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(57) Abrégée/Abstract:
Disclosed herein are devices, designs, methods of manufacturing and using medical devices comprising expandable bodies for
treating saccular vascular aneurysms and occluding segments of blood vessels and other biological conduits. Exemplary
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(57) Abrege(suite)/Abstract(continued):
expandable bodies include hollow gold structures that can be folded, wrapped, and compressed, joined to a delivery device,

advanced to location In the body of patient In need of treatment, expanded by injection of a fluid into the central void, and separated
from the delivery device, remaining In place in an open, expanded form without the addition of support structures to the central
vold. Other expandable bodies include colled wires that can be loaded Iinto delivery catheters and expelled from the delivery
catheters using pusher devices. Also disclosed herein, are methods of using multiple medical devices and expandable bodies

where the expandable bodies are placed adjacent to each other to occlude a saccular aneurysm.
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(57) Abstract: Disclosed herein are devices,
designs, methods of manufacturing and using
medical devices comprising expandable bod-
les for treating saccular vascular aneurysms
and occluding segments of blood vessels and
other biological conduits. Exemplary ex-
pandable bodies include hollow gold struc-
tures that can be folded, wrapped, and com-
pressed, joined to a delivery device, ad-
vanced to location in the body of patient in
need of treatment, expanded by injection of a
fluid into the central void, and separated
from the delivery device, remaining in place
in an open, expanded form without the addi-
tion of support structures to the central void.
Other expandable bodies include coiled wires
that can be loaded mto delivery catheters and
expelled from the delivery catheters using
pusher devices. Also disclosed herein, are
methods of using multiple medical devices
and expandable bodies where the expandable
bodies are placed adjacent to each other to
occlude a saccular aneurysm.
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EXPANDABLE BODY DEVICE AND METHOD OF USE

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] The present application claims priority to U.S. Provisional Patent
Application No. 62/051873, entitled "Expandable Body Device and Method of Use,” filed
on September 17, 2014, the entire contents of which are incorporated herein by

reference in its entirety.

FIELD OF THE PRESENT DISCLOSURE

[0002] The present disclosure relates to medical devices and systems
iIncluding an expandable body, including the use of one or more medical devices or
systems including an expandable body for the treatment of saccular aneurysms of the
vascular system, where one or more expandable bodies ultimately remains in the
aneurysm in an expanded state. Further, the present disclosure relates to methods and
systems for delivering and positioning various embodiments of the expandable body,
which are dimensioned and configured to fill and/or seal at least a portion of the
saccular aneurysm such that the expandable body remains in place in an expanded
state. The present disclosure also relates to medical devices and systems comprising a
form of expandable body comprising a hollow metal balloon or a balloon comprising
metal, and a delivery catheter, and their use. The present disclosure also relates to
devices, systems, and methods for treating saccular aneurysms wherein different forms
of an expandable body may be deployed in combination. For example, a hollow metal
balloon form of expandable body may be placed in an aneurysm sac and expanded,
and then one or more coiled wire forms of expandable body may be placed in the
aneurysm sac such that the coiled wires contact both the wall of the aneurysm and the
wall of expanded hollow metal balloon located near the aneurysm neck and exert force
on the expanded hollow metal balloon to aid in sealing the aneurysm neck.

[0003] The present disclosure also relates to medical devices and systems
including an expandable body, including the use of one or more medical devices or

systems including an expandable body for the occlusion of blood vessel segments or
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other biological conduits, where the expandable body ultimately remains in the blood
vessel segment, or biological conduit segment in an expanded state. Further, the
present disclosure relates to methods and systems for delivering and positioning
various embodiments of the expandable body, which are dimensioned and configured to
fill and/or seal at least a portion of the blood vessel segment, or biological conduit
segment such that the expandable body remains in place in an expanded state. The
present disclosure also relates to medical devices and systems comprising a form of
expandable body comprising a hollow metal balloon or a balloon comprising metal, and
a delivery catheter, and their use. The present disclosure also relates to devices,
systems, and methods for occlusion of blood vessel segments or other biological
conduits wherein different forms of an expandable body may be deployed in
combination.

[0004] The present disclosure also relates to the manufacturing of an
expandable body wherein a stainless steel ring Is coupled to a proximal end of a
mandrel, depositing a metal layer over the mandrel and at least over a portion of the
stainless steel ring or tube, and optionally removing the mandrel, resulting in a metal
layer in the form of a hollow body having the shape of the mandrel, which can be
fashioned into an expandable body. This embodiment of a method of manufacturing
iIncludes a method wherein the metal is deposited by electroforming, and a method
wherein the metal deposited is gold. The stainless steel ring is therefore joined to and
extending from a proximal region of the hollow body, forming a neck, including forming a
proximal neck. The stainless steel ring may also be added by welding a separate
segment to the neck or main body of the expandable body, the main body defined as
comprising the proximal region and the distal region, and optionally the intermediate
region. In certain embodiments, a stainless steel ring or tube is coupled to a delivery

device, and configured wherein the ring or tube can be severed by electrolysis.

BACKGROUND OF THE PRESENT DISCLOSURE
[0005] An aneurysm is an abnormal outward bulging of a blood vessel that
can occur anywhere in the body. This bulge weakens the blood vessel wall, making it

susceptible to rupture, which can result in bleeding or hemorrhage. Aneurysms are
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common In the arterial circulation of the brain, where they are known as cerebral or
Intracranial aneurysms. When cerebral aneurysms rupture, this often leads to a
hemorrhagic stroke, brain damage, and sometimes death. Cerebral aneurysms are a
common condition, affecting an estimated 2% of the adult population. Approximately
90% of cerebral aneurysms are saccular with a rounded, sac, or pouch-like shape.
Invasive surgery is the traditional mode of treatment, with the surgery involving opening
the skull and sealing the aneurysms by placing a small surgical clip on the outside of the
neck or body of the aneurysm, thereby limiting blood flow into the aneurysm sac.

[0006] Alternatively, minimally invasive, catheter-based, endovascular
treatments have been used wherein a series of small metal coiled wires (“colls”) are
used to fill aneurysm sacs, blood vessel segments, or biological conduit segments to
effect occlusion. In order to occlude an aneurysm or blood vessel with colls, a physician
iInserts a catheter into a lumen of the vascular system and maneuvers the catheter tip to
the location where occlusion is desired. With the catheter tip in position, the physician
passes the colls through the catheter into the lumen or inner cavity of the aneurysm,
blood vessel segment, or biological conduit segment.

[0007] Although effective, colling of saccular cerebral aneurysms has
drawbacks. First, coil placement is difficult to control, often resulting in coll protrusion
iInto the parent vessel or coil migration to non-target locations. Second, coils only
partially fill and occlude the aneurysm sac. The accumulation of thrombus and fibrous
tissue Is required to seal the aneurysm, a process that often takes weeks to months to
occur and I1s sometimes incomplete, which can reduce the effectiveness of colils in the
treatment of acute aneurysm rupture with subarachnoid hemorrnage. Even when the
use of coils is initially effective, recanalization of the aneurysm, blood vessel, or
biological conduit iIs a common occurrence, resulting in a return of blood flow to the
aneurysm and increasing the risk rupture over time. Incomplete filling of saccular
aneurysms with colls is especially common in the neck region of saccular aneurysms,
where coll density can be low and blood flow rates high. Third, numerous coils are
usually required to treat the aneurysm, resulting in high costs and long treatment times.
Fourth, coils are susceptible to compaction, further exposing the aneurysm neck and

thereby contributing to the high rate of aneurysm recurrence.
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[0008] More recently, traditional tubular stents have been adapted for the
treatment of cerebral aneurysms. These stents are placed on catheter delivery devices
and positioned in the parent vessel adjacent to the aneurysm. These stents are then
expanded In the parent vessel with the delivery device, followed by removal of the
delivery device. The expanded metal stent acts to reduce blood flow into the aneurysm
sac and promote aneurysm thrombosis. Although effective, the use of these “flow
diverting” stents has drawbacks. First, the stents may cover and divert blood flow away
from important arterial branches adjacent to the aneurysm, sometimes resulting in
iIschemia and stroke — a problem especially seen with the treatment of bifurcation
aneurysms. Second, these stents are a source of thrombus and intimal hyperplasia
formation in the parent vessel, which can result in narrowing in the parent vessel lumen,
iIschemia, and stroke.

[0009] Even more recently, wire mesh expandable bodies have been adapted
for the treatment of cerebral aneurysms. These wire mesh expandable bodies are
placed through catheter delivery devices, using pusher devices, including pusher wires,
pusher catheters, or pusher systems, and positioned in an aneurysm sac. These wire
mesh expandable bodies are then expanded in the aneurysm sac and detached from
the pusher device. The wire mesh expandable bodies act to reduce blood flow into the
aneurysm sac and promote aneurysm thrombosis.

[0010] There remains a need for medical devices, systems, and methods for
treating saccular aneurysms, including cerebral aneurysms, which result in a more
rapid, effective and complete reduction of blood flow to saccular aneurysms that is more
effective In sealing the neck, and more durable and permanent. It is further desired to
have medical devices, systems, and methods seals the aneurysm neck more quickly.
Finally, it is desired to have medical devices, systems, and methods for treating
saccular aneurysms that can be used more easily and in less time, with a lower risk of
complications, and at a lower cost when compared with existing treatments.

[0011] In other clinical situations, patients can benefit from the occlusion of
certain artery or vein segments. Clinical settings where endovascular vessel occlusion
IS beneficial include reducing bleeding from an injured vessel, reducing blood flow to

tumors, and rerouting the path of blood in the vascular system for other purposes such
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as to reduce blood flow to vascular anomalies and malformations. Minimally invasive,
catheter-based, endovascular treatments have been developed to occlude blood vessel
segments. Endovascular medical devices for blood vessel occlusion include balloon
catheters wherein the balloon can be inflated to fill the lumen of a blood vessel segment
and detached from the catheter. There are two major drawbacks to the use of
detachable balloon catheters for blood vessel occlusion. First, the balloons are made of
polymers that generally resist tissue incorporation. This limits fixation of the devices
where they are placed and increases the risk of migration. Second, the balloons are
configured with elastic walls, which are expanded with pressurization, and valves
designed to maintain that pressure after detachment. Unfortunately, there is a
substantial rate of balloon and valve failure, resulting in deflation. Without tissue
iIncorporation, balloon deflation can lead to blood vessel or biological conduit
recanalization or balloon migration and occlusion of non-target vessel segments.

[0012] More recently, endovascular medical devices for blood vessel
occlusion have been developed that include wire mesh structures that are a form of
expandable body, that are used to fill a portion of the lumen of a blood vessel segment
to induce thrombosis and occlusion of the blood vessel segment. Although only a single
wire mesh expandable body is usually required to occlude a blood vessel segment, and
the devices are generally easier to control, these devices only partially fill the blood
vessel and require the accumulation of thrombus and fibrous tissue to occlude the blood
vessel. As with colls, this process takes weeks to occur and Is sometimes incomplete,
often resulting in incomplete occlusion or recanalization and a failed treatment.

[0013] There remains a need for catheter-based medical devices, systems,
and methods for the occlusion of segments of blood vessel segments and other
biological conduits that are simple to perform, result in a rapid, controlled, and complete
occlusion, have a low risk of recanalization, device migration, or other complications,

and can be purchased at a reasonable cost.

SUMMARY OF THE PRESENT DISCLOSURE
[0014] Disclosed herein are medical systems and devices for the treatment of

saccular aneurysms using an expandable body, including an expandable body
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comprising a hollow metal balloon or a hollow balloon comprising metal, or one or more
expandable bodies in combination to occlude saccular aneurysms. Also disclosed are
medical systems and devices for the occlusion or blockage of blood vessel segments,
iIncluding arteries, veins, other vascular conduits, and other biological conduits using an
expandable body, including an expandable body comprising a hollow metal balloon or a
hollow balloon comprising metal, or one or more expandable bodies in combination.

[0015] An expandable body, in general terms, is a structure that can be
delivered from outside the body to a location inside the body in a form that Is
compressed, collapsed, pleated, folded, wrapped, constrained, elongated, or otherwise
non-expanded and then expanded at a treatment site to occupy space or exert force on
adjacent structures. One example of an expandable body is a hollow gold metal
structure can be pleated, wrapped, and compressed, delivered to a treatment location,
and expanded by an injection of fluid into the central void of the hollow gold metal
structure. Another example of an expandable body Is a nitinol, platinum, or stainless
steel wire can be formed into a coiled shape and then elongated or constrained in the
lumen of a catheter, delivered to a treatment site in this configuration, and then expelled
from the catheter where it can expand to a coiled shape. Yet another example of an
expandable device Is a unitary wire mesh device comprising nitinol that can be
compressed, elongated, and constrained in the lumen of a catheter, delivered to a
treatment site in this configuration, and then expelled from the catheter where it can re-
expand to an expanded shape.

1 11 b} 11

[0016] The terms "expandable body”, "expanded body”, “expanded

expandable body”, “expandable structure”, “expandable balloon”, "hollow metal

structure”,

b 14 1 1

hollow metal expandable body”, "hollow metallic expandable body”, “metal
balloon”, "ballstent”, and "blockstent”, as used herein, refer to an expandable body,
wherein the expandable body may be first introduced in a non-expanded state into a
patient, optionally using a delivery device; second, negotiated in the non-expanded
state through one or more biological conduits of a patient to a target treatment site (i.e.,
implantation site); third, expanded at the target treatment site into an expanded state;
and, fourth, separated from the delivery device to remain in the patient’'s body in an

expanded configuration at the target or treatment site.

&
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[0017] In a particular embodiment, an expanded body may be configured for

use as a hollow metal structure that can be inflated or expanded by the injection of fluid
Into a central void. In this context, when describing this particular embodiment, the

b 14

terms “expandable body”, "expandable structure”, “"expandable balloon”, "hollow metal

J

structure”, "hollow metal expandable body”, “hollow metallic expandable body”, "metal

J

pballoon” “ballstent”, and "blockstent”, are used, as described herein. In some

embodiments, the expandable body In this context may have a single-layered or multi-
layered wall with a generally solid surface, without generalized open cells or
fenestrations.

[0018] A medical system disclosed herein may be used to fill a biological
space of a patient. Such a medical system may include a single-lobed metallic
expandable body and delivery device. Such a medical system may also include one or
more additional expandable bodies, each termed a “coiled wire expandable body”,
comprising coiled wires that can be placed immediately adjacent to a single-lobed
expandable body. Filling of a biological space includes occlusion of at least a portion of
a lumen of a ruptured or non-ruptured saccular aneurysm or a lumen of a blood vessel
segment, including arteries and veins, or a lumen of another type of biological conduilit.

[0019] The single-lobed hollow metallic expandable body includes a distal
region, a proximal region generally opposite the distal region, and optionally an
iIntermediate region transitioning from the distal region to the proximal region. A center
axis extends proximal-distal between the proximal region and distal region of the single-
lobed metallic expandable body. In one embodiment, a wall of this expandable body
extends generally continuously through from the proximal region, optionally through the
intermediate region, to the distal region to define an exterior surface of the expandable
body and an interior surface of the expandable body. The interior surface defines an
interior volume of the expandable body. The expandable body is configured to expand
from a deliverable (i.e., collapsed or non-expanded) configuration to an expanded
configuration. In another embodiment, the wall of the expandable body comprises a

unitary wire mesh device with gaps, fenestrations, or open cells between the wire
components.
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[0020] In various embodiments, the single-lobed hollow metallic expandable
body includes a proximal region and distal region separated by an intermediate region
that forms the unitary construct of the expandable body. The single-lobed metallic
expandable body may further be defined by a first axis and a second axis transverse to
the first axis. The first axis extends between a proximal neck and a distal neck of the
expandable body or, described in an alternative way, extends between the middle
portion of the proximal surface to the middle portion of the distal surface. In one aspect,
the shape of the intermediate region may be described and defined by an arc parallel to
the first axis. In various embodiments, the width or length of the expandable body along
the second axis is greater than the height or length of the expandable body along the
first axis. In some embodiments, when expanded, a maximum radius of the distal
region, parallel to the second axis, Is less than or equal to a maximum radius of the
proximal region parallel to the second axis. In some embodiments, when expanded, a
maximum radius of the distal region, parallel to the first axis, is less than or equal to a
maximum radius of the proximal region parallel to the first axis.

[0021] In various other embodiments, the single-lobed hollow metallic
expandable bodies may also be defined and described as having a generally
hemispherical proximal region affixed to a generally hemispherical distal region.
Hemispheroids formed by each region may be further defined by a semi-major axis and
semi-minor axis that align with the first axis or the second axis. In some embodiments,
each region has a corresponding neck and may independently define an oblate
hemispheroid, a prolate hemispheroid, or a hemisphere.

[0022] In one embodiment, the single-lobed hollow metallic expandable body
and its delivery device feature an inner catheter shaft (i.e. guide wire shaft) that serves
as a guide wire lumen. Under fluoroscopic guidance, the guide wire is inserted in the
artery and advanced to the intended treatment site. Then the delivery device with the
non-expanded expandable body at its distal end is passed over the guide wire and the
body delivered to the intended treatment site. In some embodiments the guide wire is
removed after delivery, expansion, and detachment of this expandable body. In other
embodiments, the expandable body is delivered and expanded and the guide wire is

removed before detachment. In other embodiments, the expandable body Is delivered,
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and then the guide wire is removed, prior to expansion and detachment of the
expandable boaqy.

[0023] The delivery device has a longitudinally extending body that includes a
proximal end and a distal end generally opposite the proximal end. The distal end of
the delivery device is operably coupled to the proximal neck of the single-lobed hollow
metallic expandable body. In some embodiments, the distal end of the delivery device
IS also operably coupled to the distal neck of the expandable body. In one embodiment,
when the expandable body is in the deliverable configuration, the wall assumes a
pleated configuration having a plurality of pleats folded over in a clockwise direction
relative to the first or center axis, or, alternately, in a counter-clockwise direction relative
to the first or center axis to form a folded-over region of the expandable body.
Conversely, when the expandable body is in the expanded configuration, the plurality of
pleats Is not folded over and the pleated configuration substantially ceases to exist.

[0024] In a related embodiment, the distal end of the single-lobed hollow
metallic expandable body further comprises a distinct tube like structure, which is
referred to as a "bridge segment”. In some embodiments, the bridge segment Is a two-
part telescoping bridge segment comprising a rigid metal or polymer tube (the
“‘telescope’) that slides over the distal end of a catheter or a catheter shaft (the "bridging
catheter”). In other embodiments, the bridge segment is a one- part flexible bridge
segment comprising a polymer tube with or without braid-reinforcement. In some
embodiments, the bridge segment is joined to the body of the expandable body by a
glue, adhesive, or weld. During expansion of the expandable body, the bridge segment
allows the body of the expandable body to freely shorten in the axial direction. This In
turn maximizes the distance between the distal end of the expanded hollow metallic
expandable body and the dome of the aneurysm so that a coiled wire expandable body
may be placed there with the least risk of puncturing the dome of the aneurysm.
Furthermore, the bridge segment reduces leakage of the injected fluid medium from the
expandable body, which in turn reduces the applied pressure required for expansion.

[0025] Various methods may be used to detach the expanded hollow metallic
expandable body from the delivery device. In one embodiment, the system or medical

system includes a detachment system having an electrical circuit partially supported on

2
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the delivery device and configured to decouple an expandable body from a distal end of
the delivery device by electrolysis. In another embodiment, detachment may be by an
electrothermal process whereby an electrical circuit melts a thermoplastic link between
the delivery device and the neck segment of the expanded hollow metallic expandable
body. In other embodiments, mechanical means of detachment may be employed such
as a threaded connection separated by twisting the delivery device or a slip-fit
connection separated by retracting the delivery device from a sleeve, valve, or valves
placed in or on the expandable body. In the case of mechanical detachment, a
separate detachment catheter may be employed to prevent axial movement of the
expandable body while the delivery device Is retracted.

[0026] Methods for filling at least a portion of a biological space of a patient
are also disclosed herein. One method includes providing a single-lobed hollow metallic
expandable body configured to expand from a deliverable configuration to an expanded
configuration. The expandable body is introduced to the biological space of the patient
In a deliverable configuration via a delivery device having a distal end operably engaged
to a proximal neck, proximal region, or distal neck of the expandable body. A fluid
medium can be delivered into the interior volume of the expandable body via the
delivery device to inflate or expand the expandable body, causing it to assume an
expanded configuration. After expansion, the expandable body Is detached from the
delivery device. In some embodiments, the method includes using a detachment
system having an electrical circuit partially supported on the delivery device to
electrolytically sever the expandable body from a distal end of the delivery device.

Here, a portion of the delivery device, including a portion of the proximal neck,
undergoes electrolysis prior to detachment. In certain embodiments, the portion of the
proximal neck that undergoes electrolysis Is ring shaped.

[0027] Methods for manufacturing a device or system for filling a biological
space of a patient are also disclosed herein. One method includes manufacturing a
single-lobed hollow metallic expandable body having a distal region, a proximal region
generally opposite the distal region, and an optional intermediate region transitioning
from the distal region to the proximal region. A center or first axis extends between the

proximal neck and the distal neck of the single lobed metallic expandable body. A wall
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of the expandable body extends generally continuously from the proximal region
through the intermediate region, and to the proximal region to define an exterior surface
of the expandable body and an interior surface of the expandable body. The interior
surface defines an interior volume of the expandable body. The method also includes
welding or joining all or a portion of the proximal or distal neck segments to the
expandable body, or both the proximal and distal neck segments. In other
embodiments, a proximal neck segment, a distal neck segment, or both a proximal and
distal neck segments may be joined during an electroforming process to form the
expandable body.

[0028] The methods also include manufacturing a delivery device having a
longitudinally extending body that includes a proximal end and a distal end generally
opposite the proximal end, operably coupling the distal end of the delivery device to the
hollow metallic expandable body, including to the proximal neck or proximal region of
the expandable body. The methods of manufacturing also include forming the wall of
the expandable body into a pleated configuration. The pleated configuration includes a
plurality of pleats folded over in a clockwise direction relative to the first or center axis,
or alternately, a counterclockwise direction relative to the first or center axis to form a
folded-over region of the expandable body.

[0029] The methods also include manufacturing a hollow metallic expandable
body that includes coupling a stainless steel ring to a proximal end of a sacrificial
mandrel, such as an aluminum mandrel, depositing a metal layer over the sacrificial
mandrel and at least over a portion of the stainless steel ring or tube, and eliminating
the sacrificial mandrel to leave behind the metal layer in the form of a hollow body
having the shape of the sacrificial mandrel, which can be fashioned into an expandable
body. This embodiment of a method of manufacturing includes a method wherein the
metal Is deposited by electroforming, and a method wherein the metal deposited Is gold.
The stainless steel ring is therefore joined to and extending from a proximal region of
the hollow body, forming a neck, including forming a proximal neck. The stainless steel
ring may also be added by welding a separate segment to the neck or main body of the
expandable body, the main body defined as comprising the proximal region and the

distal region, and optionally the intermediate region. In certain embodiments, a
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stainless steel ring or tube is coupled to a delivery device, and configured wherein the
ring or tube can be severed by electrolysis.

[0030] The methods also include manufacturing a hollow metallic expandable
body that includes coupling a stainless steel ring to a proximal end of a hollow, non-
sacrificial mandrel, such as a PET balloon, depositing a metal layer over the non-
sacrificial mandrel and at least over a portion of the stainless steel ring or tube, and
leaving the non-sacrificial mandrel in place as an inner layer, resulting in a hollow, two
layered expandable body having the shape of the non-sacrificial mandrel, which can be
fashioned into an expandable body. This embodiment of a method of manufacturing
iIncludes a method wherein the metal is deposited by sputter coating or electroforming,
sputter coating then electroforming, or electroforming and then sputter coating, and a
method wherein the metal deposited is gold. The sputter coating may include sputter
deposition.

[0031] In the processes described above, the stainless steel ring Is therefore
joined to and extending from a proximal region of the hollow metallic body, forming a
neck, including forming a proximal neck. The stainless steel ring may also be added by
welding a separate segment to the neck or main body of the expandable body, the main
body defined as comprising the proximal region and the distal region, and optionally the
intermediate region. In certain embodiments, a stainless steel ring or tube Is coupled to
a delivery device, and configured wherein the ring or tube can be severed by
electrolysis. In certain embodiments, a region of gold covered stainless steel can be
etched to expose the underlying stainless steel, resulting in a region that is sensitive to
galvanic corrosion and wherein the etched region can be severed by electrolysis. In
certain embodiments, the etching is done by a laser.

[0032] The method can include applying a metal coating or electrical
iInsulation material to all or a portion of an exterior surface or an interior surface of the
hollow metallic expandable body and an exterior surface or interior surface of the
stainless steel ring, and creating an anode by rendering a portion of the exterior surface
of the region of the neck composed of the stainless steel ring free of the metal coating
or electrical insulation material. The method further includes coupling at least a portion

of the stainless steel ring to a distal end of a delivery device and electrically coupling an
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electrolysis system to the stainless steel ring to form a potential anode through a
conduction path that travels through the delivery device.

[0033] The method also includes affixing one or more end caps or nose cones
to the necks of the hollow metallic expandable body, or to the distal end of the delivery
catheter. The end caps or nose cones may comprise a polymeric material. In addition,
a polymer sheath or coating may be attached to the expandable body and end caps or
nose cones, such that the polymer sheath encapsulates the expandable body when In a
folded, wrapped, or compressed delivery configuration.

[0034] In the various embodiments of the devices, systems and methods
described above, the walls of the hollow metallic expandable body can include at least
one metal layer having a thickness of approximately 5 - 50 um. In one example, the
metal layer of the proximal, intermediate, and distal regions may include gold or
platinum, or alloys thereof. The wall of the expandable body may also include an inner
layer of a non-metallic coating extending over an inner surface of the metal layer and/or
an outer layer of a non-metallic coating extending over an outer surface of the metal
layer. The non-metallic “coating” may be a hollow, non-sacrificial mandrel used during
manufacturing, or may be electrical insulation material added later, including, for
example, PET or Parylene. In one embodiment, there may be a PET or Parylene inner
layer and a gold outer layer. In another example, there may be an inner layer and outer
layer of Parylene that covers a central layer of gold or platinum metal. A surface of the
metal layer may include rounded, pebbled, or granular surface structures that have a
surface height of approximately 0.001 - 0.01 um, approximately 0.001 - 0.1 pum,
approximately 0.001 - 1 um, or approximately 0.001 - 10 um. The outer surface of the
metal layer may include generally tubular protrusions. In one embodiment, some of the
generally tubular protrusions are branched. In another embodiment, some are joined on
both ends to the metal layer to form loops.

[0035] The metal layer of the hollow metallic expandable body may be
produced by electroforming on a mandrel, wherein optionally all or a portion of the
mandrel is sacrificial. The sacrificial mandrel may be removed from the electroform
interior by processes such as drilling and acid etching. Portions of the mandrel may

comprise sacrificial aluminum components, as well as non-sacrificial components made
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of other metals, such as stainless steel, zinc, magnesium, or copper. In other
embodiments all or a portion of non-sacrificial mandrel may be hollow, including non-
sacrificial portions made from stainless steel (for necks) and from polymers such as
PET and Parylene. A non-sacrificial stainless steel mandrel component may include a
surface layer of gold or platinum that extends over at least a portion of one of an inner
surface or an outer surface of the non-sacrificial mandrel component.

[0036] The mandrel may have a surface finish of 1 - 30 pinch R (l.e.
arithmetic average of absolute values). The mandrel surface finish may be selected to
optimize the resulting surface finish of the hollow metallic expandable body.

[0037] Alternately, the mandrel may have a pleated outer surface that
generally replicates a pleated configuration of the hollow metallic expandable body that
IS iIntermediate in shape between the deliverable configuration and the expanded
configuration.

[0038] In one embodiment, the mandrel may include a water-soluble polymer
sputter-coated with gold, thus reducing the time to both fabricate and etch the mandrel.
In one example, the mandrel may be injection molded from polyethylene glycol (PEG) or
polyethylene oxide (PEQO), sputter-coated with a layer of gold approximately 10 - 50 nm
thick. The gold may be sputter-coated using a line-of sight-process with a rotating
sample stage to create a surface that can conduct electricity, and then the sputter-
coated polymer mandrel can be further coating by an electroforming process, and then
the water-soluble polymer mandrel can be dissolved with warm water upon completion
of the electroforming process.

[0039] In various embodiments, the hollow metallic expandable body may
undergo one or more annealing processes. The expandable body may be annealed
before and after being folded into the deliverable configuration. Further, the expandable
body may undergo an annealing process while comprising a non-metallic coating.

[0040] In some embodiments, the wall of the hollow metallic expandable body
may Iinclude pores or fenestrations that may extend completely through the thickness of
the wall from the interior to the exterior surface. The pores may be microscopic and
range from 0.1 to 500 um in diameter or may be macroscopic and range from 500 um to

3 mm in diameter. One example of a fenestrated expandable body Is a self-expanding
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wire mesh structure with macroscopic fenestrations, including a structure made from
nitinol wire. Another example of a fenestrated expandable body is a hollow metal
structure with a mostly continuous wall and microscopic fenestrations. As such, this
expandable body may be inflated by a fluid supply device In fluild communication with
the interior volume of the expandable body via the delivery device. The fluid supply
device is configured to provide a supply fluid flow rate to the interior volume that
exceeds an escape fluid flow rate from a plurality of pores at a fluid delivery pressure.

In one embodiment, at the time of expansion of the expandable body the pores are filled
with a material that is biodegradable or bioerodible, such that the pores open some
period of time after expansion in vivo.

[0041] One method of manufacturing the hollow metallic expandable body
includes: a) providing a sacrificial mandrel; b) depositing a metal layer over the
sacrificial mandrel; ¢) removing the sacrificial mandrel and leaving behind the metal
layer in the form of a hollow metal body; and d) folding the hollow metal body, the
folding comprising folding over a plurality of pleats in a clockwise direction relative to a
center axis of the hollow metal pleated body, or a counter-clockwise direction relative to
the center axis of the hollow metal pleated body. Prior to folding, the hollow pleated
body may be filled with a biocompatible and hemocompatible lubricious fluid to
decrease friction, reduce the risk of damage to the expandable body during folding, and
minimize the profile of the compressed device.

[0042] Another method of manufacturing the hollow metallic expandable body
iIncludes: a) providing a hollow non-sacrificial mandrel; b) depositing a metal layer over
the hollow non-sacrificial mandrel; and ¢) folding the multilayered hollow metal boqy, the
folding comprising folding over a plurality of pleats in a clockwise direction relative to a
center axis of the hollow metal pleated body, or a counter-clockwise direction relative to
the center axis of the hollow metal pleated body. Prior to folding, the hollow pleated
body may be filled with a biocompatible and hemocompatible lubricious fluid to
decrease friction, reduce the risk of damage to the expandable body during folding, and
minimize the profile of the compressed device.

[0043] When in the delivery or deliverable configuration, the folded-over or

compressed region of the hollow metallic expandable body may define a wire-receiving
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channel. In one embodiment, no portion of the delivery device or delivery catheter is
found within the folded-over or compressed region of the expandable body. In another
embodiment, a portion of the delivery device or delivery catheter is found within the
folded-over or compressed region of the expandable body. For pleated embodiments,
each pleat includes a ridge line extending proximal-distal and radially away from the
center axis and each pleat is separated from any immediately adjacent pleat by an
iInterposed trough extending proximal-distal, such that the pleated configuration has an
alternating ridge-trough arrangement. When folded, each pleat is folded over an
immediately adjacent pleat in a clockwise direction relative to the first or center axis, or
IN a counter-clockwise direction relative to the first or center axis. In one embodiment,
no portion of the delivery device is found within the folded-over or compressed region of
the expandable body. In another embodiment, the folded-over or compressed region of
the expandable body may define a channel for receiving a guide wire. In another
embodiment, a portion of the delivery device or delivery catheter is found within the
folded-over or compressed region of the expandable boaqy.

[0044] In various embodiments, the hollow metallic expandable body is
inflated or expanded to achieve the expanded configuration. The expandable body is
inflated or expanded via the delivery of a fluid medium to the interior volume of the
expandable body. The fluid medium typically includes a liquid or gas. In various
embodiments, during expansion, pressure within the expandable body is 6 atmospheres
(atm) or less. Other suitable pressures include 5 atm or less, 4 atm or less, 3 atm or
less, 2 atm or less, and 1 atm or less.

[0045] During expansion or inflation, the pleated configuration and the
plurality of pleats of the hollow metallic expandable body that are present in the
deliverable configuration are substantially eliminated. When expanded, the expandable
body possesses sufficient strength to maintain itself in the expanded configuration
within a biological space after detachment or separation from the delivery device,
iIncluding possessing sufficient strength when the expanded expandable body is not
sealed and when the pressure inside the void of the expanded expandable bodqy is the

same or similar to the pressure outside the expanded expandable body.
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[0046] In some embodiments, the hollow metallic expandable body and the
delivery device are configured to allow the interior volume of the expandable body to,
optionally, be at least partially filled with a solid or semi-solid support structure. The
support structures include metallic or polymeric colls or wires, metallic or polymeric
expansile structures, beads, balls, microspheres, a bioresorbable or bioerodible
material, or combinations thereof. In one embodiment, solid or semi-solid material or
members not derived from the patient are not required in the interior volume of the
expandable body to cause the expandable body to assume or maintain the expanded
configuration after separation of the expandable body and the delivery device.

[0047] When In the expanded configuration, the hollow metallic expandable
body may have an overall shape that is spherical, spheroid, or ellipsoid. In one
embodiment, the shape may be that of a flattened spheroid atop a disk. In various
embodiments, an expandable body smaller than the biological space to be filled is
selected. In various embodiments, when expanded, the expandable body has a
maximal width, length, or diameter parallel to the second axis that is greater than the
width of the mouth or opening into the biological space, such that the expanded form of
the expandable body may reduce the flow of biological fluid into the biological space, or
seal the mouth, neck, or opening into the biological space. For example, the
expandable body may be used to seal the opening or neck into a saccular aneurysm or
at least reduce the flow of blood into a saccular aneurysm.

[0048] To maintain contact with the mouth, neck, or opening of the aneurysm,
the hollow metallic expandable body may be deployed in combination with one or more
additional expandable bodies. In one embodiment, one or more coiled wire expandable
bodies are placed in the aneurysm sac adjacent to the expanded hollow metallic
expandable body such that the one or more coiled wires fills at least a portion of the
remaining void in the biological space and applies force to the surface of the expanded
hollow metal expandable body to maintain its position within the space and maintain
continued contact with the mouth, neck, or opening of the aneurysm. In certain
embodiments the coiled wire expandable body comprises nitinol or another self-
expanding material. In other embodiments the coiled wire expandable body comprises

platinum or stainless steel. In a particular embodiment, one or more coiled wire

17



CA 02957601 2017-02-07

WO 2016/044647 PCT/US2015/050783

expandable bodies (termed "accessory coils”) are deployed within the void of an
aneurysm between the expanded hollow metallic expandable body (“termed ballstent”)
and the wall of the aneurysm opposite the mouth, neck, or opening from the parent
vessel and into the aneurysm lumen or sac. As used herein, a parent vessel is a vessel
from which the aneurysm has formed.

[0049] The size of the expanded hollow metal expandable body is selected
such that the expanded hollow metallic expandable body is larger or wider than the
mouth, neck, or opening of the aneurysm and cannot be pushed or pulled out of the
aneurysm and into the parent vessel in a manner that would occlude more than 50% of
the lumen cross-sectional area of the parent vessel. In this context, one or more
accessory colls are placed in a manner that it contacts both 1) the wall of the aneurysm
opposite the mouth, neck, or opening of the aneurysm and i) the expanded hollow
metal expandable body, and the accessory coll(s) apply a force to press or hold the
expanded hollow metal expandable body against the mouth, neck or opening of the
aneurysm. In one embodiment, the accessory coll can be made with methods and
materials that impart a self-expanding quality to the colil. For example, the accessory
coll may be a spherically-shaped coil comprising nitinol. In other embodiments, the
accessory coil may be of various other shapes, including but not limited to spherical,
spheroid, ellipsoid, or cylindrical configurations. In other embodiments the accessory
coll may be coated with a polymeric material, such as PTFE, to cushion the coll and
iIncrease the lubricity of the coil in a manner that may reduce trauma to the wall of the
aneurysm and may reduce the force required to push the coll through and out of a coll
delivery catheter. In various aspects, the accessory coll may have a diameter in a
range between approximately 0.002 and 0.035 inch. Preferably, the accessory coil has
a diameter between approximately 0.004 and 0.008 inch for smaller aneurysms and
cerebral aneurysms, and a diameter between approximately 0.008 and 0.038 inch for
larger aneurysms and peripheral aneurysms. Similarly, the polymer coating on the
accessory coil may have a thickness in a range between approximately 0.001 and 0.004
iInch. Preferably, the polymer coating has a thickness between approximately 0.0015
and 0.002 inch.
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[0050] An accessory coil may be delivered to a biological space, such as the
lumen of the aneurysm, without a separate and distinct delivery catheter. For example,
an accessory coill may be inserted into the guide wire lumen of a medical device
comprising a single-lobe metal expandable body and a delivery catheter and advanced
iInto the aneurysm sac, including through the use of a pusher device. The accessory
coll I1s then disengaged from the pusher device, including in a manner resulting in
electrolysis of a junction region between the pusher device and the accessory coll.

[0051] An accessory coil may be delivered to a biological space, such as the
lumen of the aneurysm, with a separate and distinct delivery catheter. For example, an
accessory coil may be loaded into the lumen of an "accessory coil delivery catheter” and
the accessory coil / accessory coll delivery catheter assembly may be inserted into the
guide wire lumen of a medical device comprising a single-lobe metal expandable body
and a delivery catheter, and the accessory coll / accessory coll delivery catheter
assembly may be advanced into the aneurysm sac. The accessory coll is then expelled
from the accessory coil delivery using a pusher device, and the accessory coll is
disengaged from the pusher device, including in a manner resulting in electrolysis of a
junction region between the pusher device and the accessory coil. Then the accessory
coll delivery catheter is removed from the patient.

[0052] The accessory coil delivery catheter may have an outer diameter in a
range between approximately 0.010 and 0.050 inch, and preferably, an outer diameter
between approximately 0.016 and 0.020 inch. Similarly, the accessory coil delivery
catheter may have an inner diameter in a range between approximately 0.006 and
0.044 inch, and preferably, an inner diameter between approximately 0.010 and 0.014
Inch.

[0053] The accessory coil may be either of the pushable or detachable type.
In the case of the detachable type, exemplary methods of detaching the coll from its
delivery catheter include the use of electrolytic or electrothermal systems. To enhance
fluoroscopic visibility, the accessory coil and/or the tip of its delivery catheter may be
electroplated with a radiopague metal, such as gold, or fitted with radiopaque markers,
iIncluding marker bands or wire segments. Such radiopaque markers include markers

comprising platinum, stainless steel, and platinum-iridium. Alternatively, accessory coils
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may be coated with a polymer that includes a radiopaque liquid or powder. In various
embodiments, the first expandable body (including a single-lobed hollow metallic
expandable body) and the second expandable body (including one or more coiled wire
expandable bodies or accessory coils) may be used in combination with other minimally
iInvasive, catheter-based, endovascular devices such as framing coils or a vascular
stents, including stents designed to hold colls in the sac of aneurysms for occlusion and
“flow-diverting” stents designed to occlude aneurysms without colls.

[0054] In certain embodiments, the hollow metallic expandable body may
iInclude a proximal and distal neck that each extends away from the expandable body.
In one embodiment, both the expandable body and the neck are formed entirely from a
malleable metal such as gold or platinum. In another embodiment, at least a portion of
at least one neck comprises stainless steel that may be subsequently severed via
electrolysis, including a stainless steel ring. In yet another embodiment, the proximal
neck or proximal body of the expandable body Is coated with hydrogel to enhance
occlusion of the aneurysm neck.

[0085] The delivery device includes a longitudinally extending body, which
may have the form and function of a catheter, and may have a hydrophilic or lubricious
coating. This coating may also be present on the expandable body. The distal segment
of the longitudinally extending body is operably coupled to the expandable body,
iIncluding to the proximal neck and the proximal region. The distal segment of the
longitudinally extending body may also be operably coupled to the distal neck. For
example, the distal end of the longitudinally extending body may be received in the neck
at the proximal region of the expandable body, such that the outer surface of the distal
segment of the longitudinally extending body is in contact with an inner surface of the
proximal neck of the expandable body. In another example, the distal segment of the
longitudinally extending body terminates near a proximal edge of a ring-shaped region
of exposed metal in the neck of the expandable body. In another example, the distal
segment of the longitudinally extending body extends through the expandable body and
IS In contact with an inner surface of the distal neck of the expandable body. In another
example, the distal segment of the longitudinally extending body extends through the

expandable body and through the distal neck of the expandable bodqy.
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[0056] The various systems and methods may include or use an electrolysis
system configured to deliver an electrical current to a hollow metal expandable body
wherein the current is delivered to an exposed metal surface on a proximal neck or a
distal neck of the hollow metal expandable body. The various systems and methods
may also include or use an electrolysis system configured to deliver an electrical current
to a coiled wire expandable body, wherein the current is delivered to an exposed metal
surface on a junction zone between the colled wire expandable body and a pusher
device. The various systems and methods may also include or use an electrolysis
system configured to deliver an electrical current to a wire mesh expandable body,
wherein the current is delivered to an exposed metal surface on a junction zone
between the wire mesh expandable body and a pusher device.

[0057] In various embodiments, the electrical current comprises a constant
current, a constant voltage, or a square-wave voltage. In a specific embodiment, the
electrical current comprises a 2 mA direct current and a constant 2 mA direct current.
When a longitudinally extending body or delivery catheter is coupled to an expandable
body, the delivery of the electrical current can result in separation or detachment of the
delivery catheter from the expandable body. The separation can occurin a
circumferential or ring-shaped non-coated or exposed metal surface region of the neck
formed of stainless steel with a gold coating or plating, wherein the circumferential or
ring-shaped non-coated or exposed metal surface region is a stainless steel surface
exposed by etching, for example, by laser etching. During electrolysis, the
circumferential non-coated or exposed metal surface region of the neck acts as an
anode. When delivering a square-wave voltage, the voltage of the anode is modulated
based on a comparison between the voltage of the anode and the voltage of a
reference electrode supported on the delivery device or residing external to the delivery
device, such as with a needle or electrode pad residing on or In the patient, or an
electrode residing on the body of the delivery catheter.

[0058] The portion of the electrolysis system supported on the delivery device
Includes one or more conductors embedded on or in the wall of the delivery catheter
that act as electrical conductors for the electrical system. These conductors may also

simultaneously provide structural reinforcement for the wall of the delivery catheter.
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The conductors are wires, cables, or other electrical conductors that may be routed on
or through the catheter or catheter wall in a variety of configurations including a spiral,
braided, or straight configuration. In some embodiments, one of the conductors is In
electrical communication with a portion of the expandable body that can function as an
anode, such as at or near a circumferential region of a neck having an exposed metal
surface, while another of the conductors is in electrical communication with a structure
supported on the delivery device that can function as a cathode, such as a platinum
metal electrode or ring. In other embodiments, one of the conductors is in electrical
communication with a portion of the expandable body that can function as an anode,
such as at or near a junction region between a colled wire and a pusher device, while
another of the conductors is in electrical communication with a structure supported on
the delivery device that can function as a cathode, such as a platinum metal electrode
or ring. In other embodiments, a third conductors is In electrical communication with a
structure supported on the delivery device that can function as a reference electrode.

[0059] When in the expanded configuration, and expandable body may have
an overall shape that is cylindrical. In various embodiments, the ends of the
expandable body may have a hemispherical or conical shape. Such an expandable
body may be optimized for the occlusion of artery or vein segments. In various
embodiments, the proximal or distal nose cones of the expandable body may comprise
one or more valves that block the flow of blood through the central void of the expanded
expandable body and promote occlusion of the target vessel segment.

[0060] The present application is related to PCT International Patent
Application No. PCT/US14/30869, which was filed on March 14, 2014, entitled
"Expandable Body Device and Method of Use”; PCT International Patent Application
No. PCT/US12/47072, which was filed on July 17, 2012, entitled "Expandable Body
Device and Method of Use”; PCT International Patent Application No.
PCT/US12/21620, which was filed on January 17, 2012, entitled “Detachable Metal
Balloon Delivery Device and Method”; PCT International Patent Application No.
PCT/US12/21621, which was filed on January 17, 2012, entitled "Ballstent Device and
Methods of Use,” PCT International Patent Application No. PCT/US12/00030, which

was filed on January 17, 2012, entitled "Blockstent Device and Methods of Use,” and
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U.S. Provisional Application No. 61/433,305 ("the ‘305 Application) entitled "Detachable
Metal Balloon Delivery Device and Method,” filed on January 17, 2011. Each of the
above-listed patent applications is commonly-owned, was commonly owned by the
same inventive entity at the time of filing, and is incorporated herein by reference in its

entirety.

DESCRIPTION OF FIGURES

[0061] FIGS. 1A-D are planar views of embodiments of an expandable body.

[0062] FIG. 2A is a perspective view of an embodiment of an expandable
body.

[0063] FIGS. 2B-C are a partial interior view and a cross-sectional view,
respectively, of an embodiment of the expandable body of FIG. 2A.

[0064] FIGS. 2D-E are a perspective view and a cross-sectional view,
respectively, of an embodiment of an expandable body.

[0065] FIG. 2F is a plan view of an embodiment of an expandable body.

[0066] FIG. 2G is a partial interior view of an embodiment of an expandable
body of FIG. 2F.

[0067] FIG. 2H is a close-up plan view of an embodiment of an expandable
body of FIG. 2F.

[0068] FIGS. 2I-K are close-up cross-sectional views of an embodiment of the
expandable boqay of FIG. 2F.

[0069] FIG. 2L is a perspective view of an embodiment of an expandable
body.

[0070] FIG. 2M is a plan view of an embodiment of the expandable body of
FIG. 2L.

[0071] FIG. 2N is a cross-sectional view of an embodiment of the expandable
body of FIG. 2L.

[0072] FIG. 20 is a close-up cross-sectional view of an embodiment of an
embodiment of the expandable body of FIG. 2L.

[0073] FIG. 2P is a cross-sectional view illustrating a delivery device and coll

traversing the interior of the expandable body of FIG. 2L.
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[0074] FIG. 2Q is a partial interior view illustrating a delivery device traversing
the interior of the expandable body of FIG. 2L.

[0075] FIGS. 3A-B are a cross-sectional view and a close-up cross-sectional
view, respectively, of an embodiment of an expandable body.

[0076] FIGS. 3C-D are perspective views of expandable bodies with bridging
catheters having radiopaque markers at their distal ends.

[0077] FIGS. 3E-G are cross sectional views of embodiments of a rigid
telescoping bridge segment within the expandable body.

[0078] FIGS. 3H-| are cross sectional views of embodiments of a flexible
bridge segment within the expandable body.

[0079] FIGS. 4A-B are a planar view and a close-up cross-sectional view,
respectively, of an embodiment of an expandable body.

[0080] FIGS. 5A-B are a planar view and a close-up cross-sectional view,
respectively, of an electrolysis neck segment for an embodiment of an expandable
body.

[0081] FIGS. 6A-B are a perspective view and a cross-sectional view,
respectively, of an embodiment of an expandable body and delivery device.

[0082] FIGS. 6C-D are a perspective view and a cross-sectional view,
respectively, of an embodiment of an expandable body.

[0083] FIG. 6E is a plan view of an embodiment of an expandable body
having a cylindrical shape with conical ends.

[0084] FIG. 7 is perspective view of an embodiment of a dual catheter delivery
device.

[0085] FIGS. 8A-F are planar views of various configurations for embodiments
of an expandable body.

[0086] FIGS. 8G-V are perspective, plan, and cross-sectional views of various
configurations for embodiments of an expandable body.

[0087] FIGS. 8W-X are plan and perspective views of an embodiment of an
expandable body having the shape of a flattened spheroid atop a disk.

[0088] FIGS. 9A-D are longitudinal cross-sectional views of the expandable

body incorporating valves In the distal and proximal nose cones.
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[0089] FIGS. 9E-G are perspective views of various central aperture
configurations for embodiments of valves used in the distal and/or proximal nose cones.

[0090] FIGS. 9H-| are plan and cross-sectional views of an embodiment using
multiple valves in the distal and/or proximal nose cones.

[0091] FIG. 10A is a plan view of an embodiment of a medical device.

[0092] FIGS. 10B-C are plan views of an embodiment of a medical device.

[0093] FIGS. 11A-F are schematic views of an embodiment of the medical
device illustrating a sequence of steps associated with the delivery of the expandable
body to an aneurysm and deployment.

[0094] FIGS. 11G-K are schematic views of an embodiment of the medical
device illustrating a sequence of steps associated with the deployment of the
expandable body in a blood vessel segment.

[0095] FIGS. 12A-B are perspective views of an embodiment of an accessory
coll.

[0096] FIGS. 12C-E shows perspective and cross-sectional views of
embodiments of the accessory coil with features that enhance its lubricity and
fluoroscopic visibility.

[0097] FIG. 13 1s a plan view of an embodiment of a medical device.

[0098] FIGS. 14A-B are plan views of an embodiment of a medical device.

[0099] FIGS. 15A-F are schematic views of an embodiment of the medical
device lllustrating a sequence of steps associated with the deployment of the
expandable body in an aneurysm.

[00100] FIGS. 15G-K are schematic views of an embodiment of the medical
device lllustrating a sequence of steps associated with the deployment of the
expandable body in a blood vessel segment.

[00101] FIGS. 16A-D are hemispherical cross-sectional views taken along a
diameter of embodiments of the expandable body.

[00102] FIG. 16E is a longitudinal cross-section of the expandable body
supported on a distal end of a delivery catheter, wherein the expandable boaqy is

spherical and may be employed as an embodiment of a ballstent.
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[00103] FIG. 16F is a partial cross-section through the wall of the ballstent of
FIG. 16E.

[00104] FIG. 106G is a longitudinal cross-section of the expandable body
supported on a distal end of a delivery catheter, wherein the expandable body is
cylindrical with hemispherical ends and may be employed as an embodiment of a
ballstent or blockstent.

[00105] FIG. 16H is a partial cross-section through the wall of the expandable
body of FIG. 16G.

[00106] FIG. 16l is a longitudinal cross-section of the expandable body
supported on a distal end of a delivery catheter, wherein the expandable boaqy Is
spherical and may be employed as an embodiment of a ballstent.

[00107] FIG. 16J is a partial cross-section through the wall of the ballstent of
FIG. 16l.

[00108] FIG. 16K is a longitudinal cross-section of the expandable body
supported on a distal end of a delivery catheter, wherein the expandable boaqy Is
cylindrical with hemispherical ends and may be employed as an embodiment of a
ballstent or blockstent.

[00109] FIG. 16L is a partial cross-section through the wall of the expandable
body of FIG. 16K.

[00110] FIGS. 17A-B are plan views of the expandable body deployed in a
bifurcation aneurysm with an accessory coll according to one embodiment.

[00111] FIG. 17C is a plan view of the expandable body deployed in a
bifurcation aneurysm after the insertion of an accessory coll that is positioned both
within the expandable body and the void of the biological space.

[00112] FIG. 17D is a plan view of the expandable body deployed in a
bifurcation aneurysm after the insertion of a magnetic internal support structure and an
external magnetic coll.

[00113] FIG. 17E is a plan view of the expandable body after the insertion of an

iInternal support structure.
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[00114] FIG. 17F is a plan view of an embodiment of the expandable body,
wherein the shape of the expanded body is being changed by applying an external force
using a balloon catheter.

[00115] FIG. 17G is a plan view of an embodiment of the expandable body
after insertion in a bifurcation aneurysm.

[00116] FIGS. 17H-J show cross-sectional views of wide neck aneurysms
depicting the effects of treatment with various medical devices on aneurysm aspect
ratios.

[00117] FIG. 17K provides cross-sectional views showing the steps for use of a
medical device along with a framing coil to occlude an aneurysm.

[00118] FIG. 17L shows a cross-sectional view of an embodiment of a medical
device used along with a vascular stent to occlude an aneurysm.

[00119] FIGS. 17M-N are flowcharts detailing the steps for use of a medical
device along with a vascular stent to occlude an aneurysm.

[00120] FIG. 170 Is a perspective view of an accessory coll delivery catheter
with a radiopaque marker at its distal end

[00121] FIG. 17P provides plan views showing the sequence of operation of a
typical electrolytic detachment system suitable for use with embodiments of the
accessory coll.

[00122] FIG. 17Q provides perspective views showing the sequence of
operation of a typical electrothermal detachment system suitable for use with
embodiments of the accessory coill.

[00123] FIGS. 18A-E are partial cross-section views of embodiments of an
expandable body with a porous surface layer facilitating tissue ingrowths in an
aneurysm.

[00124] FIG. 18F Is a plan view of the expandable body after the insertion of an
accessory coll that contacts and secures a thrombus within a bifurcation aneurysm.

[00125] FIGS. 18G-H are plan views of embodiments of an expandable body
with external surface projections for anchoring the expanded body to the surrounding

tissues.
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[00126] FIG. 18l is a cross-section view of an embodiment of an expandable
body with a proximally localized hydrogel surface layer facilitating tissue ingrowths in an
aneurysm.

[00127] FIG. 19A is a perspective view of an embodiment of an expandable
body as compressed against a delivery catheter.

[00128] FIG. 19B is an end view of an embodiment of a compressed
expandable boaqy.

[00129] FIG. 19C is an end view of an embodiment of a compressed
expandable body that defines an off-center channel.

[00130] FIG. 19D is an end view of an embodiment of a compressed
expandable boqy.

[00131] FIGS. 20A-D are transverse cross-sections of embodiments of the
delivery catheter of the medical device with multiple lumens.

[00132] FIGS. 21A is a plan view of an embodiment of the medical device with
a lumen configured to accept a guide catheter, rather than a guide wire.

[00133] FIG. 21B is a transverse cross section of the device as taken along
section line A-A in FIG. 21A.

[00134] FIGS. 21C-F are plan, close-up plan, partial cross-section, and
perspective views, respectively, of an embodiment of a mechanical detachment system
iIncorporating an elastomer sleeve at the proximal neck of the expandable body.

[00135] FIGS. 21G-H are transverse cross-section views of an embodiment of
a mechanical detachment system incorporating a detachment catheter.

[00136] FIGS. 211-J are a plan view and a partial interior view, respectively, in
perspective of an embodiment of a mechanical detachment system incorporating a
detachment catheter.

[00137] FIG. 22 is a perspective view of an arrangement for inflating or
deflating an expandable body.

[00138] FIG. 23A is a plan view of an embodiment of the medical device
wherein the expandable body Is attached to the delivery catheter with an adhesive and
separated from the delivery catheter by electrolysis of a portion of the neck of the

expandable boaqy.

28



CA 02957601 2017-02-07

WO 2016/044647 PCT/US2015/050783

[00139] FIGS. 23B-F are transverse cross-sectional and plan views of various
delivery catheters.

[00140] FIG. 23G is a photograph of a catheter supporting two electrode rings.

[00141] FIGS. 23H-I are partial cross-section and perspective views of an
expandable body attached to a delivery device.

[00142] FIG. 24A illustrates various dimensions for an expandable body having
a cylindrical intermediate portion and hemispherical ends.

[00143] FIGS. 24B-C are longitudinal cross-sections illustrating various
dimensions for a neck region of an expandable body.

[00144] FIGS. 25A-C are partial cross sections and perspective views depicting
a sequence for electroforming an expandable body on a mandrel.

[00145] FIG. 26 is a perspective view depicting an embodiment of a mandrel
for electroforming a metal expandable body.

[00146] FIG. 27 is a longitudinal cross-section depicting another embodiment
of a mandrel for electroforming a metal expandable body.

[00147] FIG. 28 is a partial cross-section of metal expandable body produced
by electroforming.

[00148] FIGS. 29A-D are photographs of various embodiments of mandrels
and metal expandable bodies formed thereon.

[00149] FIG. 29E is a scanning electron micrograph showing an external
surface of a metal expandable body according to one embodiment.

[00150] FIGS. 30A-B are plan and cross-section views respectively depicting
coatings on an exterior surface and an interior surface of a spherical embodiment of an
expandable body.

[00151] FIGS. 30C-F are various plan views and cross-sections depicting a
region of exposed metal surface wherein the metal expanded body is detached from the
delivery catheter by electrolysis.

[00152] FIGS. 31A-B are perspective views of embodiments of the medical

devices for delivering various embodiments of the expandable body.
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[00153] FIG. 32AIs a cross-sectional view of a hub for use with a medical
device wherein electrolytic detachment of the expanded body Is performed by passing
an electrical current into the medical device.

[00154] FIGS. 32B-C are partial see-through views of a hub for use with a
medical device.

[001558] FIGS. 32D-F are perspective partial interior views of an embodiment of
a dual locking hub for use with a medical device wherein mechanical detachment of the
expanded body Is performed.

[00156] FIG. 32G is a perspective view of a proximal end of a delivery catheter
shaft according to one embodiment.

[00157] FIG. 33 shows a top plan and side plan view of a handheld controller
for use with a medical device wherein detachment of the expanded body is performed
by passing an electrical current into the medical device.

[00158] FIGS. 34-36 are flowcharts illustrating the steps for manufacturing the
expandable body, a delivery catheter, and a medical kit containing a medical device,
respectively.

[00159] FIGS. 37A-D are illustrations of a process for surgically constructing a
saccular aneurysm on a newly created carotid artery terminal bifurcation as performed
during nonclinical testing of an embodiment of the expandable body.

[00160] FIG. 38 is an angiogram of a saccular aneurysm acquired during
nonclinical testing of an embodiment of the expandable boaqy.

[00161] FIGS. 39A-B are angiograms of occluded saccular aneurysms
acquired during nonclinical testing of an embodiment of the expandable body.

[00162] FIG. 40A shows micrographs of saccular aneurysm tissue samples
collected during nonclinical testing of an embodiment of the expandable body.

[00163] FIG. 40B is an angiogram of an occluded saccular aneurysm acquired
during nonclinical testing of conventional neurovascular coils.

[00164] FIG. 40C shows a micrograph of a saccular aneurysm tissue sample
collected during nonclinical testing of conventional neurovascular colls.

[00165] FIG. 41 depicts results of angiography of treated arteries performed

during nonclinical testing of an embodiment of the expandable body.
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[00166] FIG. 42A shows a micrograph of a treated artery tissue sample
collected during nonclinical testing of an embodiment of the expandable body.

[00167] FIG. 42B shows a micrograph of a treated artery tissue sample
collected during nonclinical testing of an embodiment of a conventional vascular plug.

[00168] FIG. 43A is a perspective view of an embodiment of a non-expanded
expandable body deployed over a guide wire to occlude an aneurysm.

[00169] FIG. 43B is a plan view of an embodiment of a non-expanded
expandable body deployed over a guide wire to occlude an aneurysm.

[00170] FIG. 43C is a cross-sectional view of an embodiment of a non-
expanded expandable body deployed over a guide wire to occlude an aneurysm.

[00171] FIG. 43D is a partial cross-sectional view of an embodiment of a non-
expanded expandable body deployed over a guide wire to occlude an aneurysm.

[00172] FIG. 43E is a plan view of an embodiment of an expanded expandable
body deployed over a guide wire to occlude an aneurysm.

[00173] FIG. 43F is a cross-sectional view of an embodiment of an expanded
expandable body deployed over a guide wire to occlude an aneurysm.

[00174] FIG. 43G is a detall cross-sectional view of the distal portion of an
embodiment of an expanded expandable body deployed over a guide wire to occlude
an aneurysm.

[00175] FIG. 43H is a detail cross-sectional view of the proximal portion of an
embodiment of an expanded expandable body deployed over a guide wire to occlude
an aneurysm.

[00176] FIG. 43l is a plan view of an embodiment of an expanded and
detached expandable body deployed over a guide wire to occlude an aneurysm.

[00177] FIG. 43J is a cross-sectional view of an embodiment of an expanded
and detached expandable body deployed over a guide wire to occlude an aneurysm.

[00178] FIG. 43K is a partial cross-sectional view showing an embodiment of a
non-expanded expandable body deployed over a guide wire to occlude an aneurysm.

[00179] FIG. 43L is a cross-sectional view (through plane A-A indicated on<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>