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bladder; a blocking portion configured to push gallstones of a certain minim-
um size away from an opening of the gallbladder where the blocking portion
is located distally from the filter portion with respect to the opening of the
gallbladder; and, where the blocking portion and the filter portion do not at-
tach to, or apply expansive radial force on, a wall of the gallbladder.
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GALLBLADDER IMPLANTS AND SYSTEMS AND METHODS FOR THE
DELIVERY THEREOF

RELATED APPLICATION/S

This application claims the benefit of priority under PCT Article 8 of U.S.
Provisional Patent Application No. 62/069,164 filed October 27, 2014, this application
is also related to pending U.S. Pat. App. Ser. No. 13/260,382, filed on September 26,

2011, the contents of which are incorporated by reference herein in their entireties.

FIELD AND BACKGROUND OF THE INVENTION

The present invention relates generally to treating medical conditions involving
ducts and/or body lumens, for example by preventing occlusion of portions of the
biliary tree during treatment device deployment.

"Stones” in the gallbladder and bile ducts are found in the entire population,
some of them being asymptomatic, and some — symptomatic. In the U.S., 10 - 15% of
the adult population (more than 20 million people) suffer from bile duct stones (about
20 % of the population above 65 years of age suffer from gallstones), with more than
two million new cases diagnosed annually, and more than 1,800,000 cholecystectomy
procedures performed annually. Patients with gallstones are classified according to three
groups: symptomatic, asymptomatic and those suffering from complications caused by

the gallstones, such as cholecystitis, pancreatitis or obstructive jaundice.

SUMMARY OF THE INVENTION

There is provided in accordance with an exemplary embodiment of the
invention, a filter device for implantation in a gallbladder, comprising: a filter portion
configured to filter gallstones of a certain minimum size to prevent them from exiting
the gallbladder through an opening of the gallbladder; a blocking portion configured to
push gallstones of a certain minimum size away from an opening of the gall bladder
where the blocking portion is located distally from the filter portion with respect to the
opening of the gallbladder; and, where the blocking portion and the filter portion do not
attach to, or apply expansive radial force on, a wall of the gallbladder.

In an embodiment of the invention, the blocking portion and the filter portion

are the same.
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In an embodiment of the invention, the device further comprises comprising an

anchoring portion extending from the filter portion towards the opening of the
gallbladder and configured to reduce movement of the filter device in the gallbladder.

In an embodiment of the invention, the device further comprises a stopper
extending in the longitudinal axis of the filter device away from the opening of the
gallbladder, where the stopper and the anchoring portion when taken together prevent
migration of the anchoring portion away from the opening of the gall bladder.

In an embodiment of the invention, at least the filter portion is mesh.

In an embodiment of the invention, at least the filter portion is a coil.

In an embodiment of the invention, at least the filter portion is a perforated or
porous sheet.

In an embodiment of the invention, the filter device is comprised of a single
filament.

In an embodiment of the invention, the device is made from at least one of a
metal, a shape memory alloy and a polymer.

In an embodiment of the invention, the device is adapted for eluting a
pharmaceutical after implantation.

In an embodiment of the invention, the device is at least one of bioabsorbable
and biodegradable.

In an embodiment of the invention, at least one of the blocking portion and filter
portion are configured to prevent bio-film growth.

In an embodiment of the invention, at least one of the blocking portion,
anchoring portion and filter portion are configured to prevent bio-film growth.

In an embodiment of the invention, the filter portion is configured to filter
gallstones 5 mm or greater in diameter.

In an embodiment of the invention, the filter portion is configured with wires no
more than 4mm apart.

There is further provided in accordance with an exemplary embodiment of the
invention, a system for delivery of a filter device for implantation in a gallbladder,
comprising: a filter device including a blocking portion configured to push gall stones
of a certain minimum size away from an opening of the gallbladder; and, a catheter

configured for transit of the filter device therethrough to the gallbladder.
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There is further provided in accordance with an exemplary embodiment of the

invention, a method for implanting a filter device in a gallbladder, comprising:
navigating the filter device to the gallbladder for implantation, the filter device
including at least a blocking portion; entering the gall bladder at a gallbladder opening
with the blocking portion; manually or automatically expanding the blocking portion in
the gallbladder; pushing any gallstones in the gallbladder towards a distal end of the
gallbladder and away from the gallbladder opening, thereby clearing a space within the
gallbladder for proper and/or full expansion of the filter device; introducing a filter
portion of the filter device to the gallbladder; and, manually or automatically expanding
the filter portion in the gallbladder.

In an embodiment of the invention, the blocking portion and the filter portion
are the same element, and blocking and filtering are performed simultaneously by the
same element.

In an embodiment of the invention, the method further comprises deploying an
anchoring portion after entering with the blocking portion and after introducing the
filter portion.

In an embodiment of the invention, the method further comprises preventing the
anchoring portion from moving away from the gall bladder opening using a stopper in
conjunction with the anchoring portion.

In an embodiment of the invention, the method further comprises withdrawing
the blocking portion after the filter portion has been expanded.

Unless otherwise defined, all technical and/or scientific terms used herein have
the same meaning as commonly understood by one of ordinary skill in the art to which
the invention pertains. Although methods and materials similar or equivalent to those
described herein can be used in the practice or testing of embodiments of the invention,
exemplary methods and/or materials are described below. In case of conflict, the patent
specification, including definitions, will control. In addition, the materials, methods, and

examples are illustrative only and are not intended to be necessarily limiting.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING(S)

Some embodiments of the invention are herein described, by way of example

only, with reference to the accompanying drawings. With specific reference now to the
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drawings in detail, it is stressed that the particulars shown are by way of example, and

not necessarily to scale, and are for purposes of illustrative discussion of embodiments
of the invention. In this regard, the description taken with the drawings makes apparent
to those skilled in the art how embodiments of the invention may be practiced.

In the drawings:

FIGs. 1A-1E are side views of a schematic deployment sequence of a blocking
device, in accordance with an exemplary embodiment of the invention;

FIGs. 2A-2C are side views of a schematic deployment sequence of a filtering
device after the blocking sequence shown in FIGs. 1A-1E has been performed, in
accordance with an exemplary embodiment of the invention;

FIGs. 3A-3C are side views of two tier filtering devices, in accordance with
exemplary embodiments of the invention;

FIGs. 4A-4C are top views of the filtering portion of filtering devices, in
accordance with exemplary embodiments of the invention;

FIGs. 5A and 5B are perspective views of a filtering device, in accordance with
an exemplary embodiment of the invention;

FIG. 6 is a top view of a filtering device in situ, in accordance with an
exemplary embodiment of the invention; and

FIG. 7 is a flowchart of a method of deploying a filtering device in a gall

bladder, in accordance with an exemplary embodiment of the invention.

DESCRIPTION OF SPECIFIC EMBODIMENTS OF THE INVENTION

The present invention relates generally to treating medical conditions involving
ducts and/or body lumens, for example by preventing occlusion of portions of the
biliary tree during treatment device deployment.

Before explaining at least one embodiment of the invention in detail, it is to be
understood that the invention is not necessarily limited in its application to the details of
construction and the arrangement of the components and/or methods set forth in the
following description and/or illustrated in the drawings. The invention is capable of
other embodiments or of being practiced or carried out in various ways.

Generally, systems, devices and methods for deploying filtering devices in a

gallbladder are described. In some embodiments of the invention, a blocking device
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and/or a blocking portion of a device are used to push gall stones away from the

opening to the gallbladder in order to make space for proper deployment of a gall stone
filtering device. In some embodiments of the invention, the blocking device and the
filter device are components of a system. In some embodiments of the invention, the
blocking device is separate from the filtering device. In some embodiments of the
invention, the blocking is performed by a filtering portion of the filtering device. In
some embodiments of the invention, the filtering device is two-tiered. Optionally, one
tier is configured to block and/or filter. Optionally, one tier is configured to anchor the
device. In some embodiments of the invention, the device is provided with a stopper.

In an embodiment of the invention, the devices described herein spare the
patient from suffering and/or surgery, and are intended to prevent the complications of
cholecystectomy and anesthesia, operative mortality, postoperative infections (wound
infection and other infections), and/or delayed impacts of gallbladder absence (impaired
absorption, abdominal pain, etc.) by relieving and/or preventing the symptoms of
cholecystitis, pancreatitis or obstructive jaundice, and/or preventing and/or delaying the
need for cholecystectomy in patients with gallstones. In some embodiments of the
invention, temporary relief, for example of pain induced by gallstones, is provided.

It should be understood that exemplary filter devices described herein are
intended to prevent gallstones from passing from the gall bladder into the cystic duct
while still allowing for normal bile flow and/or bodily fluids and/or secretions through
the biliary tree and into the duodenum. In some exemplary embodiments of the
invention, filtering is achieved without exerting potentially harmful levels of expansive
radial force on the walls of the cystic duct and/or gall bladder. In some embodiments of
the invention, no radial force is applied on the walls of the cystic duct and/or
gallbladder.

FIGs. 1A-1E are side views of a schematic deployment sequence of a blocking
device 100, in accordance with an exemplary embodiment of the invention. For
efficiency, description of device embodiments of the invention (FIGs. 1A-1E and FIGs.
2A-2C) are described in conjunction with the methods of their deployment, in
conjunction with FIG. 7.

FIG. 7 is a flowchart 700 depicting a method of implanting a filter device 200 in

the gallbladder 104, in accordance with an embodiment of the invention. In an
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embodiment of the invention, implantation may be performed without general

anesthesia and is considered to be minimally invasive. In an embodiment of the
invention, the filter device 200 and/or the blocking device 100 are inserted and/or
navigated (702) into the GI tract via the mouth, through to the esophagus, through to the
stomach and then into the duodenum. Navigation and/or insertion are accomplished
using an endoscope and/or a guiding wire and/or an elongated tool, such as a catheter
106, as chosen by the attending medical professional performing the procedure, in an
embodiment of the invention.

The filter device 200 is advanced the Sphincter of Oddi/papila into the common
bile duct, in an exemplary embodiment of the invention. A sphincterotomy of the
Sphincter of Oddi is performed, if required and/or desired, similarly to the method
commonly used in endoscopy and ERCP. The filter device 200 is implanted at a desired
implantation site by navigating the filter device 200 from the common bile duct through
to the cystic duct and/or the gallbladder 104. Contrast material in used order to image
the gallbladder 104 and/or the cystic duct and/or the gastro-intestinal tract, in some
exemplary embodiments of the invention. Optionally, other commonly available
imaging techniques are used for the implantation, for example X-ray and/or ultrasound.

In an exemplary embodiment of the invention, the filter device 200 and/or the
blocking device 100 are inserted and/or navigated (702) into the patient in a contracted
form. In some embodiments of the invention, the blocking device 100 precedes the filter
device 200 such that during implanting, the blocking device 100 enters (704) the gall
bladder 104 first (shown in FIGs. 1A-1B), radially expands (706) in the gall bladder 104
(shown in FIGs. 1C-1D) and pushes (708) any gallstones 102 in the gallbladder 104
down to or at least towards a distal end of the gallbladder 104 and away from the
gallbladder opening (shown in FIGs. 1D-1E), thereby clearing a space within the gall
bladder for proper and/or full expansion of the filter device.

In an embodiment of the invention, the filter device 200 is then introduced (710)
to the gallbladder 104 (now that the area in the gallbladder 104 near the opening has
been cleared or substantially cleared of gallstones 102) so that the filter device 200 can
properly expand (712) to provide filtering. Introduction of the filter device 200 and

expansion in a cleared area is schematically shown in FIGs. 2A-2C. In some
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embodiments of the invention, the filter device 200 expands (712) to its intended size

and shape upon arrival at the desired site of implantation.

In some embodiments of the invention, the filter device 200 is also provided
with blocking capability and functionally operates to both block (to clear out gall stones
to make room for filter expansion) and filter. Exemplary devices for performing both
functions in the same device are shown and described with respect to FIGs. 3A-3C and
FIGs. 4A-4C, below. In some embodiments of the invention, the blocking device 100
also functions as a filter, in addition to and/or alternatively to the filtering device 200.

In some embodiments of the invention, the filter device 200 expands (712) as a
consequence of its own spring-like behavior, for example upon deployment from a
catheter 106 which was used to pass the filter device 200 to the cystic duct and/or
gallbladder 104, the device 200 springs into designed shape and size once the catheter
106 is no longer holding the filter device 200 in a contracted state. Optionally, the filter
device 200 expands (712) as a result of its shape memory characteristic. In some
embodiments of the invention, an expansion balloon is used to expand the filter device
200. Due to the special anatomic structure of the cystic duct in the gallbladder region,
more than one balloon and/or one balloon inflation may be used, for example, using a
flexible balloon for initial inflation and a rigid and/or a semi- rigid balloon for filter
device fixation.

Optionally, the blocking device 100 is withdrawn after the filter device 200 has
been deployed, for example through an opening in the filter device configured for
passage of the blocking device 100 therethrough.

Besides the implantation method described above, any other technique leading
to the Sphincter of Oddi and/or the gallbladder 104, such as laparoscopy or open
surgery, may be used.

In an embodiment of the invention, the filter device 200 and/or the blocking
device 100 can be removed or are designed to be bio-absorbed at any time.

In some embodiments of the invention, medical imaging is used for guiding the
navigation of the biliary tree and/or implantation of the blocking device 100 and/or filter
device 200 at the correct implantation site. Optionally, a scope is used to provide
imaging. Optionally, x-ray is used to provide imaging. Optionally, ultrasound is used to

provide imaging.
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FIGs. 3A-3C are side views of two tier filtering devices 300, 320, 340,

respectively, in accordance with exemplary embodiments of the invention. In an
embodiment of the invention, the two tier filtering devices 300, 320, 340 are provided
with a combination filter/blocker portion 302, 322, 342, respectively and an anchoring
portion 304, 324, 344, respectively.

In an embodiment of the invention, the filter/blocker portion 302, 322, 342 is
configured to enter the gall bladder 104 prior to the second tier, or anchoring portion
304, 324, 344, which when the filter/blocker portion 302, 322, 342 expands pushes any
gallstones away from the opening of the gall bladder 104, both to prevent gall stones
from entering the biliary tree and also to ensure proper deployment/expansion of the
anchoring portion 304, 324, 344.

In an embodiment of the invention, the anchoring portion does not exert radial
force on the wall of the gallbladder 104 and/or does not anchor by attaching itself or
latching onto a wall of the gallbladder 104. In some embodiments of the invention, the
anchor portion 304, 324, 344 works in combination with a stopper 306, 326, 346 which
when taken together stretch substantially the length of the gallbladder 104, preventing
the devices 302, 320, 340 from moving axially in the gallbladder (that is, preventing the
device from migrating away from the opening to gallbladder).

FIGs. 4A-4C are top views of the filter/blocking portions 302, 322, 342 of
filtering devices 300, 320, 340, in accordance with exemplary embodiments of the
invention. In some embodiments of the invention, at least the filter/blocking portion
302, 322, 342 is configured so that there is spacing between the wires sufficient for
blocking gallstones of a specified minimum size, but are also far enough apart to avoid
growth of bacterial films, and other bio-film growth, between the wires which could
block the natural flow of material from the gallbladder into the biliary tree.

In some embodiments of the invention, the filter/blocking portion is configured
to block gallstones approximately Smm or more in diameter. In some embodiments of
the invention, spaces between wires form an opening no greater than 4mm x 4mm.

In some embodiments of the invention, the filter portion and/or blocking portion
and/or anchoring portion are mesh, spiral/coiled and/or a perforated sheet. In some
embodiments of the invention, the device is shaped to allow for slight movement within

the implantation site in order to prevent or delay bio-film growth via device motion.
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Optionally, the device is moved by movement of the gallbladder and/or the

surroundings of the implantation site itself. In an embodiment of the invention, the
device moves and/or flexes to cause any accumulation of bio-film to break, crack and/or
at the very least create openings through the bio-film such that natural secretions of the
gall bladder continue to flow.

The device material is selected to be biocompatible and/or bio-absorbable, in an
exemplary embodiment of the invention. Optionally, the device is constructed of a
polymer material. In some embodiments of the invention, the device is at least partly
metal. Optionally, the device is at least a shape memory alloy such as nickel titanium,
also known as Nitinol®. In some embodiments of the invention, at least a portion of the
device is coated, for example with Teflon® or other similarly inert or highly non-
reactive coating. Optionally, at least a portion of the device and/or the coating is
adapted to elute a substance, for example a pharmaceutical. Optionally, an anti-bio-film
agent, like an antibiotic, is eluted from and/or covers at least a portion of the device.

In some embodiments of the invention, the entire device is constructed of a
single filament. In an embodiment of the invention, the blocking portion (if separate,
such as in the case of the device shown in FIGs. 1A-1E) and/or the filter portion and/or
anchoring portion are separately formed elements which are connected together. In
some embodiments of the invention, at least two of the portions are connected by at
least a single filament. Optionally, at least two of the sections are connected by a
plurality of filaments.

Optionally, the anchoring portion 304, 324, 344 could have a configuration
shown in any of FIGs. 4A-4C. Optionally, a separate blocking or filter portion could
have a configuration shown in any of FIGS. 4A-4C.

FIGs. 5A and 5B are perspective views of a filtering device 500, in accordance
with an exemplary embodiment of the invention. FIG. 5B shows an exemplary filtering
device 500 configured with a filter/blocking portion 502 and a stopper 504. FIG. 5A is
a perspective view of a cross-sectioned gallbladder 104 with the filtering device 500
implanted within the gallbladder 104. In an embodiment of the invention, filtering
device 500 is deployed after a blocking device 100 has been deployed. Optionally, the
blocking device 100 is removed after the filtering device 500 has been placed in the
gallbladder 104. In some embodiments of the invention, the filter/blocking portion 502
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is located near an opening 506 to the gallbladder 104 to prevent gallstones 102 of a

certain minimum size from leaving the gallbladder 104. In some embodiments of the
invention, the stopper 504 is configured to avoid puncturing a wall of the gallbladder,
for example by having a rounded shape. In some embodiments of the invention, the
stopper 504 (including the length of filament leading to the stopper) and the
filter/blocking portion 502 operate in conjunction (by substantially stretching the length
of the gallbladder) to reduce the chance of movement of the filter/blocking portion 502
from migrating away from the opening 506.

FIG. 6 is a top view of a filtering device 600 in sifu, in accordance with an
exemplary embodiment of the invention. In an embodiment of the invention, the device
600 1s blocking/filtering gall stones 602 of a specified minimum size and preventing
them from leaving the gallbladder.

The terms "comprises”, "comprising”, "includes", "including”, “having” and
their conjugates mean "including but not limited to".

The term “consisting of” means “including and limited to”.

The term "consisting essentially of" means that the composition, method or
structure may include additional ingredients, steps and/or parts, but only if the
additional ingredients, steps and/or parts do not materially alter the basic and novel
characteristics of the claimed composition, method or structure.

As used herein, the singular form "a", "an" and "the" include plural references
unless the context clearly dictates otherwise. For example, the term "a compound” or "at
least one compound" may include a plurality of compounds, including mixtures thereof.

Throughout this application, various embodiments of this invention may be
presented in a range format. It should be understood that the description in range format
is merely for convenience and brevity and should not be construed as an inflexible
limitation on the scope of the invention. Accordingly, the description of a range should
be considered to have specifically disclosed all the possible subranges as well as
individual numerical values within that range. For example, description of a range such
as from 1 to 6 should be considered to have specifically disclosed subranges such as
from 1to 3, from 1 to 4, from 1 to 5, from 2 to 4, from 2 to 6, from 3 to 6 etc., as well as
individual numbers within that range, for example, 1, 2, 3, 4, 5, and 6. This applies

regardless of the breadth of the range. Further, described ranges are intended to include
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numbers outside any range described within statistical error and/or inherent

measurement equipment limitations.

Whenever a numerical range is indicated herein, it is meant to include any cited
numeral (fractional or integral) within the indicated range. The phrases “ranging/ranges
between” a first indicate number and a second indicate number and “ranging/ranges
from” a first indicate number “to” a second indicate number are used herein
interchangeably and are meant to include the first and second indicated numbers and all
the fractional and integral numerals therebetween.

As used herein the term "method" refers to manners, means, techniques and
procedures for accomplishing a given task including, but not limited to, those manners,
means, techniques and procedures either known to, or readily developed from known
manners, means, techniques and procedures by practitioners of the chemical,
pharmacological, biological, biochemical and medical arts.

As used herein, the term “treating” includes abrogating, substantially inhibiting,
slowing or reversing the progression of a condition, substantially ameliorating clinical
or aesthetical symptoms of a condition or substantially preventing the appearance of
clinical or aesthetical symptoms of a condition.

It is appreciated that certain features of the invention, which are, for clarity,
described in the context of separate embodiments, may also be provided in combination
in a single embodiment. Conversely, various features of the invention, which are, for
brevity, described in the context of a single embodiment, may also be provided
separately or in any suitable subcombination or as suitable in any other described
embodiment of the invention. Certain features described in the context of various
embodiments are not to be considered essential features of those embodiments, unless
the embodiment is inoperative without those elements.

All publications, patents and patent applications mentioned in this specification
are herein incorporated in their entirety by reference into the specification, to the same
extent as if each individual publication, patent or patent application was specifically and
individually indicated to be incorporated herein by reference. In addition, citation or
identification of any reference in this application shall not be construed as an admission
that such reference is available as prior art to the present invention. To the extent that

section headings are used, they should not be construed as necessarily limiting.
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WHAT IS CLAIMED IS:

1. A filter device for implantation in a gallbladder, comprising:

a filter portion configured to filter gallstones of a certain minimum size to
prevent them from exiting the gallbladder through an opening of the gallbladder;

a blocking portion configured to push gallstones of a certain minimum size away
from an opening of the gall bladder where the blocking portion is located distally from
the filter portion with respect to the opening of the gallbladder; and,

where the blocking portion and the filter portion do not attach to, or apply

expansive radial force on, a wall of the gallbladder.

2. A filter device according to claim 1, where the blocking portion and the filter

portion are the same.

3. A filter device according to claim 2, further comprising an anchoring portion
extending from the filter portion towards the opening of the gallbladder and configured

to reduce movement of the filter device in the gallbladder.

4. A filter device according to claim 3, further comprising a stopper extending in
the longitudinal axis of the filter device away from the opening of the gallbladder, where
the stopper and the anchoring portion when taken together prevent migration of the

anchoring portion away {rom the opening of the gall bladder.

5. A filter device according to claim 1, where at least the filter portion is mesh.
6. A filter device according to claim 1, where at least the filter portion is a coil.
7. A filter device according to claim 1, where at least the filter portion is a

perforated or porous sheet.

8. A filter device according to claim 1, where the filter device is comprised of a

single filament.
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9. A filter device according to claim 1, wherein the device is made from at least one

of a metal, a shape memory alloy and a polymer.

10. A filter device according to claim 1, wherein the device is adapted for eluting a

pharmaceutical after implantation.

11. A filter device according to claim 1, wherein the device is at least one of

bioabsorbable and biodegradable.

12. A filter device according to claim 1, wherein at least one of the blocking portion

and filter portion are configured to prevent bio-film growth.

13. A filter portion according to claim 3, wherein at least one of the blocking portion,

anchoring portion and filter portion are configured to prevent bio-film growth.

14. A filter portion according to claim 1, where the filter portion is configured to

filter gallstones 5 mm or greater in diameter.

15. A filter portion according to claim 1, where the filter portion is configured with

wires no more than 4mm apart.

16. A system for delivery of a filter device for implantation in a gallbladder,
comprising:

a filter device including a blocking portion configured to push gall stones of a
certain minimum size away from an opening of the gallbladder; and,

a catheter configured for transit of the filter device therethrough to the

gallbladder.

17. A method for implanting a filter device in a gallbladder, comprising:
navigating the filter device to the gallbladder for implantation, the filter device
including at least a blocking portion;

entering the gall bladder at a gallbladder opening with the blocking portion;
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manually or automatically expanding the blocking portion in the gallbladder;

pushing any gallstones in the gallbladder towards a distal end of the gallbladder
and away from the gallbladder opening, thereby clearing a space within the gallbladder
for proper and/or full expansion of the filter device;

introducing a filter portion of the filter device to the gallbladder; and,

manually or automatically expanding the filter portion in the gallbladder.

18. A method according to claim 17, where the blocking portion and the filter
portion are the same element, and blocking and filtering are performed simultaneously

by the same element.

19. A method according to claim 17, further comprising deploying an anchoring

portion after entering with the blocking portion and after introducing the filter portion.

20. A method according to claim 19, further comprising preventing the anchoring
portion from moving away from the gall bladder opening using a stopper in conjunction

with the anchoring portion.

21. A method according to claim 17, further comprising withdrawing the blocking

portion after the filter portion has been expanded.
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