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FIG 2D

(57) Abstract: Embodiments of the present disclosure are
directed to systems, methods and devices for providing em-
bolic protection in a patient. In some embodiments, the
device is configured for implantation in a body vessel in-
cluding fluid flow. The device may assume, or be con-
strained to assume, an undeployed state and a deployed
state. In the undeployed state, the device or a portion thereof
has a substantially linear shape configured to reside in the
Iumen of a thin needle having a diameter of less than about
0.5 mm (for example), in the deployed state, the device has a
primary axis. When the device is implanted the primary axis
is approximately perpendicular to the fluid flow. In some
embodiments, the device comprises a thin filament body. In
the deployed state the filament takes a helical shape. Emboli
that are larger than the distance between consecutive turns
or windings of the helix are thus filtered by the device and
are prevented from causing deleterious conditions such as
stroke or pulmonary embolism. The device may he made of
a super-clastic alloy. Thus, the device may transition
between the undeployed and the deployed states without
plastic deformation. Delivery systems and method for im-
planting such devices are also disclosed.
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SYSTEMS, METHODS AND DEVICKES FOR EMBOLIC PROTECTION

RELATED APPLICATIONS
{0881} This application claims priority to and benefit of sach of U.8, provisional patent
application nos. 61/653676, filed May 31, 2812, entitled, “Apparatus and Methods of
Providing Embolic Protection in a Patient”, £1/693979, filed August 28, 2012, entitled,
“Apparatus and Method of Providing Embolic Protection in a Body Vessel of a Patient”,
61/746423, filed December 27, 2012, entitled, “Apparatus and Method of Monofilament
implant Delivery in a8 Body Vessel of a Patient”, and 61/754264, filed January 18, 2013,
entitled “Monofilament Implants and Systems for Delivery Thereof”, the entire disclosures of

which are herein incorporated by reference in their entireties,

FIELD OF THE DISCLOSURE

{0842] The field of the present disclosure is embolic protection devices. More specifically,
the field of the present disclosure is embolic protection for the prevention of brain stoke

and/or pulmonary embolism.

BACKGROUND OF THE DISCLOSURE

{68037 Embolism is the event of lodging of an embolus (a8 detached intravascular mass) into a
narrow vessel, which causes a blockage in g distant part of the body. Embolism can be
classified as to whether it enters the circulation in arteries or veins. Arterial embolism can
start i the heart or in large arteries, and can cause occlusion and/or infarction in any part of
the body. Embolus lodging in the brain from either the heart or the carotid arteries can cause
an ischemie stroke. Venous embolism, which forms in systemic veins, can lodge in the hungs
after passing through the right side of the heart. This deleterious condition is known as

pulmonary embaolism,
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{3864] Distal embolization can occur spontanecusly or be induced by manipulation of the
heart, large arteries, or veins, either in the setting of open surgery, or in the setting of

endovascular manipulation such as balloon angioplasty or stenting.

j3845] Distal embolization can be prevented by pharmacological treatment {anti-coagulants},
While effective, anticoagulants have the deleterious side effect of high bleeding risk, which
may be severe or even life-threatening. In addition, many patients do not tolerate well

anticoagulant medication and cannot enjoy the embolic protection that it may render.

[8806] Distal embolization may also be prevented or by using mechanical filtering devices
(distal embolic protection devices), which are placed between the embolic source and the
distal vasculature, However, prior and current devices fail to adequately address the problem,
and in fact, in many circumstances, cause problems {e.g., become occluded, migrate from the

implantation site, and the like),

SUMMARY OF THE DISCLOSURE

{6867] In some embodiments, an embolic protection device (filtering device) is provided
which includes a proximal end and a distal end, as well as an undeployed state and a

deployed state.

[0088] In some embodiments, an embolic protection device is provided and comprises a wire
or a filament, which may be made of a super-glastic alloy {e.g., nitinol}. The device, which
has a proximal and a distal end, may assume two states — a constrained, undeployed,
substantially linear state and an expanded, deployed state, which may have a helical/helix
shape. The device may be tmplanted within a blood vessel using a delivery system
comprising a rigid needle (which in some embodiments may be referred 1o also as a “tube”,
both terms being used interchangeably, at least with respect to some embodiments,
throughout) having an outer digmeter of less than about 0.5 mum {about 1.5 French, 4.027}
and a sharp distal end. The device may be preassembled within the needle and positioned at
the distal end, where it may be constrained to assume its undeployed, substantially lnear
state. A pusher, in a form of an clongated rod, may also be preassembled within the needle,
extending from the proximal end of the needie to the proximal end of the device. The
implantation of the device is performed by piercing the skin and underlying tissues and
advancing the needle into a vessel under ultrasound guidance, Within the vessel the device is

exteriorized from the needle by pushing the pusher. After exteriorization of the device from
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the needle, the device assumes the expanded deployed helical state such that the distal end
resides within the vessel tumen and the proximal end resides outside the vessel lomen, The
axis of the helix ends up approximately perpendicular to the fluid flow within the vessel, and
the windings or turns of the helix therefore exchide emboli whose size is larger than the

distance between consecutive helix furns.

[8469] In some embodiments, the axis of the helix {and/or the device in general) may end up
at a predetermined angle relative {o the fluid flow within the vessel, which may be between
approximately 20 degrees and about 150 degrees, and in some embodiments, between about
30 degrees and 120 degrees, in some embodiments, between about 45 degrees and 100

degrees, and in some embodiments, between about 30 degrees and about 90 degrees.

{0818} The term “substantially,” according to some embodiments, ruay be defined as near or
proximate or about equal to, for example, a total amount, boundary or structure {and the like}.
In some embodiments, the ferm “substantially” may be defined as “essentially” (for

gxample},

{8811} In some embodiments, a vascular embolic protection device for deployment at an
implantation site within a blood vessel is provided and may include a filament having a
length, proximal and distal ends and a diameter betwseen about {.025 mm and about | mum
{and in some embodiments, between about 50 and 500 microns, for example), and is
configured {o include an undeployed state and a deployed state. In the undeployed state, at
least a portion of the device is configured to fit within the lumen of a delivery tube, and in the
deplovyed state, the device includes a primary axis which i approximately perpendicular to
the fluid flow.

[6012] In some embodiments, the primary axis of device may be positioned at &
predetermined angle relative to the fluid flow within the vessel, which may be between
approximately 20 degrees and about 130 degrees, and in some embodiments, between about
30 degrees and 120 degrees, in some embodiments, between about 45 degrees and 180

degrees, and in some embodiments, between about 30 degrees and about 90 degrees.
[6813] Some of the embodiments may include one or more of the following features:
- a filament that has a length between about 7 mm and about 300 num;

- al least one of the tube end and the distal end of the device is configured for

puncturing the blood vessel in the vicinity of the implantation sile;
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~ the length of a line segment connecting the proximal and the distal ends in the

deploved state is greater than or about equal to the diameter of the blood vessel;
- the filament inclodes a substantially circular cross-section;
- the diameter of the filament 1s less than about §.2 nuy;

- the device includes a first proximal segment near the proximal end and a first distal
segment near the distal end, and in the deployed state, the segiments are substantially

collinear with the primary axis;

~ in the deployed state, the filament further comprises a proximal turn and a distal turn,
and cach turn resides in respective plane, and at least one of the planes approximalely

includes the primary axis;

the filament further comprises a proximal segment near the proximal end, and in the

deploved state the proximal segment is substantially collinear with said primary axis;

- in the deploved state, the filament further comprises a proximal turn residing in a

plane that approximately includes the primary axis;

> at substantially every point along its length the radius of curvature exceeds a critical
value equal to the diameter of the filament divided by about twice the critical strain of
the material from which the filament is made. In some embodiments, the critical value

is greater than about 0.6 mny

at least a portion of the filarment in the undeployed state is configured in the shape of a

helix whose pitch is much larger than ifs diameter;

- in the deployed state the filament has the shape of a helix comprising a plurality of
turns, and depending upon the embodiment: the plurality of turns vary in diameter, the
number of turns is between one and twenty, andfor a pluorality of windings
approximately trace the shape of a spherical shell having a diameter, In the case of
the spherical sheli, in some embodiments, the diameter of the spherical shell is less

than or equal to the diameter of the vessel;

in the deploved state the filament has the shape of a helix comprising a plurality of
turns, and depending upon the embodiment: the distance between consecutive
windings is greater than about 0.7 mim, or the distance between consecutive windings

is less than about 1.5 mm;
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in the deployed state the filament has the shape of a helix comprising a phurality of
turns, and depending upon the embodiment: the helix is compressed and exerts on the
vessel wall a force approximately collinear with the helix axis, or the helix is not

compressed;
the filament comprises a hollow lumen;

one or more of a radiopaque marker, an echogenic marker, a radioactive marker, a

magnetic marker, and a magnetic resonance marker;

the filament may be made from at least one of! a metal, a plastic, a natural polymer, a
shape memory alloy, a super elastic alloy, a biodegradable material, a bioresorbable

material, and a bicabsorbable material;

an end piece arranged on at feast one of the proximal end and the distal end, where,

depending upon the embodiment:

o each of the end pieces comprises at least one of a radiopague marker, an
echogenic marker, a radicactive marker, 3 magnetic marker, a magnetic
resonance marker, an anchor, a non-fraumatic tip, a bearing, and a retrieval

knob,

o each of the end pieces may be configured with an undeployed and a deployed

state;

o at least one of the end pieces may comprise an anchor, where the anchor may
comprise at least one of a loop, a roughened surface, a barb, a micro-barb, a
hook, a bulge, and a material configured to enlarge upon contact with an

aguoeous eny fronty ent;

o at feast one of the end pieces may each separately be integral with the
filament;

o the radiopague marker may comprise gold, platinum, a combination theveof

and/or any other heavy metal (or combination thereof);

o the echogenic marker may comprise one or more of a micro-bubble, a micro-

bubble coating, and a cornerstone reflectorn;
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o the bearing may comprise housing and an axle, which may be configured to
rotate in said housing with any degree of friction, and may be integral with the

filament;

o the bearing may be configured to release accumulated forsion or to prevent the

build-up of torsion in the filament;

- the filament may be substantially straight in the deployed state (and in some

embodiments, in the undeployed state};

- the shape of the filament may be substantially similar in both the undeployed and the

deployed states;

- the device may further comprise two or more filaments, where each filament has a
length, a diameter, a proximal filament end, and a distal {ilament end, as such,
depending upon the embodiment, the filaments may joined at the proximal end and at

the distal end of the device, and the two or more filaments each have a helical shape.

16014] In some embodiments, a delivery device for delivering one and/or another device
embodiments (for example} is provided, and may comprise a needle having a lumen, a sharp
distal end, and an outer diameter less than about 1 mm, and a pusher slidable within the
needle. The delivery device may alse include at least one of a needle handle and a pusher
handle.

[0615] In some embodiments, a method for implanting an embolic protection device n a
patient’s vessel containing fluid flow is provided and may include one or more, and in some
embodiments, several, and, in some embodiments, all of the following steps: providing a
needie having a lumen and a sharp distal end, providing a pusher slidable within the lumen of
the needle, providing a device having a distal end, an undeployed state, and a deployed state
having a primary axis, where at least a portion of the device is loaded within the lumen,
making a puncture in a wall of the vessel using the sharp distal end of the needle or the distal
end of the device, and exteriorizing the device through said needle and said puncture by
advancing the pusher, retracting the needle, or both, such that said primary axis ends up

approximately perpendicular to the fluid flow divection.

106016] In some of such method embodiments, the method may further include the step of
retracting the needle and the pusher from the patient, and/or making a second puncture at g

location approximately diametrically opposed said punctuve.
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{88171 The device in such embodiments may be anchored proximate the ponciure following
exteriorization, and/or may be anchored at locations proximaie the puncture and the second

puncture following exteriorization,

[8618] Some method embodiments may further include the step of retrieving the embolic

protection device from the patient’s vessel.

[6819] Accordingly, some of the emwbodiments diselosed herein are configured to provide
embolic protection against stroke or pulmonary embolism, in any of an arlery, 3 veln, an
aorta, a common carotid artery, an internal carctid artery, a subclavian artery, 4
brachiocephbalic artery, a renal ariery, a vertebral artery, a superficial femoral vein, a deep
femoral vein, a popliteal vein, an iliac vein, an inferior vena cava, and a superior vena cava.

Such embolic protection may be permanent, or temporary, depending upon the embodiment.

[6620] In some embodiments, a retricval apparatus for retrieving an implanted embolic
protection device is provided and may comprise an extraction sheath having a lumen and a
sharp end configured to pierce skin and to internalize saild embolic protection device, and a
grasper configured fo irveversibly attach to said proximal end of the embolic protection
device and to fit inside said lumen of said extraction sheath. The filtering device may be

extracted from a patient through said extraction sheath.

{0021} In some embodiments, a deviee for occluding and/or ligating a patient’s vessel is
provided and may comprise an undeployed state and a deployed state, a filament comprising
a proximal segment, a distal segment, and a separation point disposed between said proximal
and distal segments, a distal anchor disposed at a distal end of sald distal segment, and a
slidable proximal anchor. The proximal anchor may be located in an undeployed state
proximally to the separation point and in the deploved state distally o the separation poin,
and the proximal filament segment may be disconnected from the distal filament segment by

applving mechanical and/or electrical energy to the separation point.
- & &y 3

66221 In some embodiments, a system for cecluding and/or ligating a patient’s vessel is
provided and may comprise a device for occluding and/or ligating a patient’s vessel
{according to any one or another of such disclosed embodiments), a push {ube configured to
shidably receive the proximal segment of the filament and to push the slidable proximal
anchor over the filament towards the distal anchor, and a delivery catheter comprising a
holiow needie of less than about 1 mm in diameter, configured to shidably receive the push

tube,
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{88231 In some embodiments, a wethod for vessel ligation is provided and may comprise
providing a system for occluding and/or ligating a patient’s vessel {according {0 any such
disclosed embodiments), puncturing a vessel wall at two diametrically-opposed sites,
retracting the needle away from the device distal end allowing the distal anchor to engage
fissue in its vicinity, and optionally further retracting the needle wherein the implant 8
exteriorized within the lumen of said vessel. In some embodiments, upon the needle end
being retracted to a point external to the vesse] lumen, the proximal anchor engages tissue in
its vicinity. Further, in some embodiments, the method includes sliding the proximal anchor
towards the distal anchor, resulting in external compression of the vessel and partial or
complete adhering of the two opposing vessel walls. In some embodiments, one or more of
the following steps may be performed: applying mechanical and/or elecirical energy to the
separation point, thereby separating the proximal filament segment from the rest of the

device, and, exteriorizing the proximal filament segment from the patient.

{0024} In some embodiments, a method for embolic protection is provided and may include
one or more of the following steps (in some embodiments, a plurality of these steps, and
further still, in some embodiments, all of the foliowing steps): providing a filtering device
having an undeployed state and a deployed state baving a primary axis, providing a delivery
device comprising a needle having a lumen, saild device configured to punclure tissue,
making a puncture in a wall of a vessel using said delivery device, exteriorizing the filtering
device through said puncture such that said primary axis ends up approximately

perpendicular to the fluid flow within said vessel.

[25] In some embodiments, an embolic protection device is provided for use in a patient’s
vessel, where the device may comprise proximal and distal ends, an undeployed state, and a
deployed state having a primary axis. The device may be configured to pass through a needle
while transitioning from the undeployed state to the deployed state, and in the deployed state,

the primary axis may be approximately perpendicular to the fluid flow in the patient’s vessel,

[6626] In some embodiments, an embolic protection device for use in a patient’s vessel is
provided, where the vessel includes a fluid flow and a lumen. The device may include
proximal and distal ends, an undeployed state, and a deployed state having a primary axis. In
the deployed state, the primary axis may be approximately perpendicular to the fuid flow and

at feast one of the proximal and distal ends resides exteriorly to the lumen.
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[8627] In some embodiments, an embolic protection device for use in a patient’s vessel is
provided, and may comprise a filament having proximal and distal ends, an undeployed state,
and a deployed state approximately shaped as a helix. In the deployed state the axis of the

helix is roughly perpendicular to the fluid flow,

[B028] In some embodiments, an embolic protection device for use in a patient’s vessel is
provided. The device may comprise proximal and distal ends, an undeploved state, and a
deployed staie having a primary axis. In the deployed state the primary axis is approximately

perpendicular to the longitudinal axis of the patient’s vessel,

(8029} In some embodiments, a method for providing cmbolic protection in g patient is
provided, where the method may include implanting a filament having a helical shape in a
veassel of the patient, where vessel includes a fluid flow, such that the axis of the helix is

approximately perpendicular to the fluid flow divection.

[8838] In some embodiments, in an undeployed state, the device, or a portion thereof, may
assume or be constrained to assume, a substantially linear state. In the deployed state, the
device may assume any shape resembling, or tracing the shell of, a body of revolution, In
some embodiments, the axis of this body of revolution may be referred to as the “primary
axis.” For example, the device may assume, in the deployed state, a helical shape, where the
primary axis is the axis of the helix. The device may be deployed in a body vessel having a
fluid flow such that the primary axis is approximately perpendicular to the direction of the

fluid flow.

8831} In embodiments where the filament may possess a helical shape in the deployed state,
the helical shape may comprise a plurality of windings or turns. The primary axis of the
deployed state may roughly coincide with the axis of the helical shape. In some
embodiments, the plurality of windings may roughly trace the shape of a spherical shell

having a diameter. This diameter may be slightly less than the diameter of the target vessel.

{8832} In some embodiments, the deployed state of the device may be configured to trap
emboli that might be present in the fluid flow. I, for example, the vessel is g carotid artery
supplving blood to the brain, then the device may be configured to {rap emboli originating,
for example, in the heart and aorta and prevent them from causing brain stroke. If for
example, the vessel is a fernoral vein ultiroately supplying blood to the lungs, then the device
may be configured to trap emboli that originate, for example, in calf veins and may cause

pulmonary embolism,
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{8833} In some embodiments, in an undeployed, substantially linear state, the device may be
configured to fit in the lumen of g thin tube or needle. The outer diameter of the tube or the
needle may be Jess than about 1 mm, or even less than about 0.5 mm (for example). The
punciure or punctures made by the needle in body tissue may be configured to be relatively
small such that the risk of bleeding is minimal The punciures, in some ersbodiments, may

self-seal and self~heal.

[0034] In some embodiments, embolic protection devices of the present disclosure may
comprise a single filament. The length of the filament, in some embodiments, may be in the
range of about 7 mm to about 300 myn. The diameter of the filament, in some embodiments,

may be less than about 8.2 mm.

18035} In some embodiments, the distance between consecutive turns may exceed about 0.7
mm. In some embodiments, the distance between consecutive turns may be less than about
1.5 mm. In some embodiments particularly suitable for protection against pulmonary

embolism, the distance between consecutive windings may be greater than about 1.5 mm,

[6036] In some embodiments, emboli originating upstream of the device may be filtered by
the device because they cannot pass between consecutive turns. In this way the device

provides embolic profection.

[6037] In some embodiment, the filament comprises a hollow lumen. This makes the
filament more visible by ulirasound imaging. In some embodiments, the device may comprise
one or more of: a radiopague marker, an echogenic ruarker, a radioactive marker, a magnetic

marker, and a magnetic resonance marker.

{0038] In some embodiments, the filament may be made of a metal, a plastic, a natural
polyimer, a shape memory alloy, a super-elastic alloy, a biodegradable material, a

bioresorbable material or a bivabsorbable matenial,

{0639] In some embodiments, the device may comprise two or more filaments, The filamenis
may be joined at their ends. The filaments may each have a helical shape. The filaments may
possess an equal phase offset with respect to each other. For example, an embodiment
consisting of three filaments is possible in which consecutive filaments are mutually phase-
offset by 120 degrees.

{30401 Tn some embodiments, embolic protection devices according to the present disclosure
may be delivered using s delivery device comprising: a needle having a pusher slidable

within the needle, a lumen, a sharp distal end, and an ouler diameter less than about 1 mm,
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{6641} In some embodiments, an embolic protection device is loaded in an undeployed state
in the distal end of the delivery device. The pusher is loaded in the proximal end of the
delivery device such that within the needle the distal end of the pusher is in contact with the
proximal end of the device. The delivery device is used to deploy the embolic protection
device in a patient: A puncture is made in a wall of the target vessel using the sharp distal end
of the needle or the distal end of the device; the device is exteriorized into the lumen of the
vessel by pushing the pusher, retracting the needle, or both, such that the primary axis of the
device ends up approximately perpendicular to the fluid flow in the vessel; and retracting the

pusher and the needle from the patient.

[0042] In some embodiments, deployment of the device entails making a second puncture at
a location on the vessel wall that is approximately diametrically opposed to the location of

the first puncture.

0843} In some embodiments, the device is anchored externally to the vessel at a location
proximate the puncture. In some embodiments, the device is also anchored externally to the

vessel at a location proximate to the second puncture,

(30344} In some embodiments, the device is implanted in any of an artery, a vein, an aoria, a
common carotid artery, an internal carotid artery, a subclavian artery, a brachiccephalic
ariery, a renal artery, a veriebral artery, a superficial femoral vein, a deep femoral vein, a

popliteal vein, an iliac vein, an inferior vena cava, and a superior vena cava,

{6845} In some embodiments, an implanted device may be retrieved from the implantation
site. A retrieval apparatus according to some embodimenis may comprise an extraction
sheath and a grasper. The extraction sheath roay have a sharp end, which is configured to
pierce skin. The extraction sheath may also be configured to internalize the embolic
protection device. The grasper may be configured to catch the proximal end of the implanted
device and to fit inside the lumen of the extraction sheath. The reirieval apparatus may thus

be used to extract the implanted device through the extraction sheath.

8846} In some embodiments, embolic protection may be provided by ligating or occluding a
target vessel. An occlusion or ligation device according to some embodiments may comprise
an undeployed and a deployed siate; a filarment comprising a proximal segment and a distal
segment, which are capable of being disconnected from each other at a separation point; a
distal anchor disposed at the distal end; and a slidable proximal anchor, The proximal anchor

is located in the undeployed state proximally to the separation point. In the deployed state the
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proximal anchor is located distally to the separation point. The filament may be separated

into two paris by applying mechanical or electrical energy to the separation point,

[6847] In some embodiments, a system for socluding or ligating a target vessel may comprise
the occlusion/ligation device, a push tube configured {0 slidably receive the proximal
segment of the filament and to push the slidable proximal anchor over the {ilament towards
the distal anchor, and a delivery catheter comprising a needle configured to slidably receive

the push tube and the device.

048] In some embodiments, vessel occlusion or Hgation may be brought about by:
providing the ligation sysiem; puncturing the vessel wall at two diametrically-opposed sites;
retracting the needle away from the device allowing the distal anchor to engage tissue in its
vicinity; further retracting the needle wherein the device is exteriorized within the lumen of
the vessel, and, upon the needle being retracted to a point external to the vessel lumen, the
proximal anchor engages tissue in its vicinity; sliding the proximal anchor towards the distal
anchor, resulting in external compression of the vessel and adhering or bringing together the
two opposing vessel walls; applying mechanical or electrical energy to the separation point,
thereby separating the proximal part of the filament from the remainder of the device; and,

retracting the proximal part of the filamsent fromm the patient.

ADVANTAGES OF SOME OF THE EMBODIMENTS

[8849] The following advaniages are realized by one and/or another of the disclosed

embodiments:
- providing embolic protection in patients unsuitable for anticoagulant drugs;

- obviating the need for anticoagulant drugs and their side-effects in patients at high

risk for embolic disease;

- protection against emboli originating anywhere in the arterial circulation proximally
to the neck, as opposed to left atrial appendage occluders that target emboli

originating in the left atrial appendage alone;

- reduced risk of thrombus formation as compared to mesh-based devices: some
embodiments according fo the present disclosure have a thin monofilament body
lacking wire crossings, thereby providing less resistance to blood flow, less tlow

obstruction and stagnation, and subsequent activation of the blood clotting cascade;
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reduced risk of clogging due to excessive endothelial cell growth as compared to
tubular mesh based devices: some embodiments of the present disclosure have far less

contact area with vessel walls;

better physical fit o conform with changes in vessel diameter becanse some
embodiments according o the present disclosure have a helical design that is

particularly good at coping with tensile and/or compressive forees;

less invasive than embolic protection devices that are delivered by catheterization, and
therefore, reduced risk of complications. For example, some embodiments may be
delivered through a very thin needle having a diameter of less than about .5 mm, as
compared to catheters that have a diameter of about 2 mm. As a result, punctures
made during the delivery of embodiments according to the present disclosure self-seal
and self-heal, as opposed to the far larger and more traurpatic catheter punciures;
delivery is lower in cost and simpler. For example, embolic protection devices
according o some embodiments may be implanted bedside under ultrasound guidance
and do not require a catheterization laboratory, fluoroscopy, or highly skilled
personnel;

easily retrievable asing minimally invasive technique, which does not require that the

target vessel be punchured again.

BRIEF DESCRIPTION OF THE DRAWINGS

{60656} The invention may be better onderstood with reference to the accompanying drawings

and subsequently provided detailed description:

{00511 FIGS. 1A and IB respectively depict undeploved and deployed states of 8

monofilament filtering device according to some embodiments of the present disclosure,

{00521 FIGS. I1C and 1D respectively depict undeployed and deployed states of a

monofilament filtering device according to some embodiments of the present disclosure,

which lack the distal-most turn and segment of the device of FIG 1B.

{0083} FIGS. 2A and 2B respectively depict undeployed and deployed states of a

monoftiament filtering device including end pieces according to some embodiments of the

present disclosure.
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[6854] FIG. 2C and 2D respectively depict undeploved and deploved states of a
monofilament filtering device including an end picce and lacking the distal-most turn and

segment of the device of FIG. 2B, according to some embodiments of the present disclosure,

8053} FIG. 3A and 3B depict a schematic rendering of undeployed and deployed states of an

end piece according to some embodiments of the present disclosure.

[8856] FIGS. 4A and 4B respectively depict undeployed and deployed states of an end piece

according to some embodiments of the present disclosure,

{80871 FIGS. SA and 3B respectively depict undeployed and deployed states of another end

piece according to some embodiments of the present disclosure.,

{B058] FIGR. 6A and 6B respectively depict undeployed and deployed states of a spring-
shaped monoftiament embolic protection device including two end pieces according to some

embodiments of the present disclosure.

{88591 FIGS. 6C and 6D respectively depict undeployed and deployed states of a spring-
shaped monofilament embolic protection device having one end piece according to some

embodiments of the present disclosure.

{9068} FIGS. 7A — 7C depict straight monofilament embolic protection devices respectively
including zero, one, and two end pieces according to some embodimenis of the present

disclosure.

{00611 FIGS, 8A and 8B respectively depict undeployed and the deployed states of an
embolic protection device comprising more than one filament according to some

embodiments of the present disclosure.

[8062] FIG. 8C is a cross-sectional view of the deploved state of the embolic protection
device of FIGS, 8A and 8B.

{8063] FIGS. 2A and 98 depict a monofilament fillering device in operation, according to
some embodiments of the present disclosure,

10064] FIGS. 10A — 10E depict a system and method according to some embodiments of the

present disclosure, which are intended for implanting a monofflament filiering device

according to some embodiments of the present disclosure.
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{0063] FIGS. 11A — 11D depict a system and method according to some embodiments of the
present disclosure, which are intended for implanting another monofilament filtering device

according to some embodiments of the present disclosure.

{0066} FIGS. 12A and 12B depict the components of an apparatus for refrieving a {iltering

device according to some embodiments of the present disclosure

{8967] FIGS. 13A — 13F depict a method according to some embodiments of the present
disclosure, which is intended for retrieving a filtering device according to some embodiments

of the present disclosure,

[0068] FIGS, 14A and 148 respectively depict undeployed and deployed states of a vessel

occlusion device according to some embodiments of the present disclosure.,

[8869] FIGS. 15A and 15B respectively depict a perpendicular cross section of a body vessel

before and after the boplantation of the occlusion device of FIGS. 14A and 14B.

8078] FIGS. 16A — 16E depict a system and method according to some embodiments of the
&
present disclosure, which are intended for implanting an occlusion device according to some

embodiments of the present disclosure,

DETAILED DESCRIPTION OF SOME OF THE EMBODIMENTS

[8471] Reference is now made to FIG. 1A, which depicts some embodiments of an
undeployed state of a filtering device (embolie protection device) of the present disclosure.
Filiering device 10, configured to be implanted in a body vessel, can be a filament of

cylindrical shape. However, cross sectional shapes other than circular are also possible.

{6672} In some embodiments, the length of the filament from which filtering device 10 is
made may be greater than the diameter of the body vessel for which it is intended. Thus, if
implanting the filtering device in a vein or an artery having a diameter of about 7 mm, then

the length of the filament may be, for example, in the range of about 7 to about 300 mm.

[0873] In some embodiments, the diameter of the filament from which filtering device 18 is
made may be subsiantially less than His length, For buplantation into a blood vessel, the
filament diameter may be chosen of g size sufficient s0 as o not cause blood coagulation.
Therefore, the filament diameter, according to some embodiments, is less than about 0.5 rom,
and more specifically less than about .2 mm, and even more specifically, less than about

0.15 mm.
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[374] In some embodiments, an undeployed state of device 10 may assume, or be
constrained to assume, any shape that {its within the lumen of a tube having a length L and an
inner diameter D such that L is much greater than D. (the terms “substantially linear” or
“substantially straight” as used herein refer to all such shapes.} For exaruple, length L may be
in the range of about 10 to about 300 mm, whereas the diameter D may be in the range of

about (.05 to about 8.7 mun,

{0751 In some embodiments, an undeployed state of device 10 may assume, for example,
the shape of a substantially straight line, as in FIG. 1A, In sore embodiments, a portion or a
segment of the device, but not the entire device, in the undeployed state may assume, or be
constrained o assume, the shape of a substantially straight line. It may also assume, or be
constrained to assume, a shape resembling a helix in which the pitch (that is, the vertical
distance between consecutive windings) may be much larger than the helix diameter (that is,

the diameter of the smallest cylinder in which the helix might fit),

[8876] Refercuce is now made to FIG. 1B, which depicts an embodiment of the deployed
state of a filtering device of the present disclosure. In the deployed state, filtering device 10
may assume the shape of & helix (spring or spiral). This helix shape may have windings or
turns that vary in diameter. The windings may, but do not bave to, approximately trace the
shape of a spherical shell. The helix shape possesses g prisary axis, which may roughly

cotncide with the axis of the helix.

[0677] Move generally, the deployed state of the device may trace any shape resembling, or
residing in the shell of, a body of revolution. A body of revolution is defined by revolving a
plane shape around an axis in the plane. By the “primary axis” of the deployed shape of the
device, in some embodiments, it is meant to be a line roughly colneiding with this axis in the
plane. For example, whenever the deployed shape of the device has the helical shape of FIG.

1B, the privnary axis roughly coincides with the axis of the helix,

[6678] In some embodiments, having the deployed shape of the device resemble, or reside in
the shell of, a body of revolution has the advantage that no control of the orientation of the
device around the primary axis need be maintained during implantation. This makes for a
robust, simple, and reproducible implantation procedure.

[00791 The deployed length L7 of filtering device 10 may be greater than the diameter of the
body vessel for which it is intended. Thus, if implanting the filtering device in a vein or an

artery having a diameter of about 7 mum, then the deployed length L7 may be, for example, in
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the range of about 7 to about 2{ mm. The deployed diameter I¥ of filiering device 10 may be
fess than or approximately equal to the diameter of the target vessel at the implantation site.
For example, if implanting the filtering device in a vein or an artery having a diameter of

about 7 mm then the diameter I may be in the range of about 5 mm to about § mm.

16688} In some embodiments, in the deployed state, the primary axis roughly coincides with
the line segrment connecting distal end 11 and proximal end 12 of device 10, The primary axis
may be substantially perpendicular to the plane approximately defined by some of the helix
turns or windings. The distal segment 13 and the proximal segment 14 of device 10 may be

substantially collinear with the primary axis.

{6681] The distal turn 15 of device 10 may reside in a plane containing the primary axis.
Likewise, the proximal turn 16 in device 10 may also reside in a plane containing the primary
axis, The two planes may, but do not have to, be one and the same. All of the remaining tums
in device 10 may reside in planes that are approximately, but not necessarily exactly,

perpendicular o the primary axis,

[0082] Device 10 may be configured such that in the deployed state the radius of curvature at
any point along its fength is greater than or equal to a critical value R, This critical value
may be assigned such that the strain suffered at any point of device 10 is less than or equal to
ihe critical strain required to bring about an elasticto-plastic transformation upon transition
from the deployed to the undeployed state. In this way device 10 may be able to transition
from the deployed shape to the undeployed shape and back without substantial difference
hetween the initial and final deployed shapes. For example, if the filament from which device
10 is made has a circular cross section having diameter d, and the material from which device
11} is made has critical strain &, then the critical value R, is given by Re =d / 2e. Therefore, if,
for example, device 10 is made from super-clastic nitinol having critical strain ¢ of about
.08, and the filament diameter d is about .15 mm, then the critical radius of curvature will

be roughly about .94 mm.

10083] Accordingly, the deployed state of device 10 may be configured to trap embolic
material having typical size that is larger than the distance 8 between consecutive windings.
Whenever device 10 is configured to protect a patient from major embolic stroke, device 10
is made to trap emboli exceeding abowt 1 - 2 mm in size. In this case the distance 8 may be
less than about 1.5 num, and, more specifically, in the range of about 0.7 mm and about 1.5

mm. Even more specifically, the distance & may reside in the range of about §.3 mm and
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about 1.2 mm. Whenever device 10 is configured to protect a patient from pulmonary
embolism, device 10 may be made to trap emboll exceeding about 3 mm in size. o this case
the distance 8 may be less than about 3 mm, and, more specifically, in the range of about 1.5

mn and abowt § mm,

[8084] Filtering device 10 may be configured to be relatively stiff or, in some embodiments,
refatively flexible, Alternatively, fillering device 10 may be configured to assume any degree
of flexibility. In the deployed shape, filtering device 10 may possess either a low spring
constant or a high spring constant. Alternatively, in the deployed state, filtering device 10

may be configured to any value for its corresponding spring constant.

{3885} Filtering device 10, according to some embodiments, may be configured as a solid
filament. Alternatively, it may be configured as a tube having a hollow lumen, or as a tube
having its ends closed-off, thereby leaving an elongated air-space inside filtering device 10,
Leaving an air-space inside filtering device 10 may have the advantage of making filtering
device 1€ more echogenic and therefors more highly visible by ultrascund imaging. Filtering
device 10 wmay possess one or more echogenic marker and/or one or more radiopaque marker

anywhere along its length.

1008¢] Filtering device 10 may be made from any suitable biccompatible material, such as
metal, plastic, polymers, or natural polymer, or combination thereof. Suitable metals include
{for example): steel, stainless steel (e.g., 305, 316 L), gold, platinum, cobalt chromium alloys,
shape memory and/or super-elastic alloys {(e.g., nitinol), titanium alloys, tantalum, or any
combination thereof. Suitable plastics include (for example) silicones, polyethylene,
polytetrafluoroethylene, polyvinyl chloride, polyurethane, polycarbonate, and any
combination thereof Suitable polymers include shape memory polymers or super-clastic
polymers, Suitable natural polymers may include collagen, elastin, silk and combinations

thereof,

[0087] In some embodimenis, filtering device 10 may be made from an absorbable,
biodegradable, or bioresorbable material, such as a bioresorbable polymer or a bioresorbable
metal. Suitable bioresorbable polymers include polyL-lactide, polyD,L-lactide, polyglycolide,
poly e-caprolactone, 50/50 D,L lactide/glycolide, 82/18 L-lactide/glycolide, 70/30 L-
lactide/s-caprolacione, 85/13 L-lactide/glycolide, 10/90 L-lactide/glycolide, 80720 L~

tactide/I3,L-lactide, or any combination thereof. Suitable bioresorbable metals can include

magnesium alloy.
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{0888] Some embodiments of filtering devices according the present disclosure are
substantislly similar to filtering deviee 10, except for one or more of the following
differences: part or all of distal segment 13 may be lacking, part or all of distal turn 15 may
be lacking, part or all of proximal segment 14 may be lacking, and part or all of proximal turn

16 may be lacking.

[808%] For example, FIG. 1C depicts an undeployed state and FIG. 11D depicts a deployed
state of a filiering device 17 substantially similar to filtering device 10 but lacking distal
segment 13 and distal twen 15, Device 17 may be particularly suitable for implantation
through a single puncture in a farget vessel. In such an embodiment, all device parts except
perhaps for proximal segment 14 and proximal end 12 may lie entively inside the vessel
lumen or walls, Distal end 11 may comprise a non-fraumatic tip (such as, for example, a
polished ball}, configured to safely appose the inner wall of the vessel, or a short, sharp end

configured to anchor in the vessel wall without breaching it completely,

{60987 The helical portion of device 17 may have a length that is shorter, the same as, or
longer than the diameter of the vessel for which it is intended. A longer length may facilifate
apposition of the distal end of the device against the vessel wall. A shorter length may have

the advantage of minimizing contact between the device and the vessel wall.

{0091} Reference is now made to FIGS, 2A and 2B, which respectively represent undeployed
and deploved states of another embodiment of the filtering device of the present disclosure.
Filtering device 20 is substantially similar to filtering device 10 of FIGS. 1A and 1B: device
20 comprises a filament 21 that is substantially similar to the filament from which device 10
is made, However, device 26 may also comprise one or more of a first end piece 22 residing
at one end of filament 21, and a second end piece 23 residing at the opposite end of filament

21,

{00921 In an undeployed state (FIG. 24A), filtering device 20, including end-pieces 22 and 23,
may be configured to reside in the fumen of a hollow needle. Upon exteriorization from such
a needle {(F1G. 2B), filtering device 22 may assume a deployed shape substantially similar to
that of filtering device 10, and end-pigces 22 and 23 may, but do not have to, assume a shape
that is different from their shape in the undeployed state of device 20,

{8093} Reference is now made to FIGS, 2C and 2D, which respectively represent undeployed
and deployed states of another embodiment of the filtering device of the present disclosure.

Filtering device 24 is substantially similar to filiering device 17 of FIGS. 1C and 1D device
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24 comprises 3 filament 21 that is substantially similar to the filament from which device 17

is made. However, device 24 may also comprise an end piece 22 residing at its proximal end.

86941 In an undeployed state (FIG. 20), filtering device 24, including end-picce 22, may be
configured to reside in the tumen of a hollow needle. Upon exteriorization from such a needle
(FIG. 2D, filtering device 24 may assume a deployed shape substantially similar to that of
filtering device 17, and end-piece 22 may, but does not have to, assame a shape that is |

different from its shape in the undeployed state of device 24,

{8695} Reference is now made to FIG. 3A, which depicts the undeployed state and the
components that each of end pieces 22 and 23 may separately comprise, End pieces 22 and
23 may each separately comprise one or more of the following: an anchor 31, a radiopaque
marker 32, an echogenic marker 33, a bearing 34, and a refrieval knob 37, End pieces 22 and
23 may cach also separately comprise a non-traumatic tip, such as a ball-shaped protrusion
made of metal. End pieces 22 and 23 may also each separately comprise one or more of a

radicactive marker, a magnetic marker, and a magnetic resonance marker.

[6896] End pieces 22 and 23 may each separately be integral with filament 21, They may be
made to assume undeployed and deployed shapes that arve different. For example, the
deployed shape may comprise loops or turns configured to anchor device 24 in tissue. Anchor
31 may comprise any means known in the art for attaching a foreign body to living tissue, For
example anchor 31 may comprise a roughened surface, a bulge, a mass, one or more barbs,
one or more micro-barbs, one or more hook, a hydrogel bulge configured to enlarge upon
contact with an agueous environment, or their likes, Anchor 31 may, but does not have fo, be
configured to change its shape upon transition from the undeployed state to the deployed state
of devices 20 or 24 (FIG. 3B). Anchor 31 may comprise a biocompatible metal, a
biocompatible polymer, a shape memory material, a super elastic material {e.g. super glastic

nitinol) or any combination thereof.

{00971 Whenever anchor 31 is of the shape-changing variety, it may be made, for example,
of a super elastic material. In its free state, that is, in the state in which no {or little} force is
exerted on it by its external environment, the anchor will assume the deployed state depicted
in FIG. 3B, Whenever anchor 31 is housed in, for example, a hollow needle of a sufficient
bore, its moving parts will retain sufficient elastic energy as to cause therm to assume their

deployed shape upon release. Thus, upon extericrization from the needle at the implantation
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site, anchor 31 will transition from its undeploved state of FIG. 34, to the deployed state of

FIG. 3B.

{8098} Radiopague marker 32 may comprise a biocompatible radiopaque material, such as

gold or platinam.

{8899} Echogenic marker 33 may comprise a biocompatible echogenic material, such as
tantalum. The marker 33 may comprise an echogenic coating comprising air micro-bubbles,
cornerstone reflectors, or any other means known in the art to increase echogenicity. Upon
transition from the undeployed state to the deployed state of device 20 or device 24, marker
33 may retain is shape. Alternatively, the shape of marker 33 way change upon fransition

from the undeploved 1o the deployed state.

{01080} Bearing 34 may comprise an axle 35 and a housing 36. Axle 35 may be configured to
treely rotate within housing 36, Alternatively, axle 35 may be configured to rotate within
housing 36 with any pre-specified degree of friction, Axle 35 may be rigidly connected to an
end of filament 21. Alternatively, axle 35 may be integral with an end of filament 2L
Housing 36 may be rigidly connected to anchor 31, In this way, upon application of torque to
axle 35, the axle may rotate inside housing 36, and housing 36 may remain substantially

motionless with respect to the tissue in which if resides.

{0101} Bearing 34 may comprise any mechanism known in the art for consiraining relative
motion between the axle and the housing to only a desired motion. For exampie, bearing 34
may comprise a plain bearing, a bushing, a journal bearing, a sleeve bearing, a rifle bearing, a

roiling-element bearing, a jewel bearing, and a flexure bearing.

{8182] Embodiments comprising a retrieval knob (or, for example, other graspable means,
such as a bulb, a loop, or a profrusion) are particularly suited for temporary or permanent
implantation, whereas embodiments lacking a retrieval knob are particularly suited for

permanent implantation,

{8183} Retrieval knob 37 is any contraption capable of being grasped by grasping devices
such as a grasper, a hook, or a snare. Retrieval knob 37 may be, for example, a bulb, a loop,
or a protrusion. It may be made from g plastic, a metal, a natural polymer, or a biodegradable
polymer. Knob 37 may be configured to be grasped by any retrieval mechanism capable of
connecting to the knob and applying force o the knob s0 as {0 cause the retrieval of a device
comprising i, such as 20 or 24, frow the tssue in which i is deployed. Suitable retrieval

mechanisms include, for example, graspers, hooks and snares.
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{0104] We note that different components in each end piece need not be physically distinct:
for example, the housing of the bearing may also serve as an anchor, the radiopague marker
and the echogenic marker may be one and the same, the bearing may serve {o provide
radiopacity or echogenicity, and so forth. To illustrate this point, reference is now made
FIGS, 44 and 4B, which represent an embodiment of end picce 23 according to the present
disclosure, and to FIGS. 3A and SB, which represent an embodiment of end piece 22

according to the present disclosure,

181685] FIG. 4A depicts an undeployed state of a particular embodiment of end piece 23,
according to the present disclosure, End piece 23 may comprise an external cylinder 41,
prongs 45, a proximal ring 42, a distal ring 43, a ball 44, and axle 35, External cylinder 41
and prongs 45 may be integral with each other. They may be made from a shape memory or
super-elastic alloy, such as nitinol. Upon transition of, for example, device 20 from the
undeployed to the deployed state, prongs 45 exiend outwards, thereby anchoring end piece 23
in the tissue in which it is implanted. The proximal part of cylinder 41, proximal ring 42, and
distal ring 43 may be rigidly connected to each other to form a bearing housing 36, Rings 42
and 43 may each be made from a radiopague and or echogenic material, such as gold,
platinum, or tantalum. The end of filament 21 may be rigidly connected to, and may be
integral with, ball 44, which may be made from metal, a polymer, an alloy, a shape memory
material, or 8 super elastic material. Together, the end of filament 21 and ball 44 provide a
bearing axle 35. The axle 35 is free to rotate within housing 36 more or less around the
housing’s principal axis. However, in some embodiments, rings 42 and 43 substantially
prevent all other relative motions of axle 35 with respect to housing 36. Housing 36 and axle

35 together provide a hearing.

{0106} FIG. 5A depicts an undeployed state of some embodiments of end piece 22, according
o the present disclosure. End piece 22 may comprise an external cylinder 51, and prongs 52,
which may be jntegral with the cylinder. Both the prongs and the cylinder may be made from
a shape memory or super-clastic material, such as nitinol. External cylinder 51 may be rigidly
connected to the end of filament 21 using any connection means known in the arl, such as
crimping, welding, soldering, gluing, and their likes. The external surface of eyvlinder 51 may
be coated with an echogenic coating, or carry cornerstone reflectors. In this way, end piece 22
may comprise an anchor and an echogenic marker. However, the embodiment of end piece 22

presented in FIGS. SA and 5B does not comprise a bearing or a retrieval knob.,
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{8187} Reference is now made to FIGS 6A and 68, which depict undeployed and deployed
states, respectively, of an embolic protection device according to some embodiments of the
present disclosure, Device 60 is substantially similar to device 17. Filament 61 assumes a
spring shape in the deployed state. The spring coils of device 60 need not reside in
geometrical planes that are approximately perpendicular to the primary axis of the device {(the
line connecting end pieces 22 and 23). In addition, the coils of device 60 need not trace the
shape of a spherical shell. Embodiments in which the diameter of the spring shape traced by
the device are less than the diameter of the vessel for which it is intended are possible,
thereby minimizing vessel wall contact, Such embodiments may be well suited for
implantation in veins for the purpose of preventing pulmonary embolism: the dangerous
emboli are fairly large (>5 mm in diameter, >10 mm in length). Thus, efficient capture of

emboli is possible even if filament 61 has little or no wall contact throughout #ts length.

{0108] The spring shape of filament 61 may accommodate large changes in the diameter of
the vessel for which it is iniended by allowing filament 61 fo lengthen or shorten in
accordance with the growth or shrinkage in vessel diameter. This is particularly important
when device 60 is implanted in a peripheral vein, such as a femoral vein, which may dilate by

up to a factor of two in response to, for example, Valsalva maneuver.

{3189] Reference is now made to FIGS. 6C and 6D, which respectively depict undeployed
and deployed states of a filtering device 62 substantially similar 1o filiering device 60, bt
iacking end piece 23. Device 62 may be particularly suitable for implantation through a
single puncture in a target vessel. In such an embodiment, all device parts except perhaps for
proximal end piece 22 may lie entirely nside the vessel lumen or walls, Distal end 63 may
comprise a non-traumatic tp (such as, for example, a polished ball}, configured to safely
appose the inner wall of the vessel, or a short, sharp end configured {0 anchor in the vessel

wall without breaching it completely.

{8118] Reference is now made to FIGS. 7A — 7C, which depict embodiments of an embolic
protection device according to some embodiments of the present disclosure. These
embodiments are particularly suitable for implantation in locations where bisecting a vessel’s
cross section into two roughly equal halves can result in adequate embolic protection. For
example, the devices of FIGS, 7TA — 7C may be implanted in g leg vein in order fo prevent
deep vein thrombi from embolizing to the lungs. They may also be implanied, for example, in

a veriebral artery supplying blood to the posterior brain circulation, thereby preventing
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emboli traveling fo the brain through the vertebral artery from causing posterior circulation

stroke.

[0111] Device 78 of FIG. 7A comprises is a filament 71 that may be substantially similar to
the filament of device 10 in tenms of diameter, flexibility, structure (solid or hollow), and
material composition. Filament 71 may have a fixed or a variable diameter along its length.
The length of device 70 may be greater, roughly the same as, or smaller than the diameter of
the vessel in which it is implanted. The attribute that distinguishes device 70 over device 10

is this: device 70 is substantially straight in both its ondeployed and its deployed states.

{8112} Device 72 of FIG 7B is substantially similar to device 70, except for the following
major difference: device 72 comprises in addition to filament 71 an end—picce 22. End piece
22 may be situated at the proximal end of filament 71, and may be integral with it
Alternatively, end piece 22 and filament 71 may be joined by any chemical, physical, or
mechanical means known in the art, such as gluing or crimping. End piece 22 may comprise
one or more of an anchor, an echogenic marker, 8 radiopaque marker, and a retrieval knob.
{istal end 73 of device 72 may be sharpened as o be suitable {or creating punctures in tissue.

{Zistal end 73 may also comprise a pon-traumatic tip.

{0113] Device 74 of FIG 7C is substantially similar to device 70, except for the following
major ditference: device 74 comprises in addition to filament 71 an end-piece 22 at one of its
ends and an end piece 23 at its opposite end. End pieces 22 and 23 may each be integral with
filament 71, or each may be joined to filament 71 by any chemical, physical, or mechanical
means known in the art, such as gluing or crimping. End pieces 22 and 23 may each
separately comprise one or more of an anchor, an echogenic marker, a radiopague marker,

and a retrieval knoh.

{8114} Reference is now made to FIGS. 8A —- 8C. FIG. 8A depicts an embodiment 80 of the
filtering device of the present disclosure. Filtering device 80 may comprise a filter body 83
and ends 81 and 82, Filter body 83 may comprise three filtering filaments 84, 85, and 86.
FIG. 8A depicts filtering device 80 at #is undeployed state. In this state, filtering device 80 is
configured to fit in the lumen of a hollow needle, where its shape is consirained by the foree
applied by the walls of the ueedle. FIG. 8B depicts filtering device 80 in its deploved state.
Because in the deployed state there is little force to constrain the fillering filaments to their
collinear configuration of FIG, 8A, the filtering filaments &4, 85, and 85 come apart,

assuping a cross sectional configuration as in FIG, 8C.
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{0115} Elongated filtering clement 80 may be made of a shape memory alloy, a shape
memory polymer, a metal, a polymer, a biodegradable, bioabsorbable, or bioresorbable
polymer, or a biodegradable, bioabsorbable, or bioresorbable metal. Hach of the ends &1 and
2 of filtering device 80 may be unitary with filter body 83, or may be distinet, such as end

pleces 22 and 23 as described above.

[8116] Filter body 83 of filtering device 80 is not limited to inclode any particular number of
filtering filaments. Any number of filaments is possible, and an embodiment having three
filtering filaments was presented above only as a representative example. Two, four, five, and
six {or higher} filament configurations are also possible. Connection points and connecting
bridges between distinet filtering filaments and across different points in the same filament
are also feasible. An embodiment in which each filament by itself assumes the shape of a
spring or a coil is feasible. Thus, an embodiment comprising, for example, three helix-shaped
filaments, wherein the second helix is rotated with respect to the first helix by 120 degrees
and the third helix is rotated with respect to the first helix by 240 degrees is feasible, A
“bird’s nest” design, in which one or more filtering filament is “multiply entangled” when in
the deployed state, is also possible. A net-shape, such as a basket-shaped like a fishing net is
also possible. A central filament centered in a ring, with the ring being configured o appose

the vessel wall, is also possible.

{01177 In yet another embodiment of the present disclosure, the filtering device has one or
more protrusions exiending from a main branch filament, such that one or more side branches
are formed (for example), These protrusions may have the form of free ends (brush like) or
closed shapes with both ends connected to the main branch filament. In some embodiments,
there are one or more end piece, such as end pieces 22 and 23, located at the distal and

proximal ends of the filament,

{0118] The filtering devices of the present disclosure and thelr components may be
manufactured, for example, by industrial processes known in the art, comprising one or more
of the following: injection molding, extrusion, forming on a mandrel, heat treatment, and

surface treatment.

{31197 Refercnce is now made to FIGS, 8A and 9B, which respectively depict a side view
and a cross-sectional view of a body vessel in which device 20 is iraplanted and operating.
Device 20 is implanted in body vessel 90 such that its primary axis, that is, the axis extending

from end piece 22 to end piece 23, is approximalely perpendicular to the longitndinal axis of
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vessel 90, and roughly bisects a perpendicular cross section of the vessel. Whenever vessel 90
contains a flowing fluid, the primary axis of device 20 will be approximately perpendicular to
the direction of fluid flow (and to the longitudinal axis of the vessel). Thus, if, for example,
vessel 90 is an artery or a vein, the primary axis of device 20 will be approximately

perpendicular to the direction of blood flow.

{6128} Embolus 91 is stopped by device 20 whenever its size is too farge to pass through the
openings defined by device 20 and the lumen of vessel 90, This size exclusion mechanism
enables device 20 to protect various end-organs supplied by vessel 90 from embolic damage.
For example, if vessel 90 is an artery supplying the brain, such as, for example, an aorta, a
common carotid artery, an internal carotid artery, a subclavian artery, a brachiocephalic
artery, or a vertebral artery, device 20 may protect the brain from stroke, If vessel 90 is a

deep vein then device 20 may protect the lungs from pulmonary embolism.

{8121] The principle of operation {embolic protection} of embodiments 10, 17, 24, 60, 62,
70, 72, 74, and 80, as well as all other embodiments mentioned above, is substantially the
same as for device 200 all devices are implanted such that their primary axis is roughly
perpendicular to the direction of fluid flow in the target vessel, and the primary axis
approximately divides a perpendicular cross section of the vessel to approximately equal
halves, Emboli too big to pass through openings defined by the device and the vessel lumen

are filtered by size exclusion.

{8122 Reference is now made to FIGS. 10A — 10E, which illustrate a system and a method
for providing embolic protection according o some embodiments of the present disclosure.
The system and method are particularly suitable for delivering a filtering device 20
comprising at least one end piece incorporating a bearing. The at least one end piece
incorporating a bearing enables torsion in filament 21 of device 20 to be controllably released
during device implantation, therehy providing for a controlled and robust implantation
procedure. However, the system and method of FIGS, 10A ~ 10 do not require that at least
one end-piece of device 20 comprise a bearing: they are suttable also for embodiments of

device 2{ that lack a bearing.

{3123} FIG. 10A depicts a system 100 configured to implant a filtering device 20 in a body
vessel 101, System 100 comprises a hollow needle 102, a pusher 103, and filtering device
20, Taken together, the hollow needle and the pusher can be a delivery device, Hollow

needle 102 has a sharp end 112 configured to pierce skin 104, subcutaneous tissue 105, and
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body vessel 101 of a patient, Needle 102 may have a needle handle 106 located at iis
proximal end 107. The needie handle 106 may be rigidly connected to needle 102, Pusher

103 may have a pusher handle 108 located at its proximal end.

{8124} Hollow needle 102 may have a very small inner and cuter diameter. For example, if
the maximal collapsed diameter of undeployed filtering device 20 is about 1} to about 400
microns, the inner diameter of hollow needle 102 may be in the range of about 100 to about
900 microns, and the outer diameter of hollow needle 102 may be in the range of about 200
to about 1000 microns. More specifically, the inner diameter of holiow needle 102 may be in
the range of about 200 to abowt 406 microns, and the outer diameter of needle 102 may be in
the range of about 300 io about 600 microns. Thus, the punctures made by hollow needie 102
in a patient’s tissue may be sufficiently small (about 100 to about 900 microns) as to be self-

sealing.

[§#125] Hollow needle 102 may be made from any sutfable biocompatible material, such as,
for example, stainless steel. Pusher 103 may also be made from a metal such as stainless

sieel. Handles 106 and 108 may be made from plastic.

{0126} In the absence of external load, filtering device 20, in some embodiments, assumes
the deployed shape of FIG. 2B. To transform device 20 to an undeployed state, it may be
stretched by applying axial force at both its ends using a special jig {not shown). The
stretched device may then be inserted into the lumen of needle 102 by sliding the needle over
the stretched, undeployed device, Twisting device 20 before or during insertion into needle

102 is also possible,

{8127} Both filiering device 20 and pusher 103 may be slidable within the lumen of hollow
needie 102, Prior to deployment, filtering device 20 is located inside the lumen of needle 102
near its distal end 112, The distal end 109 of pusher 103 is also located inside the lumen of
hollow needle 102, The distal end 10% of pusher 103 is in contact with the proximal end of
end piece 22 of device 20. After deployment, as depicted in FIG. 10E, filtering device 20 may
be exteriorized {rom hollow needle 102, and the distal end 109 of pusher 103 roughly

coincides with distal end 112 of hollow geedie 162,

{0128] The implantation of filiering device 20 in body vessel 101 may proceed as follows.
First, a physician determines that it is desirable to implant filtering device 20 in body vessel
101, Under the guidance of a spitable imaging modality (not shown), such as, for example,

ultrasound, high resolution vlirasound, CT scanning, or without imaging guidance at all, the
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operator punctures skin 104 adjacent o vessel 1{ using the sharp end 112 of needle 102,
Note that systern 100 is in the configuration depicted in FIG. 104, that is, with filtering
device 20 housed in ifs undeployed state near the distal end of hollow necdle 102. The
operator then carefully advances delivery device 100 through the subcutaneous tissue, and
transversely punctures vessel 101 at approximately diametrically-opposed sites 110 and 111,
The first puncture 110 of vessel 101 is made on its side closer to skin 104 {proximal side},
and the second puncture T11 is made on the diametrically-opposite side (distal side). The
sharp end 112 of needle 102 may then be advanced a few more millimeters interiorly into the
patient, so that end piece 23 may be exterior to the lumen of vessel 101, This situation is
depicted in FIG, 10A.

[8129] Next, the operator holds pusher 103 substantially motionless while retracting hollow
needle 102 backwards, away from the patient. This can be done with the aid of handies 106
and 108, In this way, end picce 23 of device 20 is exteriorized from needle 102, It then
assumes its deployed state in the tissue proximate second puncture 111, thereby anchoring the
distal end 23 of device 20 in the tissue. The needic may then be retracted until its distal end

112 roughly coincides with proximal puncture 110, This situation is depicted in FIG. 108,

{#130] To exteriorize the remainder of device 20 from holiow needle 102, the operator
advances pusher 103 towards the distal end 112 of needle 102 while holding the needle still.
As device 20 is exteriorized from the needle, it gradually assumes its deployed, spring-tike

shape. This situation is depicted in FIG, 10C.

[8131] In some embodiments, exteriorizing device 20 may create torque along the principal
axis of end-piece 23. In such embodiments, it may be advantageous for end piece 23 fo
comprise a bearing 34, thereby enabling the strain (forsion) pre-existing in filament 21 to
release, This may also prevent torsion from building up during the exteriorization process. In
such embodiments, the distal end of flament 21 rotates with end piece 23 as a pivot point
while device 20 is exieriorized. The operator stops pushing the pusher once filament 21 is
essentially exteriorized from needle 102 into the lumen of vessel 101, and end picce 22 is
situated, still inside the lumen of needle 102, proximate its implantation site. The situation is

then as depicted in FIG. 10D,

[8132] In some embodiments, to complete the implantation procedure, the operator holds
pusher 103 steady while retracting needle 102 over the pusher. This causes the end piece 22

{0 be exteriorized at its implantation site and assume its deploved shape. Once the entire
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device 20 is exteriorized and implanted in its deployed state, both needle 102 and pusher 103
are exteriorized from the patient’s body. This completes the implantation procedure for some
embodiments, as depicted in FIG. 10E. Note that for some embodiments, because both the
filtering device 20 and hollow needie 102 are of a sufficiently small diameter, all of the holes
and the punctures made in body tissues during the procedure may be self-sealing. Therefore,
the suturing or sealing of holes and punctures thus made is unnecessary, If it is determined
that one or more additional filtering devices should be implanted in one or more additional

implantation sites the procedure may be performed again, essentially as described above.

{8133} Implantation systems comprising devices 10, 60, 70, 74, and 8¢ arc obtainable by
exchanging device 20 in systern 1080 for any of these devices. The implantation methods
corresponding 1o these systems thus obtained are substantially similar to the method
corresponding to system 100, Therefore, the detailed description of these systems and

methods is omitted.

{8134} Reference is pow made to FIGS, 11A ~ 11D, which tllustrate a method for providing
embolic protection and a systera for delivering an embolic protection device according to
some embodiments of the present disclosure, The system and method are particularly suitable
for delivering a filtering device 24 comprising one end piece 22 at its proximal ond. A single
proximal puncture of the target vessel is required, as opposed to two diametrically opposed

punciures as in the method corresponding to system 100,

{6138] FIG. 11A depicts a system 113 configured to implant a {iltering device 24 in a body
vessel 101, System 113 is substantially similar to system 100, except that filtering device 20

is exchanged for filtering device 24.

{0136} In some embodiments, the implantation of filtering device 24 in body vessel 1{] may
proceed as follows. First, a physician determines that it is desivable to implant filtering device
24 in body vessel 101, Under the guidance of a suitable imaging modality {not shown}, such
as, for example, ultrasound, high resolution ultrasound, or CT scanning, or without imaging
guidance at all, the operator punclures skin 104 adjacent o vessel 13 using the sharp end
12 of needle 102, The operator then carefully advances system 113 through the
subcutaneous tissue, and punctures vessel 101 using the sharp end 112 of needle 102, The
orientation of the needle is roughly perpendicular to the wall of vessel 101 at the point of

contact {puncture 11 of the needle and the vessel wall. The operator then slightly advances
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system 113 such that sharp end 112 of needle 102 slightly protrudes into the Jumen of vessel

131, This sttuation is depicted in FIG. 11A.

8137} Next, the operator exteriorizes filament 21 of device from needle 102 by holding
needle 102 in place and advancing pusher 103, As filament 21 is exteriorized from the
needle, its exteriorized portion assumes its deployed shape in the lumen of vessel 101, The
distal tip 11 of device 24 approximately traces the deployed helical shape of device 24 as

filament 21 is exteriorized. This situation is depicted in FIG. 11B.

[0138] As proximal turn 16 of device 24 is exteriorized from needle 102, the primary axis
(that is, roughly the line segment connecting distal tip 11 and end piece 22) becomes collivear
with needle 102. As a result, the primary axis of device 24 ends up approximately
perpendicular to the fluid flow in vessel 101, and approximately bisects a perpendicular cross

section of vessel 101, This situation is depicted in FIG. 11C,

0139} In some embodiments, to complete the implantation procedure the operator holds
pusher 103 steady while retracting needle 102 over the pusher, This causes end piece 22 to be
exteriorized at its implaniation site proximal puncture 110 and assume its deployed shape.
Onee the entire device 24 s exteriorized and implanted in its deployed state, both needle 102
and pusher 103 are exteriorized from the patient’s body. This completes the implantation
procedure, as depicted in FIG, 11D, Note that in some embodiments, because both the
filtering device 24 and hollow needle 102 are of a sufficiently small diameter, all of the holes
and the punctures made in body tissues during the procedure may be self-sealing. Therefore,
the suturing or sealing of holes and punctures thus made is unnecessary. If it is determined
that one or more additional filtering devices should be implanted in one or more additional

implantation sites the procedure may be performed again, essentially as described above.

{0148] We note that in embodiments according to the present disclosure in which distal tip 11
is sharp, it is possible to puncture the wall of vessel 101 using tip 11 instead of sharp end 112
of needle 102, In fact, in all of the embodiments of fillering devices according to the present
disclosure in which the distal tip of the device is sharp, it is possible to create one or more

punctures in the vessel wall using tip 11 instead of the sharp end of needle 102.

{01411 Implantation systems comprising devices 17, 62, and 72 are oblainable by exchanging
device 24 in system 113 for any of these devices, The iroplantation methods corresponding to
the systems thus obtained are substantially similar to the method corresponding to system

113, Therefore, a detailed description of these systems and methods is omitted.



WO 2013/179137 PCT/IB2013/001336
31

[8142] In some embodiments, delivery devices in which needle 102 has a variable diameter

are provided.

168143} In some embodiments, the implantation of a filtering device according to the present
disclosure resulis in the distal end of the device apposing the vessel wall at a location roughly
diametrically opposed io the puncture sife, The distal end (or distal end-picce, where
applicable) may partially or completely penetrate the vessel wall. The proximal end (or
proximal end-piece, where applicable) may be located outside the lumen of the vessel, across
the wall of the vessel, or inside the humen of the vessel. Any wall penstration depth (none,
pattial, complete} is possible in the deployed state of embolic protection devices according to

the present disclosure.

{0144} Reference is now made to FIGS. 12A and 12B, which depict components of a
retrieval apparatus according to some embodiments according to the present disclosure. The
retrieval apparatus is particularly suitable for minimally-invasive explantation and retrieval of
embolic protection devices according to some embodiments, which comprise a proximal end-

piece having a retrieval knob.

{0145] FIG. 12A depicts extraction sheath 120, which comprises a hollow sheath 123 having
a lumen and a sharp end 122, and a handle 121, The internal diameter of hollow sheath 123 is
configured to be larger than the diameter of retrieval knob 37 of proximal end-piece 22 of
device 60, (We note that device 60 was chosen by way of example: any embodiment of a
filtering device according to the present disclosure and comprising a retrieval knob may be

retrieved using the retrieval apparatus of FIGS, 12A and 12B.)

{0146} FIG. 128 depicts a grasper 124, which comprises hollow sheath 126 and handle 125,
The distal end of sheath 126 comprises springy, flexible leaflets 127, which may bend
towards the inner walls of Jumen 128 of sheath 126, yet are limited by each other in bending

towards the center of lumen 128,

{8147} Reference is now made to FIGS. 13A — 13F, which depict some methods of retrieval
according the some embodiments of the present disclosure. First, it is defermined by the
operator that is desirable to retrieve, for example, an embolic protection device 60, which
comprises a proximal end-piece having a retrieval knob 37, from its implantation site in a
body vessel, Then, using a suitable imaging modality such as ultrasound, high resolution
ultrasound, CT, or MR, the operator punctures the patient’s skin 104 using extraction sheath

120, and advances the distal tip 122 of hollow sheath 123 over knob 37 of proximal end-picce
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22. This siination is depicted in FIG. 13A. Note that distal tip 122 may reside either

externally to the vessel, as depicted in FIG. 134, in the vessel wall, or in the lumen.

[#148] Next the operator advances grasper 124 inside the lumen of hollow sheath 123, while
hollow sheath 123 is maintained in place. The distal end of sheath 126 then touches knob 37
of end-piece 22. Flexible springy leaflets 127 are then pushed outwards towards the walls of

tumen 128 by knob 37, This situgtion is depicted in FIG. 138,

{6149} The operator then continues to push grasper 124 while holding extraction sheath 120
in place. The proximal ends of springy leaflets 127 then extend distally to the distal end of
knob 37. The knob is now inside lumen 128 of sheath 126, Due to the “ratchet” effect
between the leaflets and the knob, grasper 124 can no longer be retracted over knob 37. H is

irreversibly attached to knob 37, This situation is depicted in FIG. 13C.

[8158] Next, the operator maintains extraction sheath 120 in place while retracting grasper
124, Flexible leaflets 127 thus pull on knob 37, thereby forcing end piece 22 into s
undeployed state, straightening device 60, and retracting it into the lumen of hollow sheath
123, This situation is depicted in FIG. 13D, Further retraction of grasper 124 brings about
the situation depicted in FIG. 13E: The pulling force generated by retracting grasper 124 is
fransmifted through straightened filament 61 thereby causing end piece 23 to assume its

undeploved shape and ultimately to retract into the lumen of hollow sheath 123,

{G131] Finally, extraction sheath 120, extractor 124, and device 64 are jointly retracted by the
operator from the patient’s body. The small punctures 110 and 111 in vessel 101 self-seal.

The retrieval procedure is over,

13152 1t will be noted that an apparatus for retracting retrievable embodiments of devices 28,
24, 62, 72, 74, and 80, and their corresponding retrieval methods, are substantially similar to
the retrieval apparatus and method described for device 60, A detailed deseription will

therefore be omitied.

{#153] Reference is now made to FIGS, 14A and 14B, which depict undeployed and
deployed states, respectively, of a body-vessel occlusion device according to some
embodiments of the present disclosure. An occlusion device of this type provides embolic
protection by completely occluding the target vessel in which it is implanted. It may be
particularly usefidd, for example, in preventing the embolization of sclerosant utilized in a

saphenous vein in the course of varicose vein treatment,
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{0154} Occlusion device 140 of FIG. 14A may comprise a filament 141, a proximal anchor
142, and a distal anchor 143, Filament 141 may be separated into a proximal part 144 and a
distal part 145 at separation point 146, The proximal and distal parts 144 and 145 are initially
connected at separation point 146, and may be disconnected upon the application of external
force or signal. A removable handle 149 may optionally be attached to proximal part 144 gt

its proximal end.

{0155} The initial connection between parts 144 and 145 may be mechanical. For example,
part 144 may screw into part 1435, and disconnection of the parts may be brought about by
unscrewing them. Alternatively, filament 141 may comprise a conducting core cladded with
an insulating laver at every point along its length except for separation point 146, When © i5
desired to separate parts 144 and 143, electrical current from an external source {not shown}
is run through filament 141, thereby causing electrolysis and subsequent disconnection of

parts 144 and 145 at separation point 146,

{01586} Proximal anchor 142 may be slidable over filament 141, For example, proximal
anchor 142 may comprise a slidable clement 148 configured to slide over filament 141
Slidable element 148 may comprise a locking mechanism that fixes it in a desired location

along filaroent 141,

{0187} In its undeploved state, occlusion device 140 may be configured to reside in the
lumen of a fine needle, substantially collinear with the lumen of the needle, The anchors 143

and 142 assume theitr undeployed configuration when device 140 is in its undeployed state.

{0158] The undeployed length of occlusion device 140 may be in the range of several
centimeters to about 100 cm. The diameter of occlusion device 140 may preferably be less
than about 1.0 mm, In particular, the diameter of occlusion device 140 may preferably be less

than about (1.5 mm, and even more particularly, less than about 0.2 mm,

{81591 Separation point 146 may be between about 1 mum and about 30 mm from the distal

end of occhision device 140,

{0168} In the deployed state of ceclusion device 140 (FIG. 14B), anchors 142 and 143 may
be in their deployed configuration. Anchor 142 may be moved towards anchor 143 such that
the distance between them is typically between about 1 mm and about 10 mm. The most
proximal point of anchor 142 is distal to separation point 146, Proximal part 144 of filament
141 is separated from distal part 145, Thus, the deploved state of occlusion device 140

comprises distal part 145 of filament 141 and no longer comprises the proximal part 144,
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{8161} Occlusion device 140 may be configwed to be relatively stiff or, in some
embodiments, relatively flexible. Alternatively, occlusion device 140 may be configured {o
assume any degree of flexibility. Stiffness and diameter along the length of filament 140 may

be variable,

{8162} Occlusion device 146, according to some embaodiments of the present disclosure, may
be configured as a solid filament. Allernatively, #t may be configured as a tube having a
hollow lumen, or as a tube having its ends closed-off, thereby leaving an clongated air-space
inside occlusion device 140, Leaving an air-space inside occlusion device 140 may have the
advantage of making occlusion device 140 more echogenic and therefore more highly visible
by ultrasound imaging. Occlusion device 140 may possess an echogenic marker or a

radiopaque marker,

18163} Occlusion device 140 may be made, for example, from any of the materials that

devices 10 or 20 may be made of, as described carlier in this document.

{0164} Reference is now made to FIG. 15A, which depicts a schematic cross-sectional view
of a blood vessel before implantation of ocelusion device 140, Reference is also made to FIG.
158, which depicts a schematic cross-sectional view of the blood vessel after implantation of

device 140,

{0165 FIG. 15A shows the circular cross-section of g patent blood vessel 150, such as an
artery or a vein, in which blood is free to flow in vessel lumen 151, Suitable veins may be, for
example, perforators of the great saphenous vein, Upon implantation of seclusion device 140
in blood vessel 150 (FIG. 5B), anchors 143 and 142, which are brought close together, push
against opposite sides of the vessel wall, thereby flattening a perpendicular cross section of
the vessel. As a result, lumen 151 disappears, or substantially disappears. Thus, occlusion

device 140 causes vessel 150 1o become either totally or substantially occluded.

[8166] Reference is now made to FIGS, 16A — 16E, which depict a method for vessel
occlusion and an apparatus for implanting a (partial or total} occlusion device according to
some embodiments of the present disclosure. FIG. 16A depicts a delivery device 160
configured to implant occlosion device 140 in body vessel 1530, Delivery device 160
comprises a hollow needle 161, push tube 163, and occlusion device 140. Hollow needie 161
has a sharp end 164 configured to pierce skin 104, subcutancous tissue 105, and body vessel

150 of a patient, Needle 161 may have a needle handle 165 located at ifs proximal end 166,
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The needle handle 168 may be rigidly connected 1o needle 161, Push tube 163 may have a

push tube handle 168, The push tube handle 168 may be rigidly connected to push tube 163.

181671 Hollow needle 161 may have a very small inner and outer diameter. For example, if
the maximal collapsed diameter of undeployved ocelusion device 140 is 200 microns, the inner
diameter of hollow needle 161 may be in the range of 200 — 600 microns, and the outer
diameter of hollow needle 161 may be in the range of 300 — 800 microns, Thus, the punctures
made by hollow needle 161 in a patient’s tissue may be sufficiently small (100 - 900

microns) as to be self-sealing.

[8168] Hollow needle 161 may be made from any suitable biocompatible material, such as,
for example, stainless steel. Push tube 163 may alse be made from a metal such as stainless

steel. Handles 168 and 168 may be made from plastic.

18169} Occlusion device 140 and push tube 163 may both be slidable within the lumen of
hollow needle 161, Occlusion device 140 may also be slidable within the lumen of push tube

163,

{81761 Prior to deployment, ocelusion device 140 may be slidably received inside the lumen
of push tube 163, In some embodiments, the distal end 169 of push tube 163 is in confact
with the proximal end of slidable element 147 of anchor 142, Both occlusion device 140 and
push tube 163 are slidably received in the humen of needle 161, The distal anchor 143 of

oeclusion device 140 is located near the sharp end 164 of needle 161,

{8171} In some embodiments, the implantation of occlusion device 140 in body vessel 150
may proceed as follows: First, an operator determines that it is desirable to implant occlusion
device 140 in body vessel 130, Under the guidance of a suitable imaging modality (not
shown), such as, for example, vlirasound, bigh resolution ultrasound, or CT scauning, or
without imaging guidance al all, the operator punctures skin 104 adjacent to vessel 150 using
the sharp cnd 164 of needle 161. Note that delivery device 160 is in the configuration
depicted in FIG. 16A, that is, with the distal end of occlusion device 140 near the distal end
of hollow needle "161, and in its undeployed, substantially-linear, substantially-straight wire
state, The operator then carefully advances delivery device 160 through the subcutancous
tissue 1035, and transversely punctures vessel 140 at approximately diametrically-opposed
sites 170 and 171, The first puncture 170 of vessel 150 is made on ifs side closer to skin 104,
and the second puncture 171 is made on the diametrically-opposiie side. Note that the second

puncture 171 may be either complete or partial: Sharp end 164 of needie 161 may completely
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traverse the wall of vessel 150, or alternatively, only breach the inside (lumen side), but not
the outside of the wall. The sharp end 164 of needle 161 may then be advanced a few more

millimeters interiorly into the patient. This situation is depicted in FIG. 16A.

{0172} Next, by means of handles 165, 149 and 16§, the operator holds occlusion device 140
and push tube 163 substantially motionless while retracting hollow needle 161 backwards,
away from the patient. Thus, the distal end 164 of hollow needle 161 is retracted over
occlusion device 140 and push tube 163 until both anchors 142 and 143 are exteriorized {rom
needle 161, Anchor 143 is exteriorized distally to the lumen 151, and anchor 142 is
exteriorized proximally to the humen 151, Each anchor assumes its deployed state following

exteriorization. This situation is depicted in FIG. 16B.

{3173] It is noted that all absolute and relative motions of device 140, needle 161 and push
tube 163, may be made using an automated mechanism, such as, for example, an autorpated

electro~mechanical mechanism (not shown),

[6174] Tn the next step, by means of handles 165, 149, and 168, the operator holds occlusion
device 140 and needle 161 substantially motionless while advancing push tube 163 fowards
distal anchor 143. Push tube 163 thus pushes proximal anchor 142, causing it to slide towards
distal anchor 143, The operator continues to advance push tube 163 until proximal anchor
143 slides past separation point 146 and the distance between anchors 142 and 143 is
sufficiently small as to flatien vessel 150 and annul its lumen 151, either totally or partially,
as desired. Slidable anchor 142 is then locked in place and cannot slide proximally. This

situation is depicted in FIG. 16C.

{31758] Next, the operator removes removable handle 149 from proximal part {44 of
occlusion device 140, The operator then exteriorizes from the patieut’s body both needie 161
and push tube 163 over both distal part 145 and proximal part 144 of device 140, The
situation is depicted in FIG. 16D

{3176] In the next step, the operator disconnects proximal part 144 of device 140 from the
remainder of the device. Disconnection may be brought about by, for example, unscrewing
part 144 from part 145, If, for example, filament 144 of device 140 has an electricity-
conducting core and an insulating cladding everywhere except separation point 146, the
operator may separate parts 144 and 145 by running a sufficiently high electric current in the
flament. Finally, the operator exteriorizes part 144 from the patient’s body, which completes

the implantation procedure (FIG. 6E).
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{03177} 1t is understood that monofilament filtering devices according to some embodiments
of the present disclosure are possible in which, in a deploved state, the proximal end of the
monofilament extends exteriorly from the patient’s skin, or is implanted subcutancously
tmmediately below the patient’s skin. Such devices are particularly suited for temporary
usage, in which it is desired o retrieve the device shortly after a temporary embolus-enticing

cause, such as surgery or minimally-invasive procedure, is removed.

{81781 In order to prevent stroke, fillering devices according to some embodiments of the
present disclosure may be implanted in an artery supplying blood 1o the brain, such an aorta,
a common carotid artery, an internal carotid artery, a subclavian artery, a brachiocephalic

artery, or a vertebral artery.

{0179] In order to preveni pulmonary embolism, filtering devices according to some
embodiments of the present disclosure may be implanied in 8 vein such as a superficial
femnoral vein, a deep fomoral vein, a popliteal vein, an iliac vein, an inferior vena cava, or a

superior vena cava.

[B188] Implantation systems of some embodiments of the embolic protection devices

described herein are possible, which are automatic and/or electro mechanical.

{6181} The pusher in implantation systems according to the present disclosure need not be
solid: exteriorization of embolic protection devices according to the present disclosure using

pressurized fluid, liquid, or gas is possible.

{01821 Although a few variations of the embodiments have been described in detall above,
other modifications o such embodiments are possible, enabling still other embodiments. For
example, any logic flow depicted in the accompanying figures and/or deseribed herein does
not require the particular order shown, or sequential order, to achieve desirable resuits. Other

implementations may be within the scope of at least some of the following exemplary claims.

[8183] Accordingly, exemplary embodimnents of the devices, systems and methods have been
described herein. As noted elsewhere, these embodiments have been described for illustrative
purposes only and are not limiting, Other embodiments are possible and are covered by the
disclosure, which will be apparent from the teachings contained herein. Thus, the breadth and
scope of the disclosure should not be Himited by any of the above-deseribed embodiments but
should be defined only in accordance with claims which may be supported by the present
disclosure and their cquivalents. Moreover, embodiments of the subject disclosure may

include methods, systems and devices which may further include any and all elements from
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any other disclosed methods, systems, and devices, including any and all elements. In other
words, elements from one or another disclosed embodiment mayv be interchangeable with
elements from other disclosed embodiments, thereby supporting yet other embodiments. In
addition, one or more features/elements of disclosed embodiments may be removed and still
result in patentable subject matter {and thus, resulting in vet more embodiments of the subject

disclosure},
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What is claimed is:

]

&,

e

10,

A vascular embolic protection device for deployment at an implantation site within a

blood vessel, the device comprising:

a filament having a length, proximal and distal ends and a diameter between about 50
and about 500 microns, wherein the filament is configured to include an

undeployed state and a deployed state, and wherein:
in the undeployed state, at least a portion of the device is configured to {it within the
tamen of a delivery tube; and
in the deployed state, the device includes a primary axis which is approximately
perpendicular to the blood flow direction,
The device of Claim 1, wherein at least one of the tube and the distal end of the
device is configured for puncturing the blood vessel in the vicinity of the implantation
site.
The device of Claim 1, wherein the filament includes a substantially civcular cross-
section.
The device of Claim I, wherein the diameter of the filament is less than about 4.2
fm.
The device of Claim 1, wherein the filament further comprises a proximal segment
uear the proximal end and in the deployed state the proximal segment is substantially
collinear with said primary axis,
The device of Claim 1, wherein at substantially every point along its length the radius
of curvature exceeds a critical value equal to the diameter of the filament divided by
about twice the critical strain of the material from which the filament is made.
The device of Claim 6, wherein the critical value is greater than about 0.6 mm.
The device of Claim 1, wherein in the deployed state the filament has the shape of a
helix comprising a plurality of turns,
The device of Claim 8, wherein the plurality of turns vary in diameter.

The device of Claim 8, wherein the nmumber of turns is between one and twenty,
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12.

14,

16.

17.

18,

i9

20,

40
The device of Claim §, wherein a plurality of windings approximately trace the shape

of a spherical shell having a diameter.

The device of Claim 11, whergin the diameter of the spherical shell is less than or

equal to the diameter of the vessel,

The device of Claim §, wherein the distance between consecutive windings is greater

than about 0.7 mm.

The device of Claim 8, wherein the distance between consecutive windings is less

than about 1.5 mnu

The device of Claim 1, further comprising one or more of a radiopaque marker, an
echogenic marker, a radicactive marker, a magnetic marker, and a magnetic resonance

marker.

The device of Claim 1, wherein the filament is made from at least one oft a metal, a
plastic, a natural polymer, a shape memory alloy, a super elastic alloy, a

biodegradable material, a bioresorbable material, and a bioabsorbable material.

The device of Claim 1, further comprising an end piece at its proximal end, an end

picce at its distal end, or both.

The device of Claim 17, wherein each of the end pieces comprises at least one of a
radiopaque marker, an echogenic marker, a radicactive marker, a magnetic marker, a
magnetic resonance marker, an anchor, a non-traumatic tip, a bearing, and a retrieval

knob.

The device of Claim 17, wherein at least one of the end pieces is configured with an

undeployed and a deployed state.

The device of Claim 17, wherein at least one of end pieces comprises an anchor, and
wherein the anchor comprises at least one of a loop, a roughened surface, a barb, a
micro-barb, a hook, a bulge, and a material configured to enlarge upon contact with

an aqueous environment.

The device of Claim 17, wherein at least one of the end pieces is integral with said
filament.

The device of Clatm 18, wherein each of the radiopague marker, the echogenic

marker, the radicactive marker, the magnetic marker, the magnetic resonance marker,
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28.

36.

41
the anchor, the non-traumatic lip, the bearing, and the retrieval knob need not be

physically distinct.

The device of Claim 18, wherein sald bearing is configured fo release accumulated

torsion or to prevent the butld-up of torsion in the flament.

The device of Claim 1, wherein the tilament is substantially straight in the deploved

state,

The device of claim 1, wherein the shape of the filament is substantially similar in

both the undeploved and the deploved states.

The device of Claim 1, further comprising two or more filaments, wherein each

filament has a length, a diameter, a proximal filament end, and a distal filament end.

The device of Claim 26, wherein the filaments are joined at the proximal end and at

the distal end of the device,

The device of Claim 26, wherein said two or more f{ilaments each have a helical

shape.

The devices of any of claims | — 28, wherein embolic protection is provided against
stroke or pulmonary embolism, and wherein the patient’s vessel is any of! an artery, a
vein, an aorta, a common carotid artery, an internal carotid artery, a subclavian ariery,
a brachiocephalic artery, a renal artery, a vertebral artery, a superficial fernoral vein, a
deep femoral vein, a popliteal vein, an iliac vein, an inferior vena cava, or a superior

Veia cava.

A method for providing embolic protection in a patient, the method comprising
implanting a filament shaped approximately as a helix in a vessel of the patient, said
vessel comprising a fluid flow, such that the axis of the helix is approximately

perpendicular to the fluid flow direction.
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