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Description
Field of the Invention

[0001] This invention relates to the field of vasoocclu-
sive devices More particularly, it relates to a vasoocclu-
sive device which, as used, is in the approximate shape
of an anatomical cavity. The devices may be ultimately
deployed through a catheter.

Background of the Invention

[0002] Vasoocclusion devices are surgical implants
that are placed within the vasculature of the human body,
typically via a catheter, either to block the flow of blood
through a vessel making up that portion of the vasculature
through the formation of an embolus or to form such an
embolus within an aneurysm stemming from the vessel.
One widely used vasoocclusive device is a helical wire
coil having windings which may be dimensioned to en-
gage the walls of the vessels. Other less stiff helically
coiled devices have been described, as well as those
involving woven braids.

[0003] For instance, U.S. Patent No. 4,994,069, to
Ritchart et al., describes a vasoocclusive coil that as-
sumes a linear helical configuration when stretched, and
assumes a folded, convoluted configuration when re-
laxed. The stretched configuration is used in placing the
coil at the desired site, eg. by its passage through a cath-
eter. Once the device is so placed, the coil assumes a
relaxed configuration, which is better suited to occlude
the vessel. Ritchart et al describes a variety of shapes.
The secondary shapes of the disclosed coils include
"flower" shapes and double vortices. A random shape is
described, as well. These prior vasoocclusive devices do
not maintain a three-dimensional conformation for a sat-
isfactory period of time; the coils collapsing in upon them-
selves to form mere rings. A useful substantially spherical
vasoocclusive device has heretobefore not been made
available.

[0004] DE 32 03 410A describes an occlusive device
comprising one member or strand (1) of a flexible material
such that the device is moveable between an inoperable
elongated configuration (Fig. 1) for insertion into and
through a means for delivering the device to a cavity, and
an operable substantially cylindrical coil configuration
(Fig. 7) of variable diameter in which the member forms
a supporting frame to a hollow chamber and in which the
device is capable of occluding at least a portion of said
cavity. However, the cylindrical coil is open at each of its
opposite axial ends.

[0005] In contrast, in the device of the present inven-
tion, when distended to its operative configuration takes
the form of a skeletal cage-like structure of substantially
spherical form.

[0006] Vasoocclusive coils having attached fibrous el-
ements in a variety of secondary shapes are shown in
US Patent No 5,304,194 to Chee et al. Chee et al de-
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scribes a helically wound device having a secondary
shape in which the fibrous elements extend in a sinusoi-
dal fashion down the length of the coil. These coils, as
with Ritchart et al, are produced in such a way that they
will pass through the lumen of a catheter in a generally
straight configuration, and when released from the cath-
eter, form a relaxed and folded shape in the lumen or
cavity chosen within the human body. The fibrous ele-
ments shown in Chee et al enhance the ability of the coll
to fill the space within the vasculature and to facilitate
formation of embolus and subsequent allied tissue.
[0007] There are a variety of ways of discharging
shaped coils and linear coils into the human vasculature.
In addition to those patents which apparently describe
only the physical pushing of a coil out into the vasculature
(eg. Ritchart et al), there are a number of other ways to
release the coil at a specifically chosen time and site. US
Patent No. 5,354,295 and its parent, 5,122,136, both to
Guglielmi et al , describe an electrolytically detachable
embolic device

[0008] A variety of mechanically detachable devices
are also known For instance, U S Patent No. 5,234,437,
to Sepetka, shows a method of unscrewing a helically
wound coil from a pusher having interlocking surfaces.
U.S. PatentNo 5,250,071, to Palermo, shows an embolic
coil assembly using interlocking clasps mounted both on
the pusher and on the embolic coil. U.S. Patent No.
5,261,916, to Engelson, shows a detachable pusher-va-
soocclusive coil assembly having an interlocking ball and
keyway-type coupling. U.S. Patent No. 5,304,195, to
Twyford et al., shows a pusher-vasoocclusive coil as-
sembly having an extending wire carrying a ball on its
proximal end and a pusher having a similar end. The two
ends are interlocked and disengage when expelled from
the distal tip of the catheter. U.S. Patent No. 5,312,415,
to Palermo, also shows a method for discharging numer-
ous coils from a single pusher by use of a guidewire which
has a section capable of interconnecting with the interior
of the helically wound coil. U.S. Patent No. 5,350,397, to
Palermo et al., shows a pusher having a throat at its distal
end and a pusher through its axis. The pusher sheath
will hold onto the end of an embolic coil and will then be
released upon pushing the axially placed pusher wire
against the member found on the proximal end of the
vasoocclusive coil.

[0009] Vasoocclusive coils having little or no inherent
secondary shape have also been described. For in-
stance, in U.S. Patent No. 5,690,666 by Berenstein et al.
, is found a coil having little or no shape after introduction
into the vascular space.

[0010] Common to all of these devices above is the
characteristic of lacking a spheroid shape when relaxed.
Additionally, the concept of a plurality of concentrically
nested spherical vasoocclusive devices is lacking in the
prior art.
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SUMMARY OF THE INVENTION

[0011] One aspect of the present invention provides
an occlusive device having the features of claim 1.
[0012] According to a feature of this aspect of the in-
vention, the strand may be helical in shape and optionally,
further may comprise a safety strand inserted longitudi-
nally through said helical shape. The device may com-
prise a first strand and a second strand which second
strand is co-woven along at least a portion of the length
of the first strand.

[0013] According to another feature of this aspect of
the invention, the flexible material may comprise one of
the following:

(i) a metal selected from platinum, palladium, rho-
dium, gold, tungsten, and alloys thereof;

(i) an alloy of platinum and tungsten;

(iii) an alloy selected from a stainless steel and a
super-elastic alloy;

(iv) a polymer;

(v) an alloy of titanium and nickel; or

(vi) an alloy of platinum.

[0014] The device may further comprise fibres at-
tached to at least a portion of said strand. It is also pre-
ferred that said second portion is disposed concentrically
within said first portion. Preferably, at least a portion of
said second portion of said strand comprises a means
for increasing the thrombogenicity of the device.

[0015] According to another feature of this aspect of
the invention, the device further comprises a plurality of
additional strand portions disposed within said cage-like
structure of the first portion optionally, at least a portion
of said plurality of strand portions comprises fibres at-
tached thereto. In such constructions, said plurality of
additional strand portions may be either:

(i) concentrically disposed with each other within said
cage-like structure of the first portion; or

(ii) non-concentrically disposed with each other with-
in said cage-like structure of the first portion.

[0016] Preferably, the means for increasing the throm-
bogenicity comprises fibres attached to at least a portion
of said strand. The fibres may further comprise a radio-
paque marker.

[0017] Yet another aspect of the invention provides a
method for producing a vasoocclusive device as claimed
in claim 11.

[0018] According to a feature of the method for pro-
ducing the device, said first core may further comprise a
circumferentially continuous groove recessed therein for
releasably maintaining said strand in a substantially
spherical or spheroidal configuration, and wherein heat-
ing is at about 593 degrees Celsius ( 1100 degrees Fahr-
enheit).

[0019] According to a further feature of this aspect of
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the invention, wherein said second portion of said strand
is disposed concentrically within the cage-like structure
of the first portion and/or there are a plurality of additional
portions, the additional portions optionally being dis-
posed concentrically within each other. Preferably,
means is provided on at least one portion of said strand
for increasing the thrombogenicity of the device and/or
the feature(s) recited in an appropriate one or more of
claims 1 and 10.

[0020] The device is used simply by temporarily
straightening the device into the inoperable configuration
and introducing it into a suitable catheter, the catheter
already having been situated so that its distal opening is
within the mouth of the vascular crevice or opening to be
filled. The device is then pushed through the catheter
and, upon its emanation at the distal end of the catheter
into the vascular cavity, assumes its relaxed operable
configuration.

[0021] The device of the invention can be used in a
method of occluding a desired portion of a vesicle in a
patient comprising inserting into at least a portion of the
vesicle the vasoocclusive device. Preferably, the method
further comprises inserting into the desired portion of said
vesicle a plurality of vasoocclusive devices concentrically
nesting with each other when in the operably substan-
tially spherical configuration. Said plurality of vasoocclu-
sive devices are longitudinally attached in tandem when
in the inoperable substantially elongate configuration,
and preferably concentrically nesting with each other
when in the operable substantially spherical configura-
tion. Preferably, at least one said vasoocclusive device
concentrically nesting within another vasoocclusive
member comprises thrombogenic fibres attached to at
least a portion thereof. Preferably, the vesicle is an artery
and the desired portion is an aneurysm.

[0022] Embodiments of the invention will now be de-
scribed, by way of example, with reference to the accom-
panying drawings, in which:-

Figure 1 shows a side view of a spherical device.

Figure 2 shows a side view of a device having an
oval cross-section

Figure 3 showns a side view of a device using a
thrombogenic fibre

Figure 4 shows a magnified section of a helical coil
as could be used in the inventive device having fila-
mentary material attached through the loop of the
device.

Figure 5 shows a magnified section of a helical coil
covered by an outer fibrous braided covering

Figure 6A shows a central cross-section of an em-
bodiment having a vasoocclusive sphere covered
with fibres positioned within a first vasoocclusive
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sphere as it would appear when deployed within a
portion of vesicle.

Figure 6B shows a side view of the embodiment
shown in Figure 6A in the wound configuration, but
not deployed in a vesicle.

Figure 7 shows a mandrel suitable for winding mak-
ing a device according to the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0023] Figure 1 shows a substantially spherical occlu-
sive device (100) in the operable configuration The oc-
clusive device (100) comprises at least one strand (102)
of flexible material movable between an inoperable sub-
stantially linear configuration for insertion into and
through a means for delivering the device to a desired
portion of a vesicle, and an operable, substantially spher-
ical configuration for occluding at least a portion of said
vesicle Preferably, the vesicle is an artery and the desired
portion is an aneurysm, however, the invention contem-
plates that any bodily vesicle or cavity may be occluded
by the device. The strand (102) shown is wound in a
tertiary substantially spherical structure so as to have
multiple loops spaced generally equally to form a cavity,
or cage-like structure. The rear side strand (102) loops
are shown as dotted lines for clarity, however, these
would be visible through the open areas of the cage. It
is clearly not necessary that the tertiary shape be pre-
cisely asphere, butitis desirable from a mechanical point
of view that such a spacing be approached. The invention
contemplates that the occlusive device (100) is wound
into and is self-forming into a substantially spherical or
distorted spherical form.

[0024] In one arrangement, it is intended that the de-
vice (100) in the operable configuration be in a roughly
spherical cavity or cage-like structure where at least
90-95% of the strand (102) is in the outer 10-15 % ofthe
diameter ofthe device (100). The precise number of loops
of the strand will vary and depends upon the type of ves-
icle or cavity to be filled, and upon the length of catheter
tubing necessary for deployment in the extended, linear
position.

[0025] Figure 2 shows a variation in side view in which
the shape of the anatomically conforming vasoocclusive
device (104) is oval or egg-shaped, yet still substantially
spherical in the operable configuration. Other than the
final shape of the Figure 2 device (104), it is similar to
that shown in Figure 1. Itis of little importance which axis
of the ovoid structure is the major axis and which is the
minor axis. In general, itis desirable that the device (104)
be constructed in such a way that the resulting relaxed
device (104) have a shape similar to the cavity into which
it is placed. Somewhat less spherical configurations of
the device are permissible and, in many instances, even
desired, depending upon the anatomical shape of the
vesicle or cavity to be occluded. The substantially spher-
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ical shape prevents the vasoocclusive device from col-
lapsing upon itself. By the term "substantially spherical”
is meant a shape which includes spherical as well as
other distorted shapes, such as ovate, ovoid, or ellipsoid,
but in any event having two orthogonal cross sections
which are closed shapes having no substantially straight
sides.

[0026] The material used in the occlusive device (100)
may be any of a wide variety of materials. Preferably, the
strand (102) is a wire constructed of a radiopaque mate-
rial such as a metal or a polymer. Suitable metals and
alloys for the wiring include Platinum Group metals, es-
pecially platinum rhodium, palladium, as well as tung-
sten, gold, silver, tantalum, and alloys of these metals.
Highly preferred is a platinum/tungsten alloy.

[0027] The wire may also be of any of a wide variety
of stainless steels if some sacrifice of radiopacity may be
tolerated. Very desirable materials of construction, from
a mechanical point of view, are materials which maintain
their shape despite being subjected to high stress. Cer-
tain "super-elastic alloys" include nickel/titanium alloys
(48-58 atomic % nickel, and optionally containing modest
amounts of iron); copper/zinc alloys (38-42 weight %
zinc); copper/zinc alloys containing 1-10 weight % of be-
ryllium, silicon, tin, aluminum, or gallium; or nickel/alumi-
num alloys (36-38 atomic % aluminum) Particularly pre-
ferred are the alloys described in U.S. Patent Nos.
3,174,851; 3,351,463; and 3,753,700. Especially pre-
ferred is the titanium/nickel alloy known as nitinol. These
are very sturdy alloys which will tolerate significant flexing
without deformation even when used as a very small di-
ameter wire. Additionally, the strand may be constructed
of apolymer, such as polyvinyl alcohol foam, for example.
[0028] Generally speaking, when the device (100) is
formed of a metal such as platinum or a super-elastic
alloy such as nitinol, the diameter of the wire used in the
production of the coil will be in the range of 0.0127mm
t00.1524mm (0.0005 and 0.006 inches). The wire of such
diameter is typically then wound into a coil having a pri-
mary diameter of between 0.127mm and 0.4572mm
(0.005 and 0.018 inches). The preferable diameter is
0.254mmt00.4572mm (0.010t0 0.018 inches) . The wire
should be of sufficient diameter to provide a hoop
strength to the resulting device sufficient to hold the de-
vice (100) in place within the chosen body cavity without
distending the wall of the cavity and without moving from
the cavity as a result of the repetitive fluid pulsing found
in the vascular system. Obviously, should a super-elastic
alloy such nitinol be used, the diameter of the coil wire
can be significantly smaller than that used when the rel-
atively ductile platinum or platinum/tungsten alloy is used
as the material of construction. Finally, as regards Figure
1, the overall diameter of the device (100) in the operable
configuration is generally between 3 and 40 millimeters.
Most aneurysms within the cranial vasculature can be
treated by one or more devices having those diameters
[0029] AscanbeseeninFigure 3, the occlusive strand
(107) may be adapted with fibers (108) such as synthetic
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radiolucent fibers or polymers (or metallic threads coated
with radiolucent or radiopaque fibers) such as dacron
(polyester), polyglycolic acid, polylactic acid, fluoropoly-
mers (polytetrafluoro-ethylene), nylon (polyamide), or
even silk. Natural fibers such as silk, cotton or wool may
also be employed. Should a fiber be used as the major
component of the strand (102), it is desirably filled with
some amount of a known radiopaque material such as
powdered tantalum, powdered tungsten, bismuth oxide,
barium sulfate, and the like.

[0030] The fibrous elements incorporated into the
braid may be a bundle of individual fibers, e.g., between
5 and 100 fibers per fibrous bundle, preferably 20-30 fib-
ers per bundle, or may be monofilaments. As was noted
above, it may be desirable in certain circumstances to
add fibrous materials outlying the vasoocclusive core so
to provide additional bulk and area for creation of throm-
bosis.

[0031] Figure 4 shows a magnified side view of a hel-
ically coiled vasoocclusive strand (110) as may be used
in the variations of the invention. Shown attached to the
coiled vasoocclusive strand (110) are fibrous polymeric
materials (112, 114) attached to the member (110) by
distinct two methods. First is a series of looping fibers
(112), which are looped through or tied to the strand
(110) and continue axially down the coil. Another varia-
tion is the tuft (114) shown tied or otherwise affixed to
the strand (110). Tufts (114) are tied at multiple sites
through the coiled strand (110) so to provide a vast area
of thrombus forming sites

[0032] The occlusive strand (110) in Figure 4 is shown
to have a secondary structure of helically wound flexible
material. The helixes provide further support to the sub-
stantially spherical form when in the operable configura-
tion. In another variation of the invention in which the
device can comprise a plurality of small, braided strands
(not shown). The strands can be braided elements made
partially of regularly or randomly included radiopaque
wires. Again, the braid may optionally be partially woven
of, or co-woven with, fibers. The wire or fibers used in
the production of the braid will typically be fairly small,
e.g., in the range of 0.0127mm to 0.0381 mm (0.0005 to
0.0015 inches). The resulting woven braid diameter will
normally be 0.2032mm to 0.4572mm (0.008 to 0.018
inches. The braided structure is typically not as compliant
as is that of a coiled secondary structure. Consequently,
a more ductile material such as platinum may be prefer-
able in such a device. The braid structure permits intro-
duction of natural or synthetic fibrous materials such as
Dacron and the other filaments noted below which pro-
mote formation of a thrombus.

[0033] Additionally, the invention contemplates that a
safety wire (not shown) may be inserted through the lon-
gitudinal axis of the helically coiled strand to provide
structural support. Alternatively, the safety wire may be
first formed to be flexibly disposed in a substantially
spherical form, and then inserted through the longitudinal
axis of a helically coiled strand which has not been pre-
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formed in a substantially spherical form.

[0034] Figure 5 shows still another variation and meth-
od for increasing the thrombogenic capability and rate of
the device. Figure 5 shows an embolic, helically shaped
strand (116) co-woven with and covered by a fibrous
braid (118). One method for producing the variation
shown in Figure 5 is described in U.S. Patent Nos.
5,226,911 and 5,304,194 to Chee. One manner of pro-
ducing the variation shown in Figure 5 is described in
U.S. Patent No. 5, 382, 259 to Phelps and Vann. One
manner of making a co-woven braid using radiopaque
fibers is shown in U.S. Patent No. 5,423,849 to Engelson
and Samson. Each of these techniques may be used in
making the vasoocclusive devices described herein,
however, other similar techniques will be known to the
skilled artisan.

[0035] Procedures for incorporating first substantially
spherical occlusive devices of this invention into an an-
eurysm or other vascular vesicle can be followed by in-
troduction of other occlusive devices into the center of
the cavity formed by the first occlusive device to produce
superior physical stability.

[0036] Figure 6A shows across-section of such anem-
bodiment of the invention, wherein two vasoocclusive
strand portions (142, 144) are provided to nest concen-
trically with each other in the operable configuration. The
larger vasoocclusive strand portion (142) can serve as a
cavity in which to concentrically house the other smaller
vasoocclusive strand portion (144). When the device
(140) is unwound in the inoperable configuration, each
vasoocclusive strand portion (142, 144) is aligned longi-
tudinally in tandem. Such a vasoocclusive device (140)
with a plurality of concentric vasoocclusive portions can
be made from the same metallic strand along different
portions thereof, or separate strands can be prepared
and then fused together at their ends in longitudinal tan-
dem. Figure 6B shows this embodiment in a partially un-
wound position to demonstrate that the spheres are ar-
ranged in tandem along the same strand. The aligned
vasoocclusive strand portions (142, 144) can each be
wound on the same or slightly different sized mandrel in
order to form a multiple-layered sphere when positioned
in the wound, operable configuration

[0037] The invention contemplates that a plurality of
concentrically nesting occlusive strand portions may be
employed. Each spherical occlusive strand portion may
have a unique size, so that the device is capable of con-
centric nesting with the other occlusive members. The
invention also contemplates that a plurality of substan-
tially spherical strand portions, or other known vasooc-
clusive devices, can beinserted in a non-concentric man-
ner inside a substantially spherical cavity created by the
first strand portion. To protect flowing blood from a throm-
bogenic surface, the outermost coils may be bare, or un-
fibered. Providing natural or synthetic fibers (146) to the
innermost strand portion (144) increases the thrombo-
genicity therein and protects the vesicle from flowing
blood. In this way, blood clotting begins in the center of
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the vasoocclusive device and proceeds outward, stop-
ping at the arterial lumen.

[0038] Figure 7 depicts a mandrel (120) suitable for
making a substantially spherical vasoocclusive device.
As shown, the mandrel (120) can primarily consist of a
core (124). The core (124) is typically made of arefractory
material, such as alumina or zirconia. The function of the
core (124) is simply to form a support for winding that will
not pollute the vasoocclusive device during the heat-
treatment step to be described below, and will provide a
specific substantially spherical form for the vasoocclu-
sive device during the heat-treatment step. Circumferen-
tially continuous grooves (122) on the surface of the core
(124) may be preferably provided to assist in regularly
aligning the strand as it is being wound about the core
(124). Additionally, a small strand receptacle (126) may
be provided to insert and hold the end or ends of the
strand in place when performing the heating step. Other
methods of winding a strand around a core will be ap-
parent to one skilled in the art. The continuous grooves
(122) are preferably provided to permit the strand to be
wound about the core (124) with minimal kinking or an-
gulation of the coils.

[0039] If the entire then-wound vasoocclusive device
is metallic, it may be placed in an oven at an appropriate
temperature to "set" or impart the substantially spherical
form to the device. If the device is a platinum alloy of or
nitinol, such a temperature is 593 degrees Celsius (1100
degrees Fahrenheit), for 4 hours to provide a modest
amount of preshaping to the resulting vasoocclusive de-
vice. Should the make-up of the vasoocclusive device
not be solely metal, in that it contains readily meltable
plastic or the like, the temperature at which the heat treat-
ment takes place is significantly lower and typically for a
significantly shorter period of time. The flexural modulus
of most plastics being significantly lower than that of met-
als, the bulk of the polymer-based device will be signifi-
cantly larger than that of the metal-based device.
[0040] After cooling, the device is removed from the
core (124). Any filamentary fibrous material may then be
attached to the strand as described above. The vasooc-
clusive device is then placed in a cannula or catheter for
delivery in the inoperable substantially linear configura-
tion into a selected body cavity or vesicle, where it then
assumes the operable substantially spherical configura-
tion.

[0041] Practitioners in this medical device area will un-
doubtedly have other ways of producing the noted ana-
tomically shaped occlusive and vasoocclusive devices.
The vasoocclusive devices of this invention may be used
in a manner similar to those methods described in U.S.
Patent No 4,994,069. Briefly, the inventive devices are
typically—supplied in a prepackaged form in a sterile
cannula which is adapted to engage the proximal end of
a catheter. Once the catheter is in place within a vessel
and the distal end of the catheter is placed into, e.g., a
mouth of an aneurysm, the vasoocclusive device is in-
serted into the aneurysm, where it assumes its relaxed

10

15

20

25

30

35

40

45

50

55

shape. Although the device may be used with a flexible
pusher without connection to the vasoocclusive device
described here, much more desirable is the use of a me-
chanically detachable coupling on the vasoocclusive de-
vice and the pusher. Any of the mechanically detachable
couplings described above in the Background of the In-
vention would be suitable in this instance.

[0042] The examples herein are intended to illustrate,
but not limit, the present invention. While they are typical
of those that might be used, other procedures known to
those skilled in the art may alternatively be employed.

EXAMPLE

[0043] Transparent, elastic, vesicle models were con-
structed with two rows of lateral wall aneurysms for com-
parison: two each at diameters of 10, 8, 6, and 4 millim-
eters. One row had narrow necks (less than 50% of an-
eurysm diameter), the other had wide necks (greaterthan
50% of aneurysm diameter). The models were perfused
with both Newtonian and with non-Newtonian fluids flow-
ing at physiologic volumes and pulse profiles. Isobaric
dyes were injected and the flow dynamics observed. Var-
ious sizes and kinds of previously known coils, such as
the Guglielmi Detachable Coil, were delivered to the an-
eurysms, in addition to various sizes of the devices of
the present invention, and the changes in flow dynamics
were observed and compared.

[0044] The angular velocities within the aneurysm
were observed to vary inversely with aneurysm diameter.
Thatis to say that smaller aneurysms had a faster angular
flow velocities, however, both small-neck aneurysms and
wide-neck aneurysms were observed to have high an-
gular flow velocities. Aneurysms with wider necks were
observed to have more rapid peripheral flow than those
with smaller necks.

[0045] The spherical vasoocclusive devices of the
present invention introduced into the aneurysms mark-
edly decreased the angular and peripheral velocity by
creating more internal friction and/or by better insulating
the fluid in the aneurysm from that section of the parent
artery. Such an improved stasis of blood flow is critical
to the success of the invention to promote blood clot for-
mation. As compared to other available coils tested, the
vasoocclusive devices of the present invention were very
surprisingly successful and yielded unexpectedly im-
proved results.

[0046] The vasoocclusive devices remained stable
and in a substantially spherical form within the aneu-
rysms, especially thatmade from 0.1016mm (0.004-inch)
platinum wire and inserted into the smaller aneurysms.
This was in contrast to the other available coil devices
tested, which had a tendency to collapse into ring forms
when disturbed, as by the introducing cathetertip. In larg-
er aneurysms, especially those with wide necks, the
greater hoop strength of the vasoocclusive devices of
the presentinvention provided the desirable physical sta-
bility within the aneurysm.
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Claims

An occlusive device (140) comprising at least one
strand (142,144) of a flexible material, the device
(140) being formed such that it is self-forming to be
distendible from an inoperable elongate configura-
tion, for insertion into and through a means for de-
livering the device to a desired portion of a vesicle
into an operable, substantially spherical, skeletal
cage-like structure defining a shape having two or-
thogonal cross-sections which are closed shapes
having no substantially straight sides wherein said
strand (142,144) of flexible material comprises a first
portion (142) and a second portion (144), said first
and second portions being aligned longitudinally in
tandem when said device (140) is in the inoperable
elongate configuration, and wherein the first portion
(142) forms said substantially spherical, skeletal
cage-like structure when in its distended configura-
tion and said second portion (144) is disposed within
said cage-like structure of the first portion (142).

The device according to claim 1 wherein said strand
(142,144) is helical in shape and optionally, further
comprises a safety strand inserted longitudinally
through said helical shape.

The device of any of the preceding claims which com-
prises a first strand (110) and a second strand (112)
is co-woven along at least a portion of the length of
the first strand.

The device of any of the preceding claims, wherein
said flexible material comprises one of the following:

(i) a metal selected from platinum, palladium,
rhodium, gold, tungsten and alloys thereof;

(i) an alloy of platinum and tungsten;

(i) an alloy selected from a stainless steel and
a super-elastic alloy;

(iv) a polymer;

(v) an alloy of titanium and nickel; or

(vi) an alloy of platinum.

The device of any preceding claim wherein said sec-
ond portion (144) is disposed concentrically within
said first portion (142).

The device of any preceding claim wherein at least
a portion (146) of said second portion (144) of said
strand (142,144) comprises a means for increasing
the thrombogenicity of the device (140).

The device of any preceding claim further comprising
aplurality of additional strand portions disposed with-
in said cage-like structure of the first portion (142),
optionally, atleast a portion of said plurality of strand
portions comprises fibres attached thereto.
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The device of claim 7 wherein said plurality of addi-
tional strand portions are either:

(i) concentrically disposed with each other within
said cage-like structure of the first portion (142);
or

(i) non-concentrically disposed with each other
within said cage-like structure of the first portion
(142).

A device of claim 6 wherein said means for increas-
ing the thrombogenicity comprises fibres (146) at-
tached to at least a portion of said strand (142,144).

A device of claim 7 or claim 9, wherein said fibres
(146) further comprise a radiopaque marker.

A method for producing a vasoocclusive device (140)
comprising at least one strand (142,144) of a flexible
material which device (140) is self-forming to be dis-
tendible from an inoperable elongate configuration,
for insertion into and through a means for delivering
the device to a desired portion of a vesicle into an
operable, substantially spherical, skeletal cage-like
structure defining a shape having two orthogonal
cross-sections which are closed shapes having no
substantially strenght sides wherein said strand
(142,144) of flexible material comprises afirst portion
(142) and a second portion (144), said first and sec-
ond portions being aligned longitudinally in tandem
when said device 140) is in the inoperable elongate
configuration, and wherein the first portion (142)
forms said substantially spherical, skeletal cage-like
structure when in its distended configuration and
said second portion (144) is disposed within said
cage-like structure of the first portion (142) which
method comprises the steps of:

(a) winding said first portion (142) of said at least
one strand (142,144) of flexible material onto a
first core (124) having a substantially spherical
form;

(b) winding said second portion (144) of said at
least one strand (142,144) of flexible material
onto a second core;

(c) heating the first and second cores (124) and
the strand (142,144) to a temperature such as
toimpart to said strand (142,144) a substantially
spherical form when it is relaxed with the first
portion (142) forming said cage-like structure
and said second portion (144) being disposed
within said cage-like structure, and

(d) removing said strand (142,144) from said
cores (124), thereby producing said vasoocclu-
sive device (140).

The method of claim 11 which further comprises one
or both of the following features:
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(i) said first core (124) further comprises a cir-
cumferentially continuous groove (122) re-
cessed therein, for releasably maintaining said
strand (142,144) in a substantially spherical
configuration;

(i) wherein said step of heating is at about 593
degrees Celsius (1100 degrees Fahrenheit).

A method of claim 11 or claim 12 wherein the device
(140) comprises the features recited in one or more
of claims 2 to 4 and claims 9 and 10.

The method of claim 11 wherein said second portion
(144)0f said strand (142,144) is disposed concentri-
cally within the cage-like structure of the first portion
and/or there are a plurality of additional portions, the
additional portions optionally being disposed con-
centrically within each other.

The method of claim 14 further comprising means
(146) on at least one portion of said strand (142,144)
for increasing the thrombogenicity of the device
(140) and/or the features recited in one or more of
claims 1 and 10.

Patentanspriiche

1.

Okklusionsvorrichtung (140), umfassend wenig-
stens einen Strang (142, 144) aus flexiblem Material,
wobei die Vorrichtung (140) derart ausgebildet ist,
dass sie selbstformend ist, um von einer nicht be-
triebsmaRigen, langlichen Konfiguration fiir das Ein-
fuhren in und durch ein Mittel zum Ausgeben der
Vorrichtung zu einem gewtinschten Abschnitt eines
Gefalles in eine betriebsmafRige, im wesentlichen
kugelartige skelettartige, kafigartige Struktur ausge-
dehnt werden zu kénnen, die eine Form mit zwei
orthogonalen Querschnitten definiert, die geschlos-
sene Formen ohne im wesentlichen gerade Linien
sind, wobei der Strang (142, 144) aus flexiblem Ma-
terial einen ersten Abschnitt (142) und einen zweiten
Abschnitt (144) aufweist, wobei die ersten und zwei-
te Abschnitte langs im Tandem ausgerichtet sind,
wenn die Vorrichtung (140) in der nicht betriebsma-
Rigen langlichen Konfiguration ist, und wobei der er-
ste Abschnitt (142) die im wesentlichen kugelartige,
skelettartige, kafigartige Struktur bildet, wenn sie
sich in der ausgedehnten Konfiguration befindet und
der zweite Abschnitt (144) innerhalb der kafigartigen
Struktur des ersten Abschnitts (142) angeordnet ist.

Vorrichtung nach Anspruch 1, wobei der Strang
(142, 144) schraubenférmig ist und optional dartiber
hinaus einen in Langsrichtung durch die Schrauben-
form eingeflhrten Sicherheitsstrang umfasst.

Vorrichtung nach einem der vorangehenden An-

10

15

20

25

30

35

40

45

50

55

EP 0 743 047 B9

10.

11.

14

spriiche, die einen ersten Strang (110) umfasst, und
ein zweiter Strang (112) entlang wenigstens einem
ersten Abschnitt der Lange des ersten Strangs mit-
gewebt ist.

Vorrichtung nach einem der vorangehenden An-
spriiche, wobei das flexible Material eines der fol-
genden umfasst:

(i) ein Metall aus der Gruppe Platin, Palladium,
Rhodium, Gold, Wolfram und Legierungen da-
von;

(ii) eine Legierung aus Platin und Wolfram;

(iii) eine Legierung, die aus einem Edelstahl und
einer superelastischen Legierung ausgewahlt
ist;

(iv) ein Polymer;

(v) eine Legierungaus Titan und Nickel; oder
(vi) eine Platinlegierung.

Vorrichtung nach einem der vorangehenden An-
spruche, wobei der zweite Abschnitt (144) konzen-
trisch in dem ersten Abschnitt (142) angeordnet ist.

Vorrichtung nach einem der vorangehenden An-
spriiche, wobei wenigstens ein Teil (146) des zwei-
ten Abschnitts (144) des Strangs (142, 144) ein Mittel
zum Erhdéhen der Thrombogenitat der Vorrichtung
(140) umfasst.

Vorrichtung nach einem der vorangehenden An-
spriche, welche darlber hinaus eine Vielzahl zu-
satzlicher, in der kafigartigen Struktur des ersten Ab-
schnitts (142) angeordneter Strangabschnitte um-
fasst, wobei optional wenigstens ein Teil der Vielzahl
von Strangabschnitten daran befestigte Fasern auf-
weist.

Vorrichtung nach Anspruch 7, wobei die Vielzahl zu-
satzlicher Strangabschnitte entweder:

(i) in der kéfigartigen Struktur des ersten Ab-
schnitts (142) zueinander konzentrisch ange-
ordnet ist; oder

(i) in der kafigartigen Struktur des ersten Ab-
schnitts (142) zueinander nicht konzentrisch an-
geordnet ist.

Vorrichtung nach Anspruch 6, wobei das Mittel zum
Erhéhen der Thrombogenitat an wenigstens einem
Teil des Strangs (142, 144) befestigte Fasern (146)
umfasst.

Vorrichtung nach Anspruch 7 oder Anspruch 9, wo-
bei die Fasern (146) darlber hinaus einen Réntgen-

strahlen absorbierenden Marker aufweisen.

Verfahren zur Herstellung einer GefaRokklusions-
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vorrichtung (140), umfassend zumindest einen
Strang (142, 144) aus flexiblem Material, wobei die
Vorrichtung (140) selbstformend ist, sodass sie von
einer nicht betriebsmagigen, l1&nglichen Konfigurati-
on zum Einfiihren in und durch ein Mittel zum Aus-
geben der Vorrichtung zu einem gewlinschten Ab-
schnitt eines Gefalles in eine betriebsmafige, im
wesentlichen kugelartige, skelettartige, kafigartige
Struktur ausdehnbar ist, die eine Form mit zwei or-
thogonalen Querschnitten definiert, die geschlosse-
ne Formen ohneimwesentlichen gerade Linien sind,
wobei der Strang (142, 144) aus flexiblem Material
einen ersten Abschnitt (142) und einen zweiten Ab-
schnitt (144) aufweist, wobei die ersten und zweiten
Abschnitte 1dngs im Tandem ausgerichtet werden,
wenn die Vorrichtung (140) in der nicht betriebma-
Rigen langlichen Konfiguration ist, und wobei der er-
ste Abschnitt (142) die im wesentlichen kugelartige,
skelettartige, kafigartige Struktur bildet, wenn sie in
ihrer ausgedehnten Konfiguration ist und der zweite
Abschnitt (144) innerhalb der kéfigartigen Struktur
des ersten Abschnitts (142) angeordnet ist, wobei
das Verfahren die Schritte umfasst:

(a) Wickeln des ersten Abschnitts (142) des zu-
mindest einen Strangs (142, 144) aus flexiblem
Material auf einen ersten Kern (124) mitim We-
sentlichen kugelartiger Form;

(b) Wickeln des zweiten Abschnitts (144) des
zumindest einen Strangs (142, 144) aus flexi-
blen Material auf einen zweiten Kern;

(c) Erhitzen der ersten und zweiten Kerne (124)
und des Strangs (142, 144) auf eine solche Tem-
peratur, die dem Strang (142, 144) eine im we-
sentlichen kugelartige Form verleiht, wenn er
losgelassen wird, wobei der erste Abschnitt
(142) die kafigartige Struktur bildet und der zwei-
te Abschnitt (144) innerhalb der kafigartigen
Struktur angeordnet ist, und

(d) Entfernen des Strangs (142, 144) von den
Kernen (124), um hierdurch die Gefélokklusi-
onsvorrichtung (140) herzustellen.

12. Verfahren nach Anspruch 11, welches dariber hin-

aus eines oder beide der folgenden Merkmale auf-
weist:

(i) der Kern (124) umfasst dartiber hinaus eine
darin ausgesparte, umfangmaRig fortlaufende
Rille (122) zum lIésbaren Halten des Strangs
(102, 107, 142, 144) in einer im Wesentlichen
kugelartigen Konfiguration;

(i) wobei der Schritt des Erhitzens eine Tempe-
ratur von ungeféhr 593 ° C (1100 °F) umfasst.

13. Verfahren nach Anspruch 11 oder Anspruch 12, wo-

bei die Vorrichtung (140) die in einem oder mehreren
der Anspriiche 2 bis 4 und der Anspriiche 9 und 10
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genannten Merkmale aufweist.

14. Verfahren nach Anspruch 11, wobei der zweite Ab-
schnitt (144) des Strangs (142, 144) konzentrisch in
der kafigartigen Struktur des ersten Abschnitts an-
geordnet wird und/oder es eine Vielzahl von zuséatz-
lichen Abschnitten gibt, wobei die zusatzlichen Ab-
schnitte optional konzentrisch ineinander angeord-
net werden.

15. Verfahren nach Anspruch 14, welches dariber hin-
aus Mittel (146) an wenigstens einem Abschnitt des
Strangs (142, 144) umfasst, um die Thrombogenitat
der Vorrichtung (140) zu erhéhen und/oder welches
die in einem oder mehreren der Anspriche 1 und 10
genannten Merkmale aufweist.

Revendications

1. Dispositif d’'occlusion (140) comprenant au moins un
brin (142, 144) d’un matériau flexible, le dispositif
(140) étant formé de telle maniére qu'il est auto-
adaptable pour étre distensible d’'une configuration
allongée et inutilisable, pour l'insertion dans et a tra-
vers un moyen pour acheminer le dispositif jusqu’a
une partie désirée d’'une vésicule, a une structure
utilisable, sensiblement sphérique, semblable a une
cage squelettique, définissant une forme ayant deux
sections orthogonales qui sont des formes fermées
n’ayant sensiblement pas de cétés droits, dans le-
quel ledit brin (142, 144) d’'un matériau flexible com-
prend une premiére partie (142) et une seconde par-
tie (144), lesdites premiére et seconde parties étant
aligénes longitudinalement en couple lorsque ledit
dispositif (140) est dans une configuration allongée
inutilisable, et dans lequel ladite premiére partie
(142) forme ladite structure sensiblement sphérique,
semblable a une cage squelettique lorsqu’il se trouve
dans sa configuration distendue, et ladite seconde
partie (144) est disposée a l'intérieur de ladite struc-
ture semblable a une cage de la premiere partie
(142).

2. Dispositif selon la revendication 1, dans lequel ledit
brin (142, 144) est de forme hélicoidale et facultati-
vement, comprend en outre un brin de sécurité in-
séré de maniére longitudinale dans ladite forme hé-
licoidale.

3. Dispositifselonl'une quelconque des revendications
précédentes, qui comprend un premier brin (110),
et un second brin (112) est co-tissé le long d’au
moins une partie de la longueur du premier brin.

4. Dispositif selon'une quelconque des revendications

précédentes, dans lequelledit matériau flexible com-
prend I'un de ce qui suit :



10.

1.

17 EP 0 743 047 B9 18

(i) un métal choisi entre le platine, le palladium,
le rhodium, l'or, le tungsténe, et des alliages de
ceux-ci ;

(i) un alliage de platine et de tungsténe ;

(iii) un alliage choisi entre un acier inoxydable
et un alliage super-élastique ;

(iv) un polymere ;

(v) un alliage de titane et de nickel ; ou

(vi) un alliage de platine.

Dispositif selon 'une quelconque des revendications
précédentes, dans lequel ladite seconde partie (144)
est disposée de maniere concentrique a l'intérieur
de ladite premiére partie (142).

Dispositif selon 'une quelconque des revendications
précédentes, dans lequel au moins une partie (146)
de ladite seconde partie (144) dudit brin (142, 144)
comprend un moyen destiné a augmenter la throm-
bogénicité du dispositif (140).

Dispositif selon 'une quelconque des revendications
précédentes, comprenant en outre une pluralité de
parties de brins supplémentaires disposées a l'inté-
rieur de ladite structure semblable a une cage de la
premiere partie (142), facultativement, et au moins
une partie de ladite pluralité des parties de brin com-
prend des fibres attachées a celles-ci.

Dispositif selon la revendication 7, dans lequel ladite
pluralité de parties de brins supplémentaires sont
soit :

(i) disposées de maniére concentrique les unes
par rapport aux autres a l'intérieur de ladite
structure semblable & une cage de la premiére
partie (142) ; soit

(i) disposées de maniere non concentrique les
unes par rapport aux autres al'intérieur de ladite
structure semblable a une cage de la premiére
partie (142).

Dispositif selon la revendication 6, dans lequel les-
dits moyens destinés a augmenter la thrombogéni-
cité comprennent des fibres (146) attachées a au
moins une partie dudit brin (142, 144).

Dispositif selon larevendication 7 ou la revendication
9, dans lequel lesdites fibres (146) comprennent en
outre un marqueur radio-opaque.

Procédé de production d’'un dispositif d’occlusion
vasculaire (140) comprenant au moins un brin (142,
144) d’un matériau flexible, lequel dispositif (140) est
auto-adaptable pour étre distensible d’'une configu-
ration allongée et inutilisable, pour I'insertion dans
et a travers un moyen pour acheminer le dispositif
jusqu’a une partie désirée d’'une vésicule, a une
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structure utilisable, sensiblement sphérique, sem-
blable a une cage squelettique, définissant une for-
me ayant deux sections orthogonales qui sont des
formes fermées n’ayant sensiblement pas de cotés
droits, dans lequel ledit brin (142, 144) d’'un matériau
flexible comprend une premiere partie (142) et une
seconde partie (144), lesdites premiére et seconde
parties étant aligénes longitudinalement en couple
lorsque ledit dispositif (140) est dans une configura-
tion allongée inutilisable, et dans lequel ladite pre-
miére partie (142) forme ladite structure sensible-
ment sphérique, semblable a une cage squelettique
lorsqu’il se trouve dans sa configuration distendue,
et ladite seconde partie (144) est disposée a l'inté-
rieur de ladite structure semblable a une cage de la
premiére partie (142), lequel procédé comprend les
étapes suivantes :

(a) enrouler ladite premiére partie (142) dudit au
moins un brin (142, 144) de matériau flexible sur
un premier noyau (124) ayant une forme sensi-
blement sphérique ;

(b) enrouler ladite deuxiéme partie (144) dudit
au moins un brin (142, 144) de matériau flexible
sur un deuxiéme noyau ;

(c) chauffer les premier et deuxieme noyaux
(124) et le brin (142, 144) a une température de
maniére a impartir audit brin (142, 144) une for-
me sensiblement sphérique lorsqu'’il est relaché
avec la premiéere partie (142) formant la struc-
ture semblable a une cage et la seconde partie
(144) étant disposée a l'intérieur de ladite struc-
ture semblable a une cage, et

(d) retirer ledit brin (142, 144) desdits noyaux
(124), produisant ainsi ledit dispositif d’occlu-
sion vasculaire (140).

12. Procédé selon la revendication 11, qui comprend en

outre une des caractéristiques suivantes ou les
deux :

(i) ledit premier noyau (124) comprend en outre
un sillon continu de maniére circonférentielle
(122), encastré a l'intérieur de celui-ci pour
maintenir de maniére libérable ledit brin (142,
144) dans une configuration sensiblement sphé-
rique;

(i) dans lequel ladite étape de chauffage est a
environ 593 degrés Celsius (1100 degrés Fa-
hrenheit).

13. Procédé selon la revendication 11 ou la revendica-

tion 12, dans lequel le dispositif (140) comprend les
caractéristiques citées dans une ou plus des reven-
dications 2 a 4 et des revendications 9 et 10.

14. Procédé selonlarevendication 11, dans lequel ladite

deuxiéme partie (144) dudit brin (142, 144) est dis-
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posée de maniére concentrique a lintérieur de la
structure semblable a une cage de la premiére par-
tie, et/ou il y a une pluralité de parties supplémen-
taires, les parties supplémentaires étant disposées
facultativement de maniére concentrique les unes a
l'intérieur des autres.

Procédé selon la revendication 14, comprenant en
outre des moyens (146) surau moins une partie dudit
brin (142, 144) destinés a augmenter la thrombogé-
nicité du dispositif (140) et/ou les caractéristiques
citées dans une ou plus des revendications 1 et 10.
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