Innovation, Sciences et Innovation, Science and CA 2822311 C 2021/10/19

I*I Développement économique Canada Economic Development Canada
Office de la Propriété Intellectuelle du Canada Canadian Intellectual Property Office (1 1)(21) 2 822 3 1 1
12 BREVET CANADIEN
CANADIAN PATENT
13 C
(86) Date de dépdt PCT/PCT Filing Date: 2012/01/17 51) CLInt./Int.Cl. A67M 25/70(2013.01),

A61B 17/00(2006.01), A618 17/12(2006.01)

(72) Inventeurs/Inventors:
FRANANO, F. NICHOLAS, US;

(87) Date publication PCT/PCT Publication Date: 2012/07/26
(45) Date de délivrance/lssue Date: 2021/10/19

(85) Entrée phase nationale/National Entry: 2013/06/18 STEPHENSON, KATHERINE, US

(86) N° demande PCT/PCT Application No.: US 2012/021620 (73) Propriétaire/Owner:

(87) N° publication PCT/PCT Publication No.: 2012/099909 ARTIO MEDICAL, INC., US

(30) Priorité/Priority: 2011/01/17 (US61/433,305) (74) Agent: GOWLING WLG (CANADA) LLP

(54) Titre : DISPOSITIF DE POSE DE BALLONNET METALLIQUE DETACHABLE, ET PROCEDE ASSOCIE
(54) Title: DETACHABLE METAL BALLOON DELIVERY DEVICE AND METHOD

320

TR

(57) Abrégé/Abstract:

A medical device comprising a compressed, inflatable, detachable single-lobed metal balloon attached to a catheter and methods
of use for occluding blood vessels or treating vascular aneurysms are disclosed. The balloon can be made with ductile metals such
as gold, platinum, or silver so that the balloon will conform to the shape of the void space during inflation and so that the balloon
can be subsequently shaped by the application of an external force. The balloon can be configured such that it can be detached
from the catheter by physical means or by electrolysis. The surface of the balloon can be configured to promote the growth of
tissue into the wall of the balloon and to release drugs or pharmacologically active molecules, so that vessel occlusion or the
sealing of an aneurysm will be maintained over time.

C an a dg http:vopic.ge.ca » Ottawa-Hull K1A 0C9 - aup.:/eipo.ge.ca OPIC

OPIC - CIPO 191



wo 2012/099909 A3 || PO O RSO0 AR 00

(43) International Publication Date

CA 02822311 2013-06-18

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2012/099909 A3

(51

eay)

(22)

(25)
(26)
(30)

1

(72)
(73)

74

31

26 July 2012 (26.07.2012) WIPOIPCT
International Patent Classification:
A6IM 29/00 (2006.01)
International Application Number:
PCT/US2012/021620

International Filing Date:
17 January 2012 (17.01.2012)

Filing Language: English
Publication Language: English
Priority Data:

61/433,305 17 January 2011 (17.01.2011) US

Applicant (for all designated States except US): NOVITA
THERAPEUTICS, LLC [US/US]; 10900 S. Clay Blair
Blvd., Suite 200, Olathe, Kansas 66061 (US).

Inventor; and

Inventor/Applicant (for US only): FRANANO, F. Nich-
olas [US/US]; 10900 S. Clay Blair Blvd., Suite 200,
Olathe, Kansas 66061 (US).

Agent: WOOLLEY, Patrick C.; Polsinelli Shughart PC,
700 W. 47th Street, Suite 1000, Kansas City, Missouri
64112 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,

(84)

CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SC, SD,
SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW,ML, MR, NE, SN, TD, TG).

Published:

(88)

with international search report (Art. 21(3))

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))

Date of publication of the international search report:
27 September 2012

(54) Title: DETACHABLE METAL BALLOON DELIVERY DEVICE AND METHOD

306
K'

304 5302

FI1G.3A

(57) Abstract: A medical device comprising a compressed, inflatable, detachable single-lobed metal balloon attached to a catheter
and methods of use for occluding blood vessels or treating vascular aneurysms are disclosed. The balloon can be made with ductile
metals such as gold, platinum, or silver so that the balloon will conform to the shape of the void space during inflation and so that
the balloon can be subsequently shaped by the application of an external force. The balloon can be configured such that it can be de -
tached from the catheter by physical means or by electrolysis. The surface of the balloon can be configured to promote the growth of
tissue into the wall of the balloon and to release drugs or pharmacologically active molecules, so that vessel occlusion or the sealing
of an aneurysm will be maintained over time.



DETACHABLE METAL BALLOON DELIVERY DEVICE AND METHOD

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to U.S. Provisional Application No.
61/433,305, entitled “Detachable Metal Balloon Delivery Device and Method,” filed on
January 17, 2011.

FIELD OF THE INVENTION

[0002] The invention relates to various forms of an expandable,
detachable metal balloon that can be delivered to a desired location within the body
utilizing a delivery device. The invention further relates to methods of attaching the
balloon to a catheter delivery device, compressing the balloon, positioning the
compressed balloon into the lumen of a selected segment of a blood vessel or an
aneurysm, inflating and expanding the balloon, and then separating the balloon from the
catheter such that the balloon remains in place in an expanded state while the catheter
is removed. Further, the invention relates to various delivery devices, including
catheters, for positioning and inflating or expanding the balloon in & desired location.

BACKGROUND OF THE INVEMTION

[0003] Sven-lvar Seldinger, the Swedish pionaer in angiography adapted
flexible wires for insertion into blood vessels as a means to support catheters during
their advancement in blood vessels. Catheters containing balloonsg have subsequently
been developed and used to occlude blood vessels. In certain instances, the balloon
portion of these catheters can be separated or "detached” from the catheter portion and
left in the body while the catheter portion is removed, often for the purpose of
permanently occluding blood vessels. Traditional detachable balloons are formed from
compliant, nonporous materials such as silicone that can be inflated and expanded by
stretching with a fluid or a gas, and contain a valve to maintain balloon pressure after
detachment of the balloon from the catheter.
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[0004] Over time, it was discovered that compliant detachable silicone
balloons had major drawbacks. First, the smooth surface and the material properties of
the balloons did not promote the incorporation of tissue from the wall of occluded blood
vessels. Therefore, the detached balloons were prone to migration, and moving to non-
target locations within the vascular system, thus resulting in the occlusion of non-target
blood vessels. Second, the valves on these bailoons would often leak and the
compliant ballocons would then deflate, increasing the risk of balloon movement and
resulting in unacceptable rates of vessel recannulization. Finally, when inflated, these
balloons are resilient, and resistant to reshaping after inflation and detachment. Finally,
the surfaces of these balloons are not particularly suitable for delivering medicines or
other pharmacologically active molecules.

[0005] More recently, short segments of coiled metal wire (coils) have
gained favor as medical devices for occluding blood vessels and vascular aneurysms.
In order to treat a blood vessel or aneurysm with coils, an operator inserts a catheter
into a lumen of the vascular system and maneuvers the catheter tip to the desired
location. With the catheter tip in position, the operator passes small coils through the
catheter into the lumen of the vessel or the cavity of the aneurysm. Many coils are often
required to fully occlude a vessel or aneurysm, resulting in high costs and long
treatment times. Also, coils may inadvertently move away from the treatment location
during the procedure and occlude non-target vessels, thereby compelling the operator
to retrieve the coils from the non-target location.

[0006] Other prior devices utilizing metal balloons for treating aneurysms
require inflation and then a deflation to be effective. For example, U.S. Patent
Publication No. 2007/0288083 by Hines describes a bi-lobed metal balloon wherein one
lobe of the balloon is inserted into an aneurysm while the other remains in the parent
vessel, and then both lobes are inflated and then deflated such that each lobe forms a
flattened disc that covers one side of the opening between the blood vessel and the
aneurysm. This medical device has some drawbacks. For example, a void remains in
the lumen of the aneurysm that could result in incomplete aneurysm thrombosis or
recannulization. In addition, a portion of the collapsed device protrudes into the lumen
of the adjacent parent vessel, resulting in some degree of vessel narrowing and
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irregularity, which increases the risk of thrombus formation, intimal hyperplasia and
stenosis of the treated vessel.

[0007] Therefore, there is a need for a medical device with a detachable
metal balloon that can be inflated to fill a void, detached from the delivery device while
remaining inflated, without the need for a valve, and can be subsequently shaped to fit
the desired void. Moreover, itis desired to have a device that provides local drug

delivery.

SUMMARY OF THE INVENTION

[0007] The invention relates to a balloon that can be delivered to a desired
location utilizing a variety of devices and is made of a material that can expand to a rigid
or semi-rigid expanded form. The invention further relates to methods of placing the
compressed balloon into the lumen of a blood vessel or aneurysm, inflating and
expanding the balloon, and then detaching the balloon from the delivery device while
leaving the balloon in place in an expanded or inflated state. Further, the invention
relates to a variety of delivery devices such as catheters for positioning, and inflating
and expanding the balloon at a desired location. A catheter and a modified infusion
wire are examples of such delivery devices. As such, the invention can be used to treat
an aneurysm, for example, by leaving an expanded metal balloon in the aneurysm.
Further, the surface of the metal balloon can be configured to promote tissue in-growth
and release drugs, pharmacologically active molecules, or pharmacologic compositions.

[0008] The present invention relates to a balloon comprising a rigid or
semi-rigid material such as a metal for use in treating a blood vessel or an aneurysm or
other vascular abnormality. In one embodiment, the balloon is a single-lobed metal
balloon having a wall with an interior surface, an exterior surface, and a wall thickness
ranging between about 3 um and 60 um. The balloon also has an opening that allows
for the passage of fluid. The wall of the balloon defines an opening having a diameter
ranging between about 0.1 mm and about 20 mm. In one embodiment, the balloon has
an exterior layer located on the exterior surface of the wall. The exterior layer has a
porous construction and is made of a spongy metal, for example, or any other porous
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material that can hold fluid or solid material, including drugs, pharmacologically active
molecules, or pharmacologic compositions. Any composition can be used that
promotes thrombosis or tissue proliferation. The balloon may have an expanded
diameter ranging from about 2 mm to about 100 mm, an expanded volume ranging from
about 0.004 cc to about 100 cc, and an expanded length between about 2 mm to about
120 mm.

[0009] The balloon optionally has a neck, or stem, that defines the opening
that can remain open or be sealed upon detachment. The wall of the balloon may be
made of metal selected from the group consisting of gold, platinum, silver, titanium,
vanadium, aluminum, nickel, tantalum, zirconium, chromium, silicon, magnesium,
niobium, scandium, cobalt, palladium, manganese, molybdenum, alloys thereof, and
combinations thereof. Other rigid materials, or combination of materials, can be used
80 long as they can be expanded from a compressed state to an expanded state and
remain expanded in the body, holding their shape under usual conditions. The exterior
layer may be made of a metal selected from the group consisting of gold, platinum,
silver alloys thereof, and combinations thereof.

[0010] In another embodiment, the exterior layer has a plurality of pores
ranging in diameter from about 0.05 um to about 100 um. The exterior layer also
includes a suspension of drugs, pharmacologically-active molecules, or
pharmacological compositions including those that promote thrombosis, such as
thrombin, Ethiodol ®, Sotradecol ®, platelet derived growth factor, and combinations
thereof or those that promote cell and tissue growth.

[0011] In another embodiment, two or more medical device balloons may
be used in combination to fill a void. Additionally, a second, third, or more balloons may
be required to fill the remaining void not filled by the first balloon. The balloons of these
devices typically have an exterior layer on the exterior surface of the balloon wall. The
exterior layer of these metal balloons can be made porous, allowing the growth of tissue
into the wall of the balloon or configured to release drugs, pharmacologically active
molecules, or pharmacologic compositions.
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[0012] The present invention also relates to a method of treating an
aneurysm, occluding a blood vessel, or treating other vascular abnormalities with a
detachable metal balloon. The method includes the steps of positioning the balloon at a
desired location using a delivery device, inflating and expanding the balloon with a fluid,
and detaching the delivery device from the balloon while leaving the balloon in an
expanded state at the desired location. In an embodiment, the balloon is made of a

ductile material.

[0013] In another embodiment, the method also includes the steps of:
accessing the blood vessel with a needle, inserting a guide wire through the needle,
removing the needle, and optionally, inserting a vascular sheath into the blood vessel.
The method also includes the steps of positioning the guide wire at the desired location,
inserting the catheter delivery device, advancing the catheter delivery device over the
guide wire, and positioning it at the desired location. The method also includes the
steps of inflating and expanding the balloon, detaching the balloon from the catheter
delivery device, removing the catheter delivery device, removing the wire, and removing
the sheath. The balloon is inflated so that at least 50% to at least 90% of the balloon
exterior surface contacts the surface of the void. The balloon exterior surface optionally
includes a porous exterior layer having pores range in diameter from about 0.05 um to
about 100 pm.

[0014] In another embodiment, the method also includes the steps of:
accessing the blood vessel with a needle, inserting a guide wire through the needle,
removing the needle, and optionally, inserting a vascular sheath into the blood vessel.
The method also includes the steps of advancing the catheter to the desired position by
advancing it over the guide wire, removing the guide wire, inserting the wire delivery
device through the lumen of the catheter, and positioning it at the desired location. The
method also includes the steps of inflating and expanding the balloon, detaching the
balloon from the wire delivery device, removing the wire delivery device, removing the
catheter, and removing the sheath. The balloon is inflated so that at least 50% to at
least 90% of the balloon exterior surface contacts the surface of the void. The balloon
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exterior surface optionally includes a porous exterior layer having pores range in
diameter from about 0.05 pm to about 100 um.

[0015] In other embodiments, the method further includes the steps of
placing a solution or suspension of a pharmaceutical, drug, or pharmacologically active
molecules into an exterior layer of a balloon exterior surface and delivering the
pharmaceutical, drug, or pharmacologically active molecules to the desired location by
positioning the expanded balloon at the desired location and leaving it in place where at
least some of the molecules leave the balloon and diffuse into the surrounding tissues.
The method may also include welding or soldering an opening of the balloon to the
delivery device and detaching the balloon from the delivery device by electrolysis to
dissolve the weld or solder between the balloon and the delivery device. The method
may also include gluing the balloon to the delivery device and detaching the inflated,
expanded balloon from the delivery device by mechanical means, or by electrolysis of a
metal portion of the balloon itself. Additional steps may include applying an external
force to the opening of the expanded, detached balloon to seal the balloon after
detachment from the delivery device.

[0016] The present invention also relates to a delivery device for
positioning and inflating a metal balloon. The device includes a detachable single-lobed
metal balloon similar to the balloon described above. The device also includes a
catheter that has, or can be connected to, a fluid source, a guidance member for
advancing the catheter to a desired location, and a detachment member for detaching
the catheter from the balloon. Alternative to a catheter, a modified infusion wire can be
used whereby the infusion wire is comprised of a coil member wrapped around a wire
core. In practice, once positioned, the wire core is removad and the newly created
lumen is used to deliver fluid from the wire hub to the balloon to cause expansion by
inflation.

[0017] As such, the guidance member can be any device or system to
position the medical device at the desired location. Typically, the guidance member is a
flexible guide wire. The flexible guide wire may have a soft rounded-tip or a j-shaped

tip.
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[0018] The detachment member can be any device or system to detach
the balloon from the catheter. An exemplary detachment member is an elongated
electrolysis wire. The electrolysis wire may be an insulated conductive wire that carries
an electrical current to dissolve a weld or solder between the catheter and the balloon,
thereby detaching or separating the catheter from the balloon. Alternatively, the
electrolysis wire may be an insulated conductive wire that carries an electrical current to
dissolve a metal portion of the balloon itself, thereby detaching or separating the
catheter from the balloon. In another embodiment, the opening of the balloon is welded
to the delivery device and the balloon is detached from the delivery device by
electrolysis that dissolves the weld. Alternatively, a mechanical detachment may occur
where the catheter is physically separated from the balloon.

[0019] The catheter includes one or more hollow cylindrical members that
define one or more lumens. Typically, the catheter is a single-lumen catheter or a
double-lumen catheter, where a first cylindrical member is dimensioned to deliver fluid
from the fluid source to the balloon, once the balloon is in place, and a second
cylindrical member is dimensioned to pass over the guidance member. If a single
cylindrical member is used, the fluid is delivered from the fluid source to the balloon
through the single cylindrical member and the device is advanced into position through
the lumen of a separate catheter which acts to guide the device.

[0020] The balloon may be attached to the outside of the catheter. In one
embodiment, the balloon is folded to form one or more pleats prior to or after attaching
the balloon to the outside of the catheter, and the pleats are rolled and compressed,
similar to the folding of non-compliant angioplasty balloons. In various other
embodiments, the pleated balloon is folded and compressed to fit on the end of a
flexible guide wire and travel within a hollow cylindrical member of a separate catheter.
The folded, compressed balloon travels through a lumen of the catheter, where it
emerges at the desired location. Once at the desired location and outside of the
catheter used for guidance, the balloon can be inflated and expanded, and separated
from the delivery device.
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[0021] In a particular embodiment, the catheter has a hollow cylindrical
member that defines a lumen. The cylindrical member has a proximal end that is
attached, or can be attached to a fluid source. The cylindrical member is made of a
polymer blend and has a wall thickness ranging from about 0.05 mm to about 0.5 mm.
The defined lumen has a diameter ranging from about between 0.15 mm to about 2.2
mm. The catheter may also include a second cylindrical member to accept a guide
wire. In various other embodiments, the detachment member is located on the outer
surface of a cylindrical member and the fluid source delivers a gas, liquid, or a
combination thereof to the balloon through a cylindrical member. In other embodiments,
the balloon is attached to the catheter prior to insertion. The attachment may be made

via metal weld, gluing, or crimping.

[0022] As such, a balloon and delivery device is provided that can be
utilized to deliver a balloon to occlude a biological conduit such as and artery or vein, or
an abnormality of a biological conduit such an aneurysm.

[0023] In another embodiment, the fluid that is used to inflate and expand
the balloon can contain drugs or pharmacologically active molecules that catalyze the
formation of thrombus.

DESCRIPTION OF FIGURES

[0024] FIGS. 1A-E depict embodiments of the metal balloon of the
detachable metal balloon medical device.

[0025] FIGS. 2A-C depict embodiments of the metal balloon of the

detachable metal balloon medical device

[0026] FIG. 3A depicts a longitudinal view of an embodiment of the
catheter portion of the detachable metal balloon medical device.

[0027] FIGS. 3B-C depict longitudinal views of an embodiment of the
detachable metal balloon medical device.
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[0028] FIG. 4A depicts a longitudinal view of an embodiment of the
catheter portion of the detachable metal balloon medical device.

[0029] FIGS. 4B-C depict longitudinal views of an embodiment of the
detachable metal balloon medical device.

[0030] FIG. 5 depicts a longitudinal view of an embodiment of the
detachable metal balloon medical device, wherein the balloon is inflated.

[0031] FIG. 6 depicts a longitudinal view of an embodiment of the
detachable metal balloon medical device, wherein the balloon is inflated.

[0032] FIGS. 7A-E depict a sequence of positioning, expanding, and
detaching the balloon with an embodiment of the detachable metal balloon medical
device.

[0033] FIGS. 8A-E depict a sequence of positioning, expanding, and
detaching the balloon with an embodiment of the detachable metal balloon medical
device.

[0034] FIGS. 9A-E depict axial cross-sectional views of embodiments of
the detachable balloon delivery device.

[0035] FIGS. 10A-C depict axial cross-sectional views of embodiments of
the detachable balloon delivery device.

[0036] FIGS. 11A-C depict embodiments of removable core wires that may
be used as the catheter portion of the detachable metal balloon medical device.

[0037] FIG. 12 depicts an embodiment of the detachable metal balloon
filled with one or more coils or support structures.

[0038] FIGS. 13A-B depict means for attaching a metal balloon to a
delivery device.

DETAILED DESCRIPTION OF THE INVENTION

[0039] The detachable metal balloon 100 of the present invention, as
shown in FIGS. 1A-E, is a balloon that once positioned, is inflated and expanded and
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remains in an expanded state to occlude blood vessels and treat a number of vascular
conditions or abnormalities, including aneurysms. A delivery device, such as a catheter
300, is used to deliver the balloon 100 to a desired location. The medical device 500,
including a catheter and the attached balloon, as shown in FIGS. 3-6, can be used as
part of a method to occlude a blood vessel or treat a vascular condition or abnormality,
such as an aneurysm.

[0040] The detachable metal balloon 100 may be composed of a single
continuous layer or wall 102, as shown in FIG. 1E. Alternatively, the balloon 100 may
contain a single continuous wall 102 and additional layers including one or more porous
layers 104, as shown in FIGS. 2A-C. The balloon 100 has an interior surface 106 that
when inflated and expanded with a fluid defines a space or void 108. The balloon 100
has an exterior surface 110 that, when expanded, contacts the internal wall of the blood
vessel or vascular structure. A fluid is a substance having particles that easily move
and change their relative position without a separation of the mass. Fluids that can be
used to inflate or expand the balloon 100 include liquids, gases, and combinations
thereof.

[0041] The exterior layer 104 can have a number of pores 200 that may
contain drugs, pharmacologically active molecules, or pharmaceutical compositions.
Advantageously, the balloon 100 can be delivered to the desired location, inflated and
expanded, and then detached from the delivery device, such as the catheter 300, in an
expanded state. The expanded balloon 100 will typically conform to the shape of the
cavity in which it is placed, but can also be shaped with external force, such as a
physical force applied by an adjacent expanded angioplasty balloon. Additionally,
multiple detached metal balloons 100 can be utilized to fill the desired void. Finally, the
invention specifically relates to a detachable metal balloon that remains in the lumen or
void of a blood vessel or aneurysm in an expanded state.

[0042] The metal balloon 100 is attached to a delivery device, such as a
catheter 300, and delivered to the desired location. Any delivery device member that
can deliver the balloon 100 through the vascular lumen, inflate or expand the balloon,
and separate therefrom is generally acceptable. Inflating or expanding the balloon, as

10
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used herein, refers to the partial or complete distention of the balloon 100 using a fluid,
a solid, or a combination thereof. In various embadiments, the balloon 100 need not be
fully distended to occlude a blood vessel. For example, the balloon 100 may be partially
or completely inflated using a fluid. In another example, the balloon 100 may be
partially or completely expanded using a solid material alone or in combination with fluid
inflation. In all embodiments, the balloon remains in an expanded state after
detachment from the delivery device. An expanded state refers to the at least partial
gdistention of ths balloon 100, such as at least 10%, 20%, or 50% of the maximum
balloon volume.

[0043] A catheter is a tubular medical device for insertion into canals,
vessels, passageways, or body cavities to permit the injection or the withdrawal of
fluids. Catheters designed for insertion into the lumen of blood vessels are typically
flexible and are often comprised of plastic or metal. In certain situations, a catheter is
placed into the body with a wire or trochar that occupies the lumen defined by the
tubular portion of the catheter. Once placed, the wire or trochar can be removed in
order to allow the injection or withdrawal of fluids.

[0044] A wire is metal in the form of a usually very flexible thread or
slender rod. The basic angiography guide wire consists of a fixed solid metal core
covered by a metal spring coil. An infusion wire is a modified guide wire wherein the
solid metal core can be removed, leaving a lumen that can be used to inject or withdraw
fluids, such as a solution of tissue plasminogen activator, a protein that catalyzes the
breakdown of blood clots. In this way, an infusion wire having a removable core wire
can be used as a catheter. FIGS. 11A-C depict various examples of an infusion wire
with a metal spring coil wire 1100 and a removable core wire 1102. Fig. 11C depicts a
partial cross-section of the modified guide wire 1100 with the core wire 1102 removed.

[0045] Preferably, the delivery device is a catheter 300, as shown in FIGS.
3A-C, which can carry the balloon 100 to the desired site. The catheter 300 must also
allow for passage of fluid used to inflate and expand the balloon. A catheter 300 is
defined as at least one hollow cylindrical member that defines a lumen, with the catheter
designed and dimensioned such that it can be inserted in the body to deliver the balloon

11
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100 to a desired location, inflate or expand the balloon, and separate therefrom. The
catheter 300 will include at least one hollow cylindrical member, and more likely two
hollow cylindrical members. When the catheter includes two cylindrical members, one
cylindrical member can operate with a guidance member, such as a guide wire 302, to
guide the device to the desired location. A detachment member can also be utilized
with the catheter, whereby the detachment member is carried on the outer surface or in
the wall of one of the cylindrical members or is passed through the lumen of one of the
cylindrical members. The second cylindrical member delivers fluid to inflate or expand
the balloon 100, which can be located on the outer wall of the cylindrical member(s). An
alternative includes a single cylindrical member through which fluid passes through the
cylindrical member to inflate and expand the balloon and the medical device is
advanced through a separate catheter for the purpose of guiding it to the desired
location where it can be inflated, expanded, and detached.

[0046] The method of the present invention includes delivering the balloon
100 to a desired location and then inflating and expanding it to an expanded state.
Once expanded, the delivery device (typically the catheter 300) is separated from the
balloon 100, which remains expanded. Detachment can be accomplished via
mechanical separation, such as by using another cylindrical member surrounding the
catheter to shear the balloon from the tip of the delivery catheter, or by way of
electrolysis. The expanded balloon 100 fills at least a portion of the lumen of the blood
vessel or the aneurysm, thereby reducing the risk of subsequent bleeding from the
blood vessel or aneurysm. Optionally, the exterior layer 104 of the expanded balloon
100 releases drugs or pharmacologically active molecules to increase the formation of
thrombus on the exterior surface 110 of the balloon 100 and within the cavity of the
aneurysm. Optionally, the porous exterior layer 104 allows the growth of adjacent
tissue into the metal surface. As part of the method, the delivery device can be
positioned using a guide wire 302, which has been placed near the ireatment area. In
this embodiment, the delivery device is advanced over the guide wire into position, and
the guide wire 302 is then removed. Alternatively, as part of the method, the balloon
100 can be positioned using a guide catheter 800, wherein a delivery device attached to
the balloon, as shown in FIGS. 8A-E, is passed through the lumen of the guide catheter

12



and into the cavity of the aneurysm 701, inflated or expanded, and then separated from

the delivery device.
BALLOON

[0047] As discussed and illustrated in FIGS. 1A-E, the balloon 100 has
one or more openings 112 and 114 defined by the wall 102 or by one or more necks
116 and 118. Fluid can enter the opening 112 to expand the space or void 108 defined
by the interior surface 106. The interior surface 106 and the exterior surface 110 define
a balloon wall thickness 120. The balloon 100 is configured to be expanded, and

remain expanded after separation from the delivery device.

[0048] In various embodiments, one or both of the necks 116 and 118 can
project away from the wall 102 or they project into the interior space or void 108. The
necks 116 and 118 can be used for attaching the balloon to the delivery device and may

play a role in separating the balloon 100 from the delivery device.

[0049] The detachable balloon 100 is formed from a metal that can also
assume a variety of forms after expansion. Acceptable shapes include circular,
cylindrical, or oblong, as well as shapes defined by the aneurysm lumen void. An
embodiment where the balloon 100 has a generally tubular form can be used to treat
fusiform aneurysmal dilations of blood vessels. This embodiment can also be used to
occlude normal diameter blood vessels for various purposes, including treating bleeding

from the blood vessels or their branches.

[0050] In various embodiments, the dimensions of the balloon 100 are
selected upon the condition being treated. In one preferred embodiment, the inflated
diameter of the balloon 100 ranges from about 2 mm to about 100 mm. Similarly, a
preferred inflated volume for the balloon ranges from about 0.005 cc to about 65 cc. In
one embodiment, the balloon 100, preferably, has an inflated length between about 2
mm to about 120 mm. Preferably, the balloon wall thickness 120 ranges between about
3 um and 60 um, while the opening 112 has a diameter ranging between about 0.1 mm

and about 20 mm.
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[0051] The balloon 100 is made from one or more biccompatible and
ductile metals. By way of example and not limitation, the metal can be selected from
the group consisting of gold, platinum, silver, titanium, vanadium, aluminum, nickel,
tantalum, zirconium, chromium, silicon, magnesium, niobium, scandium, cobalt,
palladium, manganese, molybdenum, alloys thereof, and combinations thereof. Ina
preferred embodiment, the wall 102 of the balloon 100 is continuous while the external
layer 104 of the balloon 100 is made of a porous metal that is comprised of gold. In
another embodiment, one or both of the wall 102 and the external layer 104 are formed
of one or more biocompatible and ductile metals. In one embodiment, the wall 102
and/or the exterior layer 104 are formed by electroforming or electroplating. In other
embodiments, the wall 102 and/or the exterior layer 104 may be composed of rubber,
plastic, polymer, woven or knitted fiber materials, other semi-rigid materials, or
combinations thereof, configured such that the balloon 100 is to remain in an expanded
state after expansion and detachment, even where the pressure inside and outside the
balloon are the same or similar. For one specific embodiment, the exterior layer is
comprised of Parylene™,

[0052] In various embodiments, the wall 102 is solid, while the exterior
layer 104 is porous, as shown in FIGS. 2A and 2B. The porous or spongy nature of the
exterior layer 104 can be configured to contain drugs, pharmacologically active
molecules, or pharmaceutical compositions within the pores 200. As such, drugs,
pharmagcologically active molecules, or pharmaceutical compositions can be delivered
to the treatment site. The drugs, pharmacologically active molecules, or pharmaceutical
compositions are incorporated into the pores 200 of the exterior layer 104 prior to
positioning the balloon 100 at the desired location. The drugs, pharmacologically active
molecules, or pharmaceutical compositions may be delivered into the pores 200 via
capillary or wicking action. The pores 200 range from about 0.05 um to about 100 um
in diameter. The pore diameters for each balloon may be selected to deliver specific
drugs, pharmacologically active molecules, or pharmaceutical compositions at a specific
rate. By way of example and not limitation, the balloon 100 may have a porous exterior
layer 104 where the pore diameter averages from about 0.05 pm to about 5 pm, about 5
Km to about 25 um, or about 25 um to about 100 um.
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[0053] The drugs, pharmacologically active molecules, or pcharmaceutical
compositions may be incorporated directly into the pores of the exterior layer 104 or
they may be incorporated as solutions and/or suspensions. By way of example and not
limitation, the pharmagceuticals may include thrombin, Ethiodol ®, and Sotradecol ®, or
combinations thereof. Other drugs, pharmacologically active molecules, or
pharmaceutical compositions that promote thrombosis and coagulation or stimulate the
growth of adjacent tissue into the porous external wall of the balloon 100 may also be
used. Such drugs or pharmacologically active molecules may include molecules to
promote cell or tissue growth, such that the balloon 100 will become physically attached
to the tissue at the treatment location. The dosages and manner in which the drugs or
pharmacologically active molecules are incorporated into the exterior layer 104 are a
matter of choice depending on the treatment performed.

[0054] In various embodiments, the wall 102 and the external layer 104
are composed of different biocompatible metals. In other embodiments, the wall 102
and the external layer 104 are composed of the same metal. Over time, the balloon 100
remains expanded with the balloon eventually becoming affixed to the surrounding
tissue. In another embodiment, as shown in FIG. 12, the balloon 100 can be filled with
solid members 1200 such as metallic or polymeric coils, metallic or polymeric expansile
structures, beads, balls, microspheres, or combinations thereof. Other suitable
biocompatible solid materials may also be used.

[0055] Alternatively, the balloon 100 may comprise an additional liner or
layer on the interior surface of the wall 1400, as shown in FIG. 2C. The additional liner
or layer on the interior surface of the wall of the balloon 100 may be composed of
polymer, plastic, latex, or rubber, woven or knitted fiber materials, metals, other
materials, or combinations thereof. Preferably, the interior layer 1400 is an elastomeric
coating that is bonded to the interior surface 106 of the wall 102. The interior layer 1400
can be a variety of thicknesses, preferably ranging between about 0.5 um and about 59
um. The total thickness of the exterior layer, interior layer, and wall will be between
about 3 um and about 60 um, regardiess if a wall or the wall and two layers are used.
In a preferred embodiment, the interior layer 1400 is Parylene™, however, latex, or
other elastomers may be used. The interior layer 1400 adds mechanical properties
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(such as strength) to the wall 102. Further, the interior layer 1400, optionally, can form
a seal that prevents the escape of fluids from the balloon 100, should the metal portion
of the wall contain a defect. The balloon wall 102 and any additional layers define an
interior surface 106 or 126 such that when the balloon is expanded, with a fluid, liquid,
gas, or solid, an internal space or void 108 is defined.

[0056] In another embodiment, the exterior and/or the interior of the
palloon neck 116 or balloon may be coated with an insulating substrate such as a
polymer such as Parylene™, while a portion of the balloon or balloon neck remains
uncoated. The uncoated portion may be intentionally left uncoated during the coating
process or may be exposed after coating by laser ablation or other suitable processes.
After expansion, the uncoated portion of the balloon or balloon neck may be electrically
coupled with an electrolysis wire 320 or other insulated conductive wire for conducting
electricity, and an electrical current can be passed from power source to the uncoated
portion of the balloon or balloon neck to perform electrolysis, and dissolve, at least a
portion of the uncoated portion, thereby separating the expanded balloon 100 from the
delivery catheter.

DELIVERY DEVICE

[0057] The delivery device may be a single lumen as shown in FIGS. 4A-C
or a multi-lumen catheter as shown in FIGS. 3A-C. For example, one potential catheter
300 comprises two hollow cylindrical members or tubes that define lumens to form a
dual lumen catheter. One lumen is for the passage of a guidance member, such as a
guide wire 302, and the second lumen is for the passage of fluids or gases into the
balloon for inflating and expanding the balloon 100. With a generally rounded form to
the metal balloon, this embodiment can be used to treat focal, eccentric, rounded, and
saccular aneurysmal dilations, or aneurysms, of blood vessels. The catheter 300 can
be configured to pass through vascular system, such as with the balloon 100 in a
compressed form. The catheter 300 includes a detachment member, such as the
electrolysis wire 320 shown in FIG. 3G, for separating the catheter from the balloon
thereby allowing the expanded balloon 100 to remain in place while the catheter is
removed from the body.
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[0058] In one embodiment, the hollow cylindrical member has a wall
thickness ranging from about 0.05 mm to about 0.5 mm. Preferably, the cylindrical wall
thickness ranges from about 0.05 mm to about 0.15 mm. The lumen defined by the
cylindrical member has a diameter ranging from about 0.15 mm to about 2.2 mm. In a
preferred embodiment, the lumen diameter ranges from about between 0.7 mm to about
1.57 mm. In one embodiment, the catheter 300 is configured with the balloon 100
attached to the external surface of the catheter in a deflated, compressed, and/or
pleated form. The catheter 300 is advanced over the guide wire 302 until the
compressed balloon 100 is at the desired position, where the balloon is expanded and
separated from the catheter. In another embodiment, the balloon 100 is attached to the
catheter 300 in a deflated, compressed, and/or pleated form. The catheter 300 is
configured to pass completely through the lumen of a larger guidance catheter until the
compressed balloon 100 is at the desired position, where the balloon is expanded and
separated from the catheter.

[0059] The catheter 300 is composed of a biocompatible material. By way
of example, and not limitation, the catheter 300 and various components thereof may be
composed of silicone rubber, natural rubber, polyvinyl chlorides, polyurethane,
copolyester polymers, thermoplastic rubbers, silicone-polycarbonate copolymers,
polyethylene ethyl-vinyl-acetate copolymers, woven polyester fibers, or combinations
thereof. In one embodiment, the wall of the hollow cylindrical member may be
reinforced with a metal, such as braided stainless steel or nitinol, to enhance control
and reduce kinking of the catheter 300 during use.

[0060] By way of example and not limitation, the guidance member may
be a separate flexible guide wire 302, as depicted in FIGS 3, 5, and 7. The guide wire
302 is preferably a straight, soft-tipped angiographic wire of sufficient length to reach
the desired location with a distal end of the guide wire, while a proximal end extends out
and away from the point of entry into the vascular system. In one embodiment, the
guide wire 302 has a curved J-shaped distal tip, typically constructed from a memory
alloy or a braided metal that causes the tip to return to the J-shape after any applied

stress is removed.
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[0061] FIG. 3A depicts longitudinal views of an embodiment of the catheter
portion of the detachable metal balloon medical device. FIGS. 3B-C depict longitudinal
views of an embodiment of the detachable metal balloon medical device 500. The
catheter 300 moves over the guide wire 302 to deliver the balloon 100, deliver a fluid to
inflate and expand the balloon, and then separate therefrom. The catheter 400 can
include a single hollow cylindrical member or tube that defines a lumen (as in FIGS. 4,
6, and 8) or the catheter 300 can include multiple hollow cylindrical members defining a
number of lumens (as in FIGS. 3, 5, and 7). As shown, a suitable construction for an
embodiment of the catheter 300 includes a first hollow cylindrical member 304 and a
hollow cylindrical member 306 that are adjacent and parallel to one another. The hollow
cylindrical members 304 and 306 define two lumens. One lumen 326, a fluid or gas
delivery lumen, provides fluid or gas to inflate and expand the balloon. The other lumen
324, a guidance member lumen, accepts the guide wire 302 that is used to help position
the balloon 100 at the desired location. In one embodiment, the hollow cylindrical
members 304 and 306 may be housed within a third hollow cylindrical member (not
shown). In other embodiments, the first holiow cylindrical member 304 may be located
within the second hollow cylindrical member 306 or the hollow cylindrical members may
be coaxial.

[0062] The proximal end of the first hollow cylindrical member 306
includes a balloon inflation or expansion port 308. The balloon inflation or expansion
port 308 allows the hollow cylindrical member 306 to communicate with a pressurized
fluid or gas source, such as a syringe 314 or a pump (not shown) containing, for
example, a water, saline or radiopaque solution.

[0063] Potential fluids provided by the pressurized fluid source include
liguids, gases, or combinations thereof. By way of example and not limitation, the fluid
may be water, a saline solution, a radiographic contrast solution, or a mixture or any of
the three. In one embodiment, the fluid may further include a solution or suspension of
drug or pharmacologically active molecules to induce tissue growth and/or thrombosis
at the site of the balloon inflation. In another embodiment, the fluid suspends a number
of solids, such as wires, coils, support structures, or acrylic gelatin microspheres that
aid in inflating or expanding and maintaining the expanded shape of a balloon 100.
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[0064] The proximal end of the hollow cylindrical member 304 includes a
guide wire port 310. The guide wire port 310 facilitates the insertion of the guide wire
302 into the hollow cylindrical member 304. The guide wire 302 is fed through the
hollow cylindrical member 304 and extended out of the distal end of the catheter 300.
In this embodiment, the catheter 300 is advanced over the guide wire 302 and
positioned in the selected segment of a blood vessel or into the lumen of a vascular
aneurysm. Once the catheter 300 is in the desired position, the removable wire 404 is
withdrawn from the delivery deavice, the ballcon 100 is inflated or expanded by fluid
provided to the hollow cylindrical member 306 by the syringe 314 connected to the
balloon inflation port 308. With the guide wire 302 removed, the guide wire port 310
and the hollow cylindrical member 304 can be used to infuse fluids such as saline,
radiographic contrast agents, or solutions of drugs such as thrombin, or can be used to
aspirate fluids or blood.

[0065] The dimensions of the catheter 300 are a matter of design choice
depending upon the size of the particular blood vessels or cavities in which it is to be
used. For example, the medical device 500 may be used to occlude very small blood
vessels or biological conduits, as in the brain, where the diameter of the device prior to
inflation or expansion may be approximately 2 - 5Fr. In another example, the medical
device 500 may be used to occlude larger blood vessels such as venous varices. In
this example, the diameter of the catheter may be approximately 2 - 10Fr. In various
embodiments, the catheter 300 may be dimensioned to occlude non-vascular biological
conduits or abnormal communications between biological spaces such as
enterocutaneous fistulas. The length of the catheter 300 is also a matter of design
choice depending on the distance between the entry point into the body and the location
to be treated. By way of example and not limitation, catheter lengths can range
between about 5 cm and about 300 cm.

[0066] In one embodiment, the balloon 100 has one or more openings,
such as the opening 112, that are attached to the distal end of the hollow cylindrical
member 306. Alternatively, the balloon 100 may have two openings, where the first
opening 112 is attached to the distal end of the hollow cylindrical members 306 and 304
and the second opening 114 is attached to the distal end of the hollow cylindrical
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member 304. In this embodiment, the hollow cylindrical member 304 extends through
the interior of the balloon 100. The balloon 100 may be folded, compressed, and/or
wrapped around the exterior of the distal end of the catheter 300, as shown in FIG. 3B.

[0067] This embodiment of the catheter 300 also includes a detachment
member, such as the electrolysis wire 320 or insulated conductive wire that extends
along the length of the delivery device. The detachment member is used to separate
the balloon 100 from the catheter 300. In one embodiment, the electrolysis wire 320
lies along the exterior surface of the hollow cylindrical member 304, as shown in FIGS.
3C, 5, and 9B.

[0068] In various embodiments, the electrolysis wire 320 or insulated
conductive wire is an elongated wire that can conduct an electrical current and can be
located within a lumen of a cylindrical member, within the wall of a cylindrical member,

or attached to the outside of a cylindrical member.

[0069] The electrolysis wire 320 is in electrical communication with the
weld or solder bond 316 between the balloon 100 and the delivery device. In this
embodiment, a direct electrical current or charge (DC current) is applied to the
electrolysis wire 320 after the balloon 100 is inflated. The DC current dissolves at least
a portion of the weld or solder bond 316, resulting in separation of the expanded balloon
and the delivery device and leaving the ballcon 100 expanded at the desired position
while the delivery device is removed. In another embodiment, the electrolysis wire 320
is in electrical communication with the balloon itself 100, which is attached to the
delivery device by an adhesive or other attachment method. In this embodiment, a
direct electrical current or charge (DC current) is applied to the balloon 100 after the
balloon 100 is inflated. The DC current dissolves at least a portion of the balloon 100,
resulting in separation of the remainder of the expanded balloon, and the delivery
device, and leaving the balloon 100 expanded at the desired position while the delivery
device is removed.

[0070] In one embodiment, an opening of the inflated balloon 100 is left
open after detachment from the catheter 300. In other embodiments, an opening of the
inflated balloon 100 is closed before, during, or after detachment from the catheter 300.
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By way of example and not limitation, the openings may be sealed by applying an
external force, such as with an adjacent angioplasty or shaping balloon. In all
embodiments, the balloon 100 retains its expanded shape after detachment and is
resistant to compression. The balloon 100 remains expanded even if the pressures
inside and outside of the expanded balloon are equal or similar due to rigidity of the wall
of the balloon. In another example, maintenance of the balloon expansion is assisted
by instilling rigid or semi-rigid material into the balloon 100.

[0071] In yet other embodiments, the balloon 100 is not welded to the
catheter 300, but temporarily affixed to the catheter, such as by crimping. In these
embodiments, the balloon 100 is detached from catheter 300 by friction and/or various
tools inserted through or around the catheter.

[0072] In other embodiments, the balloon 100 is not welded to the catheter
300, but affixed to the catheter with an adhesive. In these embhodiments, the balloon
100 is detached from catheter 300 by friction, electrolysis and/or various tools inserted
through or around the catheter.

[0073] FIG. 4A depicts longitudinal views of an embodiment of the catheter
portion of the detachable metal balloon medical device. FIGS. 4B-C depict longitudinal
views of an embodiment of the detachable metal balloon medical device 500. This
embodiment includes a single lumen catheter 400 having a single hollow cylindrical
member 306 for receiving a removable wire 404. The wall of the catheter can be
comprised of a plastic or polymer material, as previously described. In another
embodiment, the wall of the catheter is comprised of a wound metal coil. In this
embodiment, the hollow cylindrical member 306 and the removable wire 404, in
combination, are similar to existing infusion wires. The hollow cylindrical member 306
includes a connection port 308 at a proximal end and is attached to the balloon 100 at a
distal end, such as with a weld, an adhesive, or crimping. As shown in FIG. 4B, the
balloon 100 may be wrapped, compressed, and or folded along the exterior of hollow

cylindrical member 306.

[0074] In one embodiment, a catheter 400 with the compressed balloon
100 is advanced through the lumen of a larger guide catheter, as shown in FIGS. 8A-E,
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to the desired location. The compressed balloon 100 is advanced beyond the distal end
of the larger guide catheter and into the desired position. Once the catheter 400 has
been placed in the desired location, the wire 404 is removed from the hollow cylindrical
member 306, and a fluid source, such as the syringe 314 is connected to the connection
port 308 to inflate or expand the balloon 100. The removable wire 404 may include a
handle 408 or other device to facilitate wire insertion and removal. After the balloon 100
is expanded, as shown in FIG. 4C, the catheter 400 and the balloon 100 can be
separated so that the catheter 400 can be removed while leaving the expanded balloon
100 in the desired position. In one embodiment, after the balloon 100 is inflated or
expanded, a DC current is applied to the electrolysis wire 320 to dissolve a weld or
solder between the balloon and the catheter 400. Once the weld is dissolved, the
catheter 400 is removed while the expanded balloon 100 remains in place. In another
embodiment, a DC current is applied to the electrolysis wire 320 to dissolve a portion of
the balloon. Once the balloon portion is dissolved, the catheter 400 is removed while
the remainder of the expanded balloon 100 remains in place.

[0075] FIGS. 5 and 6 depict additional embodiments of the detachable
balloon delivery device attached to deflated configurations of the balloon 100. In one
embodiment, the balloon 100 is folded into pleats, then the pleats of the folded balloon
are wrapped around the catheter 300, and the balloon is compressed against the
catheter 300. In another embodiment, the balloon 100 is folded into pleats, then the
pleats of the folded balloon are wrapped around the removable wire 404, and then the
balloon is compressed against the removable wire 404.

[0076] In various embodiments, the balloon 100 is attached to the catheter
300, 400, then the pleats 502 are formed, and then the pleats are wrapped and
compressed onto the catheter or the removable wire 404. |In another embodiment, the
balloon 100 is folded to form the pleats 502, then attached to the catheter 300, 400, and
then folded or compressed onto the outer surface of the catheter 300, 400, or the
removable wire 404.

METHOD
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[0077] The method of the present invention includes a number of steps for
delivering the balloon 100 to the desired location, inflating and expanding the balloon
100, and separating the balloon and the delivery device. In one embodiment, the
method includes the steps of accessing an artery with a needle and then advancing a
guide wire, such as the guide wire 302, through the needle. Next, the needle is
removed and optionally a vascular sheath is inserted. Then, the guide wire 302 is
further advanced to the desired location. Optionally, a standard angiography catheter is
used with the guide wire 302 to advance the guide wire t0 the desired location. After
the guide wire 302 is appropriately placed, the standard angiography catheter is
removed from the body. Then, a catheter 300 with a compressed balloon 300 at the
distal end is advanced over the guide wire 302 until the catheter is positioned at the
desired location. Optionally, the guide wire 302 is then withdrawn, and the balloon 100
is inflated and expanded with a pressurized fluid. The expanded balloon 100 is
separated from the catheter 300 and the catheter is removed, along with the guide wire
302. As described above, the method may also include the steps of providing an
electrical current to the electrolysis wire 320 to dissolve the weld or solder 316 attaching
the balloon 100 to the catheter, or to dissolve a portion of the balloon itself. In one
embodiment, the method further includes the step of shaping the expanded balloon 100.
Shaping the balloon 100 may be accomplished by the application of external and/or

internal forces, such as with an adjacent angioplasty balloon or occlusion-type balloon.

[0078] FIGS. 7A-E and 8A-E depict sequences of positioning, expanding,
and detaching the balloon 100 within the cavity of an aneurysm of a blood vessel. In
FIGS. 7A-E, an aneurysm 703 within the blood vessel 702 is filled with the balloon 100.
The balloon 100 is inflated with a pressurized liquid, gas, or combination thereof. In one
embodiment, the fluid contains a suspension of coils, beads, and/or a solution or
suspension of a drug, pharmacologically active molecules, or pharmaceutical

composition.

[0079] The expanded shape of the balloon 100 is based upon the
abnormality being treated. In one example, the balloon 100 is shaped by both by the
shape of the aneurysm lumen or void and also, optionally, by the application of an
external force. The external force may be applied by inflating a separate and adjacent
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balloon (not shown) in the lumen of the blood vessel 702, thereby pushing the wall of
the balloon 100 toward the aneurysm. In other embodiments, the balloon 100 is
manufactured into a non-spherical orientation to match the contours of the cavity for a
particular aneurysm 703. Other shapes and orientations may be used. The exterior
surface 110 of the balloon 100 makes contact with a substantial portion of the inner
surface 700 of the aneurysm 703. In one embodiment, the exterior surface 110 of the
balloon 100 makes contact with at least 50% of the inner surface 700 of the aneurysm
703. In other embodiments, the exterior surface 110 makes contact with over 90% of
the inner surface 700. The expanded balloon fills a substantial portion of the lumen of
the aneurysm 701. In one embodiment, the expanded balloon fills at least 50% of the
lumen of the aneurysm 701.

[0080] In FIG. 7E, the catheter 300 and guide wire 302 have been
withdrawn and the opening 112 of the balloon 100 remains open. In other
embodiments, the opening 112 of the balloon may be closed. In all embodiments, the
balloon 100 will remain expanded.

[0081] In another embodiment, shown in FIGS 8A-E, a guidance catheter
800 is used to access the lumen 701 of the aneurysm 703. A single lumen catheter,
such as the catheter 400, is then advanced through the guide catheter 800. The
catheter 400 is in communication with the opening 112 of the balloon 100. A
pressurized fluid is transferred through the catheter 400 into the interior space or void
108 of the balloon so that, when expanded, the balloon 100 shape closely matches the
contours of the aneurysm 800. In one embodiment, the balloon 100 is manufactured to
a particular shape prior to attachment to the catheter 400.

[0082] In all embodiments, the expanded shape of the balloon 100 is
determined by four factors: 1) the manufactured shape of the balloon 100; 2) the degree
of inflation or expansion; 3) the size and shape of the aneurysm 703; and 4) the effect of
any applied external force after inflation or expansion. By way of example and not
limitation, the manufactured size and shape of the balloon 100 may be determined by

making measurements of the aneurysm 703. The measurements can be made by
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using medical images and standard distance reference markers. Other methods of
measuring the aneurysm may also be used.

[0083] In another embodiment, the balloon 100 may be manipulated and
configured in vivo or even in situ within the aneurysm 703. In this embodiment, it is not
necessary to dstermine the precise contours of the aneurysm 703 prior to inserting the
palloon 100. The balloon 100 is shaped by the application of internal and/or external
forces. For example, an external force may be applied by the use of an external
angioplasty balloon, or by tools inserted through or around the catheter 400. In other
embodiments, the balloon 100 may be shaped in a step prior to or after the step of
detaching the balloon from the catheter 400.

[0084] In other embodiments, two or more balloons similar to the balloon
100, may be positioned and inflated to fill a portion or all of the lumen of a particular
segment of blood vessel, an aneurysm lumen or vaid, or other body cavities. In these
embodiments, pre-shaped balloons, unshaped balloons, malleable balloons, or a
combination thereof may be used. In all embodiments, the balloons are positioned to

maintain their expanded shapes and resist unintentional compression or deformation.

[0085] FIG. 9A depicts an axial cross-sectional view of the dual lumen
catheter 300. The hollow cylindrical member 304 has an outer wall 900 and an inner
wall 202 and the hollow cylindrical member 306 has an outer wall 204 and an inner wall
906. The cylindrical members 304 and 306 are parallel and adjacent to one another,
while the electrolysis wire 320 runs along the outer wall 904 of the hollow cylindrical
member 306. FIG. 9B is an alternative to the device in FIG. 9A, with FIG. 9B depicting
axial cross-sectional view of an alternative double lumen catheter 300. Inone
embodiment, the hollow cylindrical member 304 is located within the lumen of the
second hollow cylindrical member 306. In this embodiment, the electrolysis wire 320
runs along the outer wall 904 of the hollow c¢ylindrical member 306.

[0086] In another embodiment, shown in FIG. 9C, the electrolysis wire 320
extends within a lumen 326 used to inflate or expand the balloon. In another
embodiment, shown in FIG. 9D, the electrolysis wire 320 is located within the wall of the
catheter 300.
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[0087] FIG. 9E depicts an axial cross-sectional view of the double lumen
catheter 300 attached to the balloon 100. The balloon 100 is in fluid communication
with 326 and is detached by the electrolysis wire 320 extending through the wall of the
catheter 300.

[0088] FIG. 10A is an axial cross-sectional view of the single lumen
catheter 400. As shown, the electrolysis wire 320 runs along the outer wall 1000 of the
hollow cylindrical member 306. In another embodiment, shown in FIG. 10B, the
electrolysis wire 320 runs within the wall of the cylindrical member 306. FIG. 10C
depicts an axial cross-sectional view of the single-lumen catheter 400 attached to the
balloon 100. The balloon 100 is initially welded, soldered, or glued to the outer wall
1000 of the hollow cylindrical member 306 and is detached by the electrolysis wire 320
extending along the outer wall.

[0089] The balloon 100 may also engage to the delivery device through a
frictional engagement, wherein the opening or neck of the balloon and the distal end of
the delivery device are matched to fit together, but there is no bond (such as with
adhesive or solder) between the balloon and the delivery device. Rather, the inflated
balloon 100 and the delivery device are simply pulled apart. The balloon 100 may be
detached from the delivery catheter by pulling the delivery catheter away from the
balloon or by pushing the balloon away from the delivery catheter. FIGS. 13A-B depict
embodiments of the medical device 500 wherein a friction fit is used to attach the
balloon 100 and the delivery device. As shown in FIG. 13A, the neck 1714 of the
balloon 100 is frictionally engaged on the outside of the distal end 1712 of the delivery
device 306. For this example, the medical device 500 was passed through a guide
catheter 800 with the balloon compressed, then the removable wire was withdrawn from
the delivery device and the balloon 100 was inflated. In this example, the guide
catheter 800 can then be advanced up to the wall of the inflated balloon 100, and then
the delivery device can be pulled back or the guide catheter 800 can be pushed
forward, to cause detachment of the inflated balloon. As shown in FIG. 13B, an elastic
sleeve or wrap 1724 can be bonded to the delivery device 306 and then can frictionally
engage the outside of the neck 1714 of the balloon 100, while the distal end of the
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delivery device 1712 simultaneously frictionally engages the inner surface of the neck
1714 of the balloon 100.

[0090] The balloon wherein the exterior surface of the balloon comprises a
plurality of projections, that are either straight or branched, made of nitinol or fibers.

[0091] The balloon wherein the projections range in length from 0.01 ym to
about 57 pm.
[0092] It will be appreciated that the device and method of the present

invention are capable of being incorporated in the form of a variety of embodiments,
only a few of which have been illustrated and described above. The invention may be
embodied in other specific forms without departing from its spirit or essential
characteristics. The described embodiments are to be considered in all respects only
as illustrative and not restrictive and the scope of the invention is, therefore indicated by
the appended claims rather than by the foregoing description. All changes which come
within the meaning and range of equivalency of the claims are to be embraced within
their scope.
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Claims
What is claimed is:
1. A medical device comprising:

a compressed, single-lobed, expandable, metal balloon having a solid continuous metal wall
with an interior surface, an exterior surface, and an opening in the wall that allows for the

passage of gas or fluid into the balloon; and,

a catheter attached to the balloon wherein the catheter has a cylindrical member that defines a
lumen, the cylindrical member having a proximal and a distal end, the catheter
dimensioned to deliver fluid from a fluid source at the proximal end into the balloon at the

distal end to expand the balloon;

wherein the medical device is configured such that the expanded metal balloon and the catheter

can be separated; and

wherein the solid continuous metal wall has sufficient rigidity such that the expanded metal
balloon remains in an expanded state when implanted in vivo in an unsealed

configuration.
2. The medical device of claim 1, wherein the interior surface defines a void in the balloon.

3.  The medical device of claim 1, wherein the catheter comprises a second cylindrical
member that defines a second lumen that is dimensioned to allow for the passage of a guidance

member.

4.  The medical device of claim 3, wherein the second lumen is dimensioned to allow for the

passage of a flexible guide wire.

5. The medical device of claim 1, wherein the catheter has a diameter ranging from

about 0.7 mm to about 2.3 mm.

6. The medical device of claim 1, wherein the catheter has a wall thickness ranging from

about 0.05 mm to about 0.5 mm.
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7.  The medical device of claim 3, wherein the lumen or the second lumen has a diameter in

a range from about 0.15 mm to about 2.2 mm.

8.  The medical device of claim 1, wherein the catheter has a length ranging from about 5 cm

to about 300 cm.

9.  The medical device of claim 1, wherein the wall of the catheter is comprised of a material
selected from the group consisting of nylon, polyethylene, polypropylene, polyurethane, or Teflon, and

combinations thereof.

10. The medical device of claim 1, wherein the balloon has a compressed diameter ranging

from about 0.65 mm to about 2.25 mm.

11. The medical device of claim 1, wherein the balloon has an expanded diameter ranging

from about 2 mm to about 100 mm.

12. The medical device of claim 1, wherein the balloon has an expanded length ranging

between about 2 mm to about 120 mm.

13. The medical device of claim 1, wherein the wall of the balloon is made from a metal

selected from the group consisting of gold, platinum, silver, alloys thereof, and combinations thereof.

14. The medical device of claim 1, wherein the balloon has a wall thickness ranging between

3 pm and 60 pm.

15. The medical device of claim 1, wherein the balloon is folded to form one or more pleats

prior to compression.

16. The medical device of claim 1, wherein the balloon is attached to the catheter by a weld,

or solder.

17. The medical device of claim 16, wherein at least a portion of the weld or solder is
electrically coupled to an insulated conductive wire that can conduct an electrical current from the

proximal end of the catheter to the weld, or solder.

18. The medical device of claim 17, wherein the insulated conductive wire has an electrolysis
wire extending from at least the proximal end of the catheter to at least a distal end of the catheter.
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19. The medical device of claim 17, wherein an exterior surface of the balloon is coated with

an insulating substance.

20. The medical device of claim 17, wherein an interior and an exterior surface of the balloon

is coated with an insulating substance.

21. The medical device of claims 19 or 20, wherein at least a portion of the weld or solder is

uncoated or uninsulated.

22. The medical device of claims 19 or 20, wherein the coating or insulating substance

comprises a polymer.

23. The medical device of claim 1, wherein the balloon is attached to the catheter by an

adhesive substance.

24. The medical device of claim 23, wherein at least a portion of the balloon is electrically
coupled to an insulated conductive wire that can conduct an electrical current from the proximal end of

the catheter to the portion of the balloon.

25. The medical device of claim 24, wherein the insulated conductive wire is an electrolysis

wire extending from at least the proximal end of the catheter to at least a distal end of the catheter.

26. The medical device of claim 23, wherein an exterior surface of the balloon is coated with

an insulating substance.

27. The medical device of claim 23 wherein an interior surface and an exterior surface of the

balloon are coated with an insulating substance.

28. The medical device of claims 26 or 27, wherein at least a portion of the balloon is uncoated

or uninsulated.

29. The medical device of claims 26 or 27, wherein the coating or insulating substance

comprises a polymer.

30. The medical device of claims 18 or 25, wherein the electrolysis wire is located in the wall

of the catheter.
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31. The medical device of claim 1, wherein the balloon has a neck that defines an opening,.

32. The medical device of claim 31, wherein the neck has a wall thickness ranging between

about 3 um and about 60 pm.

33. The medical device of claim 31, wherein the neck has a length between 0.5 mm and 60

34. The medical device of claim 31, wherein the neck extends into a void of the balloon.

35. The medical device of claim 1, wherein the balloon further comprises a second, porous

layer on the exterior surface.

36. The medical device of claim 35, wherein the second porous layer of the balloon is made
of a metal selected from the group consisting of gold, platinum, silver, alloys thereof, and combinations

thereof.

37. The medical device of claim 35, wherein the second porous layer has a plurality of pores

ranging in diameter from about 0.05 um to about 100 pm.

38. The medical device of claim 35, wherein the pores in the second porous layer contain

drugs, pharmacologically active molecules, or pharmaceutical compositions.

39. The medical device of claim 38, wherein the drugs, pharmacologically active molecules,
or pharmaceutical compositions are selected from the group consisting of thrombin, platelet derived

growth factor, and combinations thereof.

40. The medical device of claim 1, wherein the wall of the balloon comprises an interior layer

located on the interior surface.

41. The medical device of claim 40, wherein materials used to form the interior layer are

selected from a group consisting of a polymer, a latex, an elastomer, and combinations thereof.
42. The medical device of claim 40, wherein the interior layer is comprised of a polymer.

43, The medical device of claim 1, wherein the balloon is joined to a distal portion of the

catheter by a frictional engagement.
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44. The medical device of claim 43, wherein an elastic sleeve or wrap holds the balloon to the

catheter with a friction fit.
45. The medical device of claim 1, wherein the balloon is at least partially filled with a solid.
46. The medical device of claim 45, wherein the solid comprises a support structure.

47. The medical device of claim 46, wherein the support structure is selected from a group
consisting of metallic or polymeric coils or wires, metallic or polymeric expansile structures, beads,

balls, microspheres, and combinations thereof.
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