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FIG. 1

(57) Abstract: An embolic implant for treating aneurysms or other vascular disorders may include a cover component of unitary
construction that is disposed about the exterior of a microcoil such that it does not extend into a lumen formed by the coil. The cover
can enhance packing volume and density per unit length of coil, and can prevent blood flow and cause blood clotting while not risk-
ing rupture of the vascular disorder. The cover may also provide a platform for the application of multiple treatments and/or ther -
apies including, for example, functionalized and/or bioactive coatings, drug coatings, gene therapy, thrombogenicity control coat-
ings, and surface modifications, while preserving key coil performance attributes.
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COVERED EMBOLIC COILS

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims priority to and the benefit of, and incorporates herein by
reference in its entirety, U.S. Provisional Patent Application No. 62/029,413, which was filed
on July 25, 2014.

TECHNICAL FIELD

[0002] In general, various embodiments of this invention relate to embolic implants for use
in the minimally-invasive treatment of aneurysms and other vascular disorders and, more
specifically, to an embolic implant including a cover disposed about a microcoil that can

achieve more effective and predictable outcomes during such treatment.
BACKGROUND

[0003] In general, an aneurysm is a swelling or bulge that forms a cavity in the wall of a
blood vessel. One type of aneurysm is a cercbral aneurysm, which forms in an artery of the
brain. A cerebral aneurysm may develop suddenly without initial symptoms, and can cause
extreme pain. In general, in 15% of cercbral aneurysm cases, the patient dies suddenly upon
development of the cerebral aneurysm; in another 15% of cerebral aneurysm cases, the patient
dies under medical treatment; and in 30% of cerebral aneurysm cases, the patient survives after
treatment but feels an acute aftereffect. As such, a cerebral aneurysm (or any aneurysm) is a
very concerning development.

[0004] The treatment of aneurysms and other similar vascular disorders often involves the
placement of microcoils within the cavity formed by the aneurysm or disorder. Doing so can
cause blood to clot, prevent an additional inflow of blood, and decrease the risk of the
aneurysm or disorder rupturing (i.e., an embolization). In order to be effective, an embolic
microcoil must apply pressure sufficient to prevent additional blood flow, but not an excessive
amount of pressure that causes rupture.

[0005] To improve their function, some existing coils include integrated, mesh-like embolic

ribbon(s) that extend outwardly in a radial direction from a central support member. Under a
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cross-sectional view, looking along the longitudinal axis of the central support member, the
mesh ribbon and support member are fixedly integrated and/or intersect one another. Such coil
structures are typically manufactured using thin metal film. The film is often formed using
vapor deposition techniques or by sputtering onto the support member, which is wound onto a
core cylindrical mandrel. After the mandrel and support member have been coated with the
thin metal film, the mesh pattern is cut using laser, mechanical, or conventional means. While
such coils can offer an increased occlusive surface area, they also have a large cross-sectional
profile that can create complications during delivery through a microcatheter. This structure
may also result in the placement of excessive pressure on the aneurysm wall (thereby risking its
rupture), inadequate stability, and/or inadequate biocompatibility with the interior of the
aneurysm sac.

[0006] Other existing microcoils are overlaid with a fibrous braided cover component.
Braided covers are typically formed from stiff metallic wires braided in an overlapping pattern.
Like mesh ribbons, braided covers can enhance the ability of the coil to fill and occlude the
aneurysm into which it is placed. However, a braided cover exhibits a number of drawbacks as
well. The inherent wire-on-wire design creates a stiff configuration that can cause friction
during delivery and excessive pressure upon deployment (potentially causing rupture). The
wire-on-wire design can also cause undesirable mechanical and/or corrosive wear known as
fretting. In addition, the relative motion between wires makes it difficult to incorporate surface
treatment and/or therapy options into the cover.

[0007] Accordingly, needs exist for an improved microcoil covering that can disrupt blood
flow while not risking rupture of the aneurysm. Further, a covering is needed that effectively

enables the delivery of surface treatments and other therapies.
SUMMARY OF THE INVENTION

[0008] In various embodiments, the present invention relates to an embolic implant having
a cover component that can prevent blood flow and cause blood clotting while not risking
rupture of the vascular disorder. The cover may be disposed about the exterior of the coil such
that it does not extend into a lumen formed by the coil. In certain embodiments, the cover is of
unitary construction and may include through-thickness patterns (e.g., stent-like patterns) that
enable greater packing volume and density per unit length of coil than existing devices, while
preventing the exertion of excessive pressure on the aneurysm wall. In comparison to existing

devices, the coil may exhibit a significant increase in biocompatible/blood-contacting surface
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area for effectively achieving stasis of blood-flow within the aneurysm sac. In some
embodiments, the cover component provides a vehicle or platform for the application of
multiple treatments and/or therapies including, for example, functionalized and/or bioactive
coatings, drug coatings, gene therapy, thrombogenicity control coatings, and surface
modifications (e.g., surface texture or roughness modifications, ion implantation, and surface
charge alterations). The covered embolic coil can be used with known bare platinum coil
(BPC) based techniques and instructions, for example, microcatheter based delivery and
radiopacity/visualization, and in conjunction with certain known accessories.

[0009] In general, in one aspect, embodiments of the invention feature an implant adapted
for use in treating a vascular disorder. The implant may include an embolic coil forming a
lumen, and a cover of unitary construction disposed about an exterior of the embolic coil,
where the cover does not extend into the lumen.

[0010] In various embodiments, the embolic coil includes a bare platinum coil. In some
instances, the cover is expandable such that it covers the embolic coil in a constrained
configuration during delivery of the implant to the vascular disorder and assumes an expanded
configuration when the implant is placed within the vascular disorder. In some instances, the
cover covers more surface area of the embolic coil in the expanded configuration than in the
constrained configuration. The cover may be spaced apart from the embolic coil along at least
a portion of the embolic coil when the cover is in the expanded configuration. In the expanded
configuration of the cover, the implant may have a biocompatible blood-contacting surface area
between 110% and 200% of the embolic coil alone.

[0011] In some cases, the cover includes a shape memory material. In some of the same or
other cases, the cover includes a pattern, such as a through-thickness cut pattern (e.g., a stent-
like pattern). The pattern may include cells, which can be closed cells, open cells, hybrid cells,
or combinations thereof. In some instances, the cells are sized as a function of at least one of
flow diversion, blood interaction, and expansion characteristics of the cover. In certain cases,
the cells themselves can have a constrained configuration and an expanded configuration. In
some instances, the cover includes at least one of a functionalized bioactive coating, a drug
coating, a gene therapy coating, a thrombogenicity control coating, and surface modifications
(e.g., surface texture alterations, surface roughness alterations, ion implantations, and surface

charge alterations).
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[0012] In some instances, the cover and embolic coil are concentric. In other instances, the
cover and embolic coil are eccentric. The implant may include a packing volume in a range
from 2 to 7 times a packing volume of the embolic coil alone. The embolic coil may be a
framing coil, a filling coil, and/or a finishing coil.

[0013] The cover may include a biocompatible MRI-safe material. The cover may have a
length of up to 50 cm, and may be helically wound. In some instances, the implant can include
a second cover of unitary construction disposed about the exterior of the embolic coil, where
the second cover does not extend into the lumen of the embolic coil.

[0014] In general, in another aspect, embodiments of the invention feature a method of
delivering an implant to a vascular disorder. The method can include the step of advancing the
implant, coupled to a delivery pusher, in proximity to the vascular disorder. The implant may
include an embolic coil forming a lumen, and a cover of unitary construction disposed about an
exterior of the embolic coil in a constrained configuration, where the cover does not extend into
the lumen. The method can also include the step of releasing the implant from the delivery
pusher and into the vascular disorder, whereby the cover expands into an expanded
configuration.

[0015] In various embodiments, the vascular disorder is a cerebral aneurysm. In some
instances, the cover covers more surface area of the embolic coil in the expanded configuration
than in the constrained configuration. In the expanded configuration of the cover, the implant
may include a biocompatible blood-contacting surface area between 110% and 200% of the
embolic coil alone. The cover may be spaced apart from the embolic coil along at least a
portion of the embolic coil when the cover is in the expanded configuration. In some cases, the
cover includes a shape memory material. In some of the same or other cases, the cover
includes a pattern, such as a through-thickness cut pattern.

[0016] In general, in yet another aspect, embodiments of the invention feature a method of
manufacturing an implant for use in treating a vascular disorder. The method can include the
steps of obtaining an embolic coil forming a lumen, forming a cover of unitary construction by
creating a pattern in a sheet of unitary construction using a subtractive manufacturing
technique, and disposing the cover about an exterior of the embolic coil, such that the cover
does not extend into the lumen formed by the embolic coil.

[0017] In various embodiments, the sheet includes a metallic foil, made from, for example,

nitinol, tantalum, tungsten, platinum, platinum iridium, cobalt chrome, magnesium, iron,
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stainless steel, or combinations and alloys thereof. In some instances, the sheet has a thickness
in a range from about 5 microns to about 250 microns. The subtractive manufacturing
technique can include a laser technique, a mechanical technique, a wet chemical technique, an
electrochemical masking technique, a maskless electrochemical technique, etching, milling,
photochemical machining, or photoelectrochemical machining.

[0018] In some cases, disposing the cover about the exterior of the embolic coil includes
helically wrapping the cover about the exterior of the embolic coil. In other cases, disposing
the cover about the exterior of the embolic coil includes shaping the cover into a tubular
geometry (e.g., by heat setting) and placing the cover over the embolic coil.

[0019] In some instances, the method also includes the steps of disposing the cover and the
embolic coil in a holding tube that maintains the cover in a constrained configuration about the
exterior of the embolic coil, attaching the cover to the embolic coil at at least one end, and
pushing the attached cover and embolic coil into a second tube that maintains the constrained
configuration of the cover. In certain cases, attaching the cover to the embolic coil can include
laser welding, resistance welding, applying a medical adhesive, applying continual coatings,
and/or employing a mechanical interference fit. The method can also include the step of
attaching the second tube to a delivery pusher.

[0020] These and other objects, along with advantages and features of the embodiments of
the present invention herein disclosed, will become more apparent through reference to the
following description, the accompanying drawings, and the claims. Furthermore, it is to be
understood that the features of the various embodiments described herein are not mutually

exclusive and can exist in various combinations and permutations.
BRIEF DESCRIPTION OF THE DRAWINGS

[0021] In the drawings, like reference characters generally refer to the same parts
throughout the different views. Also, the drawings are not necessarily to scale, emphasis
instead generally being placed upon illustrating the principles of the invention. In the
following description, various embodiments of the present invention are described with
reference to the following drawings, in which:

[0022] FIG. 1 is a schematic side view of an embolic implant having a coil and a cover
component according to one embodiment;

[0023] FIG. 2 shows schematic side views, one of which is partially broken away, showing

a coil according to one embodiment;
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[0024] FIG. 3 shows a schematic side view and an end view of a coil wound into a shape
having a secondary diameter according to one embodiment;

[0025] FIG. 4A is a schematic side view showing an example open-cell pattern according
to one embodiment;

[0026] FIG. 4B is a schematic side view showing an example closed-cell pattern according
to one embodiment;

[0027] FIG. 5 is a schematic side view showing a cover having a constrained and an
expanded configuration according to one embodiment;

[0028] FIG. 6 is a schematic end view of a cover in its expanded configuration disposed
about a coil according to one embodiment;

[0029] FIG. 7 is a schematic perspective view of a cover in its constrained configuration
disposed about a coil according to one embodiment;

[0030] FIG. 8 shows schematic perspective views and a side view of example components
of a delivery device according to one embodiment;

[0031] FIG. 9 shows a partially broken away schematic side view of a stretch resistant
member attached to a coil according to one embodiment;

[0032] FIG. 10 is a schematic perspective view showing a coil detachment mechanism
including a detachment suture according to one embodiment;

[0033] FIG. 11 shows schematic perspective views and a side view of a user-operated
handle portion of a delivery device according to one embodiment;

[0034] FIG. 12 shows a schematic perspective and side view of additional components of a
delivery device according to one embodiment;

[0035] FIG. 13 is a schematic side view showing a cover having two strips of material
according to one embodiment;

[0036] FIG. 14 is a schematic top view of a monolithic foil from which multiple portions of
a cover can be manufactured according to one embodiment;

[0037] FIG. 15 is a schematic side view showing an example technique for forming a flat
foil into a tubular geometry according to one embodiment;

[0038] FIG. 16 is a schematic side view of an embolic implant held with a holding tube
according to one embodiment;

[0039] FIG. 17 is a schematic side view of a cover/coil attachment site according to one

embodiment;
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[0040] FIG. 18 is a schematic top view of a flat foil including a connection portion
according to one embodiment; and
[0041] FIG. 19 is a schematic side view of a connection portion in operation according to

one embodiment.
DESCRIPTION

[0042] Embodiments of the present invention are directed to a novel design and
manufacturing process for a covered embolic implant 100 that are superior to existing implants
and manufacturing processes and that can achieve more effective and predictable outcomes
during the treatment of aneurysms. As shown in FIG. 1, in one embodiment, the implant 100
includes a cover component 102 disposed about the exterior of a microcoil 104. In general, the
cover 102 and coil 104 may be employed with known bare platinum coil (BPC) based
techniques and processes, for example, micro-catheter delivery and radiopacity/visualization,
and in conjunction certain known accessories. With reference to FIG. 2, the coil 104 may be
formed by helically winding a wire 202 and heat setting it into shape such that it forms a lumen
204. The diameter 206 of the lumen 204 is sometimes referred to as the primary diameter.
Upon deployment into a vascular disorder, the coil 104 can take a secondary shape (e.g., helical
or complex loops) as shown, for example, in FIG. 3. The secondary shape can have a
secondary diameter 302. The cover 102 may be compatible with framing, filing, and finishing
coils. In certain instances, covered framing coils exhibit better fixation, in their secondary
shape, of the secondary diameter 302 upon deployment of the implant 100 into a vascular
disorder, which can result in less “tumbling” or “spinning.” This results in improved stability
of the framing coils, as well as improved overall stability of the implant 100 during deployment
of filling and finishing coils.

[0043] As shown in FIG. 1, the cover 102 may include a pattern having pores or cells 106,
similar to the pattern found on a medical stent. In some instances, the pattern features open
cells 106 as shown in FIG. 4A. In other instances, the pattern features closed cells 106 as
shown in FIG. 4B. As used in this disclosure, an open cell refers to a cell having greater than
two expansion hinges 402 about which the cell expands in a single dimension at a time. In
contrast, as used in this disclosure, a closed cell refers to a cell having two or less expansion
hinges 402 about which the cell expands in a single dimension at a time. In still other instances,
the pattern features a hybrid design having both open and closed cells. The cover 102 can be

formed from either a single strip or multiple strips of material having the pattern (e.g., a
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through-thickness pattern) cut therein. In such cases, the cover 102 is of unitary construction,
which is understood to mean a cover whose cells are formed by the application of a subtractive
manufacturing technique to a monolithic piece of material (described in greater detail below).
In this way, a cover of unitary construction is different from a cover in which the cells are
formed by multiple overlapping fibers or wires as featured in a fibrous braided cover. In some
cases, the cover 102 is disposed about the coil 104 in a helical pattern, but may be disposed in
other patterns as well.

[0044] As shown in FIG. 5, in some embodiments, the cover 102 has a constrained
configuration while being delivered to a vascular disorder through a delivery device 502 (e.g., a
delivery tube or microcatheter) and an expanded configuration after being deployed out of the
delivery device 502 into the vascular disorder. The cover 102 may be concentric with the coil
104 in the constrained configuration during deployment. After deployment, in the expanded
configuration, the cover 102 may remain concentric with the coil 104 or become eccentric with
the coil 104. In its constrained configuration, the cover 102 may rest against the exterior of the
coil 104, but not extend into its lumen 204. In its expanded configuration, with the exception
of the contact made at and around the connection portion(s) 1802 (described below, with
reference to FIGS. 13, 18, and 19), the cover 102 may be spaced apart from the coil 104, such
that in cross-sectional view the cover 102 does not intersect the coil 104. An example of such a
cross-sectional view is shown in FIG. 6.

[0045] Expansion of the cover 102 may be accomplished through, for example, the
through-thickness cut patterns and/or shape memory characteristics of the cover’s material. For
example, when the cover 102 is in the constrained configuration, the spacing and size of the
cells 106 may be reduced (e.g., by forces applied by the delivery device 502), thereby shrinking
the cover’s cross-sectional profile (e.g., outer diameter). Upon removal of the constraining
forces (e.g., upon deployment of the implant 100 into the ancurysm), the spacing and size of the
cells 106 may increase (e.g., through the action of the shape memory material), thereby
resulting in an expansion of the cover’s profile (e.g., outer diameter). In certain instances, the
cover 102 includes materials with natural shape memory characteristics (e.g., nitinol, shape
memory polymers). In other instances, shape memory characteristics are imparted to the
cover’s material with compressive and/or tensile surface stress management using mechanical

or ion implantation techniques.
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[0046] In the expanded configuration, the cover may have an outer diameter, profile, and
biocompatible blood-contacting surface area in a range from 110% to 200% of those
parameters of the coil 104 alone. In some embodiments, the cover 102 can enable the embolic
implant 100 to fill a vascular disorder with a significantly greater volume (i.e., packing volume)
per unit length of coil 104 than existing devices. In some instances, the packing volume of the
implant 100 with a cover 102 in its expanded configuration is between 2 and 7 times as great as
the packing volume of the coil 104 without the cover 102. An increased packing volume can
help achieve greater effective flow diversion of blood away from the aneurysm through
enhanced coverage and blockage of the aneurysm neck.

[0047] In addition, the expanded profile of the cover 102 results in a larger biocompatible
blood-contacting surface area, which can improve stasis of blood-flow within the aneurysm sac.
Upon expansion, the cover 102 may also cover more surface arca of the coil 104 than in its
constrained configuration. As FIG. 7 shows, in some embodiments, when the cover 102 is in
its constrained configuration, there are gaps 702 in which the cover 102 does not cover the coil
104. In some instances, these gaps 702 are narrowed or closed entirely when the cover 102
enters its expanded configuration, resulting in the cover 102 covering more surface area of the
coil 104.

[0048] In addition to the cover’s increase of the packing volume and biocompatible blood-
contacting surface area of the implant 100, it is also softer and more flexible than existing
covers because of its unitary construction. Being of unitary construction allows the cells 106 to
be designed such that the cover 102 expands an appropriate amount, but not an excessive
amount so as to risk rupture of the aneurysm. Such design is not possible with the inherently
stiff wire-on-wire design of existing braided covers. More generally, the pattern of the cover
102 can be designed to include cells 106 having shapes, sizes, and/or configurations to achieve
desired flow diversion, blood interaction, and/or force/expansion characteristics of the cover
102. The pattern design can also affect cover 102 flexibility. As a result of its unitary
construction, the cover 102 also does not exhibit the fretting (e.g., mechanical and/or corrosive
wear) characteristic of fiber braided covers.

[0049] The cover 102 may also provide a vehicle or platform for the application of multiple
treatments and/or therapies including, for example, functionalized and/or bioactive coatings,
drug coatings, gene therapies, thrombogenicity control coatings, and surface modifications

(e.g., surface texture and/or roughness modifications, ion implantation, and surface charge
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alterations). At the same time, the cover 102 preserves key coil performance attributes such as,
for example, softness and filling capacity.

[0050] In operation, the implant 100 may be delivered to the desired site using a
microcatheter (e.g., a flexible, small diameter catheter typically, but not necessarily, having an
inside diameter between 0.016 inches and 0.021 inches). The microcatheter may be guided to
the site through the use of an introducer sheath/guidewire. Guidewires typically comprise long,
torqueable proximal wire sections with flexible distal wire sections designed to be visible using
fluoroscopy and to be advanced within tortuous vessels to the desired site, thereby allowing the
microcatheter to be advanced over the guidewire to access the desired site. Once the site has
been accessed with the microcatheter tip, the catheter lumen is cleared by removing the
guidewire, and the implant 100 is placed into the proximal open end of the microcatheter and
advanced through the microcatheter into the vascular site.

[0051] In some embodiments, as shown in FIG. 8, the implant 100 may be delivered using
a delivery device 800. For simplicity, the cover 102 is not illustrated in FIG. &, but it will be
understood that in embodiments in which the cover 102 is directly attached to the coil 104, the
cover 102 may be delivered upon delivery of the coil 104. The implant 100 may be attached to
a delivery pusher 802 containing a retractable release wire 804. The delivery pusher 802 may
include a proximal shaft 806 made from rigid, metal hypotube to provide good pushability
during delivery and stability during detachment of the implant 100; a flexible distal shaft
assembly that includes a flexible inner shaft 808 made from a rigid thin-walled polymer tube
and flexible outer shaft 810 also made from a rigid thin-walled polymer tube; and an anti-
elongation component 812 (e.g., a metallic ribbon/strip). In some instances, the release wire
804 includes a core wire that is, for example, made from 300 series stainless steel, between 35
cm and 75 cm in length, ground on its distal end, and coated on the unground section with
polytetrafluoroethylene (PTFE) to reduce friction. In some cases, the core wire is about 0.006
inches in diameter, and ground to about 0.002 inches at the tip. Attached to the wire 804 can be
a coil loop 814 created by winding a segment of wire into a short coil (e.g., about 1 mm in
diameter) and a short “hook” and soldering these components to the tip of the release wire 804.
In some cases, the coil loop 814 can be made from, for example, 300 serics stainless steel wire
having a diameter of about 0.001 inches.

[0052] In some instances, a stationary blade 816 is attached to the distal end of the flexible

inner shaft 808. The stationary blade 816 may be made from, for example, 300 series stainless
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steel and attached using an adhesive. The stationary blade 816 may be attached behind a
polymer tip 818 (e.g., pebax-polyether block amide), which may provide an atraumatic
interface and help secure the blade 816 to the inner shaft 808. The flexible inner shaft 808 may
include a window cutout 820 that allows a detachment suture 902 (described below) to move
within the geometry of the blade 8§16. The window 820 may be, for example, hand cut,
machine cut, ground, or laser cut.

[0053] With reference to FIG. 9, in some instances, a stretch resistant member 902 (e.g., a
polymer suture) may attach to the coil 104 and extend along its lumen 204. In particular, the
suture 902 may extend along the lumen 204 from a ball of polymer suture 904 placed (e.g.,
melted) at a distal end of the coil 104. In some cases, the suture 902 is made of monofilament
polypropylene (or, in some cases, of other polymers) having an outer diameter in a range
between 0.0005 inches and 0.003 inches. The suture 902 may be configured as a single or
multifilament (e.g., N>2) strand through the lumen 204 of the coil 104. In some instances, the
suture 902 can employ strategically placed features on the proximal end of the coil 104 to
further aid with containing the working length of the suture 902 through the lumen 204 of the
coil 104, which can reduce excessive “pull-out” of the suture 902 during delivery and retraction
of the embolic implant 100 through a microcatheter. The suture 902 may be attached to the coil
104 before or after the cover 102 has been attached.

[0054] As illustrated in FIG. 8, in various embodiments, the suture 902 extends from the
coil 104, is threaded through the inside diameter of the tip 818 of the delivery pusher 802,
through the coil loop 814, and through a front opening 824 of the attached blade 816, is aligned
with a notch 826 in the proximal end of the blade 816, and is attached to the flexible inner shaft
808 by a suture locking tube 828. Additionally, the proximal end of the suture 902 may be tied
into a knot 830 around the inner shaft 808 and adhesive may be applied to the knot 830 or the
knot 830 may be slightly melted to further secure the suture 902 in position. In another
embodiment, as shown for example in FIG. 10, the suture 902 extending from the coil 104 may
be configured as a small loop on its proximal end, which is subsequently looped with a second
“sacrificial” detachment loop 1002 that is threaded through a series of ports and channels
within the stationary blade component 816 and severed upon detachment actuation, thereby
releasing the implant 100 into the aneurysm.

[0055] As shown for example in FIG. 11, the proximal shaft 806 may be connected to a
handle body 1102 by applying adhesive or employing a press fit. The handle body 1102 may

11



10

15

20

25

30

WO 2016/014985 PCT/US2015/042074

include one or more injection molded parts made from, for example, acrylonitrile butadiene
styrene (ABS). There may also be a strain relief 1104 made from, for example, pebax, to help
prevent kinking at the junction of the proximal shaft 806 and handle body 1102. The proximal
end of the release wire 804 may be secured to a handle slider 1106 by threading the wire 804
through a channel in the slider 1106 and bending the wire 804 to form a mechanical hook bond
within the slider 1106. Other attachment techniques (e.g., an adhesive) may also be used to
secure these two components together.

[0056] The suture 902 may be severed so as to release the embolic implant 100 from the
delivery pusher 802 into a vascular disorder. In some instances, this release is accomplished by
the retraction of the handle slider 1106 by a user. Since the suture 902 extending from the coil
104 is threaded through the coil loop 814, which is attached to the retractable release wire 804,
when the release wire 804 is retracted (by retraction of the handle slider 1106), the coil loop
814 pulls the suture 902 into the blade 816, thereby severing the suture 902 and releasing the
implant 100 from the delivery pusher 802 into the aneurysm.

[0057] When manufacturing the delivery device 800, the handle body 1102 and handle
slider 1106 can be assembled in a locked position, which locks the release wire 804 and coil
loop 814 in position relative to the blade 816. These parts may be held in place by, for
example, detent features molded into the handle body 1102 and handle slider 1106 mating
surfaces.

[0058] In some embodiments, as shown for example in FIG. 12, the delivery device 800
includes an introducer sheath 1202, which protects the embolic implant 100 during sterilization
and shipment, and a proximal locking tube 1204, which locks the introducer sheath 1202 in
place on the proximal shaft 806. The device 800 may include proximal shaft markings 1206,
which can be, for example, laser-etched into the hypotube. These markings 1206 may
designate to a user, during introduction of the implant 100 into the microcatheter, the position
of the implant 100 relative to the microcatheter tip, thereby saving fluoroscopy time and
reducing unnecessary x-ray radiation.

[0059] Further embodiments and description of the delivery device 800, including the
attachment of the suture 902 to the coil 104, may be found in U.S. Patent Application No.
14/196,244, which is incorporated herein by reference in its entirety.

[0060] With reference back to FIG. 1, the cover 102 may be manufactured from a flat foil

(e.g., a sheet) made from a number of biocompatible, MRI-safe materials, for example metals,
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absorbable and non-absorbable polymers, ceramics, and composites. Exemplary metals include
nitinol, tantalum and alloys, tungsten and alloys, platinum/tungsten alloy, platinum, platinum
iridium, cobalt chrome alloys, magnesium, iron, and stainless steel. In some instances, the foil
has a thickness in a range from 5 to 250 microns. Manufacturing the cover 102 from a flat
sheet may reduce component cost, ensure raw material availability, and increase component
manufacture repeatability and scalability. Patterns of cells 106 may be cut into the foil using
known cutting techniques including, for example, laser, mechanical, wet chemical, mask or
maskless electrochemical, etching/milling, photochemical (e.g., photolithographic)
etching/milling, and photoresist/reactive ion or inert gas etch (RIE). The cells 106 may be
formed using other subtractive manufacturing techniques as well. Photochemical and
photoelectrochemical machining is a well-established, mature technology that is cost-effective,
repeatable, scalable, and capable of producing miniature features with high quality resolution.
Given that an implant 100 may require a cover 102 having a length of 50 cm or more, mass
exposure and patterning techniques that have been proven possible with photochemical (and
electrochemical) machining methods may be effective. In other instances, through-mask
cutting and/or ablation using, for example, an excimer laser can be used as well.

[0061] As stated above, in some embodiments, the cover 102 includes multiple separate
strips of patterned material, which can be joined at a connection portion 1802. For example,
the cover 102 may include two patterned strips that are helically wound about the coil 104. An
example of this configuration can be seen in FIG. 13, which shows the cover 102 having two
strips of material 1302, 1304 that may be helically wound about coil 104.

[0062] FIG. 14 shows an example foil that has been cut with a pattern of cells 106. In this
example, the pattern was cut into a single monolithic piece, which was then separated by cut
1402 to create two separate strips 1302, 1304. In other cases, no cut is made in the monolithic
piece and the cover 102 includes only a single strip of material. In still other cases, multiple
cuts are made in the monolithic piece and the cover 102 includes more than two strips of
material. In other embodiments, the coil 104 can be covered with two or more covers 102, cach
manufactured from a separate monolithic piece.

[0063] In embodiments in which the pattern is cut into a flat foil, the foil may be reverted
into a tubular geometry in order to be disposed over the coil 104. In some instances, the foil is
reverted into a tubular or cylindrical geometry prior to being placed over the coil 104. As

shown, for example, in FIG. 15, this process may include forming the patterned foil into a
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desired tubular geometry about an inner support mandrel 1502 within a rigid tube 1504, which
holds the foil in place. The foil may then be heat set such that it retains its tubular geometry.
Once heat set and removed from the support mandrel, the foil (now in the shape of cover 102)
can be simultancously pulled over the coil 104 and into a holding tube 1602 such that it is in its
constrained configuration (e.g., as shown in FIG. 16). In other instances, the separate step of
reverting the foil into a tubular geometry using the inner support mandrel 1502 and rigid tube
1504 may be bypassed, and the foil may be reverted to its tubular formation at the same time
that it is placed in the holding tube 1602 over the coil 104. In such instances, the foil may be
heat set into place while within the holding tube 1602. In other embodiments, the need to
revert the foil into a tubular geometry can be bypassed altogether by cutting the pattern into a
material already having a tubular geometry rather than a flat foil.

[0064] Regardless of how the cover 102 is formed into its tubular geometry, it may be
attached to the coil 104 in various ways. In some instances, after the cover 102 and coil 104
are simultaneously pulled into the holding tube 1602, the distal and/or proximal end of the
implant 100 may be exposed and various attachment techniques may be employed (e.g., as
shown in FIG. 17). A non-exclusive list of such attachment techniques includes:
mechanical/interference fit, laser welding, spot welding, resistance welding, diffusion bonding,
soldering, brazing and/or application of Class III approved medical adhesives or continual
coatings. In some instances, attachment may occur via a connection portion 1802, an example
of which is shown in FIGS. 18 and 19. As shown in FIG. 18, in some cases, the connection
portion 1802 may be manufactured from the same monolithic piece of material as the patterned
portions. Arms 1804 may also be manufactured to extend from the connection portion 1802 to
the patterned portions. In other cases, the connection portion 1802 is manufactured separately
and attached to the patterned portions using known techniques. As shown in FIG. 19, the
connection portion 1802 can enable attachment to the coil 104 by being wrapped around the
coil 104. In various instances, the connection portion 1802 may include through-thickness
features 1902 (e.g., holes or patterns) to facilitate the connection. The connection portion 1802
may be designed to have an inner diameter such that an interference fit with the outer diameter
of coil 104 is possible. In instances in which the connection portion 1802 is connected directly
to the coil 104, the coil 104 and cover 102 can both be released into a vascular disorder upon
release of the coil 104 from the delivery pusher 802 (e.g., as described above with reference to

FIGS. & through 12).
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[0065] Following attachment of the cover 102 to the coil 104, the embolic implant 100 may
be placed into a second tube and then attached to the delivery device 800 (e.g., onto delivery
pusher 802). In some instances, the cover 102 is connected only at one of either the proximal
or distal end of the coil 104 while remaining unrestrained at the opposite end. In such
instances, when the cover 102 expands and/or contracts, it may shorten and/or lengthen at its
unrestrained portion, depending on the through-thickness cut pattern of the cover 102. In other
instances, the cover 102 is connected to the coil 104 at both the proximal and distal ends of the
coil 104. In such instances, when the cover 102 expands and/or contracts, the body of the cover
(i.e., portion between the connected ends) may shorten and/or lengthen, depending on the
through-thickness cut pattern of the cover 102. In some such instances, the arms 804 may
lengthen and/or shorten. The cover’s longitudinal forgiveness, which allows it to lengthen
and/or shorten, may be enabled by the through-thickness cut pattern. In certain embodiments,
regardless of whether the cover 102 is connected at one or both ends of the coil 104, the cover
102 is designed (e.g., a particular through-thickness pattern is implemented) such that when the
cover 102 expands and/or contracts it exhibits no, or minimal, shortening and/or lengthening,
and in some cases may maintain a length the same as, or close to, that of the coil 104.

[0066] Having described certain embodiments of the invention, it will be apparent to those
of ordinary skill in the art that other embodiments incorporating the concepts disclosed herein
may be used without departing from the spirit and scope of the invention. Accordingly, the
described embodiments are to be considered in all respects as only illustrative and not

restrictive.
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What is claimed is:

1. An implant adapted for use in treating a vascular disorder, the implant comprising:

an embolic coil forming a lumen; and

a cover of unitary construction disposed about an exterior of the embolic coil, wherein
the cover does not extend into the lumen.
2. The implant of claim 1, wherein the embolic coil comprises a bare platinum coil.
3. The implant of claim 1, wherein the cover is expandable such that the cover covers the
embolic coil in a constrained configuration during delivery of the implant to the vascular
disorder and assumes an expanded configuration when the implant is placed within the vascular
disorder.
4. The implant of claim 3, wherein the cover covers more surface area of the embolic coil
in the expanded configuration than in the constrained configuration.
5. The implant of claim 3, wherein the cover is spaced apart from the embolic coil along at
least a portion of the embolic coil when the cover is in the expanded configuration.
6. The implant of claim 3, wherein, in the expanded configuration of the cover, the
implant comprises a biocompatible blood-contacting surface area between 110% and 200% of

the embolic coil alone.

7. The implant of claim 1, wherein the cover comprises a shape memory material.

8. The implant of claim 1, wherein the cover comprises a pattern.

9. The implant of claim 8, wherein the pattern comprises a through-thickness cut pattern.
10. The implant of claim 8, wherein the pattern comprises a stent-like pattern.

11. The implant of claim 8, wherein the pattern comprises cells comprising at least one of

closed cells, open cells, hybrid cells, and combinations therecof.

12. The implant of claim 11, wherein the cells are sized as a function of at least one of flow
diversion, blood interaction, and expansion characteristics of the cover.

13. The implant of claim 11, wherein the cells comprise a constrained configuration and an
expanded configuration.

14. The implant of claim 1, wherein the cover comprises at least one of a functionalized
bioactive coating, a drug coating, a gene therapy coating, a thrombogenicity control coating,

and surface modifications.

16



WO 2016/014985 PCT/US2015/042074

15. The implant of claim 14, wherein the surface modifications are selected from the group
consisting of surface texture alterations, surface roughness alterations, ion implantations, and
surface charge alterations.

16.  The implant of claim 1, wherein the cover and the embolic coil are concentric.

17.  The implant of claim 1, wherein the cover and the embolic coil are eccentric.

18. The implant of claim 1, wherein the implant comprises a packing volume in a range
from 2 to 7 times a packing volume of the embolic coil alone.

19. The implant of claim 1, wherein the embolic coil is selected from the group consisting
of a framing coil, a filling coil, and a finishing coil.

20. The implant of claim 1, wherein the cover comprises a biocompatible MRI-safe

material.

21.  The implant of claim 1, wherein the cover comprises a length of up to 50 centimeters.
22.  The implant of claim 1, wherein the cover is helically wound.

23. The implant of claim 1, further comprising a second cover of unitary construction

disposed about the exterior of the embolic coil, wherein the second cover does not extend into
the lumen.
24, A method of delivering an implant to a vascular disorder, the method comprising the
steps of:
advancing the implant, coupled to a delivery pusher, in proximity to the vascular
disorder, the implant comprising:
(1) an embolic coil forming a lumen; and
(ii) a cover of unitary construction disposed about an exterior of the embolic coil
in a constrained configuration, wherein the cover does not extend into the lumen; and
releasing the implant from the delivery pusher and into the vascular disorder, whereby
the cover expands into an expanded configuration.
25.  The method of claim 24, wherein the vascular disorder comprises a cerebral aneurysm.
26. The method of claim 24, wherein the cover covers more surface area of the embolic coil
in the expanded configuration than in the constrained configuration.
27. The method of claim 24, wherein, in the expanded configuration of the cover, the
implant comprises a biocompatible blood-contacting surface area between 110% and 200% of

the embolic coil alone.
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28. The method of claim 24, wherein the cover is spaced apart from the embolic coil along
at least a portion of the embolic coil when the cover is in the expanded configuration.
29. The method of claim 24, wherein the cover comprises a shape memory material.
30. The method of claim 24, wherein the cover comprises a through-thickness cut pattern.
31. A method of manufacturing an implant for use in treating a vascular disorder, the
method comprising the steps of:

obtaining an embolic coil forming a lumen;

forming a cover of unitary construction by creating a pattern in a sheet of unitary
construction using a subtractive manufacturing technique; and

disposing the cover about an exterior of the embolic coil, such that the cover does not
extend into the lumen formed by the embolic coil.
32. The method of claim 31, wherein the sheet comprises a metallic foil.
33. The method of claim 32, wherein the metallic foil comprises a material selected from
the group consisting of nitinol, tantalum, tungsten, platinum, platinum iridium, cobalt chrome,
magnesium, iron, stainless steel, and combinations and alloys thereof.
34. The method of claim 31, wherein the sheet comprises a thickness in a range from about
5 microns to about 250 microns.
35. The method of claim 31, wherein the subtractive manufacturing technique is selected
from the group consisting of a laser technique, a mechanical technique, a wet chemical
technique, an electrochemical masking technique, a maskless electrochemical technique,
etching, milling, photochemical machining, and photoelectrochemical machining.
36.  The method of claim 31, wherein the step of disposing the cover about the exterior of
the embolic coil comprises helically wrapping the cover about the exterior of the embolic coil.
37.  The method of claim 31, wherein the step of disposing the cover about the exterior of
the embolic coil comprises shaping the cover into a tubular geometry and placing the cover
over the embolic coil.
38.  The method of claim 37, wherein the step of shaping the cover into the tubular
geometry comprises heat setting.
39.  The method of claim 31 further comprising:

disposing the cover and the embolic coil in a holding tube that maintains the cover in a
constrained configuration about the exterior of the embolic coil;

attaching the cover to the embolic coil at at least one end; and

18
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pushing the attached cover and embolic coil into a second tube that maintains the
constrained configuration of the cover.
40. The method of claim 39, wherein the step of attaching the cover to the embolic coil
comprises using an attachment technique selected from the group consisting of laser welding,
resistance welding, applying a medical adhesive, applying continual coatings, and employing a
mechanical interference fit.
41.  The method of claim 39, further comprising attaching the second tube to a delivery

pusher.
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AMENDED CLAIMS
received by the International Bureau on 25 November 2015 (25.11.2015)

What is claimed is:

1. An implant adapted for use in treating a vascular disorder, the implant comprising:

an embolic coil forming a lumen; and

a cover of unitary construction helically wound about an exterior of the embolic coil,
wherein the cover does not extend into the lumen.
2. The implant of claim 1. wherein the embolic coil comprises a bare platinum coil.
3. The implant of claim |, wherein the cover is expandable such that the cover covers the
embolic coil in a constrained configuration during delivery of the implant to the vascular
disorder and assumes an expanded configuration when the implant is placed within the vascular
disorder. ‘
4. The implant of claim 3, wherein the cover covers more surface area of the embolic coil
in the expanded configuration than in the constrained configuration.
5. The implant of claim 3. wherein the cover is spaced apart from the embolic coil along at
least a portion of the embolic coil when the cover is in the expanded configuration.
6. The implant of claim 3, wherein, in the expanded configuration of the cover, the
implant comprises a biocompatible blood-contacting surface area between 110% and 200% of

the embolic coil alone.

7. The implant of claim 1, wherein the cover comprises a shape memory material.
8. The implant of claim 1. wherein the cover comprises a pattern.
9. The implant of claim 8, wherein the pattern comprises a through-thickness cut pattern.

10.  The implant of claim 8. wherein the pattern comprises a stent-like pattern.

11. The implant of claim 8, wherein the pattern comprises cells comprising at least one of
closed cells, open cells, hybrid cells, and combinations thereof.

12. The implant of claim 11, wherein the cells are sized as a function of at least one of flow
diversion, blood interaction, and expansion characteristics of the cover.

13. The implant of claim 11, wherein the cells comprise a constrained configuration and an
expanded configuration. '
14.  The implant of claim |, wherein the cover comprises at least one of a functionalized
bioactive coating, a drug coating, a gene therapy coating, a thrombogenicity control coating,

and surface modifications.
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15. The implant of claim 14, wherein the surface modifications are selected from the group
consisting of surface texture alterations, surface roughness alterations, ion implantations, and
surface charge alterations. ‘

16. The implant of claim 1, wherein the cover and the embolic coil are concentric.

17.  The implant of claim 1, wherein the cover and the embolic coil are eccentric.

18.  The implant of claim 1, wherein the implant comprises a packing volume in a range
from 2 to 7 times a packing volume of the embolic coil alone. '

19, The implant of claim , wherein the embolic coil is selected from the group consisting

of a framing coil, a filling coil, and a finishing coil.

20. The implant of claim 1. wherein the cover comprises a biocompatible MRI-safe
material.
21. The implant of claim 1, wherein the cover comprises a length of up to 50 centimeters.

23. " The implant of claim 1, further comprising a second cover of unitary construction
disposed about the exterior of the embolic coil, wherein the second cover does not extend into
the lumen.
24. A method of delivering an implant to a vascular disorder, the method comprising the
steps of:
advancing the implant, coupled to a delivery pusher, in proximity to the vascular
disorder, the implant comprising:
(i} an embolic coil forming a fumen; and
(ii) a cover of unitary construction helically wound about an exterior of the
embolic coil in a constrained configuration, wherein the cover does not extend into the lumen;
and
relcasing the implant from the delivery pusher and into the vascular disorder, whereby
the cover expands into an expanded con'ﬁguration.
25.  The method of claim 24, wherein the vascular disorder comprises a cerebral aneurysm.
26.  The method of claim 24, wherein the cover covers more surface area of the embolic coil
in the expanded configuration than in the constrained configuration.
27. The method of claim 24, wherein, in the expanded configuration of the cover, the
implant comprises a biocompatible blood-contacting surface area between 110% and 200% of

the embolic coil alone.
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28.  The method of claim 24, wherein the cover is spaced apart from the embolic coil along
at least a portion of the embolic coil when the cover is in the expanded configuration.
29.  The method of claim 24, wherein the cover comprises a shape memory material.
30.  The method of claim 24, wherein the cover comprises a through-thickness cut pattern.
31. A method of manufacturing an implant for use in treating a vascular disorder, the
method comprising the steps of:

obtaining an embolic coil forming a lamen;

forming a cover of unitary construction by creating a pattern in a sheet of unitary
construction using a subtractive manufacturing technique; and

helically winding the cover about an exterior of the embolic coil, such that the cover
does not extend into the lumen formed by the embolic coil.
32.  The method of claim 3. wherein the sheet comprises a metallic foil.
33.  The method of claim 32. wherein the metallic foil comprises a material sclected from
the group consisting of nitinol, tantalum, tungsten, platinum, platinum iridivm, cobalt chrome,
magnesium, iron, stainless steel. and combinations and alloys thereof.
34, The method of claim 31, wherein the sheet comprises a thickness in a range from about
5 microns to about 250 microns.
3.5. The method of ¢claim 31, wherein the subtractive manufacturing technique is selected
from the group consisting of a laser technique, a mechanical technique, a wet chemical
technique, an electrochemical masking technique, a maskless electrochemical technique,
etching, milling, photochemical machining, and photoelectrochemical machining.
37.  The method of claim 31, wherein the step of disposing the cover about the exterior of
the embolic coil comprises shaping the cover into a tubular geometry and placing the cover
over the embolic coil. '
38.  The method of claim 37, wherein the step of shaping the cover into the tubular
geometry comprises heat setting.
39.  The method of claim 31 further comprising:

disposing the cover and the embolié coil in a holding tube that maintains the cover in a
constrained configuration about the exterior of the embolic coil;

attaching the cover to the embolic coil at at least one end; and

pushing the attached cover and embolic coil inio a second tube that maintains the

constrained configuration of the cover.
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40. The method of claim 39, wherein the step of attaching the cover to the embolic coil
comprises using an attachment technique selected from the group consisting of laser welding,
resistance welding, applying a medical adhesive, applying continual coatings, and employing a
mechanical interference fit,

41.  The method of claim 39, further comprising attaching the second tube to a delivery

pusher.
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Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the

payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

I:' No protest accompanied the payment of additional search fees.
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Claims Nos.: 24-30

Claims 24-30 disclose methods of treatment by surgery practised on the
human body contrary to Rule 39.1(iv) PCT.

Claims 24-30 pertain to
methods for delivering an implant to a vascular disorder comprising the
step of advancing the implant in proximity to the vascular disorder
obviously forming part of a surgical procedure. The Authority is
therefore not required to carry out international search preliminary
examination.

The applicant's attention is drawn to the fact that claims relating to
inventions in respect of which no international search report has been
established need not be the subject of an international preliminary
examination (Rule 66.1(e) PCT). The applicant is advised that the EPO
policy when acting as an International Preliminary Examining Authority is
normally not to carry out a preliminary examination on matter which has
not been searched. This is the case irrespective of whether or not the
claims are amended following receipt of the search report or during any
Chapter II procedure. If the application proceeds into the regional phase
before the EPO, the applicant is reminded that a search may be carried
out during examination before the EPO (see EPO Guidelines C-1V, 7.2),
should the problems which led to the Article 17(2) declaration be
overcome.




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2015/042074
Patent document Publication Patent family Publication
cited in search report date member(s) date
WO 2006034149 A2 30-03-2006 CA 2580752 Al 30-03-2006
EP 1788956 A2 30-05-2007
JP 2008515467 A 15-05-2008
US 2008097508 Al 24-04-2008
US 2008195139 Al 14-08-2008
WO 2006034149 A2 30-03-2006
WO 2006034150 A2 30-03-2006
US 2006058834 Al 16-03-2006 AT 431104 T 15-05-2009
CA 2551373 Al 30-12-2006
EP 1741393 Al 10-01-2007
JP 2007021197 A 01-02-2007
US 2006058834 Al 16-03-2006
WO 9409705 Al 11-05-1994 AT 245941 T 15-08-2003
AU 659970 B2 01-06-1995
AU 5540094 A 24-05-1994
CA 2109283 Al 27-04-1994
DE 69333125 D1 04-09-2003
DE 69333125 T2 15-04-2004
EP 0618783 Al 12-10-1994
ES 2199953 T3 01-03-2004
JP 2553309 B2 13-11-1996
JP H06319743 A 22-11-1994
TW 251231 B 11-07-1995
us 5382259 A 17-01-1995
us 5522822 A 04-06-1996
WO 9409705 Al 11-05-1994
EP 0792623 Al 03-09-1997 AT 182767 T 15-08-1999
CA 2198765 Al 27-08-1997
DE 69700367 D1 09-09-1999
DE 69700367 T2 25-11-1999
DK 0792623 T3 06-12-1999
EP 0792623 Al 03-09-1997
JP H10198 A 06-01-1998
JP 3023076 B2 21-03-2000
NO 970865 A 28-08-1997
us 5853418 A 29-12-1998
EP 1543849 Al 22-06-2005 CA 2490426 Al 17-06-2005
EP 1543849 Al 22-06-2005
JP 4672356 B2 20-04-2011
JP 2005177487 A 07-07-2005
US 2005137568 Al 23-06-2005
US 2005137569 Al 23-06-2005
US 2005137570 Al 23-06-2005
US 2005137623 Al 23-06-2005
US 5976162 A 02-11-1999 AT 244539 T 15-07-2003
AU 687164 B2 19-02-1998
AU 1650497 A 16-10-1997
CA 2200764 Al 10-10-1997
DE 69723341 D1 14-08-2003
DE 69723341 T2 03-06-2004
EP 0800791 Al 15-10-1997
ES 2197304 T3 01-01-2004
JP 3085655 B2 11-09-2000

Form PCT/ISA/210 (patent family annex) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2015/042074
Patent document Publication Patent family Publication
cited in search report date member(s) date
JP 3310256 B2 05-08-2002
JP H1024039 A 27-01-1998
JP 2000271131 A 03-10-2000
NO 971595 A 13-10-1997
us 5792154 A 11-08-1998
us 5976162 A 02-11-1999
US 2006271086 Al 30-11-2006  EP 1903951 Al 02-04-2008
US 2006271086 Al 30-11-2006
WO 2006130550 Al 07-12-2006
WO 2004010878 Al 05-02-2004 AU 2003257952 Al 16-02-2004
CA 2494287 Al 05-02-2004
CN 101919722 A 22-12-2010
EP 1526815 Al 04-05-2005
JP 4425789 B2 03-03-2010
JP 2005537830 A 15-12-2005
US 2004098028 Al 20-05-2004
US 2012323268 Al 20-12-2012
WO 2004010878 Al 05-02-2004
EP 1078610 A2 28-02-2001 AT 301440 T 15-08-2005
CA 2316606 Al 25-02-2001
DE 60021810 D1 15-09-2005
DE 60021810 T2 08-06-2006
EP 1078610 A2 28-02-2001
JP 4531221 B2 25-08-2010
JP 2001087394 A 03-04-2001
us 6254612 Bl 03-07-2001
WO 0167991 Al 20-09-2001 AU 4356701 A 24-09-2001
us 6379382 Bl 30-04-2002
US 2002062147 Al 23-05-2002
WO 0167991 Al 20-09-2001

Form PCT/ISA/210 (patent family annex) (April 2005)

page 2 of 2




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - claims
	Page 21 - amend-body
	Page 22 - amend-body
	Page 23 - amend-body
	Page 24 - amend-body
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - wo-search-report
	Page 39 - wo-search-report
	Page 40 - wo-search-report
	Page 41 - wo-search-report
	Page 42 - wo-search-report
	Page 43 - wo-search-report

