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(57) ABSTRACT 

The vasoocclusive coil has a primary coil con?guration With 
a helical loop at at least one end. The terminal helical loop 
can have a J-shaped con?guration, preferably With a loop 
diameter of about 2 mm. The coil is preferably provided With 
helical loops at both ends, With helical loop at the proximal 
and distal ends of the coil acting as an anchor to prevent the 
coil from coming free from the location being treated and 
escaping into the vasculature. In a presently preferred 
embodiment both ends of the coil have a J -shape. In another 
presently preferred aspect, the vasoocclusive coil includes 
one or more loops intermediate the ends of the coil. The 
device is formed from a multi-stranded micro-cable having 
a plurality of ?exible strands of a shape memory material 
and at least one radiopaque strand. The strands can be made 
of a shape memory nickel titanium alloy, that is highly 
?exible at a temperature appropriate for introduction into the 
body via a catheter, and that after placement Will take on the 
therapeutic shape. 
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VASOOCCLUSIVE COIL 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] This invention relates generally to implantable 
devices for interventional therapeutic treatment or vascular 
surgery, and more particularly concerns a vasoocclusive 
endoluminal coil With a helical loop forming a J -shape at one 
or both ends of coil, and optionally With one or more loops 
betWeen each end. 

[0003] 2. Description of Related Art 

[0004] The art and science of interventional therapy and 
surgery has continually progressed toWards treatment of 
internal defects and diseases by use of ever smaller incisions 
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 
of vasoocclusive devices to treat defects in the vasculature. 
There is a constant drive by those practicing in the art to 
develop neW and more capable systems for such applica 
tions. When coupled With developments in biological treat 
ment capabilities, there is an expanding need for technolo 
gies that enhance the performance of interventional 
therapeutic devices and systems. 

[0005] Vasoocclusion devices are therapeutic devices that 
are placed Within the vasculature of the human body, typi 
cally via a catheter, either to block the How 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 con?gurations, and are 
generally formed of one or more elements that are larger in 
the deployed con?guration than When they are Within the 
delivery catheter prior to placement. One Widely used 
vasoocclusive device is a helical Wire coil having a deployed 
con?guration Which may be dimensioned to engage the 
Walls of the vessels. One anatomically shaped vasoocclusive 
device that forms itself into a shape of an anatomical cavity 
such as an aneurysm and is made of a preformed strand of 
?exible material that can be a nickel-titanium alloy is knoWn 
from US. Pat. No. 5,645,558, Which is speci?cally incor 
porated by reference herein. That vasoocclusive device 
comprises one or more vasoocclusive members Wound to 
form a generally spherical or ovoid shape in 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 is siZed and shaped to ?t Within a vascular cavity 
or vesicle, such as for treatment of an aneurysm or ?stula. 
The vasoocclusive member can be ?rst helically Wound or 
braided in a generally linear fashion, and is 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 in synthetic or natural ?bers ?lled With 
poWdered radiopaque material, such as poWdered tantalum, 
poWdered tungsten, poWdered bismuth oxide or poWdered 
barium sulfate, Which can potentially be released during 
vascular surgery. 
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[0006] The delivery of such vasoocclusive devices in the 
treatment of aneurysms or other types of arteriovenous 
malformations can be accomplished by a variety of means, 
including via a catheter in Which the device is 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 is then formed into a more complex 
secondary shape, can be produced in such a Way that they 
Will pass through the lumen of a catheter in 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 in the art. 

[0007] One knoWn endoluminal coil delivery system has a 
mechanical release mechanism for delivering a coil that has 
a primary coil and a bent secondary shape in the form of 
additional coils. The primary coil comprises a Wound resil 
ient alloy Wire such as stainless steel, platinum, or shaped 
memory alloy formed as a straight coil, on Which a bent 
secondary shape With coiled ends is imposed. 

[0008] Other knoWn endoluminal coils include embolic 
coils With offset helical and tWisted shapes having multiple 
axially offset longitudinal or focal axes With a secondary 
shape With coiled ends and a middle loop. Astretch-resistant 
vasoocclusive coil is also knoWn that is formed from a 
helically Wound primary coil and a stretch resistant member, 
that can also have a secondary shape With coiled ends and a 
middle loop; and an emboliZation coil having a single closed 
loop. 
[0009] Ultrasoft embolism devices are knoWn in Which the 
vasoocclusive or embolism forming device is made of a 
material that may be a braid, coil, or chain Which forms a 
long, thin thread-like device having little rigidity or column 
strength, and Which can be hydraulically delivered to a site 
Within the vasculature using an injected drug or ?uid ?ush 
through a catheter. The device can be made from a Wide 
variety of materials, and may also have end-caps to prevent 
the device from catching on the interior of the catheter 
lumen or vessel. 

[0010] Highly ?exible coils With secondary shape are also 
knoWn that form an occlusive implant that is suf?ciently 
?exible that it can be folded upon itself and maintain that 
con?guration. At least a portion of distal portion of the 
member is formed to have a ?rst con?guration in a ?rst state 
and a second con?guration in a second state. The distal 
portion second con?guration has a How resistance substan 
tially greater than that of the proximal portion. When 
discharged into a region to be occluded, the proximal portion 
is forced into a mass around at least a portion of the distal 
portion secondary structure. 

[0011] 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 if 
tWisted and pulled as can occur during or after deployment 
from a catheter, especially if the doctor Wishes to WithdraW 
a partially deployed coil because it is somehoW incorrect in 
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 if the Wire is of a suf?cient 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 
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currently available equipment, necessitating the use of 
radiopaque markers attached to the device, With the resultant 
possible diminution of functionality and increased diameter. 

[0012] From the foregoing, it can be seen that embolic 
coils have provided important improvements in occlusion 
devices for the treatment of aneurysms and various types of 
arteriovenous malformations, but that there remain impor 
tant limitations in the technology presently available to 
fabricate these devices. It Would therefore be desirable to 
provide a structural element that can be incorporated into a 
stent, guideWire, micro-coil or the like, that offers the 
advantages of a shape memory alloy such as a nickel 
titanium alloy, and that incorporates radiopaque material in 
a stable con?guration that is not subject to breaking during 
use of the device, so that the device can be visualiZed under 
?uoroscopy. The present invention meets these and other 
needs. 

SUMMARY OF THE INVENTION 

[0013] While embolic coils of various shapes and siZes 
With primary and secondary con?gurations have been devel 
oped, single strands of small diameter nickel-titanium 
alloys, as Well as other metal alloys used to form vasooc 
clusive devices, can become kinked, are more likely to cause 
trauma to the area to be treated if the Wire is of a suf?cient 
diameter to provide adequate tensile strength, and are not 
generally radiopaque With currently available equipment, 
necessitating the attachment of radiopaque markers to the 
devices. 

[0014] Brie?y, and in general terms, the present invention 
solves these and other problems by providing for an 
improved, easily manufactured, loW friction, vasoocclusive 
endoluminal ?ller coil adapted to be placed in the vascula 
ture for treatment of vascular formations, such as aneu 
rysms. The coil is provided With at least one loop at the distal 
end of the coil that is inserted into the vascular formation 
that prevents the coil from migrating into an artery, prevents 
the distal end of the coil from puncturing tissue, and 
prevents coil re-alignment. The coil is advantageously made 
of a multi-stranded micro-cable With shape memory or 
superelastic qualities that give the coil a tendency to relax to 
a primary shape, to enable the coil to push itself against the 
Walls of the vascular formation, to assume a three dimen 
sional shape in the vascular formation. The invention pro 
vides particular bene?ts in that the coil is able, due to the 
multistrand construction, to be extremely soft and resilient, 
thus alloWing the coils to be more easily placed and sub 
stantially reducing the probability that the Weakened areas of 
the vasculature being treated Will be ruptured by the coils 
after they are placed. 

[0015] The invention accordingly provides for an occlu 
sive device that is adapted to be inserted into a portion of a 
vasculature for occluding the portion of the vasculature for 
use in interventional therapy and vascular surgery, compris 
ing a vasoocclusive coil With a primary coil con?guration 
With a loop at at least one end. In one presently preferred 
embodiment, the loop at the end of the coil can have a 
J-shaped con?guration, preferably With a loop diameter of 
about 2 mm, and in a presently preferred aspect, the coil is 
provided With loops at both ends, With loop at a proximal 
end of the coil acting as an anchor to prevent the coil from 
coming free from the location being treated and escaping 
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into the vasculature. In a presently preferred embodiment 
both ends of the coil have a J-shape. In another presently 
preferred aspect, the vasoocclusive coil includes at least one 
loop in an intermediate position relative to the ends of the 
coil. 

[0016] The vasoocclusive coil is preferably formed from a 
multi-stranded micro-cable made of a suitable material such 
as stainless steel or a nickel-titanium alloy, With the cable 
including at least one radiopaque strand, made of platinum, 
tungsten or gold, in order to serve as a marker during a 
procedure. The multistranded micro-cable can be con?gured 
into a vasoocclusive coil having one or both ends con?gured 
in a J-shape, to serve as a ?ller coil to ?ll a basket-type 
occlusion device for occluding areas of the small diameter 
vasculature such as an artery or vein in the brain, for 
example, for treatment of aneurysms and the like. 

[0017] In one presently preferred embodiment, the multi 
stranded micro-cable from Which the vasoocclusive device 
is formed comprises a plurality of ?exible 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, in order to provide a radiopaque 
marker during vascular procedures. In this preferred 
embodiment, the construction of the invention places the 
loWest tensile strength and highest ?exibility member, the 
radiopaque marker strand, in a position in the cable Which 
results in minimum stress on that member; at the same time, 
the super elastic material is in the outer strands, Which have 
the dominant affect on performance parameters, thus 
enhancing the bene?ts of the material. Another bene?t 
associated With the invention compared to prior art devices 
is that the multiple stranded cable con?guration, in addition 
to providing a highly ?exible and resilient structure, elimi 
nates the necessity of a safety Wire, since the failure of a 
single strand Will not cause a severing of the cable. Also, the 
construction prevents stretching of the cable in the event of 
failure of a single strand, Which is a signi?cant bene?t 
compared to constructions Which have a coil around a 
central safety Wire. 

[0018] In an alternate presently preferred embodiment, the 
vasoocclusive device of the invention is formed from 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 material. 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. 

[0019] In another aspect of the invention, the cable from 
Which the vasoocclusive coil is formed can be made 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 is bent. One or more of the 
strands may be radiopaque. This construction is adaptable to 
guideWires and other structures that must be pushable and/or 
torqueable, but still remain highly ?exible and include 
radiopacity. Variations on this embodiment can include an 
outer sheath Which consists of a solid or helically Wound 
cover to provide enhanced torqueability and pushability. 
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More speci?cally, the outer sheath can vary in thickness, 
stiffness of material or spring of the sheath members to 
provide desired variations in bending or stiffness of the 
cable. Such a construction is particularly adaptable 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 ?exibility of the cable can be varied along its length 
by the number and siZes of the stranded members in the 
cable. 

[0020] The occlusive device of the invention is con?gured 
to have a primary coil con?guration, and a secondary, 
collapsed coil con?guration or shape. The ?exible strands in 
a multi-stranded micro-cable of the occlusive device can be 
helically Wound, or can be con?gured as parallel, longitu 
dinal strands. In a currently preferred embodiment, at least 
one of the strands comprises a super-elastic 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 is highly 
?exible 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. 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 con?guration, the strands of 
the micro-cable are arranged as exterior strands surrounding 
at least one interior strand, or core, and at least one radio 
paque strand is disposed in the micro-cable, either centrally, 
axially disposed in the bundle of strands, or in the exterior 
strands surrounding the central core. The micro-cable can 
include a plurality of radiopaque strands, such as platinum, 
gold, or tungsten. 

[0021] In another aspect of the invention, the strands of the 
micro-cable from Which the occlusive device is formed 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 ?uoropolymer, 
for example, or a heat shrinkable plastic tube. Aplurality of 
heat shrink plastic covers can be placed over the strands of 
the micro-cable to provide bending stiffness in the cable, and 
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, longitudinal 
micro-cables or as 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 stiffness of the 
composite cable. Also, the thickness and Width of the 
Wrapping cover, as Well as its material composition along the 
composite cable can vary in cross section along the length of 
the composite cable to provide bending stiffness 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 mate 
rials in order to provide a graduated bending and stiffness 
characteristic over the length of the cable. The occlusive 
device thus can be formed of a plurality of micro-cables in 
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order to provide desired bending and strength characteris 
tics, either as helically Wound micro-cables, or parallel 
longitudinal micro-cables having acollapsed composite 
cable con?guration and an expanded composite cable con 
?guration With a primary coil shape. 

[0022] These and other aspects and advantages of the 
invention Will become apparent from the folloWing detailed 
description and the accompanying draWings, Which illustrate 
by Way of example the features of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] FIG. 1 is a side elevational vieW of a ?rst preferred 
embodiment of the vasoocclusive coil according to the 
principles of the invention. 

[0024] FIG. 2 is a side elevational vieW of a second 
preferred embodiment of the vasoocclusive coil according to 
the principles of the invention. 

[0025] FIG. 3 is a side elevational vieW of a third pre 
ferred embodiment of the vasoocclusive coil according to 
the principles of the invention. 

[0026] FIG. 4 is a side elevational vieW of a fourth 
preferred embodiment of the vasoocclusive coil according to 
the principles of the invention. 

[0027] FIG. 5 is a side elevational vieW of a second 
preferred embodiment of the vasoocclusive coil according to 
the principles of the invention. 

[0028] FIG. 6 is a perspective vieW of a radiopaque 
microstrand cable that can be used to form the vasoocclusive 
coil according to the invention. 

[0029] FIG. 7 is a cross-section at 7-7 of FIG. 6. 

[0030] FIG. 8 is a helical vasoocclusive coil hat can be 
used to form the vasoocclusive coil according to the inven 
tion. 

[0031] FIG. 9 is a cross section of a vascular member With 
an aneurysm illustrating the approach of a vasoocclusive 
coil in a secondary con?guration toWards an aneurysm. 

[0032] FIG. 10 is an illustration of a vasoocclusive coil 
being deployed Within an aneurysm. 

[0033] FIG. 11 is an illustration of a J -J type vasoocclu 
sive coil according to the invention deployed Within an 
aneurysm. 

[0034] FIG. 12 is a cross-section of an alternate micro 
cable including a plurality of radiopaque strands Within the 
cable that can be used to form the vasoocclusive coil 
according to the invention. 

[0035] FIG. 13 is a cross-section of an alternate micro 
cable that can be used to form the vasoocclusive coil 
according to the invention, Wherein strands of the cable are 
arranged Within an exterior binding consisting of multiple 
straps about the cable. 

[0036] 
FIG. 13. 

FIG. 14 is a perspective vieW of the micro-cable of 

[0037] FIG. 15 is a cross-section of an alternate micro 
cable that can be used to form the vasoocclusive coil 
according to the invention, Wherein the external binding of 
the cable represents a sheath Wound about the cable. 
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[0038] FIGS. 16a and 16b are perspective vieW of alter 
native embodiments of the micro-cable depicted in FIG. 15. 

[0039] FIG. 17 is a cross-section of an alternative micro 
cable that can be used to form the vasoocclusive coil 
according to the invention, Wherein a plurality of multi 
strand cables are included Within an external sheath sur 
rounding the cable. 

[0040] FIG. 18 is a perspective vieW of the embodiment 
of FIG. 17. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0041] 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 if made of super-elastic alloy. This can 
create problems if the coil is to be WithdraWn after being 
emplaced by the doctor, as for instance, if the device is too 
small to effectively ?ll the cavity to be treated. Furthermore, 
even solid Wires of a siZe suitable for use in interventional 
devices are not very radiopaque. 

[0042] As is illustrated in the draWings, Which are pro 
vided for the purposes of illustration and not by Way of 
limitation, the invention is embodied in an occlusive device 
formed from a multi-stranded micro-cable having a plurality 
of ?exible strands of a resilient material With the cable 
including at least one radiopaque strand. In a ?rst presently 
preferred embodiment of the invention illustrated in FIG. 1, 
the occlusive device is a vasoocclusive coil 1 that is adapted 
to be inserted into a portion of a vasculature for occluding 
the portion of the vasculature for use in interventional 
therapy and vascular surgery. In this embodiment, the 
vasoocclusive coil has a primary coil con?guration With a 
helical loop at the distal end 2 that is directed toWard the 
location of the vasculature to be treated, and a proximal end 
3 also terminating in a helical loop. The helical loop at the 
distal end is preferably made to have a diameter of about 2 
mm in the primary coil con?guration, so that the radius of 
the distal helical loop aids deployment Within the location 
being treated, and acts as an anchor to help prevent coil 
migration into the vasculature. In a presently preferred 
aspect of the invention, the helical loops at the ends of the 
vasoocclusive coil can have a J-shaped con?guration, and 
preferably have a loop diameter of about 2 mm. The helical 
loop at the proximal end of the coil further acts as an anchor 
to prevent the coil from coming free from the location being 
treated and escaping into the vasculature. 

[0043] In another presently preferred embodiment illus 
trated in FIG. 2, the vasoocclusive coil 1 has a primary coil 
con?guration With a helical loop at the distal end 2 that is 
directed toWard the location of the vasculature to be treated, 
and a proximal end 3 not terminating in a helical loop. The 
helical loop at the distal end is preferably made to have a 
diameter of about 2 mm in the primary coil con?guration, so 
that the radius of the distal helical loop aids deployment 
Within the location being treated, and acts as an anchor to 
help prevent coil migration into the vasculature. 
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[0044] Another form of the double, J-J type vasoocclusive 
coil is illustrated in FIG. 3, in Which the vasoocclusive coil 
has a primary coil con?guration With a J shaped helical loop 
at the distal end 2 that is directed toWard the location of the 
vasculature to be treated, and a proximal end 3 also termi 
nating in a helical loop. The helical loops at the ends of the 
vasoocclusive coil preferably have a loop diameter of about 
2 mm. 

[0045] In another presently preferred embodiment illus 
trated in FIG. 4, the vasoocclusive coil 1 has a primary coil 
con?guration With a helical J shaped loop at the distal end 
2 that is directed toWard the location of the vasculature to be 
treated, and a proximal end 3 also terminating in a helical J 
shaped loop. The helical loops at the tWo ends are preferably 
made to have a diameter of about 2 mm in the primary coil 
con?guration. In another presently preferred aspect of the 
invention, the vasoocclusive coil can includes one or more 
loops 4 intermediate the ends of the coil, such as the single 
loop illustrated in FIG. 4, or the double intermediate loops 
4, 5 as illustrated in FIG. 5. 

[0046] The vasoocclusive coils of the invention are pref 
erably formed from a multi-stranded micro-cable. In one 
preferred embodiment, as illustrated in FIG. 6, the vasooc 
clusive coils are formed from a multi-stranded micro-cable 
10 that is typically approximately from 0.0021 to 0.0045 
inches in diameter, and comprises a plurality of ?exible 
strands 12 of nickel-titanium alloy, With at least one cen 
trally, axially disposed radiopaque Wire 14 Which is approxi 
mately from 0.0007 to 0.0015 inches in diameter. While the 
above stated diameters represent those presently knoWn to 
be compatible With the invention, larger or smaller diameters 
may be useful for particular applications. The central radio 
paque 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 
con?guration of a device made of the cable during vascular 
surgery. 

[0047] There are numerous bene?ts to the novel construc 
tion of the invention for use in interventional devices and the 
like. By using the stranded or micro-cable construction of 
the invention, 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 is radiopaque in siZes 
much smaller than With other constructions. The micro 
cable construction of the invention can be used to produce 
soft, kink resistant, radiopaque stents, guideWires, guideWire 
distal tips, and micro-coils. 

[0048] FIG. 7 is a cross-section of the micro-cable of 
FIG. 6 at 7-7 illustrating one presently preferred arrange 
ment 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 speci?c applica 
tion in interventional therapies. In a presently preferred 
embodiment, this material is a nickel titanium super-elastic 
alloy Which is heat treated such that the alloy is highly 
?exible at a temperature appropriate for introduction into the 
body via a catheter. By choosing such a material for micro 
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coils and the like, the devices formed from the micro-cable 
can be relatively easily placed into the appropriate body 
cavity and after placement, the device Will take on a shape 
designed to optimiZe the therapeutic purposes desired for the 
device. As illustrated in FIG. 7, 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 numer 
ous other highly desirable characteristics. Among these 
characteristics is the relative ?exibility and resistance to 
kinking of the cable compared to an equivalent single Wire 
and substantially greater accommodation of the cable to 
bending, etc., With resultant lessening of trauma to the 
surrounding tissue and ease of placement in a small body 
cavity. FIG. 8 illustrates a helically Wound coil 16 of 
micro-cable 10 Which is formed to ?t Within a micro 
catheter for insertion into an area upon Which a therapeutic 
procedure is to be performed. 

[0049] FIG. 9 is an illustration 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 is contained 
Within the outer housing 28 of a micro-catheter that is used 
to house the coil prior to deployment. The end of the catheter 
housing 28 is introduced into 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 into 
the catheter to provide for insertion of the vasoocclusive 
device into the aneurysm. In a presently preferred embodi 
ment, the coil 16 formed of the cable of the invention is 
retained to an optical ?ber pusher 32 Which is attached to the 
coil by a collar of shape memory plastic material 34 as 
described in co-pending application Ser. Nos the 
disclosure of Which are incorporated herein by reference. As 
shoWn in FIG. 10, the coil is introduced into the aneurysm 
and is then pushed from the micro-catheter until it ?lls the 
cavity. 

[0050] Those skilled in the art Will recogniZe that it is 
sometimes the case that the vasoocclusive device must be 
WithdraWn after it is fully or partly inserted into the aneu 
rysm. In such a case, there is a danger that the coil Will be 
stretched beyond its elastic range or kink, or otherWise 
deform and make WithdraWal dif?cult. Those skilled in the 
art Will also recogniZe that it is sometimes advantageous to 
form vasoocclusive devices of secondary shapes Which are 
based upon a basic con?guration of a coil or the like. The 
present invention includes such applications Within the 
scope of the invention. HoWever, When vasoocclusive 
devices made of even super-elastic material are used, it is 
sometimes the case that the devices Will be stretched or 
kinked When WithdraWal is attempted. The cable of the 
present invention substantially reduces the probability that 
kinking or stretching beyond yield Will occur in a given 
instance, While at the same time providing radiopacity not 
available With other constructions. Thus, the present inven 
tion represents an important forWard step in the technology 
of interventional therapy. 

[0051] In one presently preferred embodiment, the shape 
memory collar 34 is heated to a temperature Which alloWs it 
to be shrunk onto coil 16. The collar is attached to optical 
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?ber 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 is 
satis?ed that the device is properly deployed, light energy 
from a source of coherent light is introduced into the 
proximal end of the optical ?ber (not shoWn) and propagated 
in the distal end 38 of the ?ber to cause the shape memory 
material collar 34 to return to its previous shape and release 
coil 16. Those skilled in the art Will recogniZe that the 
invention can also be used With a variety of other placement 
catheter systems, and it is not intended that the invention be 
limited to the placement concepts illustrated by Way of 
example. 

[0052] Those skilled in the art Will recogniZe that a 
number of shaped devices may be introduced into an area to 
be treated depending upon its geometry and the number of 
devices to be inserted. FIG. 11 illustrates a J-] type coil 
device 18 having tWo J -shaped helical coil ends Which has 
been deployed into such an aneurysm, but it Will commonly 
be found that such one or more such coiled devices such as 
that shoWn Would be used together, or Would be used to 
supplement a different type of coiled device inserted to 
completely occlude ?oW from the artery to the aneurysm. 

[0053] While one presently preferred implementation of 
the micro-cable of the invention has been illustrated, those 
skilled in the art Will appreciate that other variations of the 
invention may have advantages for certain purposes. FIG. 
12 is an example of one such construction 40 in Which 
radiopacity is more desirable than in other forms and for that 
reason a number of radiopaque strands 42, in this illustration 
four in 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 in order to provide desired bending and strength 
characteristics. It Will also be appreciated by those skilled in 
the art that the invention is adaptable to the use of a variety 
of materials Which by themselves Would not have been 
easily 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 con?gured With other strands providing strength, ?ex 
ibility, shape memory, super-elasticity, radiopacity or the 
like for previously unavailable characteristics in micro 
devices. 

[0054] FIG. 13 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 in order to provide increased ?exibility 
Without unraveling or dislocation of the strands in the cable. 
FIG. 14 is a perspective vieW of the banded cable 50 of this 
embodiment. While the illustrated con?guration shoWs the 
strands being laid parallel Within the cable, it is 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 con?guration can use one or more 
longitudinal strands 14 Which are radiopaque, thus providing 
a continuous indication of radiopacity Within the cable. As 
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a further alternative embodiment, it is possible for the 
longitudinal cable 52 to be formed of a single inner cable 10 
With bands 50. 

[0055] FIG. 15 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 in very 
small diameters. It Will be appreciated that in this con?gu 
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 is a 
variable Which can be used to provide increased stiffness, 
pushability and torqueability in some sections With greater 
?exibility in others. Additionally, composite cables accord 
ing to the invention can incorporate additional elements 
normally not available in solid guide Wires, such as optical, 
thermal or ultrasound imaging elements, therapeutic agent 
delivery catheters, and can take advantage of materials 
Which are not readily adaptable to prior art catheter or guide 
Wire designs incorporating a primary Wire structured ele 
ment. FIGS. 16a and 16b 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 variations in the torqueability and stiff 
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 offer further capa 
bilities for customiZing the design for various applications. 
These advantages can be combined With the bene?ts of 
shape memory or super-elastic alloys to create guideWires 
and other devices With heretofore unavailable capabilities. 

[0056] FIG. 17 illustrates a cross-section -of a micro 
cable according to the invention 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 copending application, Ser. No. 08/986, 
004, the sheath may be multi-layered With different materials 
in order to provide a graduated bending and stiffness char 
acteristic over the length of the cable. 

[0057] 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 in interventional therapy and vascular surgery, can be 
formed as described above, from at least one multi-stranded 
micro-cable having a plurality of ?exible 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 is con?gured to have a pri 
mary, coil con?guration or shape such as the shapes illus 
trated in FIGS. 1 to 5, and a secondary elongated shape, as 
illustrated in FIGS. 6 and 7 for delivery through a catheter 
to the site to be treated. A mandrel suitable for making such 
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 primary con?gu 
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ration to the occlusive device. The mandrel forms a support 
for the Winding and heat treatment of the micro-cable, 
plurality of micro-cables, or composite micro-cable occlu 
sive device as described above, and ideally Will not con 
taminate the occlusive device during heat treatment of the 
device. The surface of the mandrel preferably has a plurality 
of circumferential grooves for aligning the occlusive device 
as it is 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 micro-cables, or 
composite micro-cable, to assist Winding into the desired 
form. The Wound occlusive device is then heat treated at a 
suitable temperature and a suf?cient period of time to impart 
the form to the shape memory material included in the 
device. While heat treatment at a temperature of about 1100° 
F. for approximately 4 hours or more is typically suf?cient 
to impart the form to the occlusive device When the shape 
memory material is a nickel titanium super-elastic alloy, but 
When the occlusive device includes ?bers or a therapeutic 
agent that can be affected by heat, the temperature utiliZed 
can be substantially loWered, and the duration of heat 
treatment adjusted accordingly, as Will be appreciated by 
those skilled in the art. After the heat treatment, the occlu 
sive device is removed from the mandrel, and cold Worked 
into the desired collapsed elongated con?guration for place 
ment into a catheter or cannula for use. When the occlusive 
device reaches its destination in the vasculature during 
vascular therapy, it assumes the primary shape imparted 
from the heat treatment on the mandrel. 

[0058] It Will be apparent from the foregoing that While 
particular forms of the invention have been illustrated and 
described, various modi?cations can be made Without 
departing from the spirit and scope of the invention. Accord 
ingly, it is not intended that the invention be limited, except 
as by the appended claims. 

What is claimed is: 
1. An occlusive device for use in interventional therapy 

and vascular surgery adapted to be inserted into a portion of 
a vasculature for occluding the portion of the vasculature, 
comprising: 

a vasoocclusive coil having a primary coil con?guration 
With a loop at at least one end; 

said vasoocciusive coil being formed from at least one 
multi-stranded micro-cable, each said multi-stranded 
micro-cable having a plurality of ?exible strands of a 
resilient material, and at least one radiopaque strand to 
provide a radiopaque marker of the deployed con?gu 
ration of a device made of the cable during vascular 
surgery. 

2. The occlusive device of claim 1, Wherein said vasooc 
clusive coil has a primary coil con?guration With a helical 
loop at a distal end of the coil. 

3. The occlusive device of claim 1, Wherein said helical 
loop has a J-shape con?guration. 

4. The occlusive device of claim 1, Wherein said vasooc 
clusive coil has a primary coil con?guration With a helical 
loop at the proximal and distal ends of the coil. 

5. The occlusive device of claim 4, Wherein said helical 
loops each have a J-shape con?guration. 

6. The occlusive device of claim 1, Wherein said helical 
loop has a diameter of about 2 mm. 
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7. The occlusive device of claim 4, Wherein said helical 
loops each have a diameter of about 2 mm. 

8. The occlusive device of claim 1, Wherein said vasooc 
clusive coil comprises at least one loop intermediate the 
proximal and distal ends of the coil. 

9. The occlusive device of claim 4, Wherein said vasooc 
clusive coil comprises tWo loops intermediate the proximal 
and distal ends of the coil. 

10. The occlusive device of claim 1, Wherein said plurality 
of strands are helically Wound. 

11. The occlusive device of claim 1, Wherein said plurality 
of ?exible strands are parallel longitudinal strands. 

12. The occlusive device of claim 1, Wherein at least one 
of said plurality of strands comprises a super-elastic mate 
rial. 

13. The occlusive device of claim 1, Wherein said plurality 
of strands are comprised of a super-elastic material. 

14. The occlusive device of claim 13, Wherein said 
super-elastic material comprises a nickel titanium alloy. 

15. The occlusive device of claim 1, Wherein at least one 
of said strands comprises a shape memory material. 

16. The occlusive device of claim 1, Wherein said plurality 
of ?exible strands of a resilient material are comprised of a 
shape memory material. 

17. The occlusive device of claim 16, Wherein said shape 
memory material comprises a nickel-titanium alloy. 

18. The occlusive device of claim 17, Wherein said shape 
memory nickel-titanium alloy is heat treated such that the 
alloy is highly ?exible at a temperature appropriate for 
introduction into the body via a catheter, and after place 
ment, the device Will take on the primary coil con?guration. 

19. The occlusive device of claim 15, Wherein said shape 
memory material comprises a shape memory polymer. 

20. The occlusive device of claim 1, Wherein said plurality 
of strands comprises a plurality of exterior strands surround 
ing at least one interior strand. 

21. The occlusive device of claim 1, Wherein said plurality 
of strands comprises a plurality of exterior strands surround 
ing a central core. 

22. The occlusive device of claim 1, Wherein said radio 
paque strand comprises at least one centrally, axially dis 
posed radiopaque Wire. 

23. The occlusive device of claim 1, Wherein said radio 
paque Wire is made of platinum. 

24. The occlusive device of claim 1, Wherein said radio 
paque Wire is made of tungsten. 

25. The occlusive device of claim 1, Wherein said radio 
paque Wire is made of gold. 

26. The occlusive device of claim 1, Wherein said micro 
cable comprises a plurality of radiopaque strands. 

27. The occlusive device of claim 1, Wherein said micro 
cable comprises a central core. 

28. The occlusive device of claim 27, Wherein said central 
core of said micro-cable comprises copper. 

29. The occlusive device of claim 27, Wherein said central 
core of said micro-cable comprises a copper alloy. 

30. The occlusive device of claim 1, Wherein said radio 
paque Wire is approximately from 0.0007 to 0.0015 inches 
in diameter. 

31. The occlusive device of claim 1, Wherein said strands 
of the micro-cable are bundled by at least one outer cover to 
produce a composite banded cable. 

32. The occlusive device of claim 31, Wherein said outer 
cover comprises a sheath to constrain said strands of said 
micro-cable about a longitudinal axis. 
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33. The occlusive device of claim 31, Wherein said outer 
cover comprises an outer sheath of material to provide 
bending stiffness and constrain said longitudinal strands 
about said longitudinal axis. 

34. The occlusive device of claim 33, Wherein said sheath 
comprises a containment strand Wound about said longitu 
dinal strands. 

35. The occlusive device of claim 33, Wherein said sheath 
is made of loW friction material. 

36. The occlusive device of claim 33, Wherein said sheath 
is made of a ?uoropolymer. 

37. The occlusive device of claim 33, Wherein said sheath 
comprises a heat shrinkable plastic tube. 

38. The occlusive device of claim 33, Wherein said sheath 
comprises a plurality of heat shrink plastic covers placed to 
provide bending stiffness in said cable Which varies With the 
position on said cable. 

39. The occlusive device of claim 31, 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. 

40. The occlusive device of claim 39, Wherein said strands 
are laid parallel Within the composite banded cable. 

41. The occlusive device of claim 39, Wherein said strands 
are tWisted Within the composite banded cable. 

42. The occlusive device of claim 39, Wherein composite 
cable comprises a single inner micro-cable. 

43. The occlusive device of claim 39, Wherein said 
exterior Wrapped cover is Wound at varying intervals along 
the outside to provide variations in the torqueability and 
stiffness of the composite cable. 

44. The occlusive device of claim 43, Wherein the Width 
of the outer cover is varied along the composite cable. 

45. The occlusive device of claim 39, Wherein said outer 
covering varies in cross section along its length to provide 
bending stiffness of said composite cable Which varies along 
said composite cable. 

46. The occlusive device of claim 31, 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. 

47. The occlusive device of claim 33, Wherein outer 
covering comprises a plurality of layers formed of different 
materials in order to provide a graduated bending and 
stiffness characteristic over the length of the cable. 

48. The occlusive device of claim 1, Wherein said multi 
stranded micro-cable is approximately 0.0021 to 0.0045 
inches in diameter 

49. The occlusive device of claim 39, Wherein said 
composite micro-cable comprises a plurality of micro-cables 
disposed Within said outer cover in order to provide desired 
bending and strength characteristics. 

50. The occlusive device of claim 49, Wherein said 
plurality of micro-cables are helically Wound Within said 
outer cover. 

51. The occlusive device of claim 49, Wherein said 
plurality of micro-cables extend parallel and longitudinally 
Within said outer cover. 

52. The occlusive device of claim 49, Wherein said 
plurality of micro-cables are bundled by at least one outer 
cover to produce said composite banded cable. 

53. The occlusive device of claim 52, Wherein said 
plurality of micro-cables are band ed at intervals by a 
plurality of bands. 


