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(57) ABSTRACT

[The vasoocclusive apparatus can be used in a method of
interventional therapy and vascular surgery by inserting the
apparatus into a portion of a vasculature, for treatment of a
body vessel such as an aneurysm in conjunction with a sec-
ondary vasoocclusive device to be placed within the vessel.
The vasoocclusive] Vasooclusive apparatus includes a plural-
ity of strut members connected together at a central hub that
extend from a collapsed position to an expanded configura-
tion to cross the neck of the aneurysm, dividing the neck into
smaller openings, allowing the deployment of the secondary
vasoocclusive device within the aneurysm but preventing
migration of the secondary vasoocclusive device from the
aneurysm. The strut members can be made from a twisted
cable of strands of a superelastic material, such as a shape
memory nickel titanium alloy, with at least one radiopaque
strand. A shape memory collar is provided for detachably
mounting the vasoocclusive apparatus to a pusher member
and for detaching the vasoocclusive apparatus for deploy-
ment when a desired placement within an aneurysm to be
treated and out of a parent vessel is achieved.

24 Claims, 2 Drawing Sheets
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1
EXPANDABLE CURVILINEAR STRUT
ARRANGEMENT FOR DEPLOYMENT WITH
A CATHETER TO REPAIR AN ANEURYSM

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates generally to implantable devices for
interventional therapeutic treatment of defects in the vascu-
lature, and more particularly concerns a detachable device
having multiple strut members with collapsed and expanded
configurations to be used in combination with a catheter for
the occlusion and reinforcement of aneurysms.

2. Description of Related Art

Recently developed interventional procedures have been
used to treat defects in the vasculature which are not easily
reached by surgical procedures. More particularly, such inter-
ventional procedures have been developed to treat defects that
are located in small and remote vessels such as those within
the brain. During such interventional procedures, vasoocclu-
sive devices are typically placed within the vasculature of the
human body by use of a catheter, either to block the flow of
blood through a vessel making up that portion of the vascu-
lature through the formation of an embolus, or to form such an
embolus within an aneurysm stemming from the vessel.
Vasoocclusive devices used for these procedures can have a
variety of configurations, and are generally formed of one or
more elements that are larger in the deployed configuration
than when they are within the delivery catheter prior to place-
ment. One anatomically shaped vasoocclusive device that
forms itself into a shape of an anatomical cavity such as an
aneurysm is made of a preformed strand of flexible material
such as a nickel-titanium alloy. One or more of such vasooc-
clusive members can be wound to form a generally spherical
or oval shape in a relaxed, expanded state, and can be readily
deformed to fit within a small diameter catheter from which
they can be deployed at a treatment site.

Aneurysms have been treated with external surgically
placed clips, or using vascular catheters, by detachable
vasoocclusive balloons or an embolus generating vasoocclu-
sive device such as one or more vasoocclusive coils. The
delivery of such vasoocclusive devices can be accomplished
by a variety of means, including via a catheter in which the
device is pushed through an opening at the distal end of the
catheter by a pusher to deploy the device. By using highly
flexible materials for the vasoocclusive devices, the vasooc-
clusive devices can be produced in such a way that they will
readily 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.

One vasoocclusive device used to treat aneurysms is a
tightly wound coil that is pushed into the aneurysm through
the neck of the aneurysm so that the coil forms a complex
shape with the aneurysm. When an embolus generating
vasoocclusive device such as a vasoocclusive coil is used to
treat an aneurysm, the success of the treatment depends upon
whether the embolus generating vasoocclusive device can
migrate out of the aneurysm through the neck of the aneu-
rysm, which in turn is somewhat dependent upon whether the
ratio of the diameter of the dome portion of the aneurysm to
the diameter of the neck of the aneurysm is less than approxi-
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mately 2:1. [If the dome to neck ratio is larger than approxi-
mately 2:1, the possibility that the embolus generating
vasoocclusive device will migrate out of the aneurysm into
the parent vessel becomes greater, posing a risk to the success
of the procedure.]

It would, therefore, be desirable to provide a vasoocclusive
device that can be used with or without a stent, coil or the like,
that can be delivered to an aneurysm or other body vessel in a
primary collapsed configuration, where the vasoocclusive
device can be deployed and released to assume a secondary,
expanded configuration which partially occludes the neck of
the aneurysm and which also allows deployment of an addi-
tional embolus generating vasoocclusive device such as an
embolic coil within the aneurysm, and blocks migration of the
embolus generating vasoocclusive device from the aneurysm
to the vessel. It would also be desirable to provide a device
which offers the advantages of a shape memory alloy such as
a nickel-titanium alloy, and that incorporates radiopaque
material in a stable configuration that is not subject to fracture
during use of the device, so that the device can be visualized
under fluoroscopy. The present invention meets these and
other needs.

SUMMARY OF THE INVENTION

One problem present in the treatment of saccular aneu-
rysms by use of interventional therapy is presented when the
aneurysm is formed such that the neck of the aneurysm is
relatively large in at least one dimension compared to the
maximum width of the dome of'the aneurysm. In such a case,
it is difficult to employ an embolus generating occluding
device such as an embolic coil without raising the risk that the
device will partially, or fully, deploy outside of the aneurysm
and into the vessel, thereby presenting a risk to the patient.

The present invention provides for an improved method
and apparatus which solves these and other problems by
providing, in its broadest aspect, a partially occlusive vasooc-
clusive apparatus with a plurality of strut members that can be
deployed in an expanded configuration across the neck of a
body vessel such as an aneurysm, either alone, or to addition-
ally allow deployment of a secondary vasoocclusive device or
substance within the vessel, and to block migration of the
secondary vasoocclusive device into the vessel. Specifically,
with respect to the treatment of aneurysms, the vasoocclusive
apparatus can be deployed across the neck of an aneurysm
having a less than favorable dome to neck ratio to prevent
migration of a secondarily placed embolus generating
vasoocclusive device from the aneurysm.

Briefly, and in general terms, a presently preferred embodi-
ment of the present invention provides for a vasoocclusive
apparatus for use in interventional therapy and vascular sur-
gery which is adapted to be inserted into a portion of a vas-
culature for treatment of a body vessel such as an aneurysm.
The invention can be used in conjunction with secondary
vasoocclusive devices such as embolic coils that can be
placed within the aneurysm and partially retained by the
apparatus. The vasoocclusive apparatus of the invention com-
prises a plurality of strut members or spokes extending from
a central hub and having separate unconnected free ends that
can be deployed within an aneurysm, and that are radially
extended in an expanded configuration to cross the neck of the
aneurysm, dividing the neck into smaller openings, and thus
allowing the deployment of the secondary vasoocclusive
device by a catheter extending through the smaller openings
in the invention within the aneurysm but preventing migration
of the secondary vasoocclusive device from the aneurysm
once it is deployed. In one presently preferred aspect of the
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invention, the device is made from a twisted cable of super-
elastic strands made of a suitable material, 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. In one presently preferred embodiment, the super-
elastic material comprises a shape memory material such as
nickel titanium alloy, that can be heat treated to remain super-
elastic or to have shape memory behavior such that the alloy
is 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. In this regard, the disclosures
of co-pending applications Ser. No. 08/986,004 filed Dec. 5,
1997 and Ser. No. 09/019, 841 filed Feb. 6, 1998 describe
such radiopaque strands and three dimensional vasoocclusive
devices formed therefrom, are incorporated by reference
herein.

In a presently preferred configuration of the vasoocclusive
apparatus, the plurality of strut members are connected
together at a central hub, and extend radially from the central
hub from a first collapsed configuration to an expanded con-
figuration. The strut members can be arranged in a variety of
configurations providing for a variety of occlusive properties.
Inafirst preferred embodiment, the strut members are arrayed
in a spiral configuration extending from the central hub.
When the spiral strut members are configured, they may also
be made so that they overlap at some point near their periph-
ery in order to reinforce one another in the direction perpen-
dicular to the strut, while retaining the resilience of the struts,
s0 as to conform to the shape of the aneurysm opening. In a
second preferred option, the strut members have curvilinear
radial struts extending from the central hub. In a third pre-
ferred option, the strut members have an umbrella-like con-
figuration of spokes extending from the central hub, the strut
members additionally are crosslinked to adjacent strut mem-
bers by cross-struts of shape memory material.

By use of the above configurations, and combinations of
them, it can be seen that the openings in the device, repre-
sented by the areas between the struts, can be tailored to
provide an area suitable for insertion of a placement catheter
shaft to deploy embolic coils and the like within the aneurysm
which will be held in place by the invention, thus preventing
the embolic devices from entering the vessel and the resultant
risk to the patient.

Similarly, the invention can allow for the deployment of
other embolic agents within the aneurysm through the inven-
tion and lower or eliminate the migration of the embolic agent
out of the aneurysm prior to being activated. In such a regard,
itis specifically contemplated that the deployment of embolic
agents such as polymers, glues, gels, micro-balloons and
foams through openings in the device of the invention and
into the aneurysm in which it is deployed, is contemplated as
a preferred method in the use of this invention.

In another presently preferred aspect of the invention,
mounting means are also provided for detachably mounting
the vasoocclusive apparatus to a placement catheter shaft and
for detaching the vasoocclusive apparatus for deployment
when a desired placement within an aneurysm to be treated
and out of a parent vessel is achieved. The mounting prefer-
ably comprises a collar of shape memory material disposed
on one part of the vasoocclusive apparatus and mating with a
distal portion of the placement catheter shaft and connecting
the vasoocclusive apparatus and the placement catheter shaft.
The shape memory collar can be heated to thereby assume a
configuration disconnecting the vasoocclusive apparatus and
the placement catheter shaft. In a currently preferred embodi-
ment, the placement catheter shaft comprises a fiber optic
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compatible catheter shaft connected to an optical light source
for conducting light energy to the collar to heat the collar and
to thereby induce the collar to assume an enlarged configu-
ration to detach the vasoocclusive device from the placement
collar.

In a presently preferred embodiment of the method of
using the invention, a device is formed which includes a
plurality of flexible radial elements from a central hub, at least
a portion of the radial elements being formed of a highly
flexible material. The device is then deformed to fit within a
placement catheter distally from a pusher element within the
catheter. The catheter is then placed within the vasculature so
that the distal opening of the catheter extends into an aneu-
rysm or other deformation to be treated. The pusher is then
used to expel the device into the aneurysm. In a presently
preferred aspect of the invention, the pusher is an optional
fiber which is coupled to the device by a shape memory
material which can be heated by the energy transmitted
through the optional fiber to cause the shape memory material
to assume a shape which releases the device from the optional
fiber. In other presently preferred embodiments, the device
can be released by other means, such as thermomechanical,
electromagnetic or disolution of an adhesive bond of the
coupling between the device and the pusher.

The method of the invention for closing and occluding an
opening of an aneurysm from a parent blood vessel accord-
ingly thus comprises the steps of attaching an occlusive appa-
ratus to the distal end of a linear pusher device, enclosing the
pusher device and occlusive apparatus in a lumen of a cath-
eter, with the pusher device proximal of the occlusive appa-
ratus, positioning the catheter so that the distal opening of the
catheter is in the opening between the aneurysm and the
parent blood vessel, pushing the occlusive apparatus into the
aneurysm by extending the pusher device towards the distal
end of the catheter, and disconnecting the occlusive apparatus
from the pusher device, thereby deploying the occlusive
apparatus within the aneurysm and at least partially occluding
the opening between the aneurysm and the parent blood ves-
sel. In a presently preferred aspect of the method, the step of
disconnecting the occlusive apparatus from the pusher device
comprises causing energy to be transmitted through the
pusher device to release the connection between the pusher
device and the occlusive apparatus.

Advantageously, the method of the invention also provides
for closing and occluding an opening of an aneurysm from a
parent blood vessel, the steps of deploying a first occlusive
apparatus within the aneurysm and at least partially occluding
the opening between the aneurysm and the parent blood ves-
sel; and deploying a secondary occlusive apparatus through
said first occlusive apparatus within the aneurysm, whereby
said first occlusive apparatus prevents migration of said sec-
ondary vasoocclusive device from the aneurysm into the par-
ent blood vessel. The secondary occlusive apparatus can
accordingly be deployed by the steps of attaching a secondary
occlusive apparatus to the distal end of a linear pusher device;
enclosing the pusher device and secondary occlusive appara-
tus in a lumen of a catheter, with the pusher device proximal
of'the secondary occlusive apparatus; positioning the catheter
so that the distal opening of the catheter is in the opening
between the aneurysm and the parent blood vessel; pushing
the secondary occlusive apparatus into the aneurysm through
the first occlusive apparatus by extending the pusher device
towards the distal end of the catheter; and disconnecting the
secondary occlusive apparatus from the pusher device,
thereby deploying the secondary occlusive apparatus within
the aneurysm, whereby the first occlusive apparatus prevents
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migration of the secondary vasoocclusive device from the
aneurysm into the parent blood vessel.

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

FIG. 1 is atop plan view of a first embodiment of a vasooc-
clusive apparatus according to the invention, having a spiral
configuration of strut members shown in a primary collapsed
configuration;

FIG. 2 is a top plan view of the vasoocclusive apparatus of
FIG. 1, showing the spiral configuration of strut members in
a secondary, expanded configuration within the dome of an
aneurysm;

FIG. 2A is a top plan view of the vasoocclusive apparatus
of FIG. 1, showing the spiral configuration of strut members
in a an alternative randomly arranged secondary, expanded
configuration within the dome of an aneurysm;

FIG. 3 is a side view of the vasoocclusive apparatus of FIG.
1, showing the spiral configuration of strut members in a
primary, collapsed configuration;

FIG. 4 aside view of the vasoocclusive apparatus of FI1G. 2,
showing the spiral configuration of strut members in a sec-
ondary, expanded configuration within the dome of an aneu-
rysm;

FIG. 5 is a top plan view of a fourth embodiment of a
vasoocclusive apparatus according to the invention, having a
web-like configuration of strut members, shown in a second-
ary, expanded configuration;

FIG. 6 is an illustration of a vasoocclusive apparatus of the
invention attached to a placement catheter shaft, in a col-
lapsed configuration ready for delivery for deployment within
an aneurysm;

FIG. 7 is an illustration of a vasoocclusive apparatus of the
invention attached to a placement catheter shaft, being
deployed within an aneurysm;

FIG. 8 is a side sectional view of a vasoocclusive apparatus
of the invention attached to a placement catheter shaft show-
ing a first embodiment of a means for mounting the vasooc-
clusive apparatus to the catheter shaft;

FIG. 9 is an exploded sectional view of a portion of FIG.
10, showing the connection of the vasoocclusive apparatus to
the catheter shatt;

FIG. 10 is an exploded sectional view of a portion of FIG.
8, similar to that of FIG. 9, showing the release of the vasooc-
clusive apparatus from the catheter shaft; and

FIG. 11 is a side sectional view of a second embodiment of
a means for mounting the vasoocclusive apparatus to the
catheter shaft.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

While an aneurysm can be treated by placement of an
embolus-generating vasoocclusive device such as a vasooc-
clusive coil within the aneurysm, such an embolus-generating
vasoocclusive device can migrate out of the aneurysm, par-
ticularly if the ratio of the diameter of the dome portion of the
aneurysm to the diameter of the neck of the aneurysm is
unfavorable, i.e., less than approximately 2:1, posing arisk to
the success of the procedure.

As is illustrated in the drawings, which are provided for the
purposes of illustration and not by way of limitation, the
invention is embodied in a vasoocclusive apparatus adapted
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to be radially extended in an expanded configuration to cross
the neck of'a hollow body vessel such as an aneurysm, divid-
ing the neck into a plurality of smaller openings 16 and thus
to prevent migration of a secondary vasoocclusive device to
be placed within the body vessel in conjunction with the
vasoocclusive apparatus for treatment of the body vessel.
According to the method of the invention, following deploy-
ment of the vasoocclusive apparatus within the body vessel, a
secondary embolus-generating vasoocclusive device such as
a vasoocclusive coil is deployed within the body vessel
through the strut members. When the secondary vasoocclu-
sive device assumes an expanded configuration, the vasooc-
clusive apparatus operates to prevent migration of the sec-
ondary vasoocclusive device from the aneurysm.

With reference to FIGS. 1-4, the vasoocclusive apparatus
18 includes a plurality of strut members 20 connected
together at a central hub 22, and extending radially from the
central hub from a first collapsed configuration, illustrated for
example in FIG. 1, to a corresponding expanded configura-
tion such as is illustrated in FIGS. 2 and 4 within an aneurysm
24 having a dome portion 25, a neck portion 26, and a parent
vessel 27. In a first preferred embodiment illustrated in FIGS.
1-4, the strut members are arrayed in a spiral configuration
extending from the central hub. Alternatively, as is illustrated
in FIG. 2A, the strut members can be arranged in a random or
unsymmetrical configuration, extending from the central hub.
In a presently preferred embodiment, the spiral struts are
designed to overlap over at least a portion of their periphery to
thereby reinforce one another at their periphery, while main-
taining flexibility and conformability to the internal structure
of'the aneurysm. Extending from the central hub 22 can be a
stem 23 used to attach the vasoocclusive apparatus to a pusher
used to push the apparatus into the aneurysm and to detach the
apparatus from the pusher after deployment.

Referring to FIG. 5, the strut members 34 of the vasooc-
clusive apparatus have an umbrella-like configuration of
spokes extending from the central hub 22, the strut members
34 of the vasoocclusive apparatus being additionally
crosslinked to adjacent strut members by cross-struts 36 also
formed of shape memory material. In this embodiment, the
struts may also advantageously be of unequal length to allow
the medical practitioners to chose a configuration of vasooc-
clusive device for specific desired shapes.

As is illustrated in FIGS. 6 and 7, each of the optional
configurations of the strut members above are adapted to be
deployed within an aneurysm 38, via a catheter in which the
device is pushed through an opening at the distal end of the
catheter by a pusher to deploy the device. Mounting means 40
are preferably provided for detachably mounting the vasooc-
clusive apparatus 42 and placement of the vasoocclusive
apparatus via a placement catheter 44, and for detaching the
vasoocclusive apparatus for deployment when a desired
placement within an aneurysm 38 to be treated and out of a
parent vessel 46 is achieved. Referring to FIGS. 8-11, the
mounting means preferably comprises a shape memory collar
48 preferably formed of shape memory material and disposed
on the vasoocclusive apparatus and a placement shaft of the
pusher and connecting the vasoocclusive apparatus and the
pusher shaft. FIGS. 6-8 illustrate an embodiment in which the
collar is attached to the distal end 50 of a fiber optic pusher
member 52 of the placement catheter 44. The shape memory
collar is attached to the fiber optic pusher member by an
adhesive which retains high strength at temperatures beyond
the shape memory material transition point. In this embodi-
ment of the mounting means, the central hub 54 ofthe vasooc-
clusive apparatus preferably includes a stem 56 to which a
wire coil 58 is mechanically attached, although the wire coil
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could also be suitably soldered or welded to the stem. The
shape memory collar is preferably heat treated in an unex-
tended position illustrated in FIG. 8, and can be heated to a
temperature that allows it to be worked and crimped into an
extended position shown in FIG. 7 gripping over the end of
the stem and wire coil to connect the vasoocclusive apparatus
to the fiber optic pusher member of the placement catheter
shaft.

When the vasoocclusive apparatus is delivered within the
dome of an aneurysm as illustrated in FIG. 7, and when an
operator is satisfied that the device is properly deployed, the
shape memory collar can be heated, and thereby induced to
shrink and pull back to assume a configuration shown in FIG.
10, disconnecting the vasoocclusive apparatus and the place-
ment catheter shaft. The proximal end of the fiber optic cath-
eter shaft (not shown) is preferably connected to an optical
light source (not shown) for conducting light energy propa-
gated at the distal end of the fiber optic pusher member to the
shape memory collar and to thus heat the collar to return to its
previous shape and induce the collar to detach the vasoocclu-
sive device from the placement collar. Heating of the collar
can at the same time heat the vasoocclusive apparatus to cause
the vasoocclusive apparatus to expand within the aneurysm.

In an alternative embodiment of the mounting means illus-
trated in FIG. 11, the collar 60 can be disposed on the stem 62
of'the central hub 64 of the vasoocclusive apparatus, adapted
to be crimped to the distal end 66 of the fiber optic pusher
member 68 of the placement catheter. In this embodiment, the
distal end of the fiber optic pusher member of the catheter
shaft optionally can have a surface defining a plurality of
ridges and grooves 70 to aid in the connection of the collar to
the fiber optic pusher member. 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.

It should be readily apparent that the delivery of the
vasoocclusive devices of the invention can be accomplished
by a variety of means. By using highly flexible materials for
the vasoocclusive devices, the vasoocclusive devices can be
produced in such a way that they will readily 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.

In each of the foregoing embodiments, the strut members
of the vasoocclusive device of the invention are preferably
made from a twisted cable of superelastic strands made of a
suitable material, with the cable including at least one radio-
paque strand, made of platinum, tungsten or gold, in order to
serve as a marker during the vascular surgical procedure. In a
presently preferred aspect of the invention, the super-elastic
material comprises a shape memory material such as nickel
titanium alloy, that can be heat treated to remain superelastic
or have shape memory behavior, such that the alloy is 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. In one presently preferred embodi-
ment, the multi-stranded micro-cable from which the strut
members are formed is approximately from 0.0021 to 0.006
inches in diameter, and comprises a plurality of flexible
strands of nickel-titanium alloy, with at least one radiopaque
wire which is approximately from 0.0007 to 0.002 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 radiopaque wire can be formed of platinum or gold, for
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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.

While the invention is described in the context of shape
memory metal materials, it is also contemplated that the
invention could advantageously be made of other shape
memory or superelastic materials, including shape memory
plastics or superelastic metal alloys or plastics. Plastic mate-
rials may also more readily allow for the configuration of the
invention in a variety of shapes and with simplified manufac-
turing, including molding of the vasoocclusive device, rather
than fabrication from a number of component parts.

It will be apparent from the foregoing that while particular
forms of the invention have been illustrated and described,
various modifications can be made without departing from
the spirit and scope of the invention. Accordingly, it is not
intended that the invention be limited, except as by the
appended claims.

What is claimed is:

1. An occlusive apparatus for treatment of a body vessel,
the vessel having a dome portion and a neck opening into the
vessel, the apparatus comprising:

a plurality of strut members centrally connected together
and having separate unconnected free ends [that are],
said plurality of strut members including a stem, and
said plurality of strut members being adapted to be
deployed within the vessel and [that] 7o extend radially
and curvilinearly from a collapsed configuration to an
expanded configuration to cross the neck of the vessel,
dividing the neck into smaller openings, wherein said
plurality of strut members are connected together at a
central hub, and extend from the central hub from said
first collapsed configuration to said expanded configu-
ration, and wherein said strut members are arrayed in a
spiral configuration extending from said central hub;
and

mounting means for detachably mounting the plurality of
strut members to a placement catheter shaft and for
detaching the plurality of strut members from the place-
ment catheter shaft for deployment within the vessel to
be treated, wherein said mounting means comprises a
collar of shape memory material and said placement
catheter shaft comprises a pusher member, and wherein
said collar is disposed on one of the stem of the strut
members and the pusher member and detachably con-
nects the stem of the strut members with the pusher
member.

[2. The occlusive apparatus of claim 1, wherein said plu-
rality of strut members are connected together at a central
hub, and extend curvilinealy from the central hub from said
first collapsed configuration to said expanded configuration.]

[3. The occlusive apparatus of claim 2, wherein said strut
members are arrayed in a spiral configuration extending from
said central hub.]

[4. The occlusive apparatus of claim 2, wherein said strut
members have an umbrella-like configuration of spokes
extending from the central hub.]

[5. The occlusive apparatus of claim 4, wherein said strut
members additionally are crosslinked to adjacent strut mem-
bers.]

6. The occlusive apparatus of claim [2] 7, wherein said strut
members are randomly arranged.

7. The occlusive apparatus of claim 1, wherein said strut
members are made from atwisted cable comprising strands of
a superelastic material.
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8. The occlusive apparatus of claim 7, wherein said cable
further comprises at least one radiopaque strand of a metal
selected from the group consisting of platinum, tungsten and
gold.

9. The occlusive apparatus of claim 1, wherein said strut
members are made from a twisted cable comprising strands of
a shape memory nickel titanium alloy.

10. The occlusive apparatus of claim 9, wherein said strut
members are heat treated to remain superelastic.

11. The occlusive apparatus of claim 9, wherein said strut
members are heat treated to have shape memory behavior
such that the alloy is highly flexible at a temperature appro-
priate for introduction into the body via a placement catheter,
and after placement in the vessel, the apparatus will assume
said expanded configuration.

[12. The occlusive apparatus of claim 1, further comprising
mounting means for detachably mounting the plurality of
strut members to a placement catheter shaft and for detaching
the plurality of strut members from the placement catheter
shaft for deployment within the vessel to be treated.]

13. The occlusive apparatus of claim [12] /, wherein said
[mounting means comprises a collar of shape memory mate-
rial and said placement catheter shaft] pusher member com-
prises a fiber optic pusher member[, and wherein said collar is
disposed on one of the occlusive apparatus and the fiber optic
pusher member and connects the occlusive apparatus and the
fiber optic pusher member].

14. The occlusive apparatus of claim 13, wherein said
collar can be heated to be induced to assume a configuration
disconnecting the [occlusive apparatus] plurality of strut
members and the fiber optic pusher member.

15. The occlusive apparatus of claim 14, wherein said fiber
optic pusher member is connected to an optical light source
for conducting coherent light energy to the collar to heat the
collar to induce the collar to detach the [occlusive device]
plurality of strut members from the fiber optic pusher mem-
ber.

16. [The occlusive apparatus of claim 13] 4r occlusive
apparatus for treatment of a body vessel, the vessel having a
dome portion and a neck opening into another vessel, the
apparatus comprising:

a plurality of strut members centrally connected together,
said plurality of strut members including a stem, and
said plurality of strut members being adapted to be
deployed within the vessel and to extend radially and
curvilinearly from a collapsed configuration to an
expanded configuration to cross the neck of the vessel,
dividing the neck into smaller openings, wherein said
[central hub comprises a] stem [having] includes a
proximal end adjacent to said strut members and a distal
end, and further comprising a coil mechanically
attached to the distal end of the stem; and

mounting means for detachably mounting the plurality of
strut members to a placement catheter shaft and for
detaching the plurality of strut members from the place-
ment catheter shaft for deployment within the vessel to
be treated, wherein said mounting means comprises a
collar of shape memory material and said placement
catheter shaft comprises a pusher member, and wherein
said collar is disposed on one of the stem of the strut
members and the pusher member and detachably con-
nects the stem of the strut members with the pusher
member.

17. The occlusive apparatus of claim [16] /3, wherein [the

distal end of] the fiber optic pusher member has a distal end
having a surface defining a plurality of ridges.
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18. The occlusive apparatus of claim 1, wherein said appa-
ratus is formed of a shape memory plastic material.

19. A vasoocclusive apparatus for treatment of an aneu-
rysm in the vasculature [in conjunction with a secondary
vasoocclusive device to be placed within the aneurysm], the
aneurysm having a dome portion and a neck opening into a
parent vessel, the apparatus comprising:

a plurality of strut members centrally connected together
and having separate unconnected free ends adapted to be
deployed within the aneurysm, said plurality of strut
members including a stem, and said strut members
extending radially and curvilinearly from a collapsed
configuration to an expanded configuration to cross the
neck of the aneurysm, dividing the neck into smaller
openings[, allowing the deployment of the secondary
vasoocclusive device within the aneurysm and prevent-
ing migration of the deployed secondary vasoocclusive
device from the aneurysm into the parent vessel],
wherein said plurality of strut members are connected
together at a central hub, and extend vadially and cur-
vilinearly from the central hub from said first collapsed
configuration to said expanded configuration, and
wherein said strut members are arrayed in a spiral con-
figuration extending from said central hub; and

mounting means for detachably mounting the plurality of
strut members to a pusher member and for detaching the
plurality of strut members from the pusher member for
deployment within the vessel to be treated, wherein said
mounting means comprises a collar of shape memory
material disposed on one of the stem of the plurality of
strut members and the pusher member and detachably
connecting the stem of the plurality of strut members
with the pusher member.

[20. The vasoocclusive apparatus of claim 19, wherein said
plurality of strut members are connected together at a central
hub, and extend radially from the central hub from said first
collapsed configuration to said expanded configuration.]

[21. The vasoocclusive apparatus of claim 20, wherein said
strut members are arrayed in a spiral configuration extending
from said central hub.]

[22. The vasoocclusive apparatus of claim 20, wherein said
strut members have an umbrella-like configuration of spokes
extending from the central hub, said strut members addition-
ally are crosslinked to adjacent strut members.]

23. The occlusive apparatus of claim [20] 79, wherein said
strut members are randomly arranged.

24. The vasoocclusive apparatus of claim 19, wherein said
strut members are made from a twisted cable comprising
strands of a superelastic material.

25. The vasoocclusive apparatus of claim 24, wherein said
cable further comprises at least one radiopaque strand of a
metal selected from the group consisting of platinum, tung-
sten and gold.

26. The vasoocclusive apparatus of claim 19, wherein said
strut members are made from a twisted cable comprising
strands of a shape memory nickel titanium alloy.

27. The occlusive apparatus of claim 26, wherein said strut
members are heat treated to remain superelastic.

28. The occlusive apparatus of claim 26, wherein said strut
members are heat treated to have shape memory behavior
such that the alloy is highly flexible at a temperature appro-
priate for introduction into the body via a catheter, and after
placement in the vessel, the apparatus will assume said
expanded configuration.

[29. The vasoocclusive apparatus of claim 19, further com-
prising mounting means for detachably mounting the plural-
ity of strut members to a pusher member and for detaching the
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plurality of strut members from the pusher member for
deployment within the vessel to be treated.]

[30. The vasoocclusive apparatus of claim 29, wherein said
mounting means comprises a collar of shape memory mate-
rial disposed on one of the vasoocclusive apparatus and the
pusher member and connecting the vasoocclusive apparatus
and the pusher member.]

31. The vasoocclusive apparatus of claim [30] /9, wherein
said collar can be heated to be induced to assume a configu-
ration disconnecting the [occlusive apparatus] plurality of
strut members and the pusher member.

32. The vasoocclusive apparatus of claim 31, wherein the
pusher member comprises a fiber optic catheter shaft con-
nected to an optical light source for conducting coherent light
energy to the collar to heat the collar to induce the collar to
detach the [occlusive device] plurality of strut members from
the fiber optic catheter shaft.

33. [The vasoocclusive apparatus of claim 20] 4 vasooc-
clusive apparatus for treatment of an aneurysm in the vascu-
lature, the aneurysm having a dome portion and a neck open-
ing into a parent vessel, the apparatus comprising:

a plurality of strut members centrally connected together
and having separate unconnected free ends adapted to
be deployed within the aneurysm, said plurality of strut
members including a stem, and said strut members
extending radially and curvilinearly from a collapsed
configuration to an expanded configuration to cross the
neck of the aneurysm, dividing the neck into smaller
openings, wherein said [central hub comprises a] stem
[having] includes a proximal end adjacent to said strut
members and a distal end, and further comprising a coil
soldered to the distal end of the stem; and

mounting means for detachably mounting the plurality of
strut members to a pusher member and for detaching the
plurality of strut members from the pusher member for
deployment within the vessel to be treated, wherein said
mounting means comprises a collar of shape memory
material disposed on one of the stem of the plurality of
strut members and the pusher member and detachably
connecting the stem of the plurality of strut members
with the pusher member.

34. The vasoocclusive apparatus of claim [33] 32, wherein
[the distal end of] the fiber optic catheter shaft has a distal end
having a surface defining a plurality of ridges.

[35. A method of closing and occluding an opening of an
aneurysm from a parent blood vessel, comprising the steps of:

attaching an occlusive apparatus having radial members
extending from a central hub to the distal end of a linear
pusher device;

enclosing the pusher device and occlusive apparatus in a
lumen of a catheter, with the pusher device proximal of
the occlusive apparatus;

positioning the catheter so that the distal opening of the
catheter is in the opening between the aneurysm and the
parent blood vessel;

pushing the occlusive apparatus into the aneurysm by
extending the pusher device towards the distal end of the
catheter; and

disconnecting the occlusive apparatus from the pusher
device, thereby deploying the occlusive apparatus
within the aneurysm and at least partially occluding the
opening between the aneurysm and the parent blood
vessel]

[36. The method of claim 35, wherein said step of discon-

necting the occlusive apparatus from the pusher device com-
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prises causing energy to be transmitted through the pusher
device to release the connection between the pusher device
and the occlusive apparatus.]
[37. The method of claim 35, further including the steps of:
attaching a secondary occlusive apparatus to the distal end
of a linear pusher device;
enclosing the pusher device and secondary occlusive appa-
ratus in a lumen of a catheter, with the pusher device
proximal of the secondary occlusive apparatus;
positioning the catheter so that the distal opening of the
catheter is in the opening between the aneurysm and the
parent blood vessel;
pushing the secondary occlusive apparatus into the aneu-
rysm through said first occlusive apparatus by extending
the pusher device towards the distal end of the catheter;
and
disconnecting the secondary occlusive apparatus from the
pusher device, thereby deploying the secondary occlu-
sive apparatus within the aneurysm, whereby said first
occlusive apparatus prevents migration of said second-
ary vasoocclusive device from the aneurysm into the
parent blood vessel.]
[38. A method of closing and occluding an opening of an
aneurysm from a parent blood vessel, comprising the steps of:
deploying a first occlusive apparatus within the aneurysm
and at least partially occluding the opening between the
aneurysm and the parent blood vessel; and
deploying a secondary occlusive apparatus through said
first occlusive apparatus within the aneurysm, whereby
said first occlusive apparatus prevents migration of said
secondary vasoocclusive device from the aneurysm into
the parent blood vessel.]
[39. A method of closing and occluding an opening of an
aneurysm from a parent blood vessel, comprising the steps of:
attaching a first occlusive apparatus having radial members
extending from a central hub to the distal end of a linear
pusher device;
enclosing the pusher device and first occlusive apparatus in
alumen of a catheter, with the pusher device proximal of
the first occlusive apparatus;
positioning the catheter so that the distal opening of the
catheter is in the opening between the aneurysm and the
parent blood vessel;
pushing the first occlusive apparatus into the aneurysm by
extending the pusher device towards the distal end of the
catheter;
disconnecting the first occlusive apparatus from the pusher
device, thereby deploying the first occlusive apparatus
within the aneurysm and at least partially occluding the
opening between the aneurysm and the parent blood
vessel;
attaching a secondary occlusive apparatus to the distal end
of a linear pusher device;
enclosing the pusher device and secondary occlusive appa-
ratus in a lumen of a catheter, with the pusher device
proximal of the secondary occlusive apparatus;
positioning the catheter so that the distal opening of the
catheter is in the opening between the aneurysm and the
parent blood vessel;
pushing the secondary occlusive apparatus into the aneu-
rysm through said first occlusive apparatus by extending
the pusher device towards the distal end of the catheter;
and
disconnecting the secondary occlusive apparatus from the
pusher device, thereby deploying the secondary occlu-
sive apparatus within the aneurysm, whereby said first
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occlusive apparatus prevents migration of said second- comprises causing energy to be transmitted through the
ary vasoocclusive device from the aneurysm into the pusher device to release the connection between the pusher
parent blood vessel.] device and the first occlusive apparatus.]

[40. The method of claim 39, wherein said step of discon-
necting the first occlusive apparatus from the pusher device * ok k& ok



