24 to
approximately the middle and an end of the next main strut 24.

[0071] As shown in further detail in the enlarged side view of FIG. 11 and
perspective view of FIG. 12, main struts 24 of one strip fragment are connected to
adjacent main struts 24 of adjacent fragments of strip 22 by respective second connector
struts 28. Each main strut 24 is connected to an adjacent main strut 24 by a respective
second connector strut 28 that extends in a direction that is generally aligned with the
long axis 21 of the stent 20. In the exemplary embodiment shown, each second
connector strut is generally S-shaped, with two opposing curves (bends), which
facilitates nesting of the struts and helps to minimize foreshortening.

[0072] Structural components of the stent 20 are formed from materials
that facilitate reduced foreshortening while providing radial stiffness and flexibility. The
main struts 24, first connector structs 26, and/or second connector struts 28, may be, for
example formed from nitinol, spring steel, stainless steel, or durable polymer.

[0073] As can be seen in detail in the perspective view of FIG. 12, each
second connector strut 28 attaches from a location that is proximate the middle of each
respective main strut 24 between opposing ends of the main strut 24, to a location
proximate the middle along the length of the adjacent main strut 24, to facilitate

minimizing of foreshortening. Although in the exemplary embodiment shown in FIGS.
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9-12, each main strut 24 of one fragment of strip 22 is connected by a second connector
strtut 28 to an adjacent main strut 24 of an adjacent fragment of strip 22, the
configurations are not limited to having a 1-1 correspondence. In some embodiments
(not shown), every other set, or every third set, of adjacent main struts, for instance, may
be connected by a second connector strut.

[0074] The main struts 24 are wider and longer than the first connector
struts 26. In an exemplary embodiment, the main struts 24 are each at least twice as
wide as the first connector struts 26. For example, the main struts 24 may each be 0.03
inches wide, whereas the first connector struts 28 may be 0.01 inches wide. The length
of the first connector struts 26 can be 30%, 50%, or 70% of the length of the main struts
24.

[0075] When the stent 20 is in a compressed state, for example when in a
catheter for delivery, the main struts 24 align nearly in parallel with the centerline of the
stent, more parallel to the long axis 21. When the stent 20 is deployed and expands into
an uncompressed state, the angular orientation of the main struts 24 increases, such that
the main struts 24 each become more obliquely oriented to the long axis 21. In an
exemplary embodiment, the angle 6 of orientation of the main struts 24 is between 10
and 50 degrees from the long axis 21 of the stent 20 when the stent 20 is in the expanded
state.

[0076] In the embodiment shown, each main strut 24 of each strip 22 has
an angle 0 of orientation relative to the long axis 21 of the stent 20 that is the same as
that of the other main struts 24. It should be appreciated that the angle of orientation of
one or more main struts may be different than that of others, either within the same strip
or different strips of the stent, in order to provide desired expansion or compression
performance of the stent. The second connector struts 28 are also oriented obliquely to
the long axis of the stent 20, but at an angular orientation that is generally opposite the
oblique orientation of the main struts 24. The second connector struts having an
opposite angle, with respect to the long axis of the stent, facilitates the angular change in
the main struts to increase the length of the second connector struts, thus minimizing the
foreshortening of the entire stent.

[0077] To deploy an implantable stent according to embodiments

described herein, the stent may be radially compressed/crimped to a smaller diameter for
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loading onto/into a delivery catheter. The stent may be crimped over a balloon on the
inner core of the delivery system which may be later inflated to expand the coiled stent
to the desired diameter. The engagement fingers are pre-configured at specific locations
to allow discrete incremental expansion of the stent. In some embodiments, the stent can
be expanded in 0.5 mm increments. In some embodiments, more than one stent may be
joined together. For example, the ultimate length of the stent can be controlled by
joining any desired number of individual adaptive diameter cells via flexible or rigid
bridge members.

[0078] Implantable stents such as those described above may
advantageously provide an adaptive diameter and/or flexibility to conform the dynamic
movement of peripheral veins in leg/pelvis thereby facilitating treatment of both iliac
vein compression syndrome and ilio-femoral venous outflow obstructions.

[0079] It may be desirable to have a stent that will conform to the existing
path of a vein instead of a straightening out of the vessel by the stent. It may also be
desirable to have a high radial stiffness of the stent to resist collapse of the stent under
crushing load and to maximize the resultant diameter of the treated vessel at the location
of the stent deployment. With most stent constructions there is a direct relationship
between radial stiffness and axial stiffness.

[0080] Common commercially available balloon expandable stents
experience a dramatic change in length as a balloon is used to expand the stent within
the vessel. Common commercially available self-expanding stents experience a change
in length less dramatic, but still substantial, which increases with increasing stent length.
Change in length between the configuration within the delivery system and when
deployed in the vessel causes difficulty in placing/landing the stent precisely at the target
location. When the stent is deployed in its crimped configuration and expanded, the
shortening in length causes the stent target deployment location to have to offset from
the target dwell location. The magnitude of this effect is not controllable or easily
anticipated as it is dependent on the luminal cross-section along the length of the target
dwell location (which is frequently and unexpectedly influenced by residual stenosis,
irregular shape due to external objects, and/or forces, etc.). For target lesions leading up

to the junction of the left and right iliac into the IVC, this causes difficulty in placing the
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stent to dwell completely within the iliac along its total length up to the junction to the
inferior vena cava without crossing into the inferior vena cava.

[0081] In some embodiments a venous stent with high radial force, no
impactful foreshortening along multiple lengths, and high flexibility/vessel conformity is
provided. Minimization of foreshortening allows the stent advantageously accurate and
predictable deployment. And, high flexibility maximizes the fatigue life of the stent
under bending. Of course, it will be understood that the stent may find applications in
the arterial system as well.

[0082] Embodiments disclosed herein can be used for both balloon
expandable and self-expanding stent designs. The stent designs can be used for all stent
interventions, including coronary, peripheral, carotid, neuro, biliary and, especially,
venous applications. Additionally, this could be beneficial for stent grafts, percutaneous
valves, etc.

[0083] Currently available implants are typically loaded and retained onto
a delivery system in a crimped configuration and then navigated and deployed in the
desired anatomical location where they expand to the implanted configuration. The final
implanted configuration can be achieved through mechanical expansion/actuation (e.g.,
balloon-expandable) or self-expansion (e.g., Nitinol). Self-expanding implants are
manufactured from super elastic or shape memory alloy materials. Accurate and precise
deployment of a self-expanding implant can be challenging due to a number of inherent
design attributes associated with self-expanding implants.  The implant may
jump/advance from the distal end of the delivery system during deployment due to the
stored elastic energy of the material. Additionally, the implant may foreshorten during
deployment due to the change in the implant diameter from the crimped configuration to
the expanded configuration. Finally, physiological and anatomical configurations, such
a placement at or near bifurcations of body lumens, can affect accurate placement of
implants. Once the implant is placed within the body lumen there is potential for uneven
expansion or lack of circumferential implant apposition to the body lumen which can
result in movement, migration or in certain severe cases implant embolization.

[0084] In some embodiments, a self-expanding implant designed with
sufficient radial force to resist constant compression of the body lumen while providing

optimal fatigue resistance, accurate placement, and in-vivo anchoring to prevent is
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provided. Additionally, various methods for deployment and implantation for treating
iliac vein compression syndrome and venous insufficiency disease are provided.

[0085] In some embodiments, the implant comprises a purposely designed
stent intended to focally treat iliac vein compression (May-Thurner Syndrome). The
implant may be relatively short in length (~40mm) and may be manufactured from self-
expending Nitinol with integrated anchor features to aid in accurate placement and to
mitigate migration following implantation. The implant and delivery system are
designed for precise deployment and placement at the bifurcation of the inferior vena
cava into the right and left common iliac veins.

[0086] Although this invention has been disclosed in the context of certain
preferred embodiments and examples, it will be understood by those skilled in the art
that the present invention extends beyond the specifically disclosed embodiments to
other alternative embodiments and/or uses of the invention and obvious modifications
and equivalents thereof. In addition, while a number of variations of the invention have
been shown and described in detail, other modifications, which are within the scope of
this invention, will be readily apparent to those of skill in the art based upon this
disclosure. It is also contemplated that various combinations or sub-combinations of the
specific features and aspects of the embodiments may be made and still fall within the
scope of the invention. Accordingly, it should be understood that various features and
aspects of the disclosed embodiments can be combined with or substituted for one
another in order to form varying modes of the disclosed invention. Thus, it is intended
that the scope of the present invention herein disclosed should not be limited by the
particular disclosed embodiments described above, but should be determined only by a
fair reading of the claims that follow.

[0087] Features described in conjunction with a particular aspect,
embodiment or example of the invention are to be understood to be applicable to any
other aspect, embodiment or example described herein unless incompatible therewith.
All of the features disclosed in this specification (including the accompanying claims,
abstract, and drawings) and/or all of the steps of any method or process so disclosed,
may be combined in any combination, except combinations where at least some of such

features and/or steps are mutually exclusive.
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[0088] Similarly, this method of disclosure, is not to be interpreted as
reflecting an intention that any claim require more features than are expressly recited in
that claim. Rather, as the following claims reflect, inventive aspects lie in a combination
of fewer than all features of any single foregoing disclosed embodiment. Thus, the
claims following the Detailed Description are hereby expressly incorporated into this
Detailed Description, with each claim standing on its own as a separate embodiment.

[0089] While various embodiments of the present invention have been
described above, it should be understood that they have been presented by way of
example only, and not limitation. It will be apparent to persons skilled in the relevant art
that various changes in form and detail can be made therein without departing from the
spirit and scope of the present invention. Thus, the breadth and scope of the present
invention should not be limited by any of the above-described exemplary embodiments,
but should be defined only in accordance with the following claims and their

equivalents.
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CLAIMS

‘What is claimed is:

1. A stent comprising:
at least one strip including a plurality of main struts and a plurality of first
connector struts,
wherein the main struts are obliquely oriented to a longitudinal axis of the
stent and extend circumferentially around the longitudinal axis of the stent, and
wherein the first connector struts extend between and connect
circumferentially adjacent pairs of the main struts; and
a plurality of second connector struts extending between and connecting adjacent
strip portions, wherein ends of the second connector struts are connected to the main
struts between ends of the main struts so as to reduce foreshortening of the stent during

expansion.

2. The stent of claim 1, wherein the at least one strip is formed into a generally

tubular structure.

3. The stent of claim 1 or 2, wherein the ends of the main struts define edges of the at

least one strip.

4. The stent of any one of claims 1-3, wherein the main struts are generally straight.

5. The stent of any one of claims 1-4, wherein the main struts have a width that is at

least twice the width of the first connector struts.

6. The stent of any one of claims 1-5, wherein the main struts of the at least one strip

are each oriented at the same oblique angle to the longitudinal axis of the stent.

7. The stent of claim 6, wherein the oblique angle is between 10 to 50 degrees from

the longitudinal axis of the stent.
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8. The stent of any one of claims 1-7, wherein the main struts are longer than the first

connector struts.

9. The stent of any one of claims 1-8, wherein the length of each first connector strut

is 30%, 50%, or 70% of the length of each main strut.

10. The stent of any one of claims 1-9, wherein at least a pair of first connector struts

connects each pair of the main struts.

11. The stent of claim 10, wherein an end of one of the pair of first connector struts is

connected to an end of one of the pair of the main struts.

12. The stent of claim 11, wherein an end of another one of the pair of the first

connector struts is connected to an end of another one of the pair of main struts.

13. The stent of any one of claims 1-12, wherein the first connector struts are

obliquely oriented to the longitudinal axis of the stent.

14. The stent of claim 13, wherein the first connector struts of each strip are all

oriented at the same oblique angle.

15. The stent of any one of claims 1-14, wherein the first connector struts are oriented

generally opposite the main struts.

16. The stent of any one of claims 1-15, wherein each of the first connector struts is

generally straight between its ends.

17. The stent of any one of claims 1-16, wherein the ends of the second connector

struts are attached to a middle portion of the main struts.
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18. The stent of any one of claims 1-17, wherein each of the second connector struts

has at least one bend.

19. The stent of any one of claims 1-18, wherein each of the second connector struts

has two bends curving in generally opposite directions.

20. The stent of any one of claims 1-19, wherein the second connector struts attach to
a side of the main struts opposite another side of the main struts to which the first

connector struts are attached.

21. A stent comprising:
at least one strip extending helically around a longitudinal axis of the stent, the at
least one strip including a plurality of main struts and a plurality of first connector struts,
wherein the main struts are obliquely oriented to a longitudinal axis of the
stent and extend helically around the longitudinal axis of the stent, and
wherein the first connector struts extend between and connect
circumferentially adjacent pairs of the main struts; and
a plurality of second connector struts extending between and connecting adjacent
strip portions, wherein ends of the second connector struts are connected to the main
struts between ends of the main struts so as to reduce foreshortening of the stent during

expansion.
22. The stent of claim 21, wherein the second connector struts connect adjacent main
struts between a middle portion of one main strut to the middle portion of a respective

adjacent main strut.

23. The stent of claim 21 or claim 22, wherein each of the second connector struts has

at least one bend.

24. The stent of any one of claims 21-23, wherein each of the second connector struts

has at least two bends curving in generally opposite directions.
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25. The stent of any one of claims 21-24, wherein the first connector struts are

obliquely oriented to the longitudinal axis of the stent.

26. The stent of claim 25, wherein the first connector struts are obliquely oriented in a

direction that is generally opposite the oblique orientation of the main struts.

27. The stent of any one of claims 21-26, wherein the main struts are generally
straight.
28. The stent of any one of claims 21-27, wherein the main struts have a width that is

at least twice the width of the first connector struts.

29. The stent of any one of claims 21-28, wherein the main struts of the at least one

strip are each oriented at the same oblique angle to the longitudinal axis of the stent.

30. The stent of claim 29, wherein the oblique angle is between 10 to 50 degrees from

the longitudinal axis of the stent.

31. The stent of any one of claims 21-30, wherein the main struts are longer than the

first connector struts.

32. The stent of any one of claims 21-31, wherein the length of each first connector

strut is 30%, 50%, or 70% of the length of each main strut.

33. The stent of any one of claims 21-32, wherein at least a pair of first connector

struts connects each pair of the main struts.

34. The stent of claim 33, wherein an end of one of the pair of first connector struts is

connected to an end of one of the pair of the main struts.

35. The stent of claim 34, wherein an end of another one of the pair of the first

connector struts is connected to an end of another one of the pair of main struts.
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36. The stent of any one of claims 21-35, wherein each of the first connector struts is

generally straight between its ends.

37. A stent comprising:
at least two strips including a plurality of main struts and a plurality of first
connector struts,
wherein the main struts are obliquely oriented to a longitudinal axis of the
stent and extend circumferentially around the longitudinal axis of the stent,
wherein the first connector struts extend between and connect
circumferentially adjacent pairs of the main struts, and
wherein the at least two strips form at least two respective circumferential
rings; and
a plurality of second connector struts extending between and connecting adjacent
circumferential rings, wherein ends of the second connector struts are connected to the
main struts between ends of the main struts so as to reduce foreshortening of the stent

during expansion.

38. The stent of claim 37, wherein the at least two circumferential rings extend

serially along the longitudinal axis of the stent.

39. The stent of claim 37 or 38, wherein each respective main strut has an oblique
orientation to the longitudinal axis of the stent that is generally opposite the oblique

orientation of a respective main strut of an adjacent strip.

40. The stent of any one of claims 37-39, wherein the first connector struts of each of
the at least two strips have an oblique orientation to the longitudinal axis of the stent that
is generally opposite the oblique orientation of the first connector struts of an adjacent

strip of the at least two strips.

41. The stent of any one of claims 37-40, wherein the ends of the main struts define

edges of each of the at least two strips.
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42. The stent of any one of claims 37-41, wherein the main struts are generally
straight.
43. The stent of any one of claims 37-42, wherein the main struts have a width that is

at least twice the width of the first connector struts.

44. The stent of any one of claims 37-43, wherein the main struts of the at least two

strips are each oriented at the same oblique angle to the longitudinal axis of the stent.

45. The stent of claim 44, wherein the oblique angle is between 10 to 50 degrees from

the longitudinal axis of the stent.

46. The stent of any one of claims 37-45, wherein the main struts are longer than the

first connector struts.

47. The stent of any one of claims 37-46, wherein the length of each first connector

strut is 30%, 50%, or 70% of the length of each main strut.

48. The stent of any one of claims 37-47, wherein at least a pair of first connector

struts connects each pair of the main struts.

49. The stent of claim 48, wherein an end of one of the pair of first connector struts is

connected to an end of one of the pair of the main struts.

50. The stent of claim 49, wherein an end of another one of the pair of the first

connector struts is connected to an end of another one of the pair of main struts.

51. The stent of any one of claims 37-50, wherein the first connector struts are

obliquely oriented to the longitudinal axis of the stent.
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52. The stent of claim 51, wherein the first connector struts of each strip are all

oriented at the same oblique angle.

53. The stent of any one of claims 37-52, wherein the first connector struts are

oriented generally opposite the main struts.

54. The stent of any one of claims 37-53, wherein each of the first connector struts is

generally straight between its ends.

55. The stent any one of claims 37-54, wherein the ends of the second connector struts

are attached to a middle portion of the main struts.

56. The stent of any one of claims 37-55, wherein the second connector struts have an

arc shape extending over a space between adjacent circumferential rings.
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