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(57) ABSTRACT

The three-dimensional device 1s adapted to be 1nserted into
a portion of a vasculature for occluding the portion of the
vasculature for use 1n imterventional therapy and vascular
surgery. The device 1s formed from a multi-stranded micro-
cable having a plurality of flexible strands of a shape
memory material and at least one radiopaque strand. The
flexible strands 1n a multi-stranded micro-cable of the device
can be helically wound, or can be configured as parallel,
longitudinal strands, and can also be formed to have a
secondary, three-dimensional therapeutic configuration,
such as helical, conical, spherical, or other geometric shapes.
The strands can be made of a shape memory nickel titanium
alloy, that 1s highly flexible at a temperature appropriate for
introduction into the body via a catheter, and that after
placement will take on the therapeutic shape. The device can
also include a therapeutic agent, and can be bundled by an
outer cover to constrain the strands of the micro-cable about
a longitudinal axis to produce a composite banded cable.
The radiopaque strand can have a core strand with a plurality
of mtermittently spaced apart enlarged radiopaque portions
that may be a plurality of beads of radiopaque material
spaced apart and mounted on the core strand, or a plurality
of coils mtermittently wound about and spaced apart on the
core strand. A polyhedral occlusive device 1s also provided,
adapted to be mserted mto a portion of a vasculature for
occluding a portion of the vasculature, for use 1n 1nterven-
tional therapy and vascular surgery. One or more therapeutic
fibers can also be woven 1nto the coil to enhance treatment
of the side after placement of the device.
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VASOOCCLUSIVE DEVICE FOR TREATMENT OF
ANEURYSMS

RELATED APPLICATIONS

[0001] This 1s a continuation-in-part of Ser. No. 09/019,
841 filed Feb. 6, 1998, which was a continuation-in-part of
Ser. No. 08/986,004 filed Dec. 5, 1997.

BACKGROUND OF THE INVENTION

0002] 1. Field of the Invention

0003] This invention relates generally to implantable
devices for interventional therapeutic treatment or vascular
surgery, and concerns a stranded micro-cable with enhanced
radiopacity that can be used to fabricate a vascular device,
a stent, a guidewire or the like. More particularly, the
invention relates to three dimensional microcoil vasoocclu-
sive devices fabricated from stranded micro-cable.

0004] 2. Description of Related Art

0005] The art and science of interventional therapy and
surgery has continually progressed towards treatment of
internal defects and diseases by use of ever smaller 1ncisions
or access through the vasculature or body openings, in order
to reduce the trauma to tissue surrounding the treatment site.
One important aspect of such treatments involves the use of
catheters to place therapeutic devices at a treatment site by
access through the vasculature. Examples of such proce-
dures include transluminal angioplasty, placement of stents
to reinforce the walls of a blood vessel or the like and the use
ol vasoocclusive devices to treat defects in the vasculature.
There 1s a constant drive by those practicing in the art to
develop new and more capable systems for such applica-
tions. When coupled with developments 1n biological treat-
ment capabilities, there 1s an expanding need for technolo-
gies that enhance the performance of interventional
therapeutic devices and systems.

[0006] One specific field of interventional therapy that has
been able to advantageously use recent developments in
technology 1s the treatment of neurovascular defects. More
specifically, as smaller and more capable structures and
materials have been developed, treatment of vascular defects
in the human brain which were previously untreatable or
represented unacceptable risks via conventional surgery
have become amenable to treatment. One type of non-
surgical therapy that has become advantageous for the
treatment of defects in the neurovasculature has been the
placement by way of a catheter of vasoocclusive devices in
a damaged portion of a vein or artery.

[0007] Vasoocclusion devices are therapeutic devices that
are placed within the vasculature of the human body, typi-
cally via a catheter, either to block the flow of blood through
a vessel making up that portion of the vasculature through
the formation of an embolus or to form such an embolus
within an aneurysm stemming from the vessel. The vasooc-
clusive devices can take a variety of configurations, and are
generally formed of one or more elements that are larger 1n
the deployed configuration than when they are within the
delivery catheter prior to placement. One widely used
vasoocclusive device 1s a helical wire coil having a deployed
configuration which may be dimensioned to engage the
walls of the vessels. One anatomically shaped vasoocclusive
device that forms 1tself into a shape of an anatomical cavity
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such as an aneurysm and 1s made of a pre-formed strand of
flexible material that can be a nickel-titanium alloy 1s known
from U.S. Pat. No. 35,645,558, which 1s specifically incor-
porated by reference herein. That vasoocclusive device
comprises one or more vasoocclusive members wound to
form a generally spherical or ovoid shape 1n a relaxed state.
The vasoocclusive members can be a helically wound coil or
a co-woven braid formed of a biocompatible material, and
the device 1s sized and shaped to fit within a vascular cavity
or vesicle, such as for treatment of an aneurysm or fistula.
The vasoocclusive member can be first helically wound or
braided 1n a generally linear fashion, and 1s then wound
around an appropriately shaped mandrel or form, and heat
treated to retain the shape after removal from the heating
form. Radiopacity can be provided in the vasoocclusive
members by weaving 1n synthetic or natural fibers filled with
powdered radiopaque material, such as powdered tantalum,
powdered tungsten, powdered bismuth oxide or powdered
bartum sulfate, which can potentially be released during
vascular surgery.

[0008] Another occlusion device for closing defects in
vascular walls 1s known that 1s formed by a pair of distinct
sections of varying configuration, which may be parabolic or
conical bodies oriented to flare outward. Yet another
implantable vasoocclusive device 1s known that 1s formed by
a complex, helically wound coil adapted to take on a
secondary shape suitable for snugly fitting within a given
vascular cavity upon deployment, that can be formed by
winding the coil on a mandrel having radially extending
poles.

[0009] The delivery of such vasoocclusive devices can be
accomplished by a variety of means, including via a catheter
in which the device 1s pushed through the catheter by a
pusher to deploy the device. The vasoocclusive devices,
which can have a primary shape of a coil of wire that 1s then
formed mto a more complex secondary shape, can be
produced 1n such a way that they will pass through the lumen
of a catheter 1n a linear shape and take on a complex shape
as originally formed after being deployed into the area of
interest, such as an aneurysm. A variety of detachment
mechanisms to release the device from a pusher have been
developed and are known 1n the art.

[0010] For treatment of areas of the small diameter vas-
culature such as a small artery or vein in the brain, for
example, and for treatment of aneurysms and the like,
micro-coils formed of very small diameter wire are used in
order to restrict, reinforce, or to occlude such small diameter
areas ol the vasculature. A variety of materials have been
suggested for use 1 such micro-coils, including nickel-
titanium alloys, copper, stainless steel, platinum, tungsten,
various plastics or the like, each of which offers certain
benefits 1n various applications. Nickel-titanium alloys are
particularly advantageous for the fabrication of such micro
coils, 1 that they can have super-elastic or shape memory
properties, and thus can be manufactured to easily fit into a
linear portion of a catheter, but attain their originally formed,
more complex shape when deployed. Although various
materials are more or less kink resistant when nickel-
titantum alloys are dimensioned into wire smaller than
approximately 0.010 inches in diameter, they can have low
yvield strength and can kink more easily, thus severely
limiting the applications for such finely drawn wire in the
tabrication of vasoocclusive devices. As a further limitation
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to such applications, nickel-titanium alloys are also not
radiopaque 1n small diameters, and a single mickel-titanium
wire would need to be approximately 0.012 inches in
diameter to be even slightly radiopaque. However, such a
thickness of a single mickel-titantum wire would unfortu-
nately also be relatively stifl and possibly traumatic to the
placement site, particularly 11 used for treatment of delicate
and already damaged areas of the small diameter vasculature
such as an aneurysm 1n an artery or vein in the brain, for
example.

[0011] One conventional guidewire for use in a catheter 1s
known that 1s made of a high elasticity nickel-titanium alloy,
and 1s useful for accessing peripheral or soit tissue targets.
The distal tip of the guidewire 1s provided with a radiopaque
flexible coil tip, and a radiopaque end cap 1s attached to the
guidewire by a radiopaque ribbon. Such a construction is
complex to manufacture, fragile and can potentially break
ofl during use with undesirable results. A stretch resistant
vasoocclusive coil 1s also known that can be made of a
primary helically wound coil of platinum wire, with a
stretch-resisting wire attached within the primary coil
between two end caps. Unfortunately, such a construction 1s
relatively diflicult to fabricate and also fragile, allowing for
the possibility of the fracture of the central radiopaque wire,
the coil, the welds or some combination of them, and 1t can
also potentially break off during use. Also, such a construc-
tion has a complex and nonlinear bending characteristic,

dependent on the spacing of the coils and central wire and
the radius of the bend of the coil.

[0012] From the above, it can be seen that vasoocclusive
devices and their attendant deployment systems provide
important improvements in the treatment of damaged neu-
rovascular areas. However, there remain important limaita-
tions 1n the technology presently available to fabricate these
devices. It would therefore be desirable to provide a struc-
tural element that can be incorporated into a stent,
guidewire, micro-coil or the like, which offers the advan-
tages of a shape memory alloy such as a nickel-titanium
alloy, and that incorporates radiopaque material 1n a stable
configuration that 1s not subject to breaking during use of the
device, so that the device can be visualized under fluoros-
copy. It would also be desirable to be able to create a variety
of three dimensional vasoocclusive shapes that can be
deployed from a catheter into an aneurysm or other defect
and to thereby provide an etlicient therapy for treatment of
the defect. The present imnvention meets these and other
needs.

SUMMARY OF THE INVENTION

[0013] Significant advances have been made in the treat-
ment of neurovascular defects without resolution to surgery.
More specifically, micro catheters have been developed
which allow the placement of vasoocclusive devices 1n an
area of the vasculature which has been damaged. In pres-
ently used techniques, the vasoocclusive devices take the
form of spiral wound wires that can take more complex three
dimensional shapes as they are mserted into the area to be
treated. By using materials that are highly flexible, or even
super-elastic and relatively small in diameter, the wires can
be installed 1 a micro-catheter in a relatively linear con-

figuration and assume a more complex shape as it 1s forced
from the distal end of the catheter.

[0014] In order to gain the advantages presently being
realized with micro-catheter therapies and procedures to
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repair damage to the vasculature in the brain and other
vessels, shape memory materials such as mickel-titanium
alloys have been incorporated 1n vasoocclusive devices to be
placed by the catheters. However, the range of diameters of
wire and the configurations of the resulting geometry ofboth
the coils and the devices developed which can be used have
been limited by both the relatively small diameter of wire
that must be used to avoid trauma and allow housing within
the catheter prior to deployment, and the requirement for
larger diameters to provide for radiopaque markers and
mechanical robustness. In many cases this has resulted in
primary wire characteristics in the coil that are unacceptably
stifl, very delicate, or subject to kinking. The present inven-
tion obtains significant advantages over such prior art
devices by providing a cable of multiple strands of an alloy
adapted to be used in catheters, stents, vasoocclusive
devices, guidewires and the like, thus providing a kink
resistant, high strength material with highly desirable per-
formance characteristics which can be altered by construc-
tion details to swit a variety of interventional therapeutic
procedures.

[0015] More specifically, it has been found that single
strands of small diameter nickel-titanium alloys, as well as
other metal alloys, used to form vasoocclusive devices can
be kinked 11 twisted and pulled as can occur during or after
deployment from a catheter, especially 11 the doctor wishes
to withdraw a partially deployed coil because 1t 1s somehow
incorrect 1n size, shape or length to repair the damage to the
vessel. Also, single wire coils are more likely to cause
trauma to the area to be treated 11 the wire 1s of a suflicient
diameter to provide adequate tensile strength. Furthermore,
such small diameter wires of some of these materials such as
nickel-titanium, stainless steel and the like, are not generally
radiopaque with currently available equipment, necessitat-
ing the use of radiopaque markers attached to the device,

with the resultant possible diminution of functionality and
increased diameter.

[0016] The present invention solves these and other prob-
lems by providing, in 1ts broadest aspect, a micro-cable
which includes at least one radiopaque strand to offer a
continuous 1ndication under fluoroscopy of the deployed
configuration of the device incorporating the micro-cable.
When combined with the benefits of a material such as
nickel-titanmium 1n the other strands of the micro-cable,
numerous advantages are available from the use of this basic
construction in interventional medicine.

[0017] Briefly, and in general terms, a presently preferred
embodiment of the present invention provides for a multi-
stranded micro-cable made of a suitable material such as
stainless steel or a nickel-titamium alloy, with the cable
including at least one radiopaque strand, made of platinum,
tungsten or gold, 1 order to serve as a marker during a
procedure. The multi-stranded micro-cable can be config-
ured into a stent, guidewire, micro-coil or the like used 1n
micro-catheters, for example, to restrict, reinforce, or to
occlude areas of the small diameter vasculature such as an
artery or vein in the brain, for example, for treatment of
aneurysms and the like.

[0018] In one presently preferred embodiment, the inven-
tion accordingly provides for a multi-stranded micro-cable
formed of a plurality of flexible strands of a super elastic
material, and at least one radiopaque strand. In one presently
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preferred embodiment, the multi-stranded micro-cable com-
prises a plurality of flexible strands of nickel-titanium alloy,
the micro-cable having at least one central axially disposed
radiopaque wire, such as platinum, tungsten or gold, for
example, 1n order to provide a radiopaque marker during
vascular procedures. In this preferred embodiment, the con-
struction of the ivention places the lowest tensile strength
and highest flexibility member, the radiopaque marker
strand, 1n a position 1n the cable which results 1n minimum
stress on that member, at the same time, the super elastic
material 1s 1n the outer strands, which have the dominant
aflect on performance parameters, thus enhancing the ben-
efits of the material. Another benefit associated with the
invention compared to prior art devices 1s that the multiple
stranded cable configuration, in addition to providing a
highly flexible and resilient structure, eliminates the neces-
sity of a safety wire, since the failure of a single strand waill
not cause a severing of the cable. Also, the construction
prevents stretching of the cable 1n the event of failure of a
single strand, which 1s a significant benefit compared to
constructions which have a coil around a central safety wire.

[0019] In a second presently preferred embodiment, the
invention includes a multi stranded cable constructed of
multiple twisted strands of a suitable material such as a
shape memory alloy or super elastic alloy of nickel-titanium,
with one or more of the twisted strands consisting of a
radiopaque matenial. The radiopaque strand may be one or
more of the peripheral twisted strands and may also include
one or more central strands of the cable. In a preferred aspect
of the embodiment, the cable consists of six peripheral
twisted strands and a central linear core strand, one or more
of which can be of radiopaque material.

[10020] In a third aspect of the invention, the cable can be
of linear strands that are arranged in a bundle and fastened
or bound at intervals, or continuously, in order to maintain
contact among the strands as the cable 1s bent. One or more
of the strands may be radiopaque. This construction 1is
adaptable to guidewires and other structures that must be
pushable and/or torqueable, but still remain highly flexible
and 1nclude radiopacity. Variations on this embodiment can
include an outer sheath which consists of a solid or helically
wound cover to provide enhanced torqueability and push-
ability. More specifically, the outer sheath can vary in
thickness, stiflness ol material or spring of the sheath
members to provide desired variations 1 bending or stifl-
ness of the cable. Such a construction 1s particularly adapt-
able to guidewires and the like, and can be varied in terms
of the binding or outer layer to alter the torqueability of the
cable, and the flexibility of the cable can be varied along 1ts
length by the number and sizes of the stranded members 1n
the cable.

[0021] In a fourth aspect of the invention, one or more of
the strands can be of a therapeutic material used to enhance
treatment of the site after placement of the device. In one
presently preferred embodiment of the invention, the cable
includes twisted strands of wire around the periphery of the
cable, at least one of which 1s radiopaque. The core of the
cable contains a therapeutic agent such as human growth
hormone, genetic material, antigens or the like that are
intended to become active after placement. Such a construc-
tion can be adapted to a variety of interventional therapeutic
treatments. In one aspect of this embodiment, one of the
strands can have multiple functions, such as providing both
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a therapeutic eflect and also contributing to the structural
integrity of the cable. By using copper in such a micro-cable,
for instance, the copper can enhance the use of a device
made from the cable as an intra-uterine device, with the
copper also contributing to the radiopacity and structural
integrity of the micro-cable. In the event that such an eflect
1s desired, the therapeutic strand can be placed on the
exterior of the cable to enhance contact with the site to be
treated.

[10022] In a fifth aspect of the invention, a three dimen-
sional occlusive device 1s provided that 1s adapted to be
inserted mto a portion of a vasculature for occluding the
portion of the vasculature for use in interventional therapy
and vascular surgery, that comprises at least one multi-
stranded micro-cable having a plurality of flexible strands of
a resilient matenial, with at least one radiopaque strand to
provide a radiopaque marker of the deployed configuration
of a device made of the cable during vascular surgery. The
occlusive device 1s configured to have a primary, collapsed
coil configuration or shape, and an expanded, or secondary
three dimensional coil configuration or shape, that can be
generally helical, conical, or spherical shapes. The flexible
strands 1n a multi-stranded micro-cable of the occlusive
device can be helically wound, or can be configured as
parallel, longitudinal strands. In a currently preferred
embodiment, at least one of the strands comprises a super-
clastic material. In another currently preferred embodiment,
a plurality of the strands comprises a super-elastic material.
One presently preferred super-elastic material comprises a
nickel titanium alloy, that can be heat treated such that the
alloy 1s highly flexible at a temperature approprate for
introduction into the body via a catheter, and after place-
ment, the device will seek its minimum energy shape as
originally formed and thereby take on a shape designed to
optimize the therapeutic purposes desired for the device.

[0023] In another aspect of the invention, at least one of
the strands comprises a shape memory material. In another
currently preferred embodiment, a plurality of the strands
are comprised of a shape memory material. One presently
preferred shape memory material comprises a shape
memory polymer. In one configuration, the strands of the
micro-cable are arranged as exterior strands surrounding at
least one interior strand, or core, and at least one radiopaque
strand 1s disposed 1n the micro-cable, either centrally, axially
disposed 1n the bundle of strands, or 1n the exterior strands
surrounding the central core. The micro-cable can include a
plurality of radiopaque strands, such as platinum, gold, or
tungsten.

[0024] In the fifth aspect of the invention, at least one of
the strands in the core or exterior strands can comprise a
therapeutic agent, such as a copper or copper alloy wire or
any ol a variety of therapeutically active metals, alloys or
components, a fiber such as Dacron (polyester), polyglycolic
acid, polylactic acid, fluoropolymers, nylon, polyaramid
fiber (e.g. Kevlar®), or silk chosen for thrombogenicity.
Since the micro-cable consists of stranded parts, one or more
strands may be longer than others, or even intermittently
terminated, to thereby extend beyond the diameter of the
remaining strands and thereby increase the therapeutic effect
of that strand. Alternatively, at least one of the strands can
be coated with or impregnated with a therapeutic material,
which can include, but 1s not limited to, any one or combi-

nation of human growth hormone, genetic material, anti-
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gens, hydrogels, collagen, bio-absorbable polymers such as
lactic acids/glycolic acids, caprolactam or microcellular
foam. In addition, the therapeutic element can comprise a
means to conduct energy, such as an optical fiber to conduct
light energy.

[0025] In the fifth aspect of the invention, the strands of
the micro-cable can also be bundled by at least one outer
cover or sheath to constrain the strands of the micro-cable
about a longitudinal axis to produce a composite banded
cable. The outer sheath can comprise a containment strand
wound about the strands and made of a low friction material,
such as a fluoropolymer, for example, or a heat shrinkable
plastic tube. In one feature of the fifth aspect of the inven-
tion, a plurality of heat shrink plastic covers are placed over
the strands of the micro-cable to provide bending stifiness in
the cable. The strands of the micro-cable can be banded at
intervals by a plurality of bands. In another variation, a
plurality of micro-cables that are arranged as parallel, lon-
gitudinal micro-cables or a helically wound micro-cables to
form a composite cable can have an exterior wrapped cover
that can be wound at greater or lesser intervals along the
outside to provide variations in the torqueability and stifl-
ness of the composite cable. Also, the thickness and width of
the wrapping cover, as well as 1ts materlal composition along
the composite cable can vary in cross section along the
length of the composite cable to provide bending stiflness of
said cable which varies with the position on said cable. Also,
the number of strands and the degree to which they extend
along the composite cable can be varied within the sheath,
and the outer sheath itself can be multi-layered with different
materials 1 order to provide a graduated bending and
stiflness characteristic over the length of the cable. The
occlusive device thus can be formed of a plurality of
micro-cables 1n order to provide desired bending and
strength characteristics, either as helically wound micro-
cables, or parallel longitudinal micro-cables having a col-
lapsed composite cable configuration and an expanded com-
posite cable configuration with a secondary shape. In
another feature of the fifth aspect of the invention, the
composite cable can further comprise at least one longitu-
dinal sensing element for sensing a parameter, such as an
optical imaging element, 1.¢., where the sensing element can
comprises an optical fiber. Alternatively, the sensing element
can comprise a thermal imaging element, or an ultrasound
imaging element, for example.

[10026] In a further aspect of the invention, the form about
which the three dimensional shape 1s wound 1s formed from
metal, ceramic or other heat resistant material and has
formed within 1t the path desired for the micro-cable corre-
sponding to the shape. For example, the form can be of a
spherical configuration, with the surface containing channels
into which the cable 1s laid prior to heat treating. The
channels can be arranged so that the resultant shape 1s kink
resistant and relatively easy to withdraw without kinking.
The form can also contain passages through which the cable
can pass to advantageously form the shape.

[0027] After the cable i1s wound around the form, the form
and cable can be heat treated to cause the cable material to
adopt the shape of the form as a low energy shape. The cable
can then be removed from the form and put into a catheter-
introducer prior to use 1n intravascular therapy.

10028] In another presently preferred embodiment, the
invention comprises a device for use 1n interventional
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therapy and vascular surgery, adapted to be 1nserted into a
portion of a vasculature, comprising a shape memory coil
having an outer coil portion and an 1nner core portion, the
shape memory coil having a collapsed primary coil configu-
ration and an expanded secondary configuration with a three
dimensional shape; and a radiopaque strand extending
through the core of the shape memory coil to provide a
radiopaque marker of the deployed configuration of the
device. In one presently preferred embodiment, the shape
memory coil comprises a multi-stranded coil having a
plurality of flexible strands of a resilient material, and 1n an
alternate preferred embodiment, the shape memory coil
comprises a single stranded coil, such as of a mickel titanium
alloy, or a shape memory polymer, for example. The radio-
paque strand enhances the radiopacity of a multi-stranded
coil as well as a single stranded coil of pure nickel titanium
alloy, which will advantageously not fray upon stretching,
and 1s stretch resistant. With such an inner radiopaque
strand, the coil can also be made of other materials, such as
a shape memory polymer such as polyurethane, for example.

[10029] In a presently preferred embodiment, the radio-
paque strand comprises a core strand having a plurality of
intermittently spaced apart enlarged radiopaque portions
that can comprise a radiopaque material selected from the
group consisting of platinum and gold, for example. The
core strand can comprise a material selected from the group
consisting of platinum, gold, a shape memory polymer
having a glass transition temperature (1) below 25° C., a
hydrogel, an amorphous gel, and a fiber. In one presently
preferred aspect, the enlarged radiopaque portions can com-
prise a plurality of beads of radiopaque material spaced apart
and mounted on a core strand of material, and the beads may
comprise a radiopaque material selected from the group
consisting of platinum, gold and tungsten. In another pres-
ently preferred aspect, one or more of the plurality of beads
can optionally be bonded to a segment of the shape memory
coil, such as an end bead bonded to an end segment of the
shape memory coil, for example.

[0030] In another presently preferred aspect, the enlarged
radiopaque portions may comprise a plurality of coils inter-
mittently wound about and spaced apart on the core strand,
and the core strand can comprise a radiopaque material
selected from the group consisting of platinum and gold. The
spaced apart coils can comprise a radiopaque material
selected from the group consisting of platinum and gold.

[0031] In another presently preferred embodiment, a poly-
hedral occlusive device 1s provided, adapted to be mserted
into a portion of a vasculature for occluding a portion of the
vasculature, for use in interventional therapy and vascular
surgery. The occlusive device can be formed with multiple
coils centrally connected together at their inner ends to a
central coil body and radiating outward from the central coil
body. When inserted within a vessel at a treatment site, such
as within an aneurysm, the radiating coil arms of the
occlusive device extend to fill the vessel 1n three dimensions,
allowing the occlusive device to accommodate the shape of
the vessel.

[0032] In another presently preferred embodiment, the
device for use 1n 1interventional therapy and vascular surgery
includes a micro-cable or coil formed of one or more flexible
strands of a resilient material, having a collapsed primary
coil configuration and an expanded secondary configuration
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with a three dimensional shape; and one or more therapeutic
fibers woven 1nto the coil to enhance treatment of the site
alter placement of the device. The coil can also be formed
to include one or more radiopaque strands to provide a
radiopaque marker of the deployed configuration of the
device. The one or more therapeutic fibers can be woven
about adjacent or non-adjacent loops of the coil, or can be
woven through multiple strands of adjacent loops of the coil.
The one or more therapeutic fibers are made of a material
that will provide a timed release of a therapeutic agent
intended to become active after placement of the device,
such as human growth hormone, collagen, a modified poly-
mer with growth factor, genetic material for gene therapy,
antigens, or the like. A plurality of therapeutic fibers can be
provided so that the different fibers in the coil can provide
different therapeutic agents to provide a range of therapies.

[0033] These and other aspects and advantages of the
invention will become apparent from the following detailed
description and the accompanying drawings, which 1llustrate
by way of example the features of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0034] FIG. 1 1s a perspective of a radiopaque microstrand
cable constructed according to the ivention.

0035] FIG. 2 1s a cross-section at 2-2 of FIG. 1.

0036] FIG. 3 is a helical vasoocclusive coil formed of the
cable of the invention.

10037] FIG. 4 is a spherical vasoocclusive structure
tformed using the cable of the invention.

[0038] FIG. 5 1s a stacked coil vasoocclusive device
formed using the cable of the invention.

[0039] FIG. 6 1s a cross section of a vascular member with
an aneurysm 1illustrating the approach of a vasoocclusive
coil towards the aneurysm.

10040] FIG. 7 1s an illustration of a vasoocclusive coil
which has been 1ntroduced 1nto an aneurysm preparatory to
being deployed within the aneurysm.

[0041] FIG. 8 1s an illustration of a spherical vasoocclu-
sive coll formed with cable of the invention deployed within
an aneurysm.

[0042] FIG. 9 1s an alternate in a preferred embodiment of
the 1nvention including a plurality of radiopaque strands
within the cable.

10043] FIG. 10 1s an alternate preferred embodiment
incorporating a therapeutic member within the radiopaque
cable of the invention.

10044 FIG. 11 is an alternate preferred embodiment of the
present invention wherein strands of the cable are arranged

within an exterior binding consisting of multiple straps
about the cable.

[0045] FIG. 12 1s a perspective view of the embodiment of
FI1G. 11.

[0046] FIG. 13 is an alternative embodiment to the
embodiment of FIG. 12 wherein the external binding of the
cable represents a sheath wound about the cable.

10047] FIGS. 14a and 145 are perspectives of alternative
embodiments of the embodiment of FIG. 13.
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[0048] FIG. 15 1s a cross-section of an alternative embodi-
ment 1n which a plurality of multi-strand cables are included
within an external sheath surrounding the cable.

[0049] FIG. 16 1s a perspective view of the embodiment of
FI1G. 14.

[0050] FIG. 17 1s a plan view of a beaded radiopaque

strand according to another preferred embodiment of the
invention.

[0051] FIG. 18 is a sectional view of the beaded radio-
paque strand of FIG. 17 inserted in a shape memory coil.

[0052] FIG. 19 1s a plan view of an alternate preferred
embodiment of a radiopaque strand with intermittent spaced
apart coils.

[0053] FIG. 20 is a plan view of an alternate preferred
embodiment of the radiopaque strand having spaced apart
enlarged radiopaque portions.

[0054] FIG. 21 is a schematic diagram of a preferred three
dimensional radiating coil configuration of a primary wind
polyhedral occlusion device according to the principles of
the 1nvention.

[0055] FIG. 22 is a schematic diagram of an alternate
preferred embodiment of a primary wind polyhedral occlu-
sive device according to the principles of the invention.

[0056] FIG. 23 1s a perspective view of a mandrel for
forming the polyhedral occlusive device of FIG. 22.

[0057] FIG. 24 is a schematic diagram of an alternate
preferred embodiment of a secondary wind polyhedral
occlusive device according to the principles of the invention.

[0058] FIG. 25 is a perspective view of another preferred
alternate embodiment of a helical vasoocclusive coil accord-
ing to the principles of the mvention, with a therapeutic fiber
woven around adjacent loops of the coil.

[0059] FIG. 26 is a perspective view of another preferred
alternate embodiment of a helical vasoocclusive coil accord-
ing to the principles of the mmvention, with a plurality of
therapeutic fibers woven around adjacent loops of the coil.

[0060] FIG. 27 is a perspective view of another preferred
alternate embodiment of a helical multi-stranded vasoocclu-
s1ve coil according to the principles of the invention, with a
therapeutic fiber woven through strands of adjacent loops of
a multi-stranded coal.

[0061] FIG. 28 is a perspective view of another preferred
alternate embodiment of a helical multi-stranded vasoocclu-
s1ve coil according to the principles of the mnvention, with a
plurality of therapeutic fibers woven through strands of
adjacent loops of a multi-stranded coil.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

(L]

[0062] While nickel-titanium alloys are useful in forming
super-elastic or shape memory interventional devices,
micro-coils formed of very small diameter wires of nickel-
titanium alloy material for treatment of areas of the small
diameter vasculature such as an artery or vein in the brain,
for treatment of aneurysms and the like, for example, can
have relatively low yield strengths and are somewhat subject
to kinking, even 1f made of super-elastic alloy. This can
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create problems 1f the coil 1s to be withdrawn after being
emplaced by the doctor, as for istance, if the device 1s too
small to effectively fill the cavity to be treated. Furthermore,
even solid wires of a size suitable for use 1n interventional
devices are not very radiopaque.

[0063] As is illustrated in the drawings, which are pro-
vided for the purposes of illustration and not by way of
limitation, the mvention 1s embodied 1n a multi-stranded
micro-cable formed of a plurality of flexible strands of a
resilient material with the cable including at least one
radiopaque strand. In a presently preferred embodiment of
the invention illustrated in FIG. 1, the multi-stranded micro-
cable 10 1s approximately from 0.0015 to 0.009 inches 1n
diameter, and comprises a plurality of flexible strands 12 of
nickel-titanium alloy, with at least one centrally, axially
disposed radiopaque wire 14 which 1s approximately from
0.0005 to 0.003 inches 1n diameter. While the above stated
diameters represent those presently known to be compatible
with the invention, larger or smaller diameters may be usetul
for particular applications. The central radiopaque wire 14
can be formed of platinum or gold, for example, or other
similar suitable radiopaque metals, in order to provide a
radiopaque marker of the deployed configuration of a device
made of the cable during vascular surgery.

[0064] There are numerous benefits to the novel construc-
tion of the mnvention for use 1n interventional devices and the
like. By using the stranded or micro-cable construction of
the 1nvention, a device made from the micro-cable becomes
virtually kink resistant compared to the single strand wires
now commonly used in micro-coils. The multi-strand cable
construction of the invention allows the micro-wires of the
cable to slip across each other and reinforce each other rather
than break or take a set. Also, by incorporating a stranded
radiopaque material such as platinum, tungsten or gold into
the cable construction, the device 1s radiopaque in sizes
much smaller than with other constructions. The micro-
cable construction of the imvention can be used to produce
soit, kink resistant, radiopaque stents, guidewires, guidewire
distal tips, and micro-coils.

[0065] FIG. 2 is a cross-section of the micro-cable of FIG.
1 at 2-2 illustrating one presently preferred arrangement of
the strands within the cable. In this embodiment, the exterior
strands 12 are formed of a resilient material chosen to
provide the characteristics desired for a specific application
in interventional therapies. In a presently preferred embodi-
ment, this material 1s a nickel titanium super-elastic alloy
which 1s heat treated such that the alloy 1s highly flexible at
a temperature appropriate for introduction into the body via
a catheter. By choosing such a material for micro-coils and
the like, the devices formed from the micro-cable can be
relatively easily placed into the approprate body cavity and
alter placement, the device will take on a shape designed to
optimize the therapeutic purposes desired for the device. As
illustrated 1n FIG. 2, such a cable can have a central core 14
of a radiopaque material such as gold or platinum, thus
dramatically enhancing the radiopacity of the cable. Even a
solid super-elastic wire of the same diameter as the cable
would have substantially less radiopacity than the cable of
the invention with the central gold or platinum wire and the
construction of the invention provides numerous other
highly desirable characteristics. Among these characteristics
1s the relative flexibility and resistance to kinking of the
cable compared to an equivalent single wire and substan-
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tially greater accommodation of the cable to bending, etc.,
with resultant lessening of trauma to the surrounding tissue
and ease of placement 1n a small body cavity.

[0066] One advantageous application of the invention 1s to
vasoocclusive devices formed of the micro-cable for inser-
tion 1nto anecurysms and other vascular defects for the
purpose of occluding tlow to the aneurysm. FIG. 3 illustrates
a helically wound coil 16 of micro-cable 10 which 1s formed
to fit within a micro-catheter for insertion into an area upon
which a therapeutic procedure 1s to be performed. While a
helical coil 1s 1llustrated, 1t will be appreciated that numerous
other secondary shapes can be formed from the cable of the
invention, as will be described further below. More specifi-
cally, as 1llustrated 1n FIG. 4, a three dimensional, essentially
spherical, device 18 can be formed of the cable 10, (or even
of a coil of the cable, if appropriate) at a temperature
suflicient to heat treat the matenal and thereby create a
memory of the desired shape. The device 1s then inserted
into a catheter from which 1t may be deployed into an
aneurysm or the like. The teachings of U.S. Pat. No.
5,645,558 describe the construction of such a device out of
flexible wire and are incorporated by referenced herein. FIG.
5 illustrates a collapsed coil configuration 20 for a vasooc-
clusive device which also can be formed from the cable of
the invention and 1s used for the purposes of msertion into
aneurysms and other defects that have relatively large entry
necks compared to their internal volume.

[0067] FIG. 6 1s an 1llustration of a catheter 22 using a coil
16 as a vasoocclusive device made of the present invention
and used for insertion into an aneurysm 24 projecting
laterally from a blood vessel 26. The coil 16 1s contained
within the outer housing 28 of a micro-catheter that 1s used
to house the coil prior to deployment. The end of the catheter
housing 28 1s introduced 1nto the opening 30 of the aneurism
24 by use of a guide wire (note shown). Thereafter, the
vasoocclusive coil 16, and a pusher 32 are introduced nto
the catheter to provide for insertion of the vasoocclusive
device 1nto the aneurysm. In a presently preferred embodi-
ment, the coil 16 formed of the cable of the invention 1s
retained to an optical fiber pusher 32 which 1s attached to the
coill by a collar of shape memory plastic material 34 as
described 1n co-pending application Ser. No. 08/986,004 the
disclosure of which are incorporated herein by reference. As
shown 1n FIG. 7, the coil 1s introduced 1nto the aneurysm and
1s then pushed from the micro-catheter until it fills the cavity.

[0068] Those skilled in the art will recognize that it is
sometimes the case that the vasoocclusive device must be
withdrawn after it 1s fully or partly inserted into the aneu-
rysm. In such a case, there 1s a danger that the coil will be
stretched beyond its elastic range or kink, or otherwise
deform and make withdrawal difficult. Those skilled 1n the
art will also recognize that 1t 1s sometimes advantageous to
form vasoocclusive devices of secondary shapes which are
based upon a basic configuration of a coil or the like. The
present 1nvention includes such applications within the
scope ol the invention. However, when vasoocclusive
devices made of even super-elastic material are used, 1t 1s
sometimes the case that the devices will be stretched or
kinked when withdrawal 1s attempted. The cable of the
present ivention substantially reduces the probability that
kinking or stretching beyond yield will occur 1n a given
instance, while at the same time providing radiopacity not
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available with other constructions. Thus, the present inven-
tion represents an important forward step in the technology
of interventional therapy.

[0069] In one presently preferred embodiment, the shape
memory collar 34 1s heated to a temperature which allows it
to be shrunk onto coil 16. The collar 1s attached to optical
fiber pusher 32 by an adhesive 36 which retains high
strength at temperatures beyond the shape memory material
transition point. After insertion, and when the operator 1s
satisiied that the device 1s properly deployed, light energy
from a source of coherent light 1s introduced into the
proximal end of the optical fiber (not shown) and propagated
in the distal end 38 of the fiber to cause the shape memory
material collar 34 to return to its previous shape and release
coil 16. Those skilled 1n the art will recognize that the
invention can also be used with a variety of other placement
catheter systems, and 1t 1s not intended that the invention be
limited to the placement concepts illustrated by way of
example.

[0070] Those skilled in the art will recognize that a
number of shaped devices may be introduced 1nto an area to
be treated depending upon its geometry and the number of
devices to be inserted. FIG. 8 illustrates an essentially
spherical device 18 which has been deployed into such an
aneurysm but 1t will commonly be found that a device such
as that shown would then be supplemented by a further
colled device inserted within the space inside the spherical
device to completely occlude tflow from the artery to the
aneurysim.

[0071] While one presently preferred implementation of
the micro-cable of the invention has been illustrated, those
skilled 1n the art will appreciate that other variations of the
invention may have advantages for certain purposes. FI1G. 9
1s an example of one such construction 40 in which radio-
pacity 1s more desirable than in other forms and for that
reason a number of radiopaque strands 42, 1n this 1llustration
four 1n number, are formed into the cable along with three
resilient material strands 44. It will also be appreciated that
a larger or smaller number of strands may be incorporated
into a given cable and the cables may be formed of multiple
cables 1n order to provide desired bending and strength
characteristics. It will also be appreciated by those skilled 1n
the art that the mvention 1s adaptable to the use of a variety
of materials which by themselves would not have been
casily adaptable to micro devices for interventional thera-
pies. For instance, materials such as copper are useful for
intrauterine devices and the like, but copper wire, even when
heavily alloyed, has certain limitations for use in such
devices. By use of the present invention, composite cables
incorporating one or more strands of a desired material can
be configured with other strands providing strength, flex-
ibility, shape memory, super-elasticity, radiopacity or the
like for previously unavailable characteristics in micro
devices.

[0072] The invention is also adaptable to numerous other
purposes. FIG. 10 illustrates a cross-section of a further
preferred embodiment in which radiopaque strands 42 and
resilient strands 44 form a portion of the cable and a
therapeutic agent 48 1s contained 1n one of the strands. Such
a therapeutic agent can include human growth hormone,
hydrogels, or a variety of other agents which will serve to
provide desired therapeutic capabilities when placed within

Jan. 18, 2007

a specific area of the body being treated by use of the
micro-catheter. Depending upon the application of the thera-
peutic agent, 1ts method of action and the delay, 1f any, in the
time after placement in which the therapeutic action 1s
desired, the agent strand may be placed 1n any of a variety
of positions with the cable, from core wire outward. Also, 1t
may be desirable to coat one or more strands with a
therapeutic material for certain purposes. Such constructions
are contemplated within the scope of the invention.

[0073] It 1s also contemplated within the scope of the
invention that one or more of the strands of the micro-cable
1s longer than the others, and perhaps intermittently termi-
nated, to thereby produce a micro-cable 1n which the thera-
peutic strands extend to a greater diameter than the other
strands to thus increase the therapeutic effect of the thera-
peutic stand. Such a construction 1s particularly advanta-
geous 1f increased thrombogenicity 1s desired, while main-
taining structural continuity and radiopacity for the micro-
cable.

[0074] FIG. 11 illustrates a cross-section of an additional
presently preferred embodiment of the invention in which
the strands 12, 14 of the micro-cable 10 are bundled and
banded at intervals by bands 50 to produce a composite
banded cable 52 1n order to provide increased flexibility
without unraveling or dislocation of the strands in the cable.
FIG. 12 1s a perspective view of the banded cable 50 of this
embodiment. While the 1llustrated configuration shows the
strands being laid parallel within the cable, it 1s also possible
in this construction to include both twisted cables as the
primary cables 10 within the outer bands 50 to form the
composite cable 52. This configuration can use one or more
longitudinal strands 14 which are radiopaque, thus providing
a continuous indication of radiopacity within the cable. As
a further alternative embodiment, 1t 1s possible for the

longitudinal cable 52 to be formed of a single inner cable 10
with bands 30.

[0075] FIG. 13 illustrates a further embodiment of the
invention in which longitudinal strands of cables are con-
tained within a wound cover 56 for the purposes of provid-
ing a composite guide wire or the like 58 having improved
torqueability. Such a construction has particular advantages
for guidewire designs having improved radiopacity n very
small diameters. It will be appreciated that 1n this configu-
ration, as well as the other longitudinally arranged multi-
stranded cables, the number of strands and the degree to
which they extend along the cable within the sheath 1s a
variable which can be used to provide increased stiflness,
pushability and torqueability in some sections with greater
flexibility 1n others. Additionally, composite cables accord-
ing to the mmvention can incorporate additional elements
normally not available 1n solid guide wires, such as optical,
thermal or ultrasound imaging elements, therapeutic agent
delivery catheters, and can take advantage ol matenals
which are not readily adaptable to prior art catheter or guide
wire designs incorporating a primary wire structured ele-
ment. FIGS. 14a and 145 illustrate a further variable avail-
able because of the invention; the exterior wrapped cover 56
can be wound at greater or lesser intervals 60 along the
outside to provide vanations in the torqueability and stifl-
ness of the composite cable. Also, the thickness and width of
the wrapping cover 56, as well as its material composition
along the composite guide wire 58, can ofler further capa-
bilities for customizing the design for various applications.
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These advantages can be combined with the benefits of
shape memory or super-clastic alloys to create guidewires
and other devices with heretofore unavailable capabilities.

[0076] FIG. 15 illustrates a cross-section of a micro-cable
according to the ivention which has at least one overall
exterior sheath to contain the micro-cable. The micro-cable
may be made of one or more multiple strand elements which
may further include twisted or longitudinal strands within
their construction. The sheath may also be used to control
the torqueability characteristics of the cable and as discussed
in co-pending application Ser. No. 08/986,004, the sheath
may be multi-layered with different materials 1n order to

provide a graduated bending and stiflness characteristic over
the length of the cable.

[0077] Referring to FIGS. 17 to 20, in another presently
preferred embodiment, a mickel titanium alloy coil, such as
the multi-stranded micro-cable described above, can be
made radiopaque by the insertion of a radiopaque strand
having spaced apart enlarged radiopaque portions into the
core of a primary and/or secondary wind. The radiopaque
material preferably has a desired degree of stifiness so as not
to compromise the desired degree of softness of the coil. The
material may comprise a beaded core of platinum, gold,
shape memory polymer having a glass transition tempera-
ture (T,) below 25° C., polymer, hydrogel, and the like, or
a flexible strand, rod, amorphous gel, fiber, and the like. The
radiopaque strand can be used to enhance the radiopacity of
the multi-stranded coil, as indicated above, as well as a pure
nickel titantum alloy coil, which will advantageously not
fray upon stretching, and 1s stretch resistant. With such an
inner radiopaque strand, the coil can also be made of other
materials, such as a polyurethane shape memory polymer,
for example.

[0078] In a presently preferred embodiment illustrated in
FIGS. 17 and 18, the radiopaque strand 70 may comprise a
plurality of beads 72 of radiopaque material, such as plati-
num, gold or tungsten, spaced apart and mounted, such as by
soldering, welding, or adhesive bonding such as by
cyanoacrylate adhesive, on a core strand 74 of material that
can be platinum, gold or tungsten, or a shape memory
polymer having a glass transition temperature (1) below
25° C. The beaded radiopaque strand can form the central
core of a multi-stranded micro-cable, and as 1s shown 1n
FIG. 18, the beaded radiopaque strand 70 may form a core
of a pure nickel titamium alloy coil 76 wound around the
beaded radiopaque strand, and having a proximal stem 77
bonded to the coil by soldering, welding, adhesive or the
like, that can also be formed as a radiopaque marker, of such
materials as platinum, gold or tungsten, for example. In a
preferred aspect, one or more beads, such as an end bead 78,
may optionally be bonded to a segment 80 of the coil, such
as by cyanoacrylate adhesive 81, for example.

[0079] In another presently preferred embodiment illus-
trated 1n FIG. 19, the radiopaque strand can comprise a
radiopaque wire 82, such as platinum or gold, for example,
intermittently wound with a plurality of spaced apart coils
84 of radiopaque material, such as platinum or gold, for
example, to form an mnner radiopaque core for a multi-
stranded micro-cable, or in an alternate preferred embodi-
ment, the intermittently wound radiopaque strand may form
a core ol a pure nickel titamium alloy coil wound around the
intermittently wound radiopaque strand.
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[0080] Referring to FIG. 20, in another presently preferred
embodiment, the radiopaque strand can comprise a radio-
paque wire 86, such as platinum or gold, for example, with
intermittently spaced apart enlarged radiopaque portions 88,
to form an inner radiopaque core for a multi-stranded
micro-cable, or for a pure nickel titanium alloy coi1l wound
around the radiopaque strand.

[0081] It will be appreciated that a three dimensional
occlusive device adapted to be inserted into a portion of a
vasculature for occluding the portion of the vasculature for
use 1n interventional therapy and vascular surgery, can be
formed as described above, from at least one multi-stranded
micro-cable having a plurality of flexible strands of a
resilient material, with at least one radiopaque strand to
provide a radiopaque marker for the device during vascular
surgery. The occlusive device 1s configured to have a pri-
mary coil shape, as illustrated in FIG. 5, and an expanded
secondary three dimensional coil configuration or shape,
that can be generally helical, conical, or spherical shapes,
such as the spherical shapes illustrated in FIGS. 4 and 8. A
mandrel suitable for making such three dimensionally
shaped occlusive devices can be formed of a refractory
material, such as alumina or zirconia, for example. The
mandrel typically has the general three dimensional shape
that the occlusive device will be given, and can have a
generally helical, conical, or spherical shape, or can have a
unique shape designed to provide such a form to the occlu-
sive device to 1t a particular vascular structure to be treated.
The mandrel forms a support for the winding and heat
treatment of the micro-cable, plurality of microcables, or
composite micro-cable occlusive device as described above,
and 1deally will not contaminate the occlusive device during
heat treatment of the device. The surface of the mandrel
preferably has a plurality of circumierential grooves for
aligning the occlusive device as 1t 1s wound on the mandrel.
The surface of the mandrel may also have one or more
apertures for receiving one or more ends of the micro-cable,
plurality of microcables, or composite micro-cable, to assist
winding into the desired form.

[0082] The wound occlusive device is then heat treated at
a suitable temperature and a suilicient period of time to
impart the form to the shape memory material included 1n
the device. While heat treatment at a temperature of about
1100° F. for approximately 4 hours or more 1s typically
suilicient to impart the form to the occlusive device when the
shape memory material 1s a nickel titantum super-elastic
alloy, but when the occlusive device includes fibers or a
therapeutic agent that can be aflected by heat, the tempera-
ture utilized can be substantially lowered, and the duration
ol heat treatment adjusted accordingly, as will be appreci-
ated by those skilled in the art. Alternatively, if the thera-
peutic agent 1s not amenable to elevated temperatures, 1t may
be added after formation of the three dimensional shape.
After the heat treatment, the occlusive device 1s removed
from the mandrel, and cold worked into the desired col-
lapsed primary configuration for placement 1nto a catheter or
cannula for use. It will be appreciated that those techniques
can also be used for a variety of cables produced according
to the invention, including those which use shape memory
materials other than nickel-titanium alloys. When the occlu-
sive device reaches 1ts destination in the vasculature during
vascular therapy, 1t assumes the secondary relaxed and
expanded three dimensional shape imparted from the heat
treatment on the mandrel.
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[0083] In another presently preferred embodiment, a three
dimensional, polyhedral occlusive device 1s provided,
adapted to be inserted ito a portion of a vasculature for
occluding a portion of the vasculature, for use 1n 1nterven-
tional therapy and vascular surgery. The occlusive device
can be formed as described above, from at least one multi-
stranded micro-cable having a plurality of tlexible strands of
a resilient material, with at least one radiopaque strand to
provide a radiopaque marker for the device during vascular
surgery, with multiple coils, preferably four or more coils,
centrally connected together at their inner ends, and 1n a
presently preferred aspect, connected at their inner ends to
a central coil body and radiating outward from the central
coil body. When 1nserted with a vessel at a treatment site,
such as within an aneurysm, the radiating coil arms of the
occlusive device extend to fill the vessel 1n three dimensions,
allowing the occlusive device to accommodate the shape of
the vessel. In a preferred aspect, the radiating coils of the
occlusive device can thus form a tetrahedral, pentahedral,
hexahedral, or other polyhedral shape, symmetrical or
unsymmetrical, and are preferably formed from conically
shaped coil arms that have an expanding diameter as they
radiate outward from the central coil body, with the radiating
coil arms having soit larger diameter outer ends. The central
coill body may be spherical or rounded, or may be corre-
spondingly cubical, tetrahedral, pentahedral, or otherwise
appropriately polyhedral. A typical aneurysm may have a
diameter of approximately 10 mm., and the coil arms will

also typically have an outer diameter of approximately 10
mm.

|0084] As is illustrated in FIG. 21, one presently preferred
three dimensional radiating coil configuration 90 i1s a pri-
mary wind coil having a hexahedral configuration with six
conically shaped coil arms 92 radiating from a central coil
junction 94 1n the three x, y and z axes of a three dimensional
pattern of coordinates. Such a three dimensional radiating
coil configuration can be formed by individually winding the
radiating arms of the hexahedral configuration on conically
shaped mandrel, and bonding the inner apical ends 96 of the
coils together by welding, solder, adhesive such as
cyanoacrylate, or the like. A central coil body 98 such as the
spherical coil described above 1s also preferably similarly
bonded to the mner ends of the coil arms.

[0085] Referring to FIG. 22, in another presently preferred
embodiment, a three dimensional radiating hexahedral coil
configuration 100 for the occlusive device 1s also a primary
wind coil with six conically shaped coils or coil arms 102
radiating from a central coil ball or sphere 104 1n the three
X, v and z axes forming a three dimensional pattern of
coordinates. The central ball may also alternatively have the
shape of a cube, for example. The outer diameter of the coil
arms typically can be approximately 10 mm., and the
diameter of the central coil ball or sphere typically can be 3
mm. 1 diameter. The hexahedral coil can be formed by
winding the central spherical coil about a mandrel as
described above and then joining the six radiating conical
coll arms at their mner apical ends 106 to the central
spherical coil 108, as described above, such as by welding,
solder, adhesive such as cyanoacrylate, or the like. Alterna-
tively, the hexahedral coil configuration can be formed as a
continuous primary wind of the coil by winding the central
spherical coil, and forming the radiating arms by a double
winding of the radiating conical coil arms, first up from the
center and then back down, with each of the radiating
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conical coil arms being wound 1n turn about the central
spherical at the appropriate location.

[0086] Referring to FIG. 23, such a hexahedral configu-
ration with six conically shaped coils radiating from a
common central coil ball or sphere can be formed by
winding the coils about a mandrel 110 formed of a refractory
material, such as alumina or zircoma, for example, and
having inverted conical coil arms 112 radiating from a
central body 114, such as a spherical, rounded, cubaical,
tetrahedral, pentahedral or otherwise polyhedral central
body, for example. The mandrel forms a support for the
winding and heat treatment of the three dimensional radi-
ating hexahedral coil occlusive device as described above,
and 1deally will not contaminate the occlusive device during
heat treatment of the device. The surface of the central body
of the mandrel preferably has a plurality of circumierential
grooves 116 for aligning the occlusive device as 1t 1s wound
on the mandrel. The surface of the mandrel may also have
one or more apertures 118 for receiving one or more ends of
the micro-cable, plurality of microcables, or composite
micro-cable forming the hexahedral occlusive device, to
assist winding into the desired form.

[0087] In another configuration illustrated in FIG. 24, a
another presently preferred alternate three dimensional radi-
ating coil configuration 120 1s a secondary wind coil of a
primary wind coil, such as a helical wind, for example, the
secondary wind coil having a hexahedral configuration with
s1x conically shaped-coil arms 122 radiating from the com-
mon central coil 124, which 1s 1llustrated as having a cubical
shape, 1n the three x, y and z axes of a three dimensional
pattern of coordinates. The outer diameter of the coil arms
typically can be approximately 10 mm., and the diameter of
the central coil ball or sphere typically can be 3 mm. in
diameter. The hexahedral secondary wind configuration can
be formed by winding the primary helical wind coil about an
appropriate mandrel, and then joining the six radiating
conical coil arms at their inner apical ends 126 to the
common central coil 128, as described above, such as by
welding, solder, adhesive such as cyanoacrylate, or the like.
Alternatively, the hexahedral coil configuration can be
formed as a continuous primary wind of the coil by winding
the central coil body, and forming the radiating arms by a
double winding of the radiating conical coil arms, first up
from the center and then back down, with each of the
radiating conical coil arms being wound in turn about the
central spherical at the appropriate location.

[0088] As is described above, the tetrahedral, pentahedral,
hexahedral or other polyhedral wound occlusive device
radiating from the common central coil 1s then preferably
heat treated upon the mandrel at a suitable temperature and
for a suflicient period of time to impart the relaxed form to
the shape memory material forming the device. The occlu-
sive device can then be cold worked 1nto a shape suitable for
delivery through a catheter to a desired treatment site, and
when the occlusive device reaches its destination 1n the
vasculature during vascular therapy, 1t assumes the relaxed
and expanded three dimensional shape imparted from the
heat treatment on the mandrel.

[0089] In another presently preferred embodiment illus-
trated 1n FIGS. 25 and 26, a helical microcoil 130 that can
be formed of one or more tlexible strands of nickel-titantum
alloy, has one or more therapeutic fibers 136 advantageously
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woven about adjacent loops of the coil, used to enhance
treatment of the site after placement of the device. The
helical microcoil can also be formed to include one or more
axially disposed radiopaque wires, as described above.
Alternatively, the one or more therapeutic fibers can be
woven about non-adjacent loops of the coil as well. The
therapeutic fibers are preferably made of a material that waill
provide a timed release of a therapeutic agent, such as
human growth hormone, collagen, a modified polymer with
growth factor, genetic material for gene therapy, antigens or
the like, that are intended to become active after placement.
When multiple fibers are provided, as 1s shown 1n FIG. 26,
different fibers can be provided in the same coil with
different therapeutic agents to provide different therapies.
The fibers are preferably woven into the coil by hand after
the heat setting of the coil shape.

[0090] In another presently preferred embodiment illus-
trated 1n FIGS. 27 and 28, a helical microcoil 140 formed of
a plurality of flexible strands 142 of nickel-titanium alloy,
with at least one centrally, axially disposed radiopaque wire
144 as described above, has one or more therapeutic fibers
136 as described above, advantageously woven through the
multiple strands of adjacent loops of the coil, to enhance
treatment of the site after placement of the device. Alterna-
tively, the one or more therapeutic fibers can be woven
through the strands of non-adjacent loops of the coil as well.
When multiple fibers are provided, as 1s shown in FIG. 28,
the different fibers can be provided in the same coil with
different therapeutic agents to provide different therapies.
The one or more fibers are preferably woven through the
strands of the multiply-stranded microcoil by hand during
winding of the multiply-stranded microcoil.

[0091] It will be apparent from the foregoing that while
particular forms of the mvention have been illustrated and
described, wvarious modifications can be made without
departing from the spirit and scope of the invention. Accord-
ingly, 1t 1s not mtended that the invention be limited, except
as by the appended claims.

What 1s claimed 1s:
1. A multi-stranded micro-cable for use in interventional
therapy and vascular surgery, comprising:

a plurality of flexible strands of a resilient matenal; said
micro-cable including at least one radiopaque strand to
provide a radiopaque marker.

2. The multi-stranded micro-cable of claim 1, wherein at
least one radiopaque strand comprises an axially disposed
radiopaque wire.

3. The multi-stranded micro-cable of claim 1 wherein at
least one of said plurality of flexible strands of a resilient
material are comprised of a super-elastic material.

4. The multi-stranded micro-cable of claim 3 wherein at
least one of said super-elastic material comprises a nickel
titanium alloy.

5. The multi-stranded micro-cable of claim 1 wherein at
least one of said plurality of flexible strands of a resilient
material are comprised of a shape memory matenal.

6. The multi-stranded micro-cable of claim 5 wherein said
shape memory material comprises a nickel-titantum alloy.

7. The multi-stranded micro-cable of claim 5 wherein said
shape memory material comprises a shape memory polymer.

8. The multi-stranded micro-cable of claim 1 wherein said
plurality of flexible strands further comprise a central core
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wire, said plurality of flexible strands are twisted about said
central core wire, and at least one of said twisted strands
comprising a radiopaque strand.

9. The multi-stranded micro-cable of claim 1 wherein said
plurality of flexible strands further comprises a plurality of
flexible strands twisted about a central core wire, said central
core wire being made of a radiopaque material.

10. The multi-stranded micro-cable of claim 1 wherein
said radiopaque strand comprises a material selected from
the group consisting of platinum, gold, and tungsten.

11. The multi-stranded micro-cable of claim 5 wherein
said radiopaque strands comprise a plurality of strands of
said micro-cable, at least one of said plurality of radiopaque
strands arrayed in the outer twisted strands of said cable.

12. The multi-stranded micro-cable of claim 1, further
comprising at least one strand of a therapeutic material.

13. The multi-stranded micro-cable of claim 12 wherein
said strand of therapeutic material 1s selected from the group
consisting of hydrogel and human growth hormone.

14. The multi-stranded micro-cable of claim 1, further
comprising a sheath to constrain said strands of said micro-
cable about a longitudinal axis.

15. The multi-stranded micro-cable of claim 14 wherein
said sheath comprises a containment strand wound about
said longitudinal strands.

16. The multi-stranded micro-cable of claim 14 further
comprising an outer flexible sheath of low friction matenal.

17. The multi-stranded micro-cable of claim 16 wherein
said outer sheath comprises a fluoropolymer.

18. The multi-stranded micro-cable of claim 14 wherein
said sheath comprises a heat shrinkable plastic tube.

19. A multi-stranded micro-cable for use 1n interventional
therapy and vascular surgery comprising:

a plurality of flexible strands made of a resilient material
helically wound around a central core, said central core
comprising an axially placed therapeutic substance.

20. The multi-stranded micro-cable of claim 19 wherein
said therapeutic substance includes one or more of compo-
nents from the group of hydro-gel, collagen, bio-absorbable
polymers such as lactic acids/glycolic acids and capro
lactam.

21. The multi-stranded micro-cable of claim 19 wherein
said cable further comprises at least one of said strands of
resilient material being a radiopaque strand to provide a
radiopaque marker during a therapeutic procedure.

22. The multi-stranded micro-cable of claim 19 wherein at
least one of said tlexible strands of the wire made of resilient
maternal further comprises a shaped memory or super-elastic
material.

23. The multi-stranded micro-cable of claim 19 wherein
said shaped memory or super-elastic material further com-
prises a nickel titanium alloy.

24. The multi-stranded micro-cable of claim 19 wherein
said therapeutic material further comprises material to pro-
mote human cell growth.

25. The multi-stranded micro-cable of claim 19 wherein
said therapeutic substance core 1s a fiber such as Dacron
(polyester), polyglycolic acid, polylactic acid, fluoropoly-
mers, nylons, polyaramid fiber kevlar or silk chosen for
thrombogenicity.

26. The multi-stranded micro-cable of claam 19 turther
comprising replacing at least one strand 1n said outer wound
strands with a strand of a therapeutic material.
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27. The multi-stranded micro-cable of claim 14 wherein
said sheath further comprises a plurality of heat shrink
plastic covers placed to provide bending stiflness 1n said
cable which varies with the position on said cable.

28. The multi-stranded micro-cable of claim 14 wherein
said sheath further comprises a sheath which varies in cross
section along 1ts length to provide bending stiflness of said
cable which varies with the position on said cable.

29. The multi-stranded micro-cable of claim 14 further
comprising at least one longitudinal element for sensing a
parameter.

30. The multi-stranded micro-cable of claim 14 further
comprising at least one longitudinal element for providing a
therapeutic eflect at a location near the distal end of said
cable.

31. The multi-stranded micro-cable of claim 29 wherein
said sensing element comprises an optical fiber.

32. The multi-stranded micro-cable of claim 30 wherein
said therapeutic element comprises means to conduct
energy.

33. The multi-stranded micro-cable of claim 32 wherein
said means to conduct energy comprises an optical fiber to
conduct light energy.

34. A device for use 1n interventional therapy and vascular
surgery, adapted to be inserted 1nto a portion of a vascula-
ture, comprising;

at least one multi-stranded micro-cable having a collapsed
primary coil configuration and an expanded secondary
configuration with a three dimensional shape, each said
multi-stranded micro-cable having a plurality of flex-
ible strands of a resilient material and at least one
radiopaque strand to provide a radiopaque marker of
the deployed configuration of the device.

35. The device of claim 34, wherein said secondary three
dimensional shape 1s selected from the group consisting of
generally spherical, generally helical, and generally conical
shapes.

36. The device of claim 34, wherein said plurality of
strands are helically wound.

37. The device of claim 34, wherein said plurality of
flexible strands are parallel longitudinal strands.

38. The device of claim 34, wherein at least one of said
plurality of strands comprises a super-elastic material.

39. The device of claim 38, wherein said super-elastic
material comprises a nickel titanium alloy.

40. The device of claim 34, wherein at least one of said
strands comprises a shape memory material.

41. The device of claim 34, wherein said shape memory
material comprises a nickel-titanium alloy.

42. The device of claim 41, wherein said shape memory
nickel-titantum alloy 1s heat treated such that the alloy 1s
highly flexible at a temperature appropriate for introduction
into the body via a catheter, and after placement, the device
will take on a shape designed to optimize the therapeutic
purposes desired for the device.

43. The device of claim 34, wherein at least one of the
strands comprises a therapeutic agent.

44. The device of claim 43 wherein said strand compris-
ing a therapeutic agent 1s wound into said micro-cable so
that at least a portion of said strand projects beyond the
diameter of the other strands in said cable.

45. The device of claim 43, wherein said therapeutic agent
comprises a fiber selected from the group consisting of
Dacron (polyester), polyglycolic acid, polylactic acid, fluo-
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ropolymers, nylons, polyaramid fiber, keviar, silk chosen for
thrombogenicity, human growth hormone, genetic material,
antigens, hydrogel, collagen, and bio-absorbable polymers
including lactic acids, glycolic acids, caprolactam and
microcellular foams.

46. The device of claim 43, wherein said therapeutic agent
comprises means to conduct energy.

47. The device of claim 46, wherein said means to
conduct energy comprises an optical fiber to conduct light
energy.

48. The device of claim 43, wherein said therapeutic agent
1s disposed axially 1n a central core

49. The device of claim 34, wherein said plurality of

strands comprises a plurality of exterior strands surrounding
at least one interior strand.

50. The device of claim 34, wherein said plurality of
strands comprises a plurality of exterior strands surrounding
a central core.

51. The device of claim 34, wheremn said radiopaque
strand comprises at least one centrally, axially disposed
radiopaque wire.

52. The device of claim 34, wherein said radiopaque wire
comprises a radiopaque material selected from the group
consisting of platinum, tungsten, and gold.

53. The device of claam 34, wherein said micro-cable
comprises a plurality of radiopaque strands.

54. The device of claim 34, wherein said strands of the
micro-cable are bundled by at least one outer cover to
produce a composite banded cable.

55. The device of claim 54, wherein said outer cover
comprises a sheath to constrain said strands of said micro-
cable about a longitudinal axis.

56. The device of claim 54, wherein said outer cover
comprises an outer sheath of matenal to provide bending
stiflness and constrain said longitudinal strands about said
longitudinal axis.

57. The device of claim 535, wherein said sheath comprises
a containment strand wound about said longitudinal strands.

58. The device of claim 55, wherein said sheath 1s made
of low friction material.

59. The device of claim 55, wherein said sheath 1s made
of a fluoropolymer.

60. The device of claim 55, wherein said sheath comprises
a heat shrinkable plastic tube.

61. The device of claim 55, wherein said sheath comprises
a plurality of heat shrink plastic covers placed to provide
bending stiflness in said cable which varies with the position
on said cable.

62. The device of claim 54, wherein said strands of the
micro-cable are bundled by a plurality of bands disposed at
intervals along said micro-cable to produce a composite

banded cable.

63. The device of claim 61, wherein said strands are laid
parallel within the composite banded cable.

64. The device of claim 55, wherein said strands are
twisted within the composite banded cable.

65. The device of claim 56, wherein said outer cover 1s
wound at varying intervals along the outside to provide
variations 1n the torqueability and stifiness of the composite
cable.

66. The device of claim 56, wherein the width of the outer
cover 1s varied along the composite cable.
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67. The device of claim 54, wherein said outer covering
varies 1n cross section along its length to provide bending
stiflness of said composite cable which varies along said
composite cable.

68. The device of claim 54, wherein the number of strands
and the degree to which they extend along said composite
cable within the outer covering varies along said composite
cable.

69. The device of claim 54, wherein said outer covering
comprises a plurality of layers formed of different materials
in order to provide a graduated bending and stifiness char-
acteristic over the length of the cable.

70. The device of claim 54, wherein said composite
microcable comprises a plurality of micro-cables disposed
within said outer cover 1n order to provide desired bending
and strength characteristics.

71. The device of claim 70, wherein said plurality of
micro-cables are helically wound within said outer cover.

72. The device of claim 70, wherein said plurality of
micro-cables extend parallel and longitudinally within said
outer cover.

73. The device of claim 70, wherein said composite cable
has a collapsed primary configuration and an expanded
secondary configuration with a secondary shape.

74. The device of claim 73, wherein said secondary shape
1s three dimensional.

75. The device of claim 73, wherein said secondary shape
1s selected from the group consisting ol spherical, helical,
and conical shapes.

76. The device of claim 70, wherein said plurality of
micro-cables are bundled by at least one outer cover to
produce said composite banded cable.

77. The device of claim 76, wherein said plurality of
micro-cables are banded at intervals by a plurality of bands.

78. The device of claim 34, further comprising at least one
longitudinal element for sensing a parameter.

79. The device of claim 68, wheremn said longitudinal
clement for sensing a parameter 1s selected from the group
consisting of an optical imaging element, an optical fiber, a
thermal 1maging element, and an ultrasound 1maging ele-
ment.

80. A three dimensional composite device having a col-
lapsed coil configuration with a primary shape and an
expanded coil configuration with a secondary three dimen-
sional shape for use 1n interventional therapy and vascular
surgery, the device adapted to be mserted 1nto a portion of
a vasculature for occluding the portion of the vasculature,
comprising;

a plurality of multi-stranded micro-cables having a col-
lapsed coil configuration with a primary shape and an
expanded coil configuration with a secondary three
dimensional shape, each said multi-stranded micro-
cable having a plurality of flexible strands of a resilient
material, and at least one said strand being a radiopaque
strand to provide a radiopaque marker of the deployed
configuration of a device made of the cable during
vascular surgery.

81. The three dimensional composite device of claim 80,
said micro-cable further comprising at least one outer cover
disposed over at least a portion of said plurality of multi-
stranded micro-cables to produce a composite banded cable.

82. The three dimensional composite device of claim 81,
wherein said secondary three dimensional shape 1s selected
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from the group consisting of generally spherical, generally
helical, and generally conical shapes.

83. The three dimensional composite device of claim 81,
wherein said plurality of strands are helically wound.

84. The three dimensional composite device of claim 81,

wherein said plurality of flexible strands are parallel longi-
tudinal strands.

85. The three dimensional composite device of claim 81,
wherein at least one of said plurality of strands comprises a
super-clastic material.

86. The three dimensional composite device of claim 81,
wherein a plurality of said flexible strands are comprised of
a super-elastic material.

87. The three dimensional composite device of claim 81,
wherein said super-elastic material comprises a nickel tita-
nium alloy.

88. The three dimensional composite device of claim 81,
wherein at least one of said strands comprises a shape
memory material.

89. The three dimensional composite device of claim 81,
wherein a plurality of said flexible strands of a resilient
material are comprised of a shape memory material.

90. The three dimensional composite device of claim 89,
wherein said shape memory material comprises a nickel-
titanium alloy.

91. The three dimensional composite device of claim 89,
wherein said shape memory nickel-titanium alloy 1s heat
treated such that the alloy 1s hughly flexible at a temperature
appropriate for introduction into the body via a catheter, and
alter placement, the device will take on a shape designed to
optimize the therapeutic purposes desired for the device.

92. The three dimensional composite device of claim 89,
wherein said shape memory material comprises a shape
memory polymer.

93. The three dimensional composite device of claim 81,
wherein at least one of the strands comprises a therapeutic
agent selected from the group consisting of a fiber selected
from the group consisting ol Dacron (polyester), polygly-
colic acid, polylactic acid, fluoropolymers, nylons, polyara-
mid fiber kevlar and silk chosen for thrombogenicity, human
growth hormone, genetic material, antigens and hydrogels.

94. The three dimensional composite device of claim 93,
wherein at least a portion of said strand of therapeutic agent
projects beyond the diameter of the remaining strands on
said cable.

95. The three dimensional composite device of claim 93,
wherein said therapeutic agent comprises at least one com-
ponent selected from the group consisting of hydrogel,
collagen, and bio-absorbable polymers including lactic
acids, glycolic acids and caprolactam.

96. The three dimensional composite device of claim 81,
wherein said outer cover comprises a sheath to constrain
said strands of said micro-cable about a longitudinal axis.

977. The three dimensional composite device of claim 81,
wherein said outer cover comprises an outer sheath of
material to provide bending stifiness and constrain said
longitudinal strands about said longitudinal axis, said sheath
being formed of a low friction matenal selected from the
group consisting of a fluoropolymer and a heat shrinkable
plastic tube.

98. The three dimensional composite device of claim 96,
wherein said sheath comprises a containment strand wound
about said longitudinal strands.
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99. The three dimensional composite device of claim 96,
wherein said sheath comprises a plurality of heat shrink
plastic tubes placed to provide bending stiflness 1n said cable
which varies with the position on said cable.

100. The three dimensional composite device of claim 81,
wherein said strands of the micro-cable are bundled by a
plurality of bands disposed at intervals along said micro-
cable to produce a composite banded cable.

101. The three dimensional composite device of claim
100, wherein said strands are laid parallel within the com-
posite banded cable.

102. The three dimensional composite device of claim
100, wherein said exterior wrapped cover 1s wound at
varying intervals along the outside to provide varnations in
the torqueability and stifiness of the composite cable.

103. The three dimensional composite device of claim
100, wherein the width of the outer cover 1s varied along the
composite cable.

104. The three dimensional composite device of claim 81,
wherein said outer covering varies 1n cross section along its
length to provide bending stiflness of said composite cable
which varies along said composite cable.

105. The three dimensional composite device of claim 81,
wherein the number of strands and the degree to which they
extend along said composite cable within the outer covering
varies along said composite cable.

106. The three dimensional composite device of claim 97,
wherein outer covering comprises a plurality of lavers
formed of different materials in order to provide a graduated
bending and stiflness characteristic over the length of the
cable.

107. A device for use 1n iterventional therapy and
vascular surgery, adapted to be inserted into a portion of a
vasculature, comprising;:

a shape memory coil having an outer coil portion and an
iner core portion, said shape memory coil having a
collapsed primary coil configuration and an expanded
secondary configuration with a three dimensional
shape; and

a radiopaque strand extending through the core of the
shape memory coil to provide a radiopaque marker of
the deployed configuration of the device.

108. The device of claim 107, wherein said shape memory
coill comprises a multi-stranded coil having a plurality of
flexible strands of a resilient material.

109. The device of claim 107, wherein said shape memory
coil comprises a single stranded coil.

110. The device of claim 109, wherein said single
stranded coil comprises a nickel titantum alloy.

111. The device of claim 109, wherein said single stranded
coil comprises a shape memory polymer.

112. The device of claim 107, wherein said radiopaque
strand comprises a core strand having a plurality of inter-
mittently spaced apart enlarged portions.

113. The device of claam 112, wherein said enlarged
portions comprise a radiopaque material selected from the
group consisting of platinum and gold.

114. The device of claim 112, wherein said enlarged
portions comprise a plurality of beads of radiopaque mate-
rial spaced apart and mounted on a core strand of material.

115. The device of claim 114, wherein said beads com-
prise a radiopaque material selected from the group consist-
ing of platinum, gold and tungsten.
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116. The device of claim 114, wherein at least one of said
plurality of beads 1s bonded to a segment of the shape
memory coil.

117. The device of claim 114, wherein an end bead 1s
bonded to a segment of the shape memory coil.

118. The device of claim 112, wherein said enlarged
portions comprise a plurality of coils intermittently wound
about and spaced apart on said core strand.

119. The device of claim 118, wherein said core strand
comprises a radiopaque material selected from the group
consisting of platinum and gold.

120. The device of claim 118, wherein said spaced apart
coils comprise a radiopaque material selected from the
group consisting of platinum and gold.

121. The device of claim 112, wherein said core strand
comprises a material selected from the group consisting of
platinum, gold, a shape memory polymer having a glass
transition temperature (1) below 25° C.,; a hydrogel, an
amorphous gel, and a fiber.

122. An occlusive device for use 1n interventional therapy
and vascular surgery, adapted to be mserted into a portion of
a vasculature, said occlusive device comprising:

a plurality of coil arms formed of shape memory material
having a collapsed primary coil configuration and a
three dimensional, polyhedral expanded secondary
configuration, said coil arms having inner and outer
ends, said mner ends of said coil arms being connected
together, and

a central coil body connected to said inner ends of said

coil arms.

123. The occlusive device of claim 122, wherein said
plurality of coil arms further comprises at least four coil
arms.

124. The occlusive device of claim 122, wherein said
plurality of coil arms comprise six radiating coil arms
forming a hexahedral configuration.

125. The occlusive device of claam 122, wherein said
plurality of coil arms are formed from conically shaped coils
cach having an inner apical end, and said inner apical ends
being connected to said central body, said conically shaped
coils having an expanding diameter as they radiate outward.

126. The occlusive device of claam 123, wherein said
central body comprises a central three dimensional coil
connecting said mner ends of said at least four coil arms
together.

127. The occlusive device of claim 126, wherein said at
least four coil arms comprise six radiating coil arms forming
a hexahedral configuration.

128. The occlusive device of claam 126, wherein said
plurality of coil arms are formed from conically shaped coils
cach having an iner apical end, and said inner apical ends
being connected to said central body, said conically shaped
coils having an expanding diameter as they radiate outward.

129. The occlusive device of claam 126, wherein said
central three dimensional coil has a shape selected from the
group consisting ol spherical, rounded, and cubical shapes.

130. The occlusive device of claim 126, wherein said
central three dimensional coil 1s tetrahedral.

131. The occlusive device of claim 130, wherein said at
least four coil arms comprise four radiating coil arms
forming a tetrahedral configuration.

132. The occlusive device of claim 127, wherein said
central three dimensional coil 1s pentahedral.
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133. The occlusive device of claim 132, wherein said at
least four coil arms comprise five radiating coil arms form-
ing a pentahedral configuration.

134. The occlusive device of claim 123, wherein said at
least four coil arms comprise at least one multi-stranded
micro-cable having a plurality of flexible strands of a
resilient material, with at least one radiopaque strand to
provide a radiopaque marker.

135. The occlusive device of claim 123, wherein said at
least four coil arms comprise at least one secondary wind
coil of a primary helical wind coil.

136. The occlusive device of claim 126, wherein said
central three dimensional coil comprises a secondary wind
coil of a primary helical wind coil.

137. A device for use 1n interventional therapy and
vascular surgery, adapted to be mserted mto a portion of a
vasculature, comprising:

a coil having a collapsed primary coil configuration and
an expanded secondary configuration with a three
dimensional shape, said coil being formed from at least
one flexible strand of a resilient material; and

at least one therapeutic fiber woven into the coil to
enhance treatment of the site after placement of the
device.

138. The device of claim 137 wherein said at least one
flexible strand comprises a plurality of flexible strands of a
resilient material, and at least one radiopaque strand to
provide a radiopaque marker of the deployed configuration
of the device.
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139. The device of claim 137 wherein said at least one
therapeutic fiber 1s woven about adjacent loops of the coil.

140. The device of claim 137 wherein said at least one
therapeutic fiber 1s woven about non-adjacent loops of the
coil.

141. The device of claim 138, wherein said at least one
therapeutic fiber 1s woven through the multiple strands of
adjacent loops of the coail.

142. The device of claim 138, wherein said at least one
therapeutic fiber 1s woven through the multiple strands of
non-adjacent loops of the coil.

143. The device of claim 137 wherein said at least one
therapeutic fiber 1s made of a material that will provide a
timed release of a therapeutic agent intended to become
active after placement of the device.

144. The device of claam 143, wherein said therapeutic
agent selected from the group consisting of human growth
hormone, collagen, a modified polymer with growth factor,
genetic material for gene therapy, and antigens.

145. The device of claim 143, wherein said at least one
therapeutic fiber comprises a plurality of therapeutic fibers,
with different fibers provided in the coil with different
therapeutic agents to provide different therapies.

146. The device of claim 137 wherein said coil secondary
three dimensional configuration 1s helical.

147. The device of claim 137 wherein said at least on
flexible strand comprises a mickel-titanium alloy.
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