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FIG.1A

(57) Abstract: An occlusion device for a vascular or biological lumen includes a plurality of coiling members held together at both
the proximal and distal ends by retaining features. A restraining loop can hold coiling members together at a point along a length of
the coiling members. The coiling members are delivered simultaneously to form a coil pack to occlude a target location in the lumen.
One or more of the coiling members has at least a portion with a larger curl diameter than other coiling members to secure the occlu -
sion device against lumen walls at the target location. The coil members may have different or varying material moduli. The device
may be used, for example, for occluding a vessel to block blood flow to an artery supplying blood to the liver (hepatic artery), kid -
ney (renal artery), spleen (splenic artery) or intestines (mesenteric artery).
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OCCLUSION DEVICE FOR A VASCULAR OR BIOLOGICAL LUMEN

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] The present application claims the benefit of priority under 35 USC §119(e) to
U.S. Patent Application No. 61/587,518 filed 17 January 2012 entitled “Occlusion Device for
a Vascular or Biological Lumen” and to U.S. Patent Application No. 61/641,145 filed 01 May
2012 entitled “Occlusion Device for a Vascular or Biological Lumen” each of which is hereby
incorporated herein by reference in its entirety.

[0002] The present application is also related to U.S. Patent Application No. 61/591,119
filed 26 January 2012 entitled “Delivery Apparatus for Distal and Proximal Control of Lumen
Occlusion Device and Patent Cooperation Treaty Application No. PCT/US2010/060598 filed
15 December 2010 entitled “Multi-fiber shape memory device” and Patent Cooperation
Treaty Application No. PCT/US2010/029742 filed 2 April 2010, entitled “Vascular occlusion
devices” each of which is hereby incorporated herein by reference in its entirety.

DEFINITION

[0003] In the specification the term “comprising” shall be understood to have a broad
meaning similar to the term “including” and will be understood to imply the inclusion of a
stated integer or step or group of integers or steps but not the exclusion of any other integer
or step or group of integers or steps. This definition also applies to variations on the term

“comprising” such as “comprise” and “comprises”.

TECHNICAL FIELD

[0004] The disclosure relates generally to implantable devices for therapeutic treatment,
and more particularly relates to an endoluminally delivered device for occlusion of a vascular

or biological lumen.

BACKGROUND

[0005] During many clinical procedures, a physician requires the reduction or complete
stoppage of blood flow to a target region of the patient's body to achieve therapeutic benefit.
A variety of devices are available to provide occlusion of blood vasculature including:
embolic coils, metal-mesh vascular plugs, beads, particles and glues. From this selection,



14 Sep 2015

2013209672

interventional radiologists and vascular surgeons (and similar medical specialists) draw from
these choices based upon the specific need and confidence of a rapid and effective
occlusion given the attributes and deficiencies of each of these options. These devices may
be used to occlude vasculature in situations, for example, requiring treatment of
arteriovenous malformations (AVMs), traumatic fistulae, some aneurysm repair, uterine
fibroid and tumor embolization. For these clinical treatments, the blood flow through a target
section of a blood vessel must be stopped. The device is introduced into the blood vessel
through a sterile delivery catheter or sheath using common percutaneous access outside the
body. The delivered, artificial device, induces an initial reduction of blood flow through a
simple mechanical blockage which in turn triggers the body’s natural clotting process to form
a more complete blockage comprised of the thrombus adhered to the device.

[0006] Current exemplary embolic coils are made from biocompatible materials and
provide a biodurable, stable blockage of blood flow. The coils anchor to the vessel wall
through radial compliance pressing onto the vessel wall surface. Coils must be suitably
anchored to avoid migrating downstream under the forces of the blood flow, which can be
significant in larger vasculature. Embolic coils are often shaped for flexibility through a
primary coiling and for achieving a “coil pack” within the vessel through a secondary,
sometimes complex, three dimensional shape. The coil pack appears as a relatively random
crossing and intertwining of the coil within the vessel. After slowing the blood flow, over
time, a clot forms around the embolic coil, and blood flow through the section is completely
blocked.

[0007] Typical embolic coils are formed using two major steps: 1) a wire of platinum or
other bio-compatible material is wound into a spring, forming what is commonly referred to
as a primary coil; and 2) the primary coil is in turn wound around a mandrel having a more
complex shape and is subject to high heat to yield a secondary coil. The secondary coil thus
is a coiled wire of complex-shape or if helical, a larger curl diameter. Coils can also be
provided in multiple secondary shapes including multiple helical curl diameters and in
tapered helical shapes with one end employing a large curl diameter and the other end a
small curl diameter. These metal coils are straightened, within their elastic bending limit, so
as to be advanced into a delivery catheter and pushed down the catheter by a guide wire,
pusher, or a detachable pre-attached pusher, until expelled into the vessel. Often, polymeric
fibers are applied to the metallic coils in order to increase a thrombus response in addition to
providing a scaffolding for thrombus to adhere to and be retained on the coil.

[0008] Embolic coils are sized to fit within the inner lumen of a catheter or sheath to be
delivered to the target occlusion site individually and sequentially. Typically, a physician will
use multiple coils to occlude a single vessel and in some cases, especially for larger blood
vessels (above 5mm or so), the physician may use a significant number of coils to achieve

2
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cessation of blood flow. To complete an occlusion procedure with embolic coils, the
physician must sequentially reload the catheter with several individual coils until he/she has
determined the occlusion is sufficient. The physician typically determines whether sufficient
coils have been deployed by assessing the level of occlusion of the vessel flow by using
contrast media in concert with typical medical imaging techniques. This “place and assess”
method can extend the medical procedure time, expose the patient to increased levels of
contrast agent, and increase radiation exposure to both the patient and the physician
through extensive imaging. A singular device that achieves vascular occlusion with one
application would overcome these coil limitations.

[0009] Embolic coils are also known for challenges in achieving precise vascular
placement. Many of these coils are simply pushed out of the end of a delivery catheter. The
final coil pack location is dependent upon whether the coil has been properly sized prior to
deployment, or whether the coil was properly anchored into a side vessel/branch as
prescribed by several of the coil manufacturers for greater confidence in the coil packs final
position. Both of these technique issues require a high level of physician skill if there is a
desire to accurate position both the distal and proximal faces of the coil pack in a vessel
using sequential, pushable coils. Some of the coil manufacturers provide a detachable coil
wherein at the user’s discretion a placed coil can be released from a delivery control wire. If
the coil is not in the preferred location, it can be retracted and replaced if needed to achieve
better position. However, only the proximal end of the coil is attached to this control wire
resulting in only indirect control of the position of the coil pack’s distal face.

[0010] Using coils for embolization can present unique challenges. Voids in the coll
pack, developed either during the procedure or post operatively, can cause channels and
resulting blood flow in an unintended area. This condition is typically referred to as
recanalization. Depending upon the significance of the condition, e.g., an internal
hemorrhage, re-treatment or surgical intervention may be necessary. The ability to quickly
and reliably develop a consistent coil pack in a vessel is important for a successful vascular
occlusion product.

[0011] Also, embolic coils can be easily misplaced. Embolic coils may either be injected
through a delivery catheter with a syringe filled with saline, pushed by an independent guide
wire, or deployed with a detachable pusher that is only connected to the coil via its proximal
end. The coil pack shape is dependent upon the successful placement of the initial coil.
Therefore coils can easily be misplaced should the initial coil not land correctly or be slightly
undersized to the target vessel and slip beyond the target location. As such, embolic coil
packs are known for a high propensity of being elongated in overall size. While clinically
accepted, coils reflect significant challenges when attempting to embolize in a very precise

or limited section of vasculature.
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[0012] Metal mesh vascular plug devices have also been developed and commercialized
to achieve vascular occlusion. These devices achieve occlusion with a single deployment
using a metal mesh to provide mechanical flow blockage and, after some time, thrombus
forms and a complete occlusion results. When deployed, these devices appear like metal
mesh balloons or baskets, with one or more lobes contacting the vascular wall, but with
defined proximal and distal faces. With occlusion occurring after a single device
deployment, these products address many of the deficiencies of embolic coils. However,
due to the porosity of the mesh basket and the lack of the polymeric fibers used in coils, the
metal mesh plugs have been shown to take longer to achieve occlusion than a properly
placed embolic coil pack.

[0013] Further, these metal mesh devices are relatively stiff due to their construction and
have limited ability to traverse sharp turns found in catheters that have been placed in a
highly tortuous vascular path. The mesh is collapsed into a narrow tube-like shape for
introduction and deployment through a delivery catheter or sheath before expanding into the
balloon-like shape upon deployment. This narrow tube-like shape allows the device to be
delivered in the central lumen of small catheters or sheaths similar to coils. However, when
the mesh is collapsed, it elongates and becomes a fairly rigid tubular structure. So, while
being capable of entry into a small delivery catheter it has limited ability to traverse sharp
turns found in catheters that have been placed in a highly tortuous path to reach the target
vessel for occlusion. Subsequently, the advantages of a single occlusion device are offset
by the slow occlusion performance and limited application to occlusion target sites that are
less tortuous to access.

[0014] The information included in this background section of the specification, including
any references cited herein and any description or discussion thereof, is included for
technical reference purposes only and is not to be regarded subject matter by which the
scope of invention is to be bound. Further the reference to prior art in this background
section is not and should not be taken as an acknowledgment or any form of suggestion that
the referenced prior art forms part of the common general knowledge in Australia or in any
other country.

SUMMARY

[0015] As described herein, the vascular or biological lumen occlusion device may be
configured as a set of parallel elongated coiling members joined at their respective ends by a
retaining feature. That is, the proximal ends of the individual coiling members are joined or
otherwise held together by a retaining feature and the distal ends of the individual coiling
members are joined or held together by a retaining feature. Joining the coiling members at
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the distal end provides greater positional control of the resulting coil pack for vessel
occlusion (e.g., a vascular or other biological lumen vessel), reduces the potential for errant
coiling members to extend downstream (distal) in the vessel and facilitates the ability to
incorporate a detachable distal control wire that will help to guide the coiling members into
proper placement within the vessel. Joining multiple coiling members at both a proximal and
distal ends is unique for vessel occlusion products, and particularly vascular occlusion
products. In some implementations, individual elongate coiling members may also have a
unique curl design and material properties to facilitate anchoring the device within the vessel
and to tightly pack the device in the vessel to minimize occlusion time.

[0016] The disclosed device may be similarly beneficial regardless of material employed
for the coiling members, e.g., metals (stainless, platinum, Nitinol), traditional
polymers/plastics (thermoplastic or thermoset resins), shape memory polymers, or a
combination of these. The disclosed device may be similarly beneficial with one or more of
the features in unique combination, e.g., straight coiling members with a distal control wire,
helical coiling members with a restraining loop, all coiling members using the same curl
diameter and material modulus, etc.

[0017] In one aspect, a vascular or biological lumen occlusion device for occluding a
target is disclosed. The occlusion device includes a plurality of coil members having varying
curl diameters, each member having a proximal end and a distal end. The device also
includes a proximal retaining feature coupled to the proximal ends of the plurality of coil
members and a distal retaining feature coupled to the distal ends of the plurality of coil
members. The retaining features may be a homogenous section formed by either the coil
material or by an adhesive, solder, or other joining agent. In some embodiments, the
plurality of coiling members have varying curl diameters.

[0018] In one aspect, a first coiling member of the plurality of coil members defines a first
curl diameter. A second coiling member of the plurality of coil members defines a second
curl diameter that is smaller than the first curl diameter. The first coiling member is
configured to anchor the device in the target location and the second coiling member is
configured to fill the target location by creating a dense coil pack.

[0019] In one aspect, a first coiling member of the plurality of coiling members defines a
first portion having a first curl diameter and a second portion having a second curl diameter
that is smaller than the first curl diameter. The first portion of the first coiling member is
configured to anchor the lumen occlusion device in the target location. Further, the plurality
of coiling members are configured to fill the target location by creating a dense coil pack.
[0020] In one implementation the device may further include at least one restraining loop
coupled to at least one of the plurality of coiling members along a length of the coiling

members. In one implementation, the device may further include an engagement feature
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integrally formed with the distal retaining feature, said engagement feature configured to also
engage the proximal retaining feature to enhance the radial expansion of the coil pack by
encouraging a compressed stable axial dimension. In one implementation the proximal
retaining feature defines an aperture and the engagement feature is a tubular body
extending proximally from the distal retaining feature and includes detents configured to
engage an inner circumference of the aperture of the proximal retaining feature. In another
implementation a hook-like feature is integrally formed with the proximal retaining feature
and the engagement feature is an opening in the distal retaining feature, said opening
configured to receive the hook-like feature. In one implementation the plurality of coil
members are shape memory polymers. In one implementation, the first coiling member has
a first material modulus and the second coiling member has a second material modulus. In
one implementation, the second material modulus is less than the first material modulus. In
one implementation, the first portion has a first material modulus and the second portion has
a second material modulus. In one implementation, the coiling members are made from
radiopaque polymers, radiopaque crosslinked, thermoset polymers, or radiopaque shape
memory polymers. In one implementation, the first curl diameter is between approximately
12mm and approximately 8mm. In one implementation, the second curl diameter is between
approximately 9mm and approximately 6mm. In one implementation, each of the coiling
members has a coil diameter of approximately 0.018 inches. In one implementation, the first
member of the plurality of coiling members further includes a third curl diameter that is
smaller than the first curl diameter. In one aspect, the second member of the plurality of
coiling members further includes a fourth curl diameter that is smaller than the second curl
diameter. In one implementation, the device further includes nylon fibers coupled to one or
more of the plurality of coiling members to promote thrombus formation. In one aspect, a
vascular or biological lumen defines a lumen diameter and the first curl diameter is between
approximately 20% and approximately 70% greater than the lumen diameter. In one
implementation, the second curl diameter is less than the lumen diameter.

[0021] In one aspect, a method of manufacturing a vascular or biological lumen
occlusion device is disclosed. In one implementation, the method includes providing a
plurality of flexible bodies. A plurality of coiled members is formed from the plurality of
flexible bodies according to methods as disclosed herein. The plurality of coiled members
are constrained in a pre-deployed state as a plurality of elongate members, each of the
plurality of elongate members having a proximal end and a distal end. In one
implementation the method further includes coupling the distal ends of the plurality of
elongate members with a distal retaining feature. The method may also include coupling the
proximal ends of the plurality of elongate members with a proximal retaining feature. The
method may further include forming a first coiling member of the plurality of coiled members

6
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to have a first curl diameter between 20% and 70% greater than a target lumen diameter
and a first material modulus. The method may further include forming a second coiled
member of the plurality of coiled members with a second curl diameter smaller than the
target lumen diameter and a second material modulus. The method may further include
providing a delivery device having a pusher mechanism and a detachment feature, and
operably attaching the distal retaining feature to the detachment feature. In one
implementation, the method may further include coupling the plurality of elongate members
with a retaining loop. The method may further include coupling nylon fibers to a portion of
one or more of the plurality of elongate members to promote thrombus formation.

[0022] In another aspect, a method of occluding a vascular or biological lumen is
disclosed. In one implementation, the method includes introducing a lumen occlusion device
pre-loaded in a delivery device to a target location. The occlusion device includes a plurality
of coiling members, each member having a proximal end and a distal end. The device
further includes a proximal retaining feature coupled to the proximal ends of the plurality of
coiling members and a distal retaining feature coupled to the distal ends of the plurality of
coiling members. The method further includes deploying the occlusion device at the target
location. In one implementation, a first member of the plurality of coiling members has a first
curl diameter and a first material modulus and a second member of the plurality of coiling
members has a second curl diameter and a second material modulus. The method further
includes deploying the occlusion device at the target location such that the first coiling
member is configured to anchor the device in the target location and the second coiling
member is configured to fill the target location by creating a dense coil pack.

[0023] In one implementation, the occlusion device further includes a detachment
feature coupled to the distal retaining feature, and the deploying operation further comprises
releasing the detachment feature from the delivery device. In one implementation, the
method further includes positioning the occlusion device by advancing the detachment
feature past a distal end of the delivery device to a position in the target location that will
result in the occlusion device forming a dense coil pack. In one implementation, the method
further includes disengaging at least a portion of the detachment feature from the distal
retaining feature and retracting the portion of the detachment feature back into the delivery
device without removing the coil pack. In one implementation, the method further includes
the lumen occlusion device in a peripheral vessel thereby occluding the peripheral vessel for
treatment of uterine fibroids, varicoceles or internal hemorrhage. In one implementation, the
method further includes placing the lumen occlusion device in a peripheral artery thereby
occluding the peripheral artery before undertaking other procedures including one or more of
placing a port or injecting a chemotherapy agent. In one implementation, the method further
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includes placing the lumen occlusion device in a biological lumen selected from the group
consisting of a fallopian tube, a lung lobe, or a bile duct.

[0024] This Summary is provided to introduce a selection of concepts in a simplified form
that are further described below in the Detailed Description. This Summary is not intended
to identify key features or essential features of the claimed subject matter, nor is it intended
to be used to limit the scope of the claimed subject matter. Other features, details, utilities,
and advantages of the present disclosure will be apparent from the following more particular
written description of various embodiments of the disclosure as further illustrated in the
accompanying drawings and defined in the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] FIG. 1A is a depiction of a lumen occlusion device having coiling members and
retaining features shown in a displayed state, wherein functional zones of the device are
also shown.

[0026] FIG. 1B depicts an exemplary embodiment of the coiling members of FIG. 1A
wherein nylon fibers are coupled to portions of some of the coiling members.

[0027] FIG. 2 illustrates an exemplary embodiment of the coiling members of FIG. 1A,
wherein the coiling members have varying curl sizes.

[0028] FIG. 3A-1 depicts an exemplary embodiment of a first coiling member shown in
FIG. 2.

[0029] FIG. 3A-2 illustrates the varying curl sizes of the coiling member of FIG. 3A-1.
[0030] FIG. 3A-3 depicts the coiling member of FIG. 3A-1 in an elongated state (a pre-
deployed or stored shape).

[0031] FIG. 3B-1 depicts an exemplary embodiment of a second coiling member shown
in FIG. 2.

[0032] FIG. 3B-2 illustrates the varying curl sizes of the coiling member of FIG. 3B-1.
[0033] FIG. 3B-3 depicts the coiling member of FIG. 3B-1 in an elongated state (a pre-
deployed or stored shape).

[0034] FIG. 4A-1 depicts still another exemplary embodiment of a coiling member of the
device of FIG. 1A, wherein the coiling member is shown in a resting state after removal from
a winding mandrel.

[0035] FIG. 4A-2 illustrates the coiling member of FIG. 4A-1 in an expanded (non-
relaxed) state.

[0036] FIG. 5 illustrates a distal and proximal retaining feature of the device of FIG. 1A,
the distal retaining feature including an engagement feature.
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[0037] FIG. 6 depicts the proximal and distal retaining features of FIG. 5 engaged via the
engagement feature.

[0038] FIG. 7 is a flow chart illustrating a method of deploying the occlusion device
according to aspects of the present disclosure.

[0039] FIGS. 8A-8F depict an exemplary lumen occlusion device in the various states of
deployment in accordance with the method of FIG. 7.

DETAILED DESCRIPTION

[0040] The target anatomy for vascular occlusion (e.g., internal hemorrhage, tumor
isolation, aneurysms, AVMs, etc.) present significant anatomical variability and in many
cases, accessing this target anatomy requires a significantly tortuous vascular path in which
the delivery catheter or delivery sheath has been placed by a physician, such as an
interventional radiologist, prior to deployment of the occlusion device. Other biological
lumens, such as fallopian tubes, lung lobes (e.g., for a resection), bile ducts, etc. may also
present similar anatomical variability and, accordingly, tortuous delivery paths. The
occlusion device enters the delivery catheter outside the patient’s body and travels down the
delivery catheter or delivery sheath to be deployed (expelled) into the target vessel location.
At that point, the device is intended to change shape and expand so as to occlude the
vessel. Therefore, a clinically acceptable occlusion device is flexible to translate down the
catheter and adaptive to the structure it is filling. Further, the device will anchor to the vessel
wall to resist migration from the influence of the lumen flow, e.g., blood, air, bile, etc.

[0041] Disclosed herein is a lumen occlusion device having multiple parallel elongate,
coiling members (e.g., strands, strings, wires, fibers, threads, etc.), retaining features and a
restraining loops, wherein the multiple elongate coiling members are delivered in parallel and
simultaneously as one unique device to form a coil pack to occlude a vascular target (or
other biological lumen target) upon deployment from a delivery sheath. The occlusion
device may be used, for example, for occluding an artery or vein, to block blood flow within a
vessel supplying blood to or from the liver (hepatic artery), kidney (renal artery), spleen
(splenic artery) or intestines (mesenteric artery). Other applications may include use in other
biological lumens such as the fallopian tubes, the lung lobes (e.g., for a resection), bile ducts
or etc. Applications of the occlusion device are not limited to specific vessels but wherever
in the body that a physician desires to use catheter delivered lumen occlusion as part of the
patient’s therapeutic treatment. In one exemplary application, the gastroduodenal artery
(GDA) is embolized prior to insertion of a port for administering chemotherapy agents in
support of oncology treatment for liver cancer. A quick and simple way to occlude the GDA
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is highly beneficial to the physician as occlusion is a supportive task of the patient’s therapy,
not the primary task.

[0042] With individual embolic coils, physicians may experience distal “prolapse” or
proximal “bucking” or “recoil” that describe errant coil behavior. When one or more loops of
coils extend distal of the target vascular site, the device has prolapsed and, if it can’t be
retracted during deployment, it may be left in a non-optimal location (if not deemed
hazardous) or it may require separate recovery via a snare or other retrieval device. When a
loop of coil, in contact with a incomplete coil pack, pushes back on the catheter as reactive
force opposing the deployment force, it can cause the catheter to “buck” or “recoil”
unintentionally moving the catheter proximal to the coil pack. Significant catheter movement
can result in misplacement of the occlusion device. Again, a snare or other retrieval device
may be required if the occlusion device is left in an undesirable location, such as a parent
vessel when only the branch is intended to be occluded.

[0043] In one aspect, the device is constructed as a set of parallel, elongate, coiling
members joined at their respective ends by a retaining feature. That is, the proximal ends of
the individual coiling members are joined or otherwise held together by a retaining feature
and the distal ends of the individual coiling members are joined or held together by a
retaining feature. Joining the coil members at the distal end provides greater positional
control of the resulting coil pack for vascular occlusion, reduces the potential for errant
coiling members to extend downstream in the vessel and facilitates the ability to incorporate
a detachable distal control wire that will help to guide the coiling members into proper
placement. Joining multiple members at only the proximal end was described in
PCT/US2010/060598 and that configuration is very advantageous for aneurysm repair
wherein the multiple members are to fill the aneurysm sack and conform to a non-
symmetrical shape without placing excessive force on the diseased vessel wall. Joining
multiple coiling members at both a proximal and distal ends is unique for occluding vessels
or biological lumens.

[0044] The coiling members of the occlusion device may be joined together at the distal
end to provide greater control of the resulting coil pack, reduce the potential for errant coils
to extend downstream in the vessel, and facilitate the ability to utilize a distal control wire.
The distal retaining feature may be releasably coupled to the distal control wire until the point
of release, allowing for controlling the distal retaining feature during delivery of the vascular
occlusion device through the delivery sheath and deployment within the vessel. The coiling
members of the occlusion device may be joined together at the proximal end to provide
greater control of the device during delivery, greater control of the resulting coil pack, reduce
the potential for errant coils to prolapse upstream adjacent to the sheath in the vessel, and
facilitate the ability to utilize a pusher that is releasably coupled to the proximal end of the

10
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occlusion device. The proximal retaining feature may be releasably coupled to the pusher
that pushes the proximal retaining feature through the sheath. For a more detailed
discussion of the vascular or biological lumen occlusion device, reference is first made to
FIGS. 1 to 6, which illustrate various aspects of the occlusion device 5 including coil or
coiling members 10, retaining features 15 and one or more restraining loops 17.

[0045] As can be understood from FIG. 1A, the implanted occlusion device 5 includes a
plurality of elongate coiling members 10 which are joined at their respective proximal ends
20 and distal ends 25 by a retaining feature 15a,15b. The retaining feature 15 may be made
from the same material as the coiling members, or an adhesive, or solder, or a tubing
section or crimp that compresses the ends together. In some embodiments, the retaining
feature 15 may be a nubbin (e.g., a homogenous section formed by an adhesive) or other
structure that permanently joins the respective proximal and distal ends of the coiling
members. With the restraining loops 17a, 17b placed along the length of the occlusion
device, specific zones are defined that help to describe specific device functions. For
example, Zone 1 is to facilitate anchoring against the vessel wall, while Zones 2 and 3 are to
facilitate packing the coiling members to achieve a dense coil pack to maximize flow
reduction.

[0046] In one aspect, and as shown in FIG. 1B, nylon fibers 19 may be attached to at
least some of the coiling members 10. The nylon fibers encourage thrombus formation and
provide a lattice for thrombus adherence to avoid releasing the thrombus downstream. As
explained in more detail below, when thrombus has formed on the coil pack by adhering to
the nylon fibers, complete vessel occlusion will occur.

[0047] The nylon fibers 19 may be attached or coupled to the entire length of the coiling
member or may be attached to less than the entire length of the coiling member. In some
embodiments, the nylon fibers may be attached to one-third, one-half or two-thirds of the
length of a coiling member. In one embodiment, there are no fibers attached in
approximately the distal 5cm of the length of the coiling member. The nylon fibers 19 may
be attached or coupled to at least some of the coiling members 10 in certain zones. In one
embodiment having seven total coiling members, where no fibers are attached in
approximately the distal 5cm of the length of the coiling member, only five of the seven
coiling members include nylon fibers. In another embodiment having seven total coiling
members, where no fibers are attached in approximately the distal 5cm of the length of the
coiling member, all seven of the coiling members include nylon fibers. In one embodiment,
as illustrated in FIG. 1B, the nylon fibers 19 may be coupled to the coiling members in Zone
3 and partially in Zone 2 (e.g., at a proximal end/portion of the device). Thus, one-third to
one-half of the total length of the respective coiling members 10 do not have nylon fibers
attached thereto.
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[0048] Such a nylon fiber configuration is advantageous because it provides a
practitioner additional time to confirm accurate or desired placement of the device in the
vasculature. For example, during delivery (see e.g., FIGS. 8A-8F), the practitioner extends
approximately one-third to one-half of the device 5 to verify the coil pack formation and
position in the vasculature. If a revised placement is desired, the practitioner may
withdraw/retract the device (via, e.g., the distal control wire described in co-pending U.S.
Patent Application No. 61/591,119). However, during the time period where the practitioner
is assessing the coil pack and placement, nylon fibers may accelerate thrombus formation.
If coiling members 10 are full of thrombus, retraction may be mechanically inhibited and/or
the coils may shed clots, which are both undesirable conditions. Thus, having coiling
members with only partial nylon fiber coverage allows the practitioner additional time for
assessment because the nylon fiber covered coil members are not immediately exposed to
the vasculature. If the coil pack is acceptable and the entire device is deployed, the nylon
fibers at the proximal end/portion of the coiling members will assure proper “time to
occlusion” performance is achieved.

[0049] As can be understood from FIGS. 2 to 4A-2, the coiling members 10 may have
any combination of varying member diameters, varying curl diameters and varying material
modulus to achieve specific device functions. That is, certain coiling members may be used
to facilitate expanding radially when deployed in order to provide more assurance for
anchoring against the vessel wall. This is achieved by using coiling members having a larger
member diameter, a larger curl diameter and a higher material modulus (e.g., stiffer). In
addition, other coiling members are used to facilitate creating a dense coil pack across the
vessel diameter to provide greater mechanical flow reduction which enhances thrombus
formation and minimizes time to occlusion (time from deployment to when flow is stopped).
This is achieved by employing coiling members having a smaller member diameter, a
smaller curl diameter and a lower material modulus (e.g., softer).

[0050] In some embodiments, a set of coils may include seven individual coiling
members designed to occlude a vessel of approximately 6-8mm in diameter. In other
embodiments, the set of coiling members may include fewer than seven coiling members or
greater than seven coiling members to occlude a particular vessel size. In some
embodiments, the number of coiling members may be 2, 3, 4, 5, 6, 8, 9, 10 or more.

[0051] As can be understood from FIGS. 2 to 3B-3, in one embodiment, the device 5
may use seven coiling members. FIG. 2 shows an exemplary large coiling member 12a and
one of the smaller coiling members 12b. In one embodiment, four coiling members may
have a larger curl diameter and a higher material modulus (e.g., stiffer) (e.g., coiling member
12a). Asindicated in FIG. 3A-1 and FIG. 3A-2, which show exemplary dimensions of the
larger curl coiling member 12a of FIG. 2, the larger curl size may vary in diameter D, from
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approximately 12mm to 8mm. In other embodiments the curl diameter D; may vary in a
range from less than approximately 8mm to greater than approximately 12mm. FIG. 3A-3
illustrates this larger coiling member in a pre-deployed or storage state. In one embodiment,
the diameter D, of the individual coil member is approximately 0.018mm. In other
embodiments, the diameter D, of the individual coil member is between approximately
0.016mm and 0.020mm. In one embodiment, the length L, of the individual coil member is
approximately 16.5mm. The coil member is also stored in this elongated state when
packaged and retains this elongated shape after transfer into a delivery sheath and then
delivered to the target vascular site as shown in FIG. 8A. As the occlusion device is
deployed, these larger coiling members are allowed to recover to their large curl diameter
and begin to facilitate anchoring as shown in FIG 8B.

[0052] In one embodiment, three coiling members may have a smaller curl diameter and
a lower material modulus (e.g., softer) (e.g., coiling member 12b). As indicated in FIGS. 3B-
1 to 3B-2, which show exemplary dimensions of the smaller curl coiling member 12b of FIG.
2, the smaller curl size may vary in diameter D3 from approximately 9mm to approximately
6mm. In other embodiments the curl diameter D; may vary in a range from less than
approximately 6mm to greater than approximately 9mm. FIG. 3B-3 illustrates this smaller
coiling member 12b in a pre-deployed or storage state. In one embodiment, the diameter D,
of the individual coil member is approximately 0.018mm. In other embodiments, the
diameter D, of the individual coil member is between approximately 0.016mm and 0.020mm.
In one embodiment, the length L, of the individual coil member is approximately 16.5mm.
The coil member 12b is also stored in this elongated state when packaged and retains this
elongated shape after transfer into a delivery sheath and then delivered to the target
vascular site as shown in FIG. 8A. As the occlusion device is deployed, these small coiling
members are allowed to recover to their small curl diameter and begin to facilitate filling in
and packing the coil pack as shown in FIG. 8B.

[0053] In some embodiments, the curl diameter of the coiling member 12a, 12b is
determined relative to the diameter of the vessel (e.g., a peripheral artery, peripheral vessel,
or biological lumen) to be occluded. In some embodiments, the curl diameter D, of the larger
coiling members 12a may be approximately 20% to approximately 70% greater than the
diameter of the vessel and the curl diameter D; of the smaller coiling members 12b is less
than the diameter of the particular vessel. For example, anatomical vessels may range in
diameter from approximately 1mm up to approximately 18mm. So, for a vessel having a
diameter of 6mm, the curl diameter of the larger coiling members 12a may range from
approximately 7.2mm to approximately 10.2mm such that they can anchor the occlusion
device in place and the curl diameter of the smaller coiling members 12b is less than 6mm
such that they can curl/coil unobstructed by the vessel wall and generate a tight coil pack.
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[0054] A typical single embolic coil may be formed and provided in a tapered
configuration (e.g., a Tornado coil). This configuration is commonly used by single coil
manufacturers to make the single coil more tolerant of different vessel diameters and of
physician error of vessel size measurement. Generally, tapered coils are offered as a single
embolic coil delivered through a catheter that incorporates a smaller curl diameter at one
end transitioning once to larger curl diameter along its total length.

[0055] The presently disclosed device is unique in that it uses a smaller to larger curl
diameter transition in multiple instantiations along the length of one coiling member, with a
unique period/frequency for that curl size transition that does not synchronize with the
adjoining coiling member. Multiple coiling members then do not synchronize along the
length of the occlusion device which specifically enhances the reliability of the coiling
members interacting (intermeshing) during deployment to achieve a dense coil pack.
Further the coiling member curl transition is formed such that the small curl diameter nests
inside the larger curl diameters so that instead of forming a tapered coil appearance, the
coiling members form a pinwheel shape (curls lie in a single plane) and then replicate
multiple pinwheels along the length of the coiling member again in unique periods to avoid
synchronization.

[0056] As shown in FIGS. 4A-1 and 4A-2, an exemplary coiling member 10 is shown in a
slightly expanded resting state. The repeating variation in the curl diameter is shown as well
as the coiling members being partially nested within the transition. In one embodiment, the
coils are formed in a series of curls in repeating pinwheel shapes. FIG. 4A-2 illustrates the
coil of FIG. 4A-1 in an expanded or stretched state to show the repeating period of the curl
diameter change.

[0057] This multiple, non-synchronous curl diameter transition is uniquely beneficial to
minimizing prolapse and bucking with the multi-coiling member device. In use, the initial
loops of the large curl diameter coiling members 12a exit from the delivery sheath and they
extend radially to contact the vessel wall 120 for anchoring through the first 1-2 loops. The
rapid transition to smaller diameters allows the following loops to collapse and facilitate
stabilizing the coil pack before additional larger curl diameter loops are deployed. This
transition is advantageous because if additional large curl diameter loops were to continue to
be deployed from the delivery sheath (as if the coiling members appeared like a simple
helical coil, common with other embolic coils), these loops would not collapse into the coil
pack but would instead be inhibited from curling by the first loops and the following coiling
members would extend down the vessel as prolapse. Instead, the disclosed device’s
repeating pinwheel coiling members follow the first 1-2 anchoring loops with smaller curl
diameters that allow curls to collapse to better fill in the internal space (see, e.g., FIGS. 8A-
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8F). The smaller curl diameters minimize the potential for the coiling members to extend
down the vessel while reliably forming a dense coil pack.

[0058] The coiling members 10 may be fabricated initially as strands, strings, wires,
fibers, threads, or other elongate members from a variety of materials. In one embodiment,
the coiling members are made of a radiopaque, crosslinked, thermoset polymer which
maintains the ability to recover to its curl shapes even after years of being stored in an
elongated configuration in the package. These polymers may also exhibit shape memory
functionality (thermal stimulus) but this functionality is not required for this application. In
other embodiments, the coil members may be elongate members made from other materials
capable of recovering to the desired curled shape after being packaged in the elongated,
stored configuration. This includes, for example, a shape memory metal alloy or other
materials, including metals such as stainless, platinum, nitinol or polymer/plastics, such as
thermoplastic or thermoset resins, or a combination of any of the foregoing.

[0059] Returning now to FIGS. 1 and 2, and with reference to FIGS. 5-6, the individual
coiling members 10 having varying curl diameters are joined at their distal ends by a single
distal nubbin or retaining feature 15b. All of the coiling members 10 are aligned during
production of the device 5 such that a loop of the largest curl diameter 12a is joined at the
distal nubbin so that the largest curls can form a basket of loops when the device is
deployed (see, e.g., FIGS. 8A-8F). This basket is defined as Zone 1 in FIG 1. However, the
coiling members varying curl diameters transition on different periods so as not to be in
synchronous phase along the entire length of the device. The intentional lack of
synchronicity improves the randomness of the loop position within the coil pack and
increases the overall density of the coil pack. Increased density improves the mechanical
flow blockage thereby minimizing the time to occlusion.

[0060] Because the device uniquely employs multiple coiling members in parallel, there
is increased risk that one or more of these members may not move in concert with the
other(s) and may become errant in position. Errant coiling members can result in prolapse
and/or bucking. The asynchronous, varying curl diameter along the length of the coiling
members helps to reduce errant coiling member behavior by encouraging the coiling
members to become entangled during deployment. In addition, restraining loops 17 are
employed along the length of the device to minimize errant behavior of individual coiling
members. As shown in FIG.1 and others, in some embodiments, the device 5 may also
include a restraining loops 17 configured to join some or all of the individual coil members 10
at one or more locations along the length of the occlusion device. The loop 17 limits the free
length of every coiling member to prevent any member from extending downstream of the
vessel and causing prolapse. When the coil is in its elongated state (see, e.g., FIGS. 3A-3
and 3B-3), the restraining loop 17 is placed around all of the coils members in the set at
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multiple locations, e.g., approximately 3cm and approximately 5¢cm from the distal end of the
coil member. The loop 17 is adhered to one or more of the coiling members at that location
(e.g., bonded). The loop may be made of polymer tubing or nylon fiber, or other appropriate
material that is joined into a ring. In some embodiments, the restraining loop may also be a
clip. The loops can be sized to be relatively small in diameter so as to tightly constrain the
set of coiling members during deployment to a size not much larger than their pre-deployed
diameter. In other embodiments, the loops can be sized to be somewhat larger in diameter,
slightly constraining or loosely holding the coiling members during deployment to a size
larger than the pre-deployed device but smaller than the diameter of the vessel. This loop
may also temporarily capture a feature of the retaining/detaching mechanism, e.g. distal
control wire during deployment.

[0061] As the loops are affixed to at least one coiling member at each location, they act
as constraining elements, limiting the “free length” of each coil so that long free loops of coil
cannot be achieved that would otherwise extend down the vessel resulting in prolapse.
During deployment, when the distal end is captured on the distal control wire, the coiling
members are anchored at the distal end and the loops constrain all coiling members to limit
their free length, minimizing the potential for prolapse. Further, the first restraining loop
place a specific distance from the distal end will constrain the coiling members around the
distal control wire such that the curls formed (with the largest curl diameter on the coiling
members synchronized at this end) will form a large basket or flower-like structure which
extends outward to the diameter of the vessel. This basket inhibits the following curls of
coiling members from prolapsing downstream as they engage with the basket.
Subsequently, this first length of the device, from distal end to the first restraining loop, fills
the diameter of the vessel up against the vascular wall and as such, it works as an
“anchoring zone” (see, e.g., FIG. 1A).

[0062] Returning now to FIG. 1A, the device 5 can be described in terms of functional
“zones” where the coil members 10, retaining features 15 and restraining loop(s) 17 act
together to carry out specific functions. For example, in zone 1, the distal nubbin 15b and
restraining loop 17a and the coil members therebetween provide an anchor function of the
device as mentioned previously. The coil members between the distal nubbin 15b and
restraining loop 17a can form a basket-like structure or other similar anchoring structure
such that upon deployment into the vessel, the coil members anchor outward against the
vessel wall to prevent further coiling member movement and eventually result in stable
vessel occlusion. These anchoring coiling members may be made from a stiffer material
and formed into the largest curl diameter within the device. In zone 2, defined as the coiling
members between the restraining loop 17b and the proximal nubbin 15a, the coiling

members may be made from a softer material and formed to have varying, smaller, curl
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diameters to minimize prolapse and encourage coil pack stability. In some embodiments,
the device may include a third zone with coiling members similar to Zone 1 for symmetry of
upflow and downflow applications, or may provide additional smaller but stiffer coiling
members to facilitate ease of device delivery down a catheter or sheath. A stiffer proximal
zone on the device reduces compaction of the device within the catheter or sheath during
delivery. Reduced compaction reduces friction and thereby reduces the delivery force.
[0063] In one embodiment, and as shown in FIGS. 5 and 6, the distal retaining
feature/nubbin 15b may further include an engagement feature 50. The engagement feature
50 may be a tube-like feature that extends from the distal nubbin 15b proximally. The
feature 50 has a detent or small tabs 50a, 50b that engage the inner circumference 55 of the
proximal nubbin 15a. The engagement feature 50 on the distal nubbin engages the inner
circumference 55 of the proximal nubbin, thereby causing the nubbins 15 to lock together.
That is, when the distal and proximal nubbins 15b,15a are compressed together during
release, the engagement feature 50 locks the two nubbins together at release. In other
embodiments, both nubbins may include engagement features, such as complimentary
hooks configured to engage each other (not shown) or the proximal nubbin 15a may include
a hook 18a configured to engage a hole 18b in the distal nubbin 15b (see FIG.1).
Engagement of the two ends 15a, 15b enhances the radial expansion of the coil pack by
encouraging a compressed, and stable, axial dimension. The engagement feature 50
hinders or prevents the device from relaxing axially after release which may reduce radial
expansion and reduce the ability of the coil pack to anchor in the vessel.

[0064] In use, and as described in more detail below with reference to FIGS. 7-8E (and
with reference to FIGS. 5-6), the distal end nubbin 15b is held on a distal control wire 40 at a
fixed distance past the distal end 110 of the delivery sheath 115. In one embodiment, this
distance is approximately 1.5 cm distal to the end of the sheath. As the pusher 45 advances
the proximal end nubbin 15a, it slides along the distal control wire 40 as the coiling members
are expelled and deployed out of the sheath. Eventually, the proximal end nubbin 15a is
directly opposed (opposite) the distal end nubbin 15b commonly aligned by the distal control
wire 40. When the two nubbins 15 are positioned opposed to each other, all of the coiling
members have been deployed out of the delivery sheath. The pusher is stabilized, fixing the
proximal nubbin just beyond the distal end of the sheath and the distal control wire is
retracted. As it retracts, it is released from the distal end nubbin. As the distal control wire is
further retracted, it causes the proximal nubbin to be released, separating the occlusion
device from the pusher, distal control wire and sheath. At this point, the device has been
completely deployed and released into the vessel.

[0065] For a discussion of use of the lumen occlusion device as disclosed herein,
reference is now made to FIGS. 7-8F, which include a flow chart depicting a method of
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using/deploying the device and an exemplary occlusion device shown in various states of
deployment. As can be generally understood with reference to FIGS. 7-8F, and others, this
disclosure describes a peripheral vascular occlusion device 5 wherein multiple, very small
coiling members 10 (fibers, tendrils, or similar structures) are delivered simultaneously to
form a coil pack (for example, a coil pack 35 as described with reference to FIGS. 8D and
8E) that would otherwise be formed by the accumulation of individual coils delivered
sequentially. This simultaneous delivery and rapid formation of a coil pack provides key
benefits to a vascular or biological lumen occlusion device. This configuration also provides
a flexible and adaptive structure for filling aneurysm sacks or other vascular structures or
other biological lumens.

[0066] As indicated in FIGS. 7-8F, while the discussion herein relates to occluding a
vessel, it is understood that the device 5 may be utilized for other vascular malformations,
such as embolization of uterine fibroids or varicoceles, among other uses. The target sites
may present a variety of vessel sizes as determined by the physician using clinical imaging
techniques. The disclosed vascular or lumen occlusion device may be sized to be used with
different vessel sizes and may require the use of different size delivery catheters and
sheaths. The disclosed occlusion device may be provided in various sizes to occlude
vessels between approximately Tmm and approximately 16mm in diameter.

[0067] In use, and in accordance with the exemplary method 700, the device 5 is loaded
into a catheter or other delivery device in a non-expanded (or pre-deployed or storage) state.
Once the surgeon has placed the delivery device into the proper location, the device 5 may
be pushed by a “pusher” 45 out of the delivery device (e.g., a sheath 115 or catheter). The
straightened coiling members 10 (in non-expanded shape) are deployed by advancing the
occlusion device down the delivery device, using a pusher, and pushing it out the distal

end of the delivery device at the target occlusion site. It should be appreciated that the
operations of the method 700 may be performed in the order illustrated, in another suitable
order and/or one or more operations may be performed simultaneously. Moreover, in some
embodiments, the method 700 may include more or fewer operations than those illustrated.
[0068] In accordance with the exemplary method 700, in operation 702, and as
illustrated in FIG. 8A and in FIG. 6, the device 5 includes a detachment feature, such as a
distal ball 102 and distal wire 100 with a distal cup 105 (with a precision opening) attached to
the distal nubbin 15b. The distal ball 102 and wire 100 is advanced to position the cup 105
at a specified distance beyond the distal end of the sheath. In one embodiment, that
distance may be approximately 1.5¢cm beyond the end of the distal sheath. In operation 704,
the distance between the cup and the distal end 110 of the sheath 115 is determined. In one
embodiment, this determination is made by monitoring the position of the device on a
fluoroscope monitor or other clinical medical imaging system in which the device may be
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seen. This position is important to help maintain a tight coil pack — if this dimension is too
short, it’s too hard to push out the coils. If this dimension is too long, it results in a loose coil
pack.

[0069] Recall that the coil ends are bonded together into the distal nubbin. The distal
cup 105 is then bonded (added component) on the nubbin to facilitate the delivery and
release of the device. In one embodiment, the distal nubbin 15b and cup 105 may be the
same element. The nubbin 15b has a through-hole to allow the distal wire 100 to pass
through the nubbin into the distal cup. In FIG. 8A, the distal wire 100 is seen lying alongside
the coiling members in their straightened, pre-deployed condition — this is the configuration
of how they move down the catheter during “delivery.” At the end of the distal wire 100 is a
small metal ball 102. It is captured within the plastic cup 105. In one embodiment, the wire
passes through a precision opening that is intentionally smaller than the ball causing the
distal cup to be retained on the distal wire until a certain force is exceeded in which the ball
pulls through the precision hole (stretching the plastic cup) to release.

[0070] In operation 706, and as illustrated in FIG. 8B, deployment of the device begins.
In one embodiment, there are seven coiling members 10 in the device 5 that attach to the
distal nubbin. In some embodiments, the multiple coiling members 10, in a deployed state,
may have complex curl shapes, multiple size curls and/or multiple sizes with respect to
either diameter, length, or both. In various embodiments, some coiling members may be
produced larger in diameter than others to be stiffer and thereby assist in anchoring the coil
pack. Other coiling members for use in the same device may be produced softer, i.e., of a
smaller diameter, to assist in quickly filling the pack and minimizing the coil pack length. The
curl diameters of these coils are aligned such that all of the large diameters are bonded
together into the distal nubbin 15b. As such, when the device is initially deployed these
large curls extend out to the sidewalls of the vessel 120. These large curl shapes may be
distributed around the distal control wire, or in a large group of loops to one side, as shown
in FIG. 8B. While there is some randomness to this behavior, however in all conditions, the
result is a “basket” or “backstop” for the remaining coils to pack against. Getting the initial
coils to form this basket at the distal cup aids in reducing any propensity for distal prolapse
(where coils travel significantly past the cup and downstream in the vessel). The basketis a
result of: 1) distal ends bonded into the distal nubbin; 2) large curl sizes together into the
distal nubbin; and 3) an intermediate restraining loop 17 that keeps the proximal end of this
curl segment constrained around the distal retaining wire before release.

[0071] Operation 708, as illustrated in FIG. 8C, shows the device in mid-deployment. In
mid-deployment, the variation in curl size can be seen to enable a non-uniform curling of the
coils 10 but encourage a random, chaotic coil pack to enhance density and improve the

amount of mechanical flow obstruction from this material.
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[0072] In accordance with operation 710, as illustrated in FIG. 8D, deployment is
completed. When all of the coils are deployed (advanced and expelled from the sheath 115
as the pusher 45 has been advanced), the coil pack 35 is complete and provides significant
mechanical flow reduction. In one embodiment, nylon (fuzzy) fibers, attached to some of the
coiling members, encourage thrombus formation and provide a lattice for thrombus
adherence, to avoid releasing the thrombus where it may float downstream (see, e.g., FIG.
1B). Thus, the intended result is achieved when the coil pack is placed in the intended
position within the vessel, the coil pack is anchored against the vessel wall to avoid
migration due to the blood flow, the coil pack is dense to provide a high degree of
mechanical flow blockage, and thrombus has formed on the coil pack, adhering to the nylon
fibers resulting in complete vessel occlusion.

[0073] Once deployment is complete, and in accordance with operation 712, as
illustrated in FIG. 8E, release occurs when the distal wire 100 is pulled back (retracted). In
one embodiment, this retraction applies sufficient force to overcome the interference of the
ball and precision opening in the distal cup 105. The distal cup 105 “pops” free and the wire
is retracted back into the delivery sheath. FIG. 8F illustrates that the resulting pack 35 is
complete and compact and the distal wire 100 has been retracted back into the delivery
sheath (not shown).

[0074] The vascular or biological lumen occlusion device disclosed herein provides
benefits including the following: reduced procedure time, reduced procedure cost, improved
ease of use and improved occlusive outcome relative to other comparable devices. The
unique features of the device include proximal and distal ends permanently joined into
nubbins; engagement features on each nubbin to achieve a connection or lock during
deployment; specific coils designed for specific functions and features that minimize
prolapse and help to assure predictable coil pack formation during deployment.

[0075] Thus, as can be understood from the discussion found herein, the device and its
various configurations as disclosed herein address current key clinical deficiencies that are
unmet with existing single metal or single polymer coils and with other vascular occlusion
devices, such as metal mesh plugs, and their associated challenges discussed herein.
[0076] All directional references (e.g., proximal, distal, upper, lower, upward, downward,
left, right, lateral, front, back, top, bottom, above, below, vertical, horizontal, clockwise, and
counterclockwise) are only used for identification purposes to aid the reader’s understanding
of the present disclosure, and do not create limitations, particularly as to the position,
orientation, or use of the disclosure. Connection references (e.g., attached, coupled,
connected, and joined) are to be construed broadly and may include intermediate members
between a collection of elements and relative movement between elements unless otherwise

indicated. As such, connection references do not necessarily infer that two elements are
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directly connected and in fixed relation to each other. It should be noted that delivery sheath
and delivery catheter are used interchangeably for purposes of this description. The
exemplary drawings are for purposes of illustration only and the dimensions, positions, order
and relative sizes reflected in the drawings attached hereto may vary.

[0077] The above specification, examples and data provide a complete description of
the structure and use of exemplary embodiments of the invention as claimed below.
Although various embodiments of the invention as claimed have been described above with
a certain degree of particularity, or with reference to one or more individual embodiments,
those skilled in the art could make numerous alterations to the disclosed embodiments
without departing from the spirit or scope of this invention. Other embodiments are therefore
contemplated. It is intended that all matter contained in the above description and shown in
the accompanying drawings shall be interpreted as illustrative only of particular
embodiments and not limiting. Changes in detail or structure may be made without
departing from the basic elements of the invention as defined in the following claims.
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CLAIMS:

A vascular or biological lumen occlusion device for occluding at a target location
comprising

a plurality of individual coiling members, each member having a proximal end
and a distal end;

a proximal retaining feature coupled to the proximal ends of the plurality of
coiling members to join the proximal ends together; and

a distal retaining feature coupled to the distal ends of the plurality of coiling
members to join the distal ends together, wherein

in a pre-deployed state, the individual coiling members are elongate and
parallel; and

in a deployed state, the individual coiling members are curled with non-

uniform variations of curl diameters to form a random, chaotic, dense coil pack.

The device of claim 1, wherein

a first coiling member of the plurality of coiling members defines a first portion
having a first curl diameter and a second portion having a second curl diameter that
is smaller than the first curl diameter;

the first portion of the first coiling member is configured to anchor the lumen
occlusion device in the target location; and

the plurality of coiling members are configured to fill the target location and
create the dense coil pack.

The device of claim 1, wherein

a first coiling member of the plurality of coiling members defines a first curl
diameter;

a second coiling member of the plurality of coiling members defines a second
curl diameter that is smaller than the first curl diameter, and

the first coiling member is configured to anchor the device in the target
location and the second coiling member is configured to fill the target location and
create the dense coil pack.

The device of any one of claims 1 to 3, further comprising one or more of

at least one restraining loop coupled to some or all of the plurality of coiling
members along a length of the coiling members; or

an engagement feature integrally formed with the distal retaining feature, said
engagement feature configured to also engage the proximal retaining feature to
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enhance the radial expansion of the coil pack by maintaining a compressed and
stable axial dimension; or
nylon fibers coupled to one or more of the plurality of coiling members to

promote thrombus formation.

The device of claim 4, wherein one of

the proximal retaining feature defines an aperture and the engagement
feature is a tubular body extending proximally from the distal retaining feature and
includes detents configured to engage an inner circumference of the aperture of the
proximal retaining feature; or

a hook-like feature is integrally formed with the proximal retaining feature; and

the engagement feature is an opening in the distal retaining feature, said
opening configured to receive the hook-like feature.

The device of any one of claims 1 to 5, wherein one of

a first one of the coiling members has a first material modulus and a second
one of the coiling members has a second material modulus less than the first
material modulus; or

the coiling members are made from radiopaque polymers, radiopaque
crosslinked, thermoset polymers, or radiopaque shape memory polymers; or

each of the coiling members has a coil diameter between 0.016 mm and
0.020 mm; or

any combination of the foregoing.

The device of claim 2, wherein the first portion has a first material modulus and the
second portion has a second material modulus.

The device of claim 2, wherein one of

the first curl diameter is between approximately 12 mm and approximately 8
mm; or

the second curl diameter is between approximately 9 mm and approximately
6 mm; or both of the foregoing.

The device of claim 3, wherein one of

the first coiling member of the plurality of coiling members further includes a
third curl diameter that is smaller than the first curl diameter; or

the second coiling member of the plurality of coiling members further includes
a fourth curl diameter that is smaller than the second curl diameter; or
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10.

11.

12.

both of the foregoing.

The device of claim 2, wherein

the first curl diameter is configured to be between approximately 20% and
approximately 70% greater than a lumen diameter of the target location; or

the second curl diameter is configured to be less than the lumen diameter of
the target location; or

both of the foregoing.

A method of manufacturing a lumen occlusion device comprising

providing a plurality of flexible elongate members made of a material capable
of recovering a curl shape formed therein;

forming a plurality of coiled members from the plurality of flexible elongate
members, wherein each of the coiled members is curled with non-uniform variations
of curl diameters;

constraining the plurality of coiled members in a pre-deployed state as the
plurality of elongate members in parallel with each other, but which remain capable of
coiling to recover the form of the plurality of coiled members, wherein each of the
plurality of elongate members has a proximal end and a distal end;

coupling the distal ends of the plurality of elongate members together with a
distal retaining feature; and

coupling the proximal ends of the plurality of elongate members together with

a proximal retaining feature.

The method of claim 11, further comprising at least one of

forming a first coiled member of the plurality of coiled members to have a first
curl diameter between 20% and 70% greater than a target lumen diameter; or

forming the first coiled member of the plurality of coiled members to have a
first material modulus; or

forming a second coiled member of the plurality of coiled members with a
second curl diameter smaller than the target lumen diameter; or

forming the second coiled member of the plurality of coiled members to have

a second material modulus.
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13.

14.

15.

16.

17.

The method of claim 11 or claim 12, further comprising

providing a delivery device having a pusher mechanism and a detachment
feature; and

operably attaching the distal retaining feature to the detachment feature.

The method of any one of claims 11 to 13, further comprising either or both of
coupling some or all of the plurality of elongate members together with a
retaining loop, or
coupling nylon fibers to a portion of one or more of the plurality of elongate

members to promote thrombus formation.

A method of occluding a vascular or biological lumen comprising
introducing a lumen occlusion device pre-loaded in a delivery device to a
target location, the lumen occlusion device comprising

a plurality of individual coiling members, each member having a
proximal end and a distal end;

a proximal retaining feature coupled to the proximal ends of the
plurality of coiling members to join the proximal ends together;

a distal retaining feature coupled to the distal ends of the plurality of
coiling members to join the distal ends together, wherein in a pre-deployed state
within the delivery device, the individual coiling members are elongate and parallel;
and

deploying the lumen occlusion device at the target location, wherein in a
deployed state, the individual coiling members are curled with non-uniform variations

of curl diameters to form a random, chaotic, dense coil pack.

The method of claim 15, wherein

a first coiling member of the plurality of coiling members defines a first portion
having a first curl diameter and a first material modulus and a second portion having
a second curl diameter that is smaller than the first curl diameter and a second
material modulus; and

the deploying operation further comprises deploying the first coiling member
to anchor the device in the target location and deploying the remaining coiling
members to fill the target location and create the dense coil pack.

The method of claim 15 or claim 16, wherein
the device further includes a detachment feature coupled to the distal

retaining feature; and
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18.

19.

20.

the deploying operation further comprises releasing the detachment feature
from the delivery device.

The method of claim 17, further comprising positioning the occlusion device by
advancing the detachment feature past a distal end of the delivery device to a
position in the target location
advancing the proximal retaining feature past the end of the delivery device to
deposit the plurality of individual coiling members in the target location to form the
dense coil pack.

The method of claim 18, further comprising

disengaging at least a portion of the detachment feature from the distal
retaining feature; and

retracting the portion of the detachment feature back into the delivery device
without removing the dense coil pack.

The method of any one of claims 15 to 19, further comprising placing the lumen
occlusion device in one of a peripheral vessel thereby occluding the peripheral vessel
for treatment of uterine fibroids, varicoceles or internal hemorrhage, or a peripheral
artery thereby occluding the peripheral artery before undertaking other procedures
including one or more of placing a port or injecting a chemotherapy agent, in a
biological lumen selected from the group consisting of a fallopian tube, a lung lobe, or
a bile duct.
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