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EMBOLECTOMY DEVICE

FIELD OF THE INVENTION

[1] The present invention relates to a minimally invasive or surgical device deliverable through

an intravascular catheter to the site of an occlusion (e.g., emboli and thrombi). It is designed

to remove emboli, even when found in the distal, tortuous neurovasculature. The device

includes several sections.

BACKGROUND OF THE INVENTION

[2] The present invention provides a thrombectomy device which is designed to extract occlusion

(e.g., emboli and thrombi) found in the human vasculature, particularly in the distal, tortuous

neurovasculature, with a low or minimized pulling or extractive force.

[3] Emboli occasionally form around the valves of the heart and then are dislodged and follow the

blood flow into the distal regions of the body. They are particularly dangerous if the clot

passes into the neurovascular where it results in an ischemic stroke. As discussed below,

many such occlusions occur in the middle cerebral artery (MCA), although it is not the only

site where emboli lodge. Obviously, when blood flow is inhibited or cut off completely from a

portion of the brain, the brain's oxygen supply is limited causing severe disability or death.

[4] In procedures for removing emboli using the Fogarty catheter or other similar catheters, it is

typical, first, to locate the clot using a contrast agent under fluoroscopy. The embolectomy

catheter is then inserted and directed to the clot. For example, a distal tip of a balloon catheter

may be carefully inserted through the center of the clot. Once the balloon has passed through

to the distal side of the clot, the balloon is inflated. The balloon catheter is then gradually and

gently withdrawn. The balloon, in this way, acts to pull the clot proximal to the balloon. The

majority of procedures using a Fogarty catheter repeat these steps until the pertinent vessel is

cleared of clot material.

[5] Such vaso-occlusions occur in a wide variety of sites within the body. The lodging of clots in

various sites is complicated by the presence of atherosclerosis. This disease causes the vessels

to become tortuous and narrowed. These anomalies are often considered to be the result of the



growth of atherosclerotic plaque. Clots occurring in these diseased vessels are difficult to

remove using balloon or Fogarty catheters.

[6] Removal of emboli using balloon catheters is rife with potential problems. One such problem

occurs during removal of a clot. The resistance to such removal often causes the balloon

portion of the catheter to evert over the tip of the catheter. Should the user need to partially

deflate the balloon during such a deflation, the distal tip of the balloon may become distended

and angulated. Another difficulty with balloon catheters is the possibility of damage to the

intima of arteries. Inflation pressures can create forces significant enough to shear such a

vessel lining or to dislodge plaque lodged on such a wall. n the worst case, the balloon may

rupture leaving balloon detritus in the bloodstream.

[7] Movement of a balloon in the MCA can displace the clot through more proximal branches

into other large vessels such as the internal carotid artery (ICA) and then into other vessels

[8] There are a variety of different devices intended for use in replacing balloon catheters and in

using a device other than a balloon catheter in so removing the emboli

[9] One such device is shown in U.S. Pat. No. 4,030,503 to Clark III. This patent describes a

spiral helix affixed to the distal end of a catheter. In particular, the spiral helix is designed to

be rotated and pushed forward through the clot. It is said that the helix screws into the clot,

and when it is firmly embedded or is past the clot, the catheter is pulled out of the vessel

without rotation. The catheter is said to operate like a corkscrew.

[10] A similar catheter is described in U.S. Pat. No. 4,706,671 to Weinrib. This catheter also has a

coil section at its distal end. The coil section is said to be stretched initially into a generally

linear insertion position for removing inwardly in a vessel. The coil member is then expanded

into the form of a hollow conical scoop to then scoop clot material from the blood vessel. The

coil member is stiffened by an internal wire which is then removed. The hollow passageway

is then filled with a liquid to stiffen the coils. The coils are said to be of an elastomeric

material.

[1 1] U.S. Pat. No. 4,762,130 to Fogarty et al., describes a helical balloon attached to the distal end

of a catheter. The helical or bellowed balloon is maintained in a generally linear condition and

passed into a clot. Once the catheter balloon within the clot is inflated, the balloon and

adjoining clot are removed together.

[12] Another similar device used more to grip and shear atherosclerotic deposits rather than to

remove thrombi is described in U.S. Pat. No. 4,890,611 to Monfort et al. This device



incorporates a pair of helical wires placed on the distal end of a wire. The flexible wire is

pulled against a flexible catheter, the helical loops cut through and is said to retain sections of

plaque for removal.

[13] A thrombus extraction system is shown in U.S. Pat. No. 5,01 1,488, to Ginsberg. In this device,

a deflated (but inflatable) balloon having a proximal conic shape is passed through a targeted

thrombus. The balloon is then expanded and retracted so that the proximal end pulls the

thrombus into contact with an aspirator. The aspirator then removes the thrombotic material

from the vessel.

[14] The Ginsburg patent describes an alternative wire-based configuration of the expandable

member. In this variation, a wire coil is attached to an extension wire which may be moved

between an extended position and a retracted position. The retracted or expanded

configuration is illustrated to have a conical shape. The cone's proximal end is shown to be

smaller than the distal end.

[15] U.S. Pat. No. 5,112,347, to Taheri, shows an inflatable balloon-type embolectomy catheter.

The balloon has a number of "fingers" arranged in a leaf spring arrangement inside the

balloon. The balloon is hydraulically inflated and forms a cone after inflation. The deflated

device is shown in FIGS. 11 through 14 to be passed distally past a clot before inflation. After

inflation, the large end of the balloon collects the embolism as it is pulled past the appropriate

site in the vessel.

[16] U.S. Pat. No. 5,192,286, to Phan et al., shows a retrieval catheter for removing materials from

various body lumens. The retrieval catheter is shown to have a slack net which may be

collapsed for passage into lumen past the material to be collected. The net is unfolded after

such passage and materials such as uretral stones are removed.

[17] U.S. Pat. No. 5,41 1,509, to Hilal, shows an embolectomy catheter having a distal elastomeric

foam tip. The foam tip has an actuator means suitable for forming the foam section both

longitudinally and radially in response to activation of the actuation. In practice, the catheter

tip is pressed past an embolism, inflated, and retracted proximally along with the clot.

[18] U.S. Pat. No. 5,490,859, to Mische et al., shows an intravascular occlusion material removal

device having an expandable material removal element made up of a number of wires passing

between the two ends of such element, a catheter shaft, a drive shaft for spinning the element

within the blood vessel, and a collection portion placed on the material removal element for

collecting any occlusion material removed by the expandable material removal element. The



drive shaft may be operated by a motor connected to the drive shaft proximate to the proximal

end of the drive shaft.

[19] Another patent literature relates to the use of a net which encircle the clot. Such teaching can

be found in US application no. US2005/0101986, US application no. US20060287670, US

application no. US20070038241, US application no. US20030009189 and PCT application on.

WO9923976. The major drawback of such nets are the fact that the clot or clot might

fragment within the blood vessel and hence not be extracted as a whole from said blood vessel.

[20] None of above mentioned patents and patent applications discloses a device which is

especially adapted to apply radial compression forces and longitudinal shearing forces on the

clot so as to mitigate the tendency of the clot to fragment.

SUMMARY OF THE INVENTION

The present invention provides a minimally invasive medical device deliverable through an

intravascular catheter to the site of a occlusion. It is designed to remove clot from the

vasculature, and is particularly useful in removing clot from distal, tortuous vasculature.

The device of the present invention is designed to remove clot, even when found in the distal,

tortuous neurovasculature.

The present invention provides an embolectomy device for removal of clot from vasculature

comprises a rotatable spring-like helical member having a plurality of loops and a tubular

mesh-like net.

The rotating member may be configured to expand to approximate the diameter of the vessel

and to at least partially envelope the clot and also to aid in the separation of the clot from the

vessel wall.

The rotating member approximates the clot and envelopes it by its rotation. The rotating

member may also be used with various intravascular catheters or especially design ones, as

will be described hereinafter.

The rotating member may serve several purposes. First, the loops of the rotating element are

configured so that it will separate the clot from the arterial wall, at least partially envelope the

clot, manipulate the clot reciprocally and/or rotationally with respect to the main longitudinal

axis of the clot and extracts it.



The mesh-like net encapsulates the clot (confined within the coil) therein.

It is one object of the present invention to provide a device for extracting a clot from a blood

vessel in a non fragmented manner, comprising:

an endless wire coupled to a spring-like helical member having a plurality of loops;

said loops are positioned at an angle A relatively to the main longitudinal axis of

said blood vessel; and, are adapted to radially encircle at least a portion of the

outer circumference of said clot; and,

a tubular mesh-like net for both enveloping said helical member and enclosing said

clot therein;

wherein at least a portion of said clot is contemporaneously confined within said loops

and said mesh-like net, such that radial compression forces and longitudinal shearing

forces are exerted on said clot and the tendency of said clot to fragment is mitigated.

It is another object of the present invention to provide the embolectomy device as defined

above, wherein said spring-like helical member and/or said mesh-like net comprising means

for applying vibration on said clot.

It is another object of the present invention to provide the embolectomy device as defined

above, wherein said mesh-like net is made of material selected from a group consisting of

woven fabrics, non-woven fabrics, gauze-like fabrics, materials having multiple openings, and

fluid-permeable membranes or any combination thereof.

It is another object of the present invention to provide the embolectomy device as defined

above, wherein said mesh-like net additionally comprising materials selected from a group

consisting of woven fabrics, non-woven fabrics, gauze-like fabrics, materials having multiple

openings, and fluid-permeable membranes or any combination thereof.

It is another object of the present invention to provide the embolectomy device as defined

above, wherein said spring-like helical member is coupled to said mesh-like net.

It is another object of the present invention to provide the embolectomy device as defined

above, wherein said distal portion of said mesh-like net is adapted to switch from an

expended-configuration to a restricted-configuration; said expended-configuration is operative

to allow insertion of at least a portion of a target clot in to said mesh-like net's distal portion;

and said restricted configuration is operative to retain said clot within said mesh-like net.



It is another object of the present invention to provide the embolectomy device as defined

above, wherein said distal portion of said mesh-like net is operative to self-expand from its

expended-configuration to its restricted-configuration.

It is another object of the present invention to provide the embolectomy device as defined

above, wherein said mesh-like net is an elongated sleeve comprising a restricting sphincter

located at the distal end of said sleeve, adapted to retain at least a portion of the target clot

within said mesh-like net.

It is another object of the present invention to provide the embolectomy device as defined

above, wherein said helical member is characterized by a cross-sectional area selected from a

group consisting of circular, oval, round, square, rectangular, triangular, regular or irregular

shapes, or any combination thereof.

It is another object of the present invention to provide the embolectomy device as defined

above, additionally comprising a motor adapted to rotate said helical member.

It is another object of the present invention to provide the embolectomy device as defined

above, wherein said helical member additionally comprising protrusions for assisting in the

separation of said clot from said vasculature.

It is another object of the present invention to provide the embolectomy device as defined

above, additionally comprising vibration means applied on said clot.

It is another object of the present invention to provide the embolectomy device as defined

above, additionally comprising a corkscrew-like effecter, having a coil-like distal end,

adapted to penetrate and cross said clot.

It is another object of the present invention to provide the embolectomy device as defined

above, wherein the diameter of said helical member is variable so as to better adjust to the

diameter of said clot or said blood vessel.

It is another object of the present invention to provide the embolectomy device as defined

above, wherein said device additionally comprising:

a proximal effecter characterized by a folded configuration and an open

configuration;

a distal effecter characterized by a folded configuration and an open configuration;

said proximal effecter, in said open configuration is adapted for grasping a proximal

portion of said clot; said proximal effecter, in said open configuration is adapted for

grasping a distal portion of said clot;

wherein both said effecters, when open, are oppositely positioned and are adapted to

operate in concert, for trapping said clot such that said clot is (i) manipulatable along



and/or around the main longitudinal axis of said blood vessel; and, (U) extracted out

of said blood vessel.

It is another object of the present invention to provide the embolectomy device as defined

above, wherein said distal effecter is operative to cross said clot in said FOLDED configuration

and then to be expanded to an OPEN configuration.

It is another object of the present invention to provide the embolectomy device as defined

above, wherein said distal effecter is operative to self-expand from its FOLDED configuration

to its OPEN configuration.

It is another object of the present invention to provide the embolectomy device as defined

above, wherein said distal effecter is incorporated or otherwise connected with said proximal

effecter to form a single effecter.

It is another object of the present invention to provide the embolectomy device as defined

above, wherein said angle A ranges from about 0 degrees to about 180 degrees.

It is another object of the present invention to provide the embolectomy device as defined

above, additionally comprising aspiration means.

It is another object of the present invention to provide the embolectomy device as defined

above, wherein at least one of said loops and/or said mesh-like net is coated with lubricious

polymeric material selected from hydrophilic polymer material.

It is another object of the present invention to provide the embolectomy device as defined

above, wherein said spring-like helical member is characterized by single, double, or triple

pitch.

It is another object of the present invention to provide the embolectomy device as defined

above, wherein the cross section of at least one of said loops and/or said mesh-like net varies.

It is another object of the present invention to provide a method for removing a clot from

blood vessel. The method comprising steps selected inter alia from:

i. obtaining an embolectomy device comprising:

a. an endless wire coupled to a spring-like helical member

having a plurality of loops; said loops are positioned at

an angle A relatively to the main longitudinal axis of

said blood vessel;

b . a tubular mesh-like net;

ii. integrating said spring-like helical member with said tubular mesh-like

net;



iii. approximating said clot;

iv. rotating said helical member;

v. radially encircling at least a portion of the outer circumference of said

clot by said plurality of loops;

vi. entrapping said clot confined within said loops;

vii. inserting said confined clot into said tubular mesh-like net;

viii. extracting said clot confined within said loops and said mesh-like net

from said blood vessel;

wherein said step of entrapping said clot confined within said loops by said tubular

mesh-like net exerts radial compression forces and longitudinal shearing forces on

said clot such that the tendency of said clot to fragment is mitigated.

It is another object of the present invention to provide the method as defined above,

additionally comprising step of selecting the material of said mesh-like net from a group

consisting of woven fabrics, non-woven fabrics, gauze-like fabrics, materials having multiple

openings, and fluid-permeable membranes or any combination thereof.

It is another object of the present invention to provide the method as defined above,

additionally comprising step of integrating said spring-like helical member to said tubular

mesh-like net.

It is another object of the present invention to provide the method as defined above,

additionally comprising step of configuring the distal portion of said mesh-like net to switch

from an expended-configuration to a restricted-configuration; said expended-configuration is

operative to allow insertion of at least a portion of a target clot into said mesh-like net's distal

portion; and said restricted configuration is operative to retain said clot within said mesh-like

net.

It is another object of the present invention to provide the method as defined above,

additionally comprising step of configuring said mesh-like net to self-expand from said

expended-configuration to said restricted-configuration.

It is another object of the present invention to provide the method as defined above,

additionally comprising step of retaining at least a portion of the target clot within said mesh-

like net.

It is another object of the present invention to provide the method as defined above,

additionally comprising step of applying vibration on said clot.



It is another object of the present invention to provide the method as defined above,

additionally comprising step of grasping (i) the proximal portion of said clot via a proximal

effecter characterized by a FOLDED configuration and an OPEN configuration; and, (ii) the

distal portion of said clot via a distal effecter characterized by a FOLDED configuration and an

OPEN configuration; such that said clot is, when grasped by said effecters in said open

configuration, is manipulatable along and/or around the main longitudinal axis of said blood

vessel.

It is another object of the present invention to provide the method as defined above,

additionally comprising steps of crossing said clot via said distal effecter in said FOLDED

configuration; and, expanding to said OPEN configuration.

It is another object of the present invention to provide the method as defined above,

additionally comprising step of configuring said distal effecter to self-expand from its FOLDED

configuration to its OPEN configuration.

It is another object of the present invention to provide the method as defined above,

additionally comprising step of incorporating said distal effecter with said proximal effecter to

form a single effecter.

It is another object of the present invention to provide the method as defined above,

additionally comprising step of selected the cross sectional area of said helical member from a

group consisting of circular, oval, round, square, rectangular, triangular, regular or irregular

shapes, or any combination thereof.

It is another object of the present invention to provide the method as defined above,

additionally comprising step of adjusting the diameter of said loops to the diameter of said

clot.

It is another object of the present invention to provide the method as defined above,

additionally comprising step of penetrating and crossing said clot via a corkscrew-like effecter.

It is another object of the present invention to provide the method as defined above,

additionally comprising step of selecting said angle A to be higher than about 0 degrees and

lower than about 180 degrees.

It is another object of the present invention to provide the method as defined above,

additionally comprising step of applying vibration on said clot.

It is another object of the present invention to provide the method as defined above,

additionally comprising step of coating said loops and/or said mesh-like net with lubricious

polymeric material selected from hydrophilic polymer material.



It is another object of the present invention to provide the method as defined above,

additionally comprising step of coupling said spring-like helical member to said mesh-like net.

It is another object of the present invention to provide a method for removing a clot from

blood vessel. The method comprising steps selected inter alia from:

i. obtaining an embolectomy device comprising:

a. an endless wire coupled to a spring-like helical member

having a plurality of loops; said loops are positioned at

an angle A relatively to the main longitudinal axis of

said blood vessel;

b. a tubular mesh-like net;

ii. integrating said spring-like helical member with said tubular mesh-like

net;

iii. rotating said helical member to approximate said clot whilst

simultaneously approximating said mesh-like net to said clot;

iv. radially encircling at least a portion of the outer circumference of said

clot by said plurality of loops whilst simultaneously entrapping said

clot, confined within said loops, within said mesh-like net; and,

v. extracting said mesh-like net from said blood vessel;

wherein said step of entrapping said clot confined within said loops by said tubular

mesh-like net exerts radial compression forces and longitudinal shearing forces on

said clot such that the tendency of said clot to fragment is mitigated.

It is another object of the present invention to provide the method as defined above,

additionally comprising step of selecting the material of said mesh-like net from a group

consisting of woven fabrics, non-woven fabrics, gauze-like fabrics, materials having multiple

openings, and fluid-permeable membranes or any combination thereof.

It is another object of the present invention to provide the method as defined above,

additionally comprising step of integrating said spring-like helical member to said tubular

mesh-like net.

It is another object of the present invention to provide the method as defined above,

additionally comprising step of configuring the distal portion of said mesh-like net to switch

from an expended-configuration to a restricted-configuration; said expended-configuration is



operative to allow insertion of at least a portion of a target clot into said mesh-like net's distal

portion; and said restricted configuration is operative to retain said clot within said mesh-like

net.

It is another object of the present invention to provide the method as defined above,

additionally comprising step of configuring said mesh-like net to self-expand from said

expended-configuration to said restricted-configuration.

It is another object of the present invention to provide the method as defined above,

additionally comprising step of retaining at least a portion of the target clot within said mesh-

like net.

It is another object of the present invention to provide the method as defined above,

additionally comprising step of applying vibration on said clot.

It is another object of the present invention to provide the method as defined above,

additionally comprising step of grasping (i) the proximal portion of said clot via a proximal

effecter characterized by a FOLDED configuration and an OPEN configuration; and, (ii) the

distal portion of said clot via a distal effecter characterized by a FOLDED configuration and an

OPEN configuration; such that said clot is, when grasped by said effecters in said open

configuration, is manipulatable along and/or around the main longitudinal axis of said blood

vessel.

It is another object of the present invention to provide the method as defined above,

additionally comprising steps of crossing said clot via said distal effecter in said FOLDED

configuration; and, expanding to said OPEN configuration.

It is another object of the present invention to provide the method as defined above,

additionally comprising step of configuring said distal effecter to self-expand from its FOLDED

configuration to its OPEN configuration.

It is another object of the present invention to provide the method as defined above,

additionally comprising step of incorporating said distal effecter with said proximal effecter to

form a single effecter.

It is another object of the present invention to provide the method as defined above,

additionally comprising step of selected the cross sectional area of said helical member from a

group consisting of circular, oval, round, square, rectangular, triangular, regular or irregular

shapes, or any combination thereof.

It is another object of the present invention to provide the method as defined above,

additionally comprising step of adjusting the diameter of said loops to the diameter of said

clot.



It is another object of the present invention to provide the method as defined above,

additionally comprising step of penetrating and crossing said clot via a corkscrew-like effecter.

It is another object of the present invention to provide the method as defined above,

additionally comprising step of selecting said angle A to be higher than about 0 degrees and

lower than about 180 degrees.

It is another object of the present invention to provide the method as defined above,

additionally comprising step of applying vibration on said clot.

It is another object of the present invention to provide the method as defined above,

additionally comprising step of coating said loops and/or said mesh-like net with lubricious

polymeric material selected from hydrophilic polymer material.

It is another object of the present invention to provide the method as defined above,

additionally comprising step of coupling said spring-like helical member to said mesh-like net.

It is another object of the present invention to provide a method for removing a clot from

blood vessel. The method comprising steps selected inter alia from:

i. obtaining an embolectomy device comprising:

a. an endless wire coupled to a spring-like helical member

having a plurality of loops; said loops are positioned at

an angle A relatively to the main longitudinal axis of

said blood vessel;

b. a tubular mesh-like net;

ii. integrating said spring-like helical member with said tubular mesh-like

net;

iii. approximating said clot;

iv. _entrapping said clot via said mesh-like net;

v. rotating said helical member thereby radially encircling at least a

portion of the outer circumference of said clot by said plurality of

loops;

vi. extracting said mesh-like net from said blood vessel;

wherein said step of radially encircling at least a portion of the outer circumference of

said clot by said plurality of loops exerts radial compression forces and longitudinal

shearing forces on said clot such that the tendency of said clot to fragment is mitigated.



It is another object of the present invention to provide the method as defined above,

additionally comprising step of selecting the material of said mesh-like net from a group

consisting of woven fabrics, non-woven fabrics, gauze-like fabrics, materials having multiple

openings, and fluid-permeable membranes or any combination thereof.

It is another object of the present invention to provide the method as defined above,

additionally comprising step of configuring the distal portion of said mesh-like net to switch

from an expended-configuration to a restricted-configuration; said expended-configuration is

operative to allow insertion of at least a portion of a target clot into said mesh-like net's distal

portion; and said restricted configuration is operative to retain said clot within said mesh-like

net.

It is another object of the present invention to provide the method as defined above,

additionally comprising step of integrating said spring-like helical member to said tubular

mesh-like net.

It is another object of the present invention to provide the method as defined above,

additionally comprising step of configuring said mesh-like net to self-expand from said

expended-configuration to said restricted-configuration.

It is another object of the present invention to provide the method as defined above,

additionally comprising step of retaining at least a portion of the target clot within said mesh-

like net.

It is another object of the present invention to provide the method as defined above,

additionally comprising step of applying vibration on said clot.

It is another object of the present invention to provide the method as defined above,

additionally comprising step of grasping (i) the proximal portion of said clot via a proximal

effecter characterized by a FOLDED configuration and an OPEN configuration; and, (ii) the

distal portion of said clot via a distal effecter characterized by a FOLDED configuration and an

OPEN configuration; such that said clot is, when grasped by said effecters in said open

configuration, is manipulatable along and/or around the main longitudinal axis of said blood

vessel.

It is another object of the present invention to provide the method as defined above,

additionally comprising steps of crossing said clot via said distal effecter in said FOLDED

configuration; and, expanding to said OPEN configuration.

It is another object of the present invention to provide the method as defined above,

additionally comprising step of configuring said distal effecter to self-expand from its FOLDED

configuration to its OPEN configuration.



It is another object of the present invention to provide the method as defined above,

additionally comprising step of incorporating said distal effecter with said proximal effecter to

form a single effecter.

It is another object of the present invention to provide the method as defined above,

additionally comprising step of selected the cross sectional area of said helical member from a

group consisting of circular, oval, round, square, rectangular, triangular, regular or irregular

shapes, or any combination thereof.

It is another object of the present invention to provide the method as defined above,

additionally comprising step of adjusting the diameter of said loops to the diameter of said

clot.

It is another object of the present invention to provide the method as defined above,

additionally comprising step of penetrating and crossing said clot via a corkscrew-like effecter.

It is another object of the present invention to provide the method as defined above,

additionally comprising step of selecting said angle A to be higher than about 0 degrees and

lower than about 180 degrees.

It is another object of the present invention to provide the method as defined above,

additionally comprising step of applying vibration on said clot.

It is still an object of the present invention to provide the method as defined above,

additionally comprising step of coating said loops and/or said mesh-like net with lubricious

polymeric material selected from hydrophilic polymer material.

It is lastly an object of the present invention to provide the method as defined above,

additionally comprising step of coupling said spring-like helical member to said mesh-like net.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure Ia illustrates an out-of-scale manner a schematic view (cross section) of the device

according to a preferred embodiment of the present invention.

Figures Ib-Ig illustrating an out-of-scale manner a schematic view (cross section) partially

illustrating the minimally invasive embolectomy device according to one embodiment of the

invention (namely the coil).

Figures 2a to 2e illustrate the entire device (i.e., the coil and the tubular mesh-like net) as

described by the present invention.



Figure 3a illustrates a second embodiment of the device as described by the present invention

in which an inner corkscrew-like effecter is utilized.

Figures 4a-4c illustrating the rotatable spring-like helical effecter integrated with the tubular

mesh-like net.

Figures 5a-5k illustrate an embodiment in which the device additionally comprising a distal

and proximal clasps.

Figure 6 is a view of an intravascular catheter according to the present invention and an

associated guide wire.

Figures 7A, 7B, 7C, illustrate another embodiment of the catheter provided by the present

invention.

Figures 8A and 8B illustrate another embodiment of the catheter provided by the present

invention.

Figures 9A and 9B illustrate another embodiment of the catheter provided by the present

invention.

Figure 1OA illustrates the rotatable spring-like helical effecter of the embolectomy device

protruding out of the catheter.

Figures HA, HB, and H C illustrate another embodiment of the catheter provided by the

present invention.

Figure 12 illustrates another embodiment of the catheter provided by the present invention.

Figure 13 illustrates another embodiment of the present invention.

Figures 14A and 14B illustrate the operation of a heat activated variation of the catheter.

Figure 15 illustrates a schematic depiction of a method of using the catheter according to one

embodiment of the present invention.

Figures 16A and 16B illustrate the embolectomy device utilizing the rotatable spring-like

helical effecter.



Figure 16C illustrates a variation of a rotating helical assembly.

Figures 17A and 17B illustrate another embodiment of the embolectomy device utilizing the

rotatable spring-like helical effecter.

Figure 17C illustrates another variation of the rotatable spring-like helical effecter.

Figures 18A-18C illustrate the distal tip of the catheter with a rotating element configured to

remove a clot as a whole from an artery.

Figure 19 shows a procedure for removing a clot using the variation shown in Figures 18A-

18C.

Figures 2OA, 20B(I), and 20B(2) show further variations of the device in which the catheter

has an expandable distal-most portion.

Figure 2 1 shows a partial cutaway side view of one variation of the expanded catheter tip.

Figure 22 shows a perspective view of the device shown on Figure 20B(2).

Figures 23A and 23B show a partial cutaway side view of the expanded catheter tip.

Figures 24 and 25show perspective views of other variations of the expanded catheter tip.

Figure 26 shows a method for using the device depicted in Figures 16A and following.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[21] The following description is provided, alongside all chapters of the present invention, to

enable any person skilled in the art to make use of said invention and sets forth the best modes

contemplated by the inventor of carrying out this invention. Various modifications, however,

will remain apparent to those skilled in the art, since the generic principles of the present

invention have been defined specifically to provide a minimally invasive implement that is

designed to restore flow in human vasculature by extraction of clots from the same, even in

distal, narrow neurovasculature.

[22] The term "crossing" refers hereinafter to act of intersecting clot and penetrating its interior.



[23] The term "about" refers hereinafter to a range of 25% below or above the referred value.

[24] The term "non-fragmented manner" refers hereinafter to extraction of clots intact i.e., the

clot is removed as a whole without the danger of fragmenting within the vasculature.

The device of the present invention is intended to be used as a flow restoration device. Even

in those instances where the clot is not or cannot be completely removed, the device of the

present invention is believed to be useful in removing the clot in a non-fragmented manner

(i.e., as a whole) and thereby permitting restoration of partial blood flow.

Furthermore, the device of the present invention is sufficiently flexible to be placed in distal

tortuous anatomy and hence is useful in treating blocking clot found there.

[25] As described, the present invention provides an embolectomy device for extracting a clot in

an intact manner from a blood vessel without fragmenting it. The device comprises an endless

wire having a distal end. The distal end comprising a spring-like helical member having a

plurality of loops. The loops are positioned at an angle A relatively to the main longitudinal

axis of said blood vessel, and radially encircle [without crossing] at least a portion of the outer

circumference of the clot. It is acknowledge that angle A ranges from about 0 degrees to

about 180 degrees, namely 90 to 180 degrees.

[26] The device also comprises a tubular mesh-like net for both enveloping the helical member and

enclosing the clot therein.

[27] By configuring the embolectomy device to contain both the mesh-like net and the spring-like

helical member - coil, the entire clot mass is confined within the mesh-like net during

reciprocal movement (i.e., extraction) of the clot, so as to provide (i) extraction of the entire

mass of the clot from the blood vessel (in a non-fragmented manner); and, (H) prevention of

re-entry of clot mass or fragments thereof into the blood vessel.

[28] Further more, by contemporaneous confining the clot within the loops and the mesh-like net,

radial compression forces and longitudinal shearing forces are exerted on said clot such that

the tendency of said clot to fragment is mitigated.

[29] Treatments for embolic occlusions include catheterization of the patient and introduction of

tissue plasminogen activator (t-PA), urokinase, or streptokinase to the site of the occlusion.

Additionally the embolic occlusion may be penetrated—often with a microcatheter—and the t-

PA or urokinase or streptokinase introduced distally of the occlusion.



[30] Reference is mow made to figure Ia illustrating an out-of-scale manner a schematic view of

the device as provided by the present invention. As can be seen from the figure, the device

comprises a rotatable spring-like helical member 2101 and a tubular mesh-like net 1100.

[31] Figures Ib-Id presenting in an out-of-scale manner a schematic view (cross section) of the

rotatable spring-like helical member 2101 used in the minimally invasive embolectomy

device according to one embodiment of the invention (the tubular mesh-like net will be

described in figures 2).

[32] The device, according to one embodiment, comprises a rotatable spring-like helical member,

adapted to grasp and separate the clot from the artery wall and extracts it from outside of the

artery. The helical member comprises a plurality of loops which are positioned at an angle A

relatively to the main longitudinal axis of said blood vessel. It is acknowledged that angle A

ranges from about 0 degrees to about 180 degrees, namely 90 to 180 degrees.

[33] Said grasping and separating is performed by spiral-like encircling (i.e., enveloping, without

crossing) of at least a portion of the outer circumference of the clot by the plurality of loops.

The encircling is performed without intersecting or crossing the clot; and by manipulating the

clot reciprocally and/or rotationally with respect to the main longitudinal axis.

[34] Such a feature of extracting a clot without crossing it is highly desired for enabling an

extraction in an intact manner of the clot (i.e., extraction of the clot's entire mass; in a non

fragmented manner).

[35] Crumbling of the clot may occur when the clot is crossed (i.e., intersected), and fragments

can be left within the blood vessel.

[36] The device additionally comprises a tubular mesh-like net (as illustrated in the following

figures, namely figure 2) for both enveloping the helical member and enclosing the clot

therein. The mesh-like net enables extraction of the entire clot mass during the extraction in a

non fragmented manner, such that reentry of clot mass or fragments thereof into said blood

vessel is prevented.

[37] The mesh-like net (as will be described hereinafter) may have several features, e.g.,

mechanical, chemical, thermal, etc., allowing it to engage a clot or embolism. The mesh-like

net may also be in communication with a vacuum source allowing enhanced grasp of the clot

or embolism for removal or other treatment. The mesh-like net may be used with a guidewire

to direct the catheter to the site of the clot or clot.



[38] In light of that, the shaft of the mesh-like net is hollow so as to enable introduction of wires.

[39] According to some embodiments, the spring-like helical member may include one or more

distally located, protrusions for assisting in the separation of the clot or embolism from the

wall of the artery.

[40] According to other embodiment, the spring-like helical member and/or the mesh-like net may

comprise means for applying vibration on the clot so as to facilitate its extraction.

[41] As a matter of practical experience, a large proportion of emboli sloughed into the brain are

seldom longer than about 1.5 centimeters and, for a variety of reasons both physiological and

hemodynamic, often settle in the middle cerebral artery (MCA). The path from the site of

origin of a traveling clot —often the heart— to the MCA is via the common carotid artery past

the branch point forming the external and internal carotid arteries into the internal carotid

artery (ICA). The MCA is generally considered to be the continuation and termination of the

ICA past the siphon and pat the branching of a variety of other arteries, e.g., the ophthalmic

artery, the anterior communicating artery, , and others.

[42] The etiology of such an occlusion is varied, varying, and complicated. Treatments for such

embolic occlusions include catheterization of the patient and introduction of tissue

plasminogen activator (t-PA), urokinase, or streptokinase to the site of the occlusion.

Additionally the embolic occlusion may be penetrated or crossed.

[43] As described above, the device of the present invention is intended to be used in removing

clots or at least recanalizing (at least partially) occluded vascular lumen.

[44] Reference is made again to figure Ib presenting in an out-of-scale manner a schematic view

(cross section) of a minimally invasive embolectomy device according to one embodiment of

the invention.

[45] We will first illustrate the grasping of the clot by means of the wire having a plurality of loops

and then the extraction of the grasped clot by the mesh-like net.

[46] As described above, the device is designed to extract clot (1010) found in the human

vasculature (1020), particularly in the distal, tortuous neurovasculature with a low or

minimized pulling or extractive force outside the body of the patient.

[47] The device comprises an endless wire ( 116) having a distal end (2102). The distal end

comprising a spring-like helical member (2101) for capturing the clot (1010). The helical



member comprising a plurality of loops (2201) positioned at an angle A relatively to the main

longitudinal axis (as illustrated in the figure as B) of the blood vessel (1020).

[48] The loops radially encircling at least a portion of the outer circumference of the clot (1010).

It is acknowledged that angle A ranges from about 0 degrees to about 180 degrees, namely 90

to 180 degrees.

[49] It should be emphasized that the plurality of loops (2201) effectively separates the clot from

its outer surface without crossing the clot.

[50] Hence, the loops are configured to (i) spirally encircle (e.g., envelope) the clot without

intersecting and crossing the clot; and, (ii) manipulate said clot reciprocally and/or

rotationally with respect to the main longitudinal axis of the clot; such that its separation

from the internal wall of the vessel is facilitated.

[51] The loops warp the outer circumference of the clot, and apply a preset and well directed force,

to grasp the clot in a vector which is approximately parallel to its main longitudinal axis,

namely a force applied from and towards the clot's distal and/or proximal poles.

[52] Reference is thus made to figure Ic which illustrates the manipulation that can be exerted on

the clot by the loops. The endless wire, as described above, is characterized by a distal spool

(spring-like) portion. By applying rotational maneuvers and/or linear reciprocating movement

(1031 and 1041, respectively), clot 1010 reciprocated and/or circularly actuateed (1040 and

1030, respectively), until it is separated from vascular wall 1020.

[53] Consequently, as illustrated in figure Id, working wire is pulling the clot into a standard

catheter, which in return extracts it from outside of the body.

[54] As mentioned above, the loops are positioned at an angle A relatively to the main longitudinal

axis of the blood vessel (1020) and angle A ranges from about 0 degrees to about 180 degrees,

namely 90 to 180 degrees.

[55] Figures Ie-Ih illustrate a clot encircled by said plurality of loops at different angles.

[56] According to one embodiment, the coil tips that can be utilized is selected from a group

consisting of a loop at the end, a bulge or any combination thereof.

[57] As described above, the device also comprises a tubular mesh-like net which is an essential

member of the device. The mesh-like net will be described hereinafter.

[58] Reference is now made to figure 2a which illustrates the tubular mesh-like net 1100.



[59] According to one embodiment of the present invention, once the clot (1010) has been

separated from the vascular wall and encircled by the loops, it is inserted within the tubular

mesh-like net ( 1100) via its distal inlet ( 1101), as see figure 2a. therefore, the clot is first

confined by the loops and only then encircled by the mesh-like tubular net.

[60] According to another embodiment, the clot is simultaneously encircled by the loops and

entrapped by the mesh-like net, according to yet another embodiment, the clot is first

entrapped by the mesh-like net and only then it is encircled by the loops.

[61] In each of the above described embodiments the device is adapted to (i) reversibly envelope

and grasp clot (1010) (via the loops and the mesh-like net) and, in doing so, separates the clot

from the vascular wall; and then, (U) when clot (1010) is secured within mesh-like net ( 1100)

and the loops, extracting the enveloped clot form within the body outside the body.

[62] Hence, the device is useful to (i) free the clot from its surrounding vascular wall by applying

reciprocal/rotational maneuvers; (ii) enforce the clot towards the mesh-like net's distal inlet in

a safe manner, i.e., in a way the clot does not break to small pieces and does not escape, i.e.,

as a whole; and (iii), position the clot, as is, within the mesh-like net in a safe manner, i.e., in

a way in which the clot does not disengage to small pieces and does not escape, as a whole,

downstream away from the mesh-like net.

[63] It is emphasized that when the clot is contemporaneously confined within the loops and the

mesh-like net, radial compression forces and longitudinal shearing forces are exerted on the

clot, such that the tendency of said clot to fragment mitigates.

[64] Reference is now made to figure 2b illustrating different embodiments of the mesh-like net.

According to one embodiment of the invention, the distal inlet of the mesh-like net ( 1101) is a

constricting sphincter-like orifice. The diameter of orifice is regulated, e.g., by means of

operating wires 1011 and 1012, by electrical charge (in case of Nitinol made sphincters) by

electro-active polymers, by temperature (e.g., heat in case of Nitinol made sphincters) etc.

[65] By pulling wires 101 1 and 1012, or by activating the distal portion of the mesh-like net 1010,

the diameter of the orifice is reduced, e.g., from open configuration 1013 to semi close

configuration 1014 (see figure 2c), or to a totally close configuration (not shown here).

[66] According to another embodiment of the invention, all operating wires are pulled (1050) and

clasped clot 1500, now free from its native vascular wall 1020 is pulled via predetermined

track 1021 outside of the patent body (see figure 2d).



[67] Reference is now made to figure 2e illustrating the key innovation of the present invention.

According to the present invention, two combined forces are applied on said clot once said

clot is contemporaneous confined within the loops and the mesh-like net:

[68] (a) radial compression forces applied by the mesh-like net 3001 ; and,

[69] (b) longitudinal shearing forces applied by the loops 3002. As described above, the loops

warp the outer circumference of the clot, and apply a preset and well directed force, to grasp

the clot in a vector which is approximately parallel to its main longitudinal axis, namely a

force applied from and towards the clot's distal and/or proximal poles.

[70] The combination of said two forces exerted on the clot mitigates tendency of the clot to

fragment, such that it can be extracted from the blood vessel wholly (i.e., its entire mass is

extracted).

[71] It should be emphasized that the force is applied locally, i.e., no stress is applied on adjunctive

vessels.

[72] When one pulls or compress an object, a plurality of tearing points will be created within said

object. The main feature of the present invention lies in the fact that the combination of the

two forces mitigates any tearing that might occur as a result of massive compression or

pulling forces.

[73] It is according to yet another embodiment of the invention wherein an inner-coil assembly is

utilized.

[74] Reference is now made to figure 3a, in which the device additionally comprising a corkscrew-

like effecter 118, having a coil-like 2002 distal end, adapted to effectively anchor the clot

from its inner portion, and an endless wire 2001 which terminates in a operating portion 2003

of the effecter, locate in the very proximal end, namely outside the body of the patient.

[75] It is in the scope of the invention wherein the corkscrew-like effecter is utilized either with or

without the rotatable spring-like helical effecter.

[76] It is acknowledge that sequence of grabbing and extracting the clot via the mesh-like net, the

loops (of the spring-like helical member), and the corkscrew-like effecter can be varied.

[77] According to' another embodiment of the present invention each of the above described loops

can additionally comprise vibration means can be utilized to assist in removing the clot from

the vascular wall.



[78] According to another embodiment, aspiration can be applied to assist in the separation and

extraction of the clot from the vessel.

[79] According to another embodiment, the endless wire and/or the spring-like helical member

and/or the mesh-like net are coated with lubricious polymeric material such as a hydrophilic

polymer material, e.g., one containing polyvinylpyrrolidone.

[80] According to another embodiment, the endless wire and/or the spring-like helical member

and/or the mesh-like net may have multiple polymeric layers and include woven braids, flat

ribbon coils, or wire coils between those layers to provide stiffness, kink resistance, etc.

[81] According to another embodiment, the endless wire and/or the spring-like helical member

and/or the mesh-like net are characterized by a varied diameter so as to better fit the clot.

[82] According to another embodiment, the endless wire and/or the spring-like helical member

and/or the mesh-like net are characterized by several different diameters along its length so as

to better fit the clot

[83] Reference is now made to figures 4a-4c illustrating the wire and loops integrated with the

tubular mesh-like net (see figure 4a); solely the wire and loops (see figure 4b); and, solely the

tubular mesh-like net (see figure 4c).

[84] It is acknowledge that there are numerous operating modes of the device:

[85] First mode

[86] (a) the clot is approximated by the integrated spring-like helical member and mesh-like net;

[87] (b) the spring-like helical member protrudes out of the distal end of the device;

[88] (c) the spring-like helical member is rotated such that at least a portion of the outer

circumference of the clot is encircled by the plurality of loops and confined within the same;

[89] (d)the spring-like helical member confining at least a portion of the clot is pulled and inserted

into the tubular mesh-like net; and,

[90] (e) the mesh-like net is extracted from the blood vessel in a non fragmented manner (i.e., the

entire mass of the clot is extracted);

[91] (f) the device together with the clot are removed from the body.

[92] Second mode



[93] (a) the clot is approximated by the integrated spring-like helical member and tubular mesh-

like net;

[94] (b) the spring-like helical member is rotated to approximate the clot whilst simultaneously the

tubular mesh-like net approximates the same;

[95] (c) as a result of such rotation, at least a portion of the outer circumference of the clot is

encircled by the plurality of loops and confined within the loops and the mesh-like net; and,

[96] (d) the mesh-like net confining the loops (which encircles the clot) is extracted from the blood

vessel in a non fragmented manner (i.e., the entire mass of the clot is extracted).

[97] Third mode

[98] (a) the clot is approximated by the integrated spring-like helical member and mesh-like net;

[99] (b) the tubular mesh-like net protrudes out of the distal end of the device and enclose the clot;

[100] (c) the spring-like helical member protrudes out of the distal end of the device;

[101] (d) the spring-like helical member is rotated such that at least a portion of the outer

circumference of the clot is encircled by the plurality of loops and confined within the same;

and,

[102] (e) the mesh-like net is extracted from the blood vessel in a non fragmented manner (i.e., the

entire mass of the clot is extracted).

[ 103] Additionally, as described above, the clot can be crossed via the corkscrew-like effecter 118.

[104] Reference is now made to another embodiment of the present invention, according to which

the device additionally comprising between two opposing, multi-element collection

assemblies, i.e., distal clasp and proximal clasp. The two clasps combined with the spring-like

helical member will extract the clot with a low or minimized pulling or extractive force in an

intact manner (i.e., the entire clot is extracted from the body).

[105] Reference is now made to figures 5a-5k illustrating said embodiment combining a distal and

proximal clasp together with the spring-like helical member.

[106] Figure 5a illustrates the spring-like helical member (2101) and the plurality of loops (2201),

which are positioned at an angle A relatively to the main longitudinal axis of the blood vessel

1020. It is acknowledged that angle A ranges from about 0 degrees to about 180 degrees.



[107] The combined device is adapted to (i) reversibly grasp a clot (1010) between two opposing,

multi-element collection assemblies, i.e., distal clasp (1300) and proximal clasp (1400) and,

confined within the plurality of loops. In doing so, the clot is separated from the vascular wall.

The device is also adapted to (H) insert the clot (1010) within of mesh-like net (1100, see

figure 5b) via it's the distal inlet ( 1 101); and then///#,when clot (1010) is secured within

mesh-like net ( 1100), extracting enveloped clot form within the body.

[108] The following disclosure discloses the operation of the clasps. It should be emphasized that

the claps can be activated prior to, during or after the clot has been grasped by the spring-like

helical member (2101).

[109] The following figures demonstrate the activation of the claps after the clot has been

encapsulated via the loops (2201) of the spring-like helical member (2101). However, as

mentioned above the clot can be grasped by the claps prior to or simultaneously being

encapsulated by the loops.

[110] Figure 5b illustrates a clot (1010) in an occluded vascular lumen (1020). A mesh-like net-like

graft ( 1100) is inserted within lumen (1020), e.g., in a percutaneous manner, such that its

distal end is located adjacent the clot. Guidewire 1200, operated from its proximal portion

(1201), is inserted through the mesh-like net ( 1100) and manipulated to cross the clot, e.g., by

means of an effecter 1210 located in its very distal end. The effecter is selected, in a non-

limiting manner, from a group consisting of a coil-like, screw-like or drill-like head,

reciprocally and/or rotatably operated in one or by a sequence of maneuvers.

[I l l ] According to one possible embodiment of the invention, a small-diameter bore (1013) is

provided within clot (1010). According to yet another embodiment, guidewire (1200) crosses

the clot without forming a noticeable bore.

[ 112] Figure 5c illustrates yet another embodiment of the invention, wherein distal clasp (1300) is

reversibly folded to a thin arrow-like member, crossing the clot by means of a guidewire.

According to this embodiment, distal clasp (1300) has a FOLDED-configuration, e.g., an

arrow-like spiral wound or otherwise collapsed member of a respectively thin cross section

and narrow circumference; and an OPEN-configuration, e.g., a canopy, cymbal or mesh-like

net-like member of a wider cross section and longer circumference. The endless guidewire

1013 is operated in its proximal portion (1320) outside the body of patient, and exceeds to the

clot's distal end (1310).



[113] Figure 5d illustrates the distal clasp (1300) in its OPEN configuration. The diameter of the

clasp, in this illustration, is adapted to fit in size and shape the inner diameter of the blood

vessel 1020. Figure 5e illustrates both distal clasp (1300) and proximal clasp (1400) in their

OPEN configuration. Distal clasp and proximal clasp are manipulated by means of at least

one operating wires 1310 and 1410, respectively.

[ 114] Figure 5f illustrates a possible mode of action of the device especially adapted to (i) reversibly

grasp clot (1010) between the two opposing distal clasp (1300) and proximal clasp (1400) and

confined within the loops of the spring-like helical member.

[ 115] One or both of the clasps are manipulated, e.g., either linearly (1041) or rotatably (1031) by

means of operating wires in, e.g., (i) a single reciprocal stroke along the long longitudinal axis

of the blood vessel, wherein clot is maneuvered in a reciprocate facilitated motion (1040); (H)

a set of reciprocal motions, for example in-and-out opposite motions, a vibrating set of

reciprocal motions, etc.; (Hi) a single rotating stroke around the long longitudinal axis of the

blood vessel, wherein clot is maneuvered in a circle facilitated motion (1030); (iv) a set of

rotational motions, for example circular opposite motions, a vibrating set of circular motions,

etc.; and (v)any combination of the same. By those maneuvers, the clot is separated from the

vascular wall 1020.

[ 116] Figure 5g illustrates the step wherein clot (1010) which was separated from the vascular wall

is inserted within mesh-like net ( 1100) via its distal inlet ( 1101), by pulling distal clasp (1300)

inside the mesh-like net.

[117] Figures 5h and 5i illustrate each a secured physical conjugate of an enveloping mesh-like net

1100, containing distal and proximal clasps (1300 and 1400, respectively) and the loops of the

spring-like helical member that immobilize clot 1010 within the structure.

[118] According to annother embodiment of the invention, distal inlet of the mesh-like net ( 1101) is

a constricting sphincter-like orifice. The diameter of orifice is regulated, e.g., by means of

operating wires 1011 and 1012, by electrical charge (in case of Nitinol made sphincters) by

electro-active polymers etc. By pulling wires 101 1 and 1012, or by activating the distal

portion of the mesh-like net 1010, the diameter of the orifice is reduced, e.g., from open

configuration 1013 to semi close configuration 1014, or to a totally close configuration (not

shown here).

[119] Figure 5j illustrates the last step, in which the enveloped clot (see conjugate 1500) is safely

extracted form within the body outside the body. According to another embodiment of the



invention, all operating wires are pulled (1050) and clasped clot 1500, now free from its

native vascular wall 1020 is pulled via predetermined track 1021 outside of the patient's body.

[120] It is according to yet another embodiment of the invention wherein an inner-coil assembly is

utilized. Reference is now made to figure 5k, presenting a corkscrew-like effecter (as

described above), having a coil-like distal end (5002), adapted to effectively anchor the clot

from its inner portion, and an endless wire (5001) which is terminated in a operating portion

of the effecter, locate in the very proximal end (5003), namely outside the body of the patient.

[121] It is acknowledged in this respect that distal and proximal clasps as defined in any of the

above are provided useful to effectively clasp a clot from its both distal and proximal surfaces

in an opposite cymbal-stroking coordinated manner and thus to (i) free the clot from its

surrounding vascular wall by applying reciprocal/rotational maneuvers; (H) enforce the clot

towards the mesh-like net's distal inlet in a safe manner, i.e., in a way the clot does not

disengage to small pieces and does not escape, as a whole, downstream away from the mesh-

like net; and (Hi), positioned the clot, as is, within the mesh-like net and providing a proximal-

distal structural clot-grasping element in a safe manner, i.e., in a way the clot does not

disengage to small pieces and does not escape, as a whole, downstream away from the mesh-

like net.

[122] The claps combined with the plurality of loops of the spring-like helical member further

provide a better grasping of the clot so as to provide a full extraction.

[123] It is acknowledged that each and both the corkscrew-like effecter implanted within the clot,

and the spring-like helical member warping the outer circumference of the same, are adapted

to apply a preset and well directed force, and to grasp the clot in a vector which is

approximately parallel to its main longitudinal axis, namely a force applied from and towards

the clot's distal and/or proximal poles. Hence, both internal and external coils are provided

useful to (i) free the clot from its surrounding vascular wall by applying reciprocal/rotational

maneuvers; (ii) enforce the clot towards the mesh-like net's distal inlet in a safe manner, i.e.,

in a way the clot does not disengage to small pieces and does not escape, as a whole,

downstream away from the mesh-like net; and (iii), positioned the clot, as is, within the mesh-

like net and providing a proximal-distal structural clot-grasping element in a safe manner, i.e.,

in a way the clot does not disengage to small pieces and does not escape, as a whole,

downstream away from the mesh-like net.



[124] It should be emphasized that the combined device (i.e., containing both the spring-like helical

member having a plurality of loops and the distal and proximal claps) may operate by

different modes of operations (i) first encircling the clot by the loops and mesh-like net; then

grasping the same by the claps; (ii) first grasping the clot by the claps and then encircling the

same via the loops and mesh-like net; or, (iii) simultaneously grasping the clot by the claps

and encircling the same via the loops and mesh-like net.

[125] It should be pointed out that both the spring-like helical member (and hence the loops) and the

tubular mesh-like net are characterized by elastic mechanical properties which enables them

to contract and hence to apply pressure on the clot.

[126] According to another embodiment of the present invention, an especially dedicated catheter is

provided. Said dedicated catheter which will be discussed hereinafter. This catheter system

comprises several important sections that may be used cooperatively together with the above

mentioned tubular mesh-like net and/or the above mentioned spring-like helical member.

Alternatively it may be provided as a stand alone device.

[127] Reference is now made to figure 6 illustrating an intravascular catheter (102) that may have

the distal clot-engaging features.

[128] Also shown in the figure a guidewire (114) that may be used to direct the intravascular

catheter (102) to the target site. Typically, such an intravascular catheter (102), when used in

the neurovasculature, is a microcatheter that may be made up of a number of sections (104,

106, 108, 110) of different flexibilities.

[129] The more-distal sections are typically more flexible and often have decreasing diameters. The

most distal section ( 110) of a suitable microcatheter may be, for instance, 2.0-5.OF, 2.5-3.5F.

The distal end of the catheter (102) often includes a radio-opaque marker ( 112).

[130] The catheters may be produced from a variety of materials. Catheters produced by integrating

layers of different compositions to achieve specific results are also well known. For instance,

providing a thin inner layer of a lubricious polymer (including fluoropolymers such as

polytetrafluoroethylene (PTFE or TFE), ethylene-chlorofluoroethylene (ECTFE), fluorinated

ethylene propylene (FEP), polychlorotrifluoroethylene (PCTFE), polyvinylfluoride (PVF), or

polyvinylidenefluoride (PVDF)) to allow easy movement of guidewires is appropriate. Other

appropriate inner liner materials include polyethylene, polypropylene, polyvinyl chloride

(PVC), ethyl vinyl acetate (EVA), polyurethanes, polyamides, polyethylene terephthalate

(PET), and their mixtures and copolymers. Outer coverings of polyethylene or of EVA or



their mixtures, copolymers, etc. or thermoplastic elastomers, including those containing

polyesters as components, such as HYTREL are useful.

[131] A variety of other polymers may be used, depending upon the use to which the catheter

section is placed. For instance, if the section is a proximal section, stiffer polymers such as

polyimides, polyamides (such as the Nylons), high density polyethylene (HDPE),

polypropylene, polyvinylchloride, various fluorocarbon polymers (for instance: PTFE, FEP,

vinylidene fluoride, their mixtures, alloys, copolymers, block copolymers, etc.), polysulfones,

or the like, are appropriate. Blends, alloys, mixtures, copolymers and block copolymers of

these materials are also suitable if desired.

[132] If a more flexible section is required, those sections may comprise a more flexible material

such as polyurethanes, low density polyethylene (LDPE), polyvinylchloride, THV, etc. and

other polymers of suitable softness or a modulus of elasticity.

[133] Each of the polymers noted herein may be used in conjunction with radio-opaque filler

materials such as barium sulfate, bismuth trioxide, bismuth carbonate, powdered tungsten,

powdered tantalum, or the like so that the location of various portions of the catheter sections

may be radiographically visualized within the human body.

[134] The catheters may have multiple polymeric layers and include woven braids, flat ribbon coils,

or wire coils between those layers to provide stiffness, kink resistance, etc.

[135] The catheter may be covered or coated with a lubricious polymeric material such as a

hydrophilic polymer material, e.g., one containing polyvinylpyrrolidone.

[136] An endless wire ( 116) is coupled to a spring-like helical member having a plurality of loops is

used.

[137] A suitable guidewire ( 114) may be used to deliver the distal end of the catheter (102) to a site

proximate to the clot. If the endless wire (116) is not used, the guidewire (114) is then

removed from the catheter (102) and the vacuum source ( 118) attached to aspirate the clot.

[138] The endless wire ( 116) may be used with intravascular catheter (102) having distal features

for engaging a clot or a catheter not having those features.

[139] In any case, the spring-like helical member, namely the loops, of the endless wire (116) may

be inserted in the catheter and rotated to draw the clot inside the catheter.

[140] Figure 7A shows a close-up, side-view of the distal end (130) of one variation of the catheter

(102). A radio-opaque marker band (132) is also shown.



[141] Reference is now made to figure 7B illustrating another embodiment, according to which, a

set of hooks (134) are extended from the distal end of the catheter when its in a position

adjacent a clot. Said hooks are provided in order to engage with the clot, e.g., by penetrating

the clot and hence alleviate its release from the vessel.

[142] It should be mentioned that a vacuum may be applied through the catheter lumen.

[143] Figure 7C shows a perspective view of the distal end (130) showing the hooks (134). In this

view, all the hooks (134) rotate in the same direction as they extend from that distal end. The

direction of the extended hooks (134) may be varied to enhance the strength of the clot's

grasping.

[144] Figure 8A shows a close-up, side-view of the distal end (140) of another variation of the

catheter component (102). A radio-opaque marker band (132) is also shown. When this

variation is introduced to a position adjacent to the clot, a set of pins (142) is extended from

that distal end (see Figure 8B) to engage the clot, e.g., by penetrating the clot.

[145] It should be mentioned that a vacuum may be applied through the catheter lumen for

facilitating the extraction of the clot.

[146] Reference is now made to figures 9A and 9B illustrating the distal end of a catheter having a

collapsible structure that collapses upon imposition of a vacuum and extends hooks (134 in

Figure 8B) or pins (142 in Figure 8B) into a clot.

[147] Figure 9A shows a close-up, cross-sectional, side-view of the distal end of the catheter

component (150). The catheter body (152) extends proximally (as shown in Figure 6). A

movable distal ring (154) is separated from the catheter body (152) by a collapsible bellows

(156). The bellows (156) are shown in the "at rest" (fig. 9B) or extended position (fig. 9A).

After the catheter contacts the clot, the catheter lumen is essentially sealed. Subsequent

imposition of a vacuum upon that catheter lumen causes (i) the bellows (152) to collapse; (ii)

the distal ring (154) to slide proximally, and the pins (158) to extend distally into the clot.

[148] Figure 9B shows the bellows (152) in a collapse condition and the pins (158) extending

through the distal ring (154) into the clot.

[149] As a matter of general design criteria, the bellows (156) should be sufficiently stiff so that

during passage of the catheter tip to the clot site (and the inevitable contact of that tip with the

catheter walls), the bellows (156) will not collapse allowing extension of the pins (158) during

that transit. Conversely, the bellows (156) should be just stiff enough that when the distal end



of the catheter contacts the clot and a vacuum applied to the catheter lumen (159), the bellows

(156) will collapse.

[150] According to an embodiment of the present invention, the combination of the catheter, as any

of the described above, utilizing the endless wire having a spring-like helical member which

comprises a plurality of loops (see figure 1OA, which illustrated the loops extending from the

catheter body) is provided.

[151] Reference is now made to figure H A illustrating another embodiment of the catheter as

provided by the present invention. In said embodiment, the active clot's engaging feature is a

reactive or adhesive region (172) that adheres to a targeted clot upon contact with that clot.

[152] Figures H B and H C show the combination of the catheter shown in Figure H A with an

exterior slideable sleeve (174) that, in Figure HB, is extended to protect the reactive or

adhesive region (172) as the catheter passes to the target clot. Figure H C shows the sleeve

(174) after retraction to expose the reactive or adhesive region (172).

[153] The catheter (180) shown in Figure 12 includes a nosepiece (182) containing a heating

element that either directly heats the clot upon contact with the clot or activates a grasping

end on the catheter upon heating.

[154] Figure 13 illustrates a partial, cross-sectional, side-view of the distal tip (182) of the catheter

component (180) shown in Figure 12. The heating element (184) in this variation is placed

distally to provide maximum heat transfer to the clot. Electrical current is supplied through

wire (186).

[155] Figures 14A and 14B illustrate a variation of the catheter component (180) found in Figure 12

having a heat-actuated region that shrinks upon that heating to grasp the clot.

[156] Figure 14A provides a partial cross-sectional view of the distal tip of the variation shown in

Figure 12. The catheter body (186) comprises a distal tip (188) having a heat-shrinkable

polymer, e.g., pre-oriented polyolefin, polyvinylchloride (PVC), fluoropolymers such as FEP,

PTFE, polyvinylidene fluoride (e.g., KYNAR), neoprene, silicone elastomers, and

fluorocarbon elastomers (e.g., VITON, FLUOREL). The distal tip (188) contains one or more

heating elements (190) which, when heated, cause that distal tip (188) to shrink and grasp the

clot and perhaps shrink the clot itself. In Figure 14B, the distal tip (188) has shrunk to

provide a smaller opening.



[157] Figure 15 schematically shows a typical procedure for using one of the different variations of

the catheter as described above (i.e., the extending pins) in order to remove a clot (200) from

an artery (202).

[158] In step (a), the distal end of a microcatheter (204) has been placed in the vicinity of the target

clot (200) using a guidewire (206).

[159] In step (b), the microcatheter (204) has approached the clot (200). The guidewire (206) that

was used to direct that microcatheter (204) has been withdrawn.

[160] In step (c), the microcatheter (204) has contacted the clot (200). A clot engaging component —

in this example: extending pins (210) — has been extended into the clot and the catheter

(204) connected to a vacuum source to secure the catheter (204) to the clot (200).

[161] In step (d), the catheter (204) is being withdrawn along with the clot (200).

[162] Figures 16A to 17C illustrate the use the embolectomy device, namely the endless wire with

the spring-like helical member and the plurality of loops, in removing a clot.

[163] As described above, endless wire 116 may be used with one of the specially dedicated

catheter described above or any other standard catheter.

[164] In figures 16A-17C the endless wire is illustrated with a more standard intravascular catheters.

As described above, the wire is designed to draw clot into the distal end of such catheters.

The user may select the catheter's diameter suitable for the target clot and the surrounding

artery.

[165] Figure 16Al provides a partial, cutaway, side-view of the loops of the spring-like helical

member (300) (of the endless wire) having a rotating helix (302) within a catheter body (304).

The depicted helix (302) is shown as a ribbon; it may be constructed by cutting an

appropriately sized hypotube into a helix or by winding a ribbon into the noted helix (302).

[166] The width of the ribbon or thread may be constant or varying over the length of the helix.

The helix (302) may have a constant pitch or a varying one. The helix (302) may be a single,

double, or triple pitch.

[167] The helix extends from the distal end proximally for at least a portion of the distance to a

drive assembly that rotates the helix (302).



[168] The helix (302) may have an extension (306) that, as the helix (302) is rotated, separates a

target clot from an arterial wall and transports the clot into the mesh-like net as described

above (not shown)and eventually through the catheter lumen (or).

[169] An optional guide wire or core wire (308) (also denoted above as the corkscrew-like effecter

2002), that may be used to provide rotational or axial stability (see figure 16A2). The core

wire (308) may be extended distally from the catheter body (304) into the body of a target

embolism (or along the clot's periphery along the arterial wall) and, in many instances,

provides a predictable center of rotation for the rotating helix.

[170] The core wire can be used as a screw penetrating internally into the clot (unlike the loops of

the endless wire described above which merely encircles the clot).

[171] As described above, the clot can be initially encircled by the loops of the spring-like helical

member, then by the net and only then be crossed by the core wire (308). Alternatively, the

clot can be initially encircled by the net, then by the loops of the spring-like helical member,

and only then be crossed by the core wire (308). Alternatively, the clot can be initially

encircled simultaneously by both the net and by the loops of the spring-like helical member,

and only then be crossed by the core wire (308).

[172] Finally, Figures 16Al and 16A2 illustrate an optional outer sheath (310) fitting loosely about

catheter body (304) that allows the user to inject medicines or contrast agents at the clot site.

[173] It should be emphasized that the rotatable spring-like helical effecter may be operated with or

without the core wire (308).

[174] A variation of this component involves affixing the rotatable spring-like helical effecter (302)

to the core wire (308) at one or more sites and rotating the two together.

[175] Typically, the catheter body (304) lumen will be attached to a vacuum source, although this is

not required.

[176] Figure 16B illustrates a side view of the extension (306) located on the spring-like helical

member (of the endless wire)within a catheter body (304).

[177] Figure 16C illustrates another embodiment (305) of the endless wire and namely, the spring

like helical member.

[178] According to this embodiment, the depicted rotating helix assembly (305) comprises a distal

ribbon-form helix (307) and a hollow more-proximal drive shaft (309). The drive shaft (309)

is shown to have a number of flexibility slots (31 1) allowing the shaft (309) to smoothly flex



during rotation of the rotating helix assembly (305) and to flex with greater bend angles. The

ribbon-form helix (307) is attached to the drive shaft (309) by an appropriate joining method,

e.g., welding, soldering, gluing, etc. The helix (307) and the drive shaft (309) may comprise

the same materials of construction, e.g., metallic materials such as stainless steels or

superelastic alloys such as nitinol and polymeric materials such as PEEK or a Nylon, or may

be different.

[179] The length of the ribbon-form helix (307) may be reasonably short, e.g., less than about 2-3

inches. Longer helix components may bind during rotation.

[180] Figures 17A and 17B illustrate another embodiment (310) of the endless wire substantially

similar to the variation shown in Figures 16A and 16B, with the exception of the shape of the

rotating helix (312) which is a wire and that the wire-form rotating helix (312) is wrapped

around a central core wire (314).

[181] The wire-form rotating helix (312) and the central core wire (314) in this variation may rotate

together, although this is not a requirement.

[182] The wire-form rotating helix (312) may have a diameter such as seen with the ribbon-form

rotating helix (302) shown in Figure 16A. Additionally the wire-form rotating helix (312)

may be utilized without the central core wire (314).

[183] The wire comprising the wire-form rotating helix (312) may have a circular cross-section or

other cross sections suitable to the designer, e.g., oval or fin-like projections, to enhance

carriage of the embolic fragments through the catheter body (306). The cross-section of that

wire may be constant or vary as desired by the designer.

[184] Figure 17C is a side view of another embodiment (315) of the endless wire. According to this

embodiment, the endless wire (315) comprises a distal wire-form helix (317) and a hollow

more-proximal drive shaft (319). The drive shaft (319) is also shown to have a number of

flexibility slots (321). The wire-form helix (317) is attached to the drive shaft (319) by an

appropriate joining method.

[185] Figures 18A-18C show a variation of the rotating element in a catheter tip designed to extract

a clot into the catheter in a substantially complete and whole form rather than macerating it.

[186] Figure 18A provides an end view of the catheter (420) enclosing a rotating helical element

(422) having an extended portion (424). Because the extended portion (424) has substantially



no radial component, it may be used to separate a target clot from the artery wall, particularly

when used with vacuum in the catheter lumen and with a guidewire.

[187] Figure 18B shows a side-view of the catheter (420) and the tip or extension (424) of the

rotating helical element. The distal most end of the extended portion (424) is blunt for the

reasons of preventing damage to the intima of the artery and preventing penetration of the clot.

The Figure also shows a radio-opaque band (426) allowing radiographic visualization of the

position of that tip.

[188] Figure 19 illustrates a method for using the endless wire, as described above for extracting a

clot.

[189] It is widely known that if a catheter is strongly attached to the clot and the clot is disengaged

from the arterial wall, the clot may be safely and easily pulled from that vessel with minimum

stress deflection to the wall. The pulling action helps reduce the friction between the clot and

the vessel wall and can also help in removing the clot in one piece.

[190] In step (a) a clot (452) in an artery (450) is shown. A guidewire (454) has been introduced

past the clot (452). A catheter (456) containing the endless wire and the plurality of loop (458)

approaches the clot (452).

[191] The catheter (456) diameter has been chosen to approach the inner diameter of the artery

(450).

[192] In step (b), the distal end of the catheter (456) has contacted the clot (452). A vacuum may be

applied to the catheter's (456) lumen to firmly attach the catheter (456) to the clot (452).

Rotation of the helix (458) via the hollow drive shaft (460) begins. Such rotation encircles the

clot from the out surface. It should be emphasized that the loops of the endless wire does not

cross the clot. Such an action may lead to crumbling of the clot.

[193] In step (c), the rotating helix (458) has disengaged the clot (452) from the arterial wall (450).

Now the clot is being confined via the tubular mesh-like net (not shown in the figure). Finally

clot (452) is being pulled into the catheter (456).

[194] In step (d), the catheter (456) with the included clot (452) is being pulled and extracted from

the artery (450).

[195] It should be emphasized (as described above) that the clot can be encircled first by the net and

then by the loops of the helical member (i.e., the helix); the clot can be first encircled by the



the loops of the helical member (i.e., the helix) and then by the net; or simultaneously by the

net and the loops.

[196] Figure 2OA illustrates yet another embodiment of device (460) having both an expandable,

rotatable, helical member (462) and a micro-catheter (464) having a distal section that is

expandable upon reaching a target clot. This embodiment also includes a central core member,

a guidewire (468), and an outer covering or sheath (470) allowing control of the expansion of

the catheter (464) tip. The guidewire (468) may be withdrawn before beginning the grasping

of the clot.

[197] As noted above, the tip of the catheter (464) and the rotatable member (462) are expanded to a

size approximating the inner diameter of the vessel in the region of the target clot to aid in the

separation of the clot from the vessel wall. Such separation reduces the force needed to extract

the clot from the vessel and also enhances the potential that the clot may be extracted from the

vessel as a single, undivided mass.

[198] Figures 20B(I) and 20B(2) show two variations of the device (460) after expansion of the

catheter (464) and the rotatable member (462).

[199] The more-proximal driving member (472) used to turn the rotatable member (462) is also

visible in the Figures.

[200] Figure 20B(I) shows the variation in which the loops(462) of the spring-like helical member

of the endless wire extend distally from the micro-catheter (464) when extracting the target

clot. In operation, the rotating member (462) is turned using the driving member (472) and at

least partially envelopes the target clot and subsequently or simultaneously enclosed by the

mesh-like net and eventually drawn into the catheter (464) for extraction from the blood

vessel.

[201] On the other hand, Figure 20B(2) shows a variation in which the loops(462) of the spring-like

helical member is maintained substantially within the catheter (464) tip. In this variation, the

clot is drawn into the catheter (464) tip rather than being pulled in later. As the rotating

member (462) is turned, it encircles the clot and then the clot is being enclosed by the net (as

mention above this operation mode is optionally).

[202] It should be emphasized that both the loops of the spring-like helix member and the mesh-like

net can be characterized by a varied dimensions. Furthermore, the spring-like helix member

may have a constant and/or a varying pitch.



[203] Figure 2 1 illustrates another embodiment of an expandable catheter tip (480) having pre-

shaped, longitudinal ribs (482) that, upon withdrawal of the control sheath (470 in Figures

16A, 16B(I), and 16B(2)) form an expanded region in the catheter tip (480). Although the

supporting ribs (482) may be springy, e.g., comprising an elastic material such as nitinol or

the like, they may also be malleable and formed in-situ perhaps by the expandable rotatable

member.

[204] Figure 22 provides a perspective, partial cutaway view of another variation of the device

(490) shown in Figures 2OA and 20B(2). The variation (490) includes the expanded micro-

catheter (492), expanded rotatable member (494), guidewire (496), and control sheath (498).

The driving member (500) for rotating the rotatable member (494) is also visible.

[205] In this variation and in the other variations of the rotating member shown here, the cross-

section of the wire itself may have a variety of cross-sections, e.g., round, oval, square,

rectangular, triangular, hollow, etc. and other irregular shapes.

[206] If hollow, the rotating member may be used to advance contrast material to its distal tip. The

wire or ribbon making up the rotating member may be at least partially wound with a smaller

wire to accomplish either or both of the goals of providing radio-opacity to at least a part of

the rotating member — by applying a radio-opaque wire comprising, e.g., platinum or gold —

or to enhance the resistance of the member to kinking.

[207] It should be emphasized that said embodiment (490) additionally comprises a tubular net (not

shown in the figure) into which the clot is inserted. As described above, the net and/or the

helix may have varying dimensions.

[208] Figures 23A and 23B illustrate, respectively, a collapsed catheter tip (510) having individual

undulating rings (512 in Figure 23A) that expand, upon release, to form circular rings (514 in

Figure 23B). Again, the rings (512, 514) may be formed of a springy material having a pre¬

formed shape or of a malleable material that is formed into rings in situ.

[209] Figure 24 illustrates another variation of a catheter tip (520) in which the structure used to

expand and maintain the shape of the expanded catheter tip (520) comprises a stent-like

structure (522). In this variation, the stent-like structure (522) is included within (or attached

to) the catheter wall (524). The strength of the structure (522) need not, of course, be of that

needed in stent service, since the strength needed to hold the catheter open is much less than

that needed to maintain the patency of an artery. Said another way: the structure (522) is fully

retractable.



[210] Figure 25 shows still another variation of a catheter tip assembly (530) in which the structure

used to expand and maintain the shape of the expanded catheter tip (532) comprises a stent-

like structure (534). In this variation, the stent-like structure (534) is bare but attached to the

body of the catheter tip (530). Again, the structure (534) may be self-expanding or expanded

using a balloon or the like. The structure may be coated with a lubricious coating, e.g., such

as a polymer, to increase the ease with which the structure (534) moves between the

embolism and the vessel wall during introduction.

[21 1] The stent-like structures (522, 534) may be of any convenient form such as shown in the

Figures or may be of another similar shape having the functions described above. Braided

wires or ribbons or laser cut tubes are also appropriate.

[212] Figure 26 illustrates a method for utilizing the embolectomy device.

[213] In step (a) of Figure 26 a clot (540) lodged in artery (542) is illustrated. The microcatheter

(544) having an expandable distal end, an endless wire (not shown) coupled to a spring-like

helical member having a plurality of loops (546), and a guidewire (548). A retractable sheath

(550) for controlling and initiating expansion of, and for controlling the retraction of, the

microcatheter (544) and the rotatable helical member (546), is also shown.

[214] Step (b) illustrates the extension of the microcatheter (544) from the sheath (550) and the self-

expansion of the distal end of the microcatheter (544) and the rotating helix member (546).

The expanded distal end of the microcatheter (544) has contacted the clot (540) and the

rotation of the helical member (546) has provided progression of that helical member (546)

partially around the exterior of the clot (540).

[215] As a practical matter, there are several ways that the helical member (546) may cooperate

with the microcatheter (544) in enveloping the clot. First, the rotatable member (546) may

move axially along the clot (540) and followed by a subsequent axial movement of the

catheter (544). Second, the rotatable member (546) may be rotated, enveloping the clot (540),

while the catheter (544) is held stationary, or at least not rotated. Third, the rotatable member

(546) is rotated, enveloping the clot (540), and the catheter (544) is simultaneously rotated.

[216] Step (c) shows the retraction of the clot (540) into the catheter's (544) distal region or tip. In

the effectuation of steps (a) and (b), the clot (540) has been separated from the wall of the

artery (542) lessening the force needed to remove the clot (540). The catheter (544) is then

withdrawn extracting the clot from the artery (542) and restoring blood flow to the artery

(542).



[217] Alternatively, the clot is first encircle by said rotatable member (546) and then inserted into a

tubular mesh-like net (not shown) which is then extracted from the artery (542). Yet

alternatively, the clot is simultaneously encircle by said rotatable member (546) and the

tubular mesh-like net; only then extracted from the body.

[218] In the foregoing description, embodiments of the invention, including preferred embodiments,

have been presented for the purpose of illustration and description. They are not intended to

be exhaustive or to limit the invention to the precise form disclosed. Obvious modifications or

variations are possible in light of the above teachings. The embodiments were chosen and

described to provide the best illustration of the principals of the invention and its practical

application, and to enable one of ordinary skill in the art to utilize the invention in various

embodiments and with various modifications as are suited to the particular use contemplated.

All such modifications and variations are within the scope of the invention as determined by

the appended claims when interpreted in accordance with the breadth they are fairly, legally,

and equitably entitled.



CLAIMS

1. A device for extracting a clot from a blood vessel in a non fragmented manner,

comprising:

an endless wire coupled to a spring-like helical member having a plurality of loops;

said loops are positioned at an angle A relatively to the main longitudinal axis of

said blood vessel; and, are adapted to radially encircle at least a portion of the

outer circumference of said clot; and,

a tubular mesh-like net for both enveloping said helical member and enclosing said

clot therein;

wherein at least a portion of said clot is contemporaneously confined within said loops

and said mesh-like net, such that radial compression forces and longitudinal shearing

forces are exerted on said clot and the tendency of said clot to fragment is mitigated.

2. The embolectomy device of claim 1, wherein said spring-like helical member and/or

said mesh-like net comprising means for applying vibration on said clot.

3. The embolectomy device of claim 1, wherein said mesh-like net is made of material

selected from a group consisting of woven fabrics, non-woven fabrics, gauze-like

fabrics, materials having multiple openings, and fluid-permeable membranes or any

combination thereof.

4. The embolectomy device of claim 1, wherein said mesh-like net additionally

comprising materials selected from a group consisting of woven fabrics, non-woven

fabrics, gauze-like fabrics, materials having multiple openings, and fluid-permeable

membranes or any combination thereof.

5. The embolectomy device of claim 1, wherein said spring-like helical member is

coupled to said mesh-like net.

6. The embolectomy device of claim 1, wherein said distal portion of said mesh-like net

is adapted to switch from an expended-configuration to a restricted-configuration; said

expended-configuration is operative to allow insertion of at least a portion of a target

clot in to said mesh-like net's distal portion; and said restricted configuration is

operative to retain said clot within said mesh-like net.



7. The embolectomy device of claim 6, wherein said distal portion of said mesh-like net

is operative to self-expand from its expended-configuration to its restricted-

configuration.

8. The embolectomy device of claim 1, wherein said mesh-like net is an elongated sleeve

comprising a restricting sphincter located at the distal end of said sleeve, adapted to

retain at least a portion of the target clot within said mesh-like net.

9. The embolectomy device of claim 1, wherein said helical member is characterized by

a cross-sectional area selected from a group consisting of circular, oval, round, square,

rectangular, triangular, regular or irregular shapes, or any combination thereof.

10. The embolectomy device of claim 1, additionally comprising a motor adapted to rotate

said helical member.

11. The embolectomy device of claim 1, wherein said helical member additionally

comprising protrusions for assisting in the separation of said clot from said vasculature.

12. The embolectomy device of claim 1, additionally comprising vibration means applied

on said clot.

13. The embolectomy device of claim 1, additionally comprising a corkscrew-like effecter,

having a coil-like distal end, adapted to penetrate and cross said clot.

14. The embolectomy device of claim 1, wherein the diameter of said helical member is

variable so as to better adjust to the diameter of said clot or said blood vessel.

15. The embolectomy device of claim 1, wherein said device additionally comprising:

a proximal effecter characterized by a folded configuration and an open

configuration;

a distal effecter characterized by a folded configuration and an open configuration;

said proximal effecter, in said open configuration is adapted for grasping a proximal

portion of said clot; said proximal effecter, in said open configuration is adapted for

grasping a distal portion of said clot;

wherein both said effecters, when open, are oppositely positioned and are adapted to

operate in concert, for trapping said clot such that said clot is (i) manipulatable along

and/or around the main longitudinal axis of said blood vessel; and, (ii) extracted out

of said blood vessel.

16. The embolectomy device of claim 15, wherein said distal effecter is operative to cross

said clot in said FOLDED configuration and then to be expanded to an OPEN

configuration.



17. The embolectomy device of claim 15, wherein said distal effecter is operative to self-

expand from its FOLDED configuration to its OPEN configuration.

18. The embolectomy device of claim 15, wherein said distal effecter is incorporated or

otherwise connected with said proximal effecter to form a single effecter.

19. The embolectomy device of claim 1, wherein said angle A ranges from about 0

degrees to about 180 degrees.

20. The embolectomy device of claim 1, additionally comprising aspiration means.

21. The embolectomy device of claim 1, wherein at least one of said loops and/or said

mesh-like net is coated with lubricious polymeric material selected from hydrophilic

polymer material.

22. The embolectomy device of claim 1, wherein said spring-like helical member is

characterized by single, double, or triple pitch.

23. The embolectomy device of claim 1, wherein the cross section of at least one of said

loops and/or said mesh-like net varies.

24. A method for removing a clot from blood vessel, comprising steps of:

i. obtaining an embolectomy device comprising:

a. an endless wire coupled to a spring-like helical member

having a plurality of loops; said loops are positioned at

an angle A relatively to the main longitudinal axis of

said blood vessel;

b. a tubular mesh-like net;

ii. integrating said spring-like helical member with said tubular mesh-like

net;

iii. approximating said clot;

iv. rotating said helical member;

v. radially encircling at least a portion of the outer circumference of said

clot by said plurality of loops;

vi. entrapping said clot confined within said loops;

vii. inserting said confined clot into said tubular mesh-like net;

viii. extracting said clot confined within said loops and said mesh-like net

from said blood vessel;



wherein said step of entrapping said clot confined within said loops by said tubular

mesh-like net exerts radial compression forces and longitudinal shearing forces on

said clot such that the tendency of said clot to fragment is mitigated.

25. The method according to claim 24, additionally comprising step of selecting the

material of said mesh-like net from a group consisting of woven fabrics, non-woven

fabrics, gauze-like fabrics, materials having multiple openings, and fluid-permeable

membranes or any combination thereof.

26. The method according to claim 24, additionally comprising step of configuring the

distal portion of said mesh-like net to switch from an expended-configuration to a

restricted-configuration; said expended-configuration is operative to allow insertion of

at least a portion of a target clot into said mesh-like net's distal portion; and said

restricted configuration is operative to retain said clot within said mesh-like net.

27. The method according to claim 26, additionally comprising step of configuring said

mesh-like net to self-expand from said expended-configuration to said restricted-

configuration.

28. The method according to claim 26, additionally comprising step of retaining at least a

portion of the target clot within said mesh-like net.

29. The method according to claim 24, additionally comprising step of applying vibration

on said clot.

30. The method according to claim 24, additionally comprising step of grasping (i) the

proximal portion of said clot via a proximal effecter characterized by a FOLDED

configuration and an OPEN configuration; and, (ii) the distal portion of said clot via a

distal effecter characterized by a FOLDED configuration and an OPEN configuration;

such that said clot is, when grasped by said effecters in said open configuration, is

manipulatable along and/or around the main longitudinal axis of said blood vessel.

31. The method of claim 30, additionally comprising steps of crossing said clot via said

distal effecter in said FOLDED configuration; and, expanding to said OPEN

configuration.

32. The method of claim 30, additionally comprising step of configuring said distal

effecter to self-expand from its FOLDED configuration to its OPEN configuration.

33. The method of claim 30, additionally comprising step of incorporating said distal

effecter with said proximal effecter to form a single effecter.



34. The method according to claim 24, additionally comprising step of selected the cross

sectional area of said helical member from a group consisting of circular, oval, round,

square, rectangular, triangular, regular or irregular shapes, or any combination thereof.

35. The method according to claim 24, additionally comprising step of adjusting the

diameter of said loops to the diameter of said clot.

36. The method according to claim 24, additionally comprising step of penetrating and

crossing said clot via a corkscrew-like effecter.

37. The method according to claim 24, additionally comprising step of selecting said angle

A to be higher than about 0 degrees and lower than about 180 degrees.

38. The method according to claim 24, additionally comprising step of applying vibration

on said clot.

39. The method according to claim 24, additionally comprising step of coating said loops

and/or said mesh-like net with lubricious polymeric material selected from hydrophilic

polymer material.

40. The method according to claim 24, additionally comprising step of coupling said

spring-like helical member to said mesh-like net.

4 1. A method for removing a clot from blood vessel, comprising steps of:

i . obtaining an embolectomy device comprising:

a. an endless wire coupled to a spring-like helical member

having a plurality of loops; said loops are positioned at

an angle A relatively to the main longitudinal axis of

said blood vessel;

b. a tubular mesh-like net;

ii. integrating said spring-like helical member with said tubular mesh-like

net;

iii. rotating said helical member to approximate said clot whilst

simultaneously approximating said mesh-like net to said clot;

iv. radially encircling at least a portion of the outer circumference of said

clot by said plurality of loops whilst simultaneously entrapping said

clot, confined within said loops, within said mesh-like net; and,

v. extracting said mesh-like net from said blood vessel;



wherein said step of entrapping said clot confined within said loops by said tubular

mesh-like net exerts radial compression forces and longitudinal shearing forces on

said clot such that the tendency of said clot to fragment is mitigated.

42. The method according to claim 41, additionally comprising step of selecting the

material of said mesh-like net from a group consisting of woven fabrics, non-woven

fabrics, gauze-like fabrics, materials having multiple openings, and fluid-permeable

membranes or any combination thereof.

43. The method according to claim 41, additionally comprising step of configuring the

distal portion of said mesh-like net to switch from an expended-configuration to a

restricted-configuration; said expended-configuration is operative to -allow insertion of

at least a portion of a target clot into said mesh-like net's distal portion; and said

restricted configuration is operative to retain said clot within said mesh-like net.

44. The method according to claim 41, additionally comprising step of configuring said

mesh-like net to self-expand from said expended-configuration to said restricted-

configuration.

45. The method according to claim 41, additionally comprising step of retaining at least a

portion of the target clot within said mesh-like net.

46. The method according to claim 41, additionally comprising step of applying vibration

on said clot.

47. The method according to claim 41, additionally comprising step of grasping (i) the

proximal portion of said clot via a proximal effecter characterized by a FOLDED

configuration and an OPEN configuration; and, (ii) the distal portion of said clot via a

distal effecter characterized by a FOLDED configuration and an OPEN configuration;

such that said clot is, when grasped by said effecters in said open configuration, is

manipulatable along and/or around the main longitudinal axis of said blood vessel.

48. The method of claim 47, additionally comprising steps of crossing said clot via said

distal effecter in said FOLDED configuration; and, expanding to said OPEN

configuration.

49. The method of claim 47, additionally comprising step of configuring said distal

effecter to self-expand from its FOLDED configuration to its OPEN configuration.

50. The method of claim 47, additionally comprising step of incorporating said distal

effecter with said proximal effecter to form a single effecter.



51. The method according to claim 41, additionally comprising step of selected the cross

sectional area of said helical member from a group consisting of circular, oval, round,

square, rectangular, triangular, regular or irregular shapes, or any combination thereof.

52. The method according to claim 41, additionally comprising step of adjusting the

diameter of said loops to the diameter of said clot.

53. The method according to claim 41, additionally comprising step of penetrating and

crossing said clot via a corkscrew-like effecter.

54. The method according to claim 41, additionally comprising step of selecting said angle

A to be higher than about 0 degrees and lower than about 180 degrees.

55. The method according to claim 41, additionally comprising step of applying vibration

on said clot.

56. The method according to claim 41, additionally comprising step of coating said loops

and/or said mesh-like net with lubricious polymeric material selected from hydrophilic

polymer material.

57. The method according to claim 41, additionally comprising step of coupling said

spring-like helical member to said mesh-like net.

58. A method for removing a clot from blood vessel, comprising steps of:

i . obtaining an embolectomy device comprising:

a. an endless wire coupled to a spring-like helical member

having a plurality of loops; said loops are positioned at

an angle A relatively to the main longitudinal axis of

said blood vessel;

b. a tubular mesh-like net;

ii. integrating said spring-like helical member with said tubular mesh-like

net;

iii. approximating said clot;

iv. entrapping said clot via said mesh-like net;

v. rotating said helical member thereby radially encircling at least a

portion of the outer circumference of said clot by said plurality of

loops;

vi. extracting said mesh-like net from said blood vessel;



wherein said step of radially encircling at least a portion of the outer circumference of

said clot by said plurality of loops exerts radial compression forces and longitudinal

shearing forces on said clot such that the tendency of said clot to fragment is mitigated.

59. The method according to claim 58, additionally comprising step of selecting the

material of said mesh-like net from a group consisting of woven fabrics, non-woven

fabrics, gauze-like fabrics, materials having multiple openings, and fluid-permeable

membranes or any combination thereof.

60. The method according to claim 58, additionally comprising step of configuring the

distal portion of said mesh-like net to switch from an expended-configuration to a

restricted-configuration; said expended-configuration is operative to allow insertion of

at least a portion of a target clot into said mesh-like net's distal portion; and said

restricted configuration is operative to retain said clot within said mesh-like net.

61. The method according to claim 58, additionally comprising step of configuring said

mesh-like net to self-expand from said expended-configuration to said restricted-

configuration.

62. The method according to claim 58, additionally comprising step of retaining at least a

portion of the target clot within said mesh-like net.

63. The method according to claim 58, additionally comprising step of applying vibration

on said clot.

64. The method according to claim 58, additionally comprising step of grasping (i) the

proximal portion of said clot via a proximal effecter characterized by a FOLDED

configuration and an OPEN configuration; and, (ii) the distal portion of said clot via a

distal effecter characterized by a FOLDED configuration and an OPEN configuration;

such that said clot is, when grasped by said effecters in said open configuration, is

manipulatable along and/or around the main longitudinal axis of said blood vessel.

65. The method according to claim 64, additionally comprising steps of crossing said clot

via said distal effecter in said FOLDED configuration; and, expanding to said OPEN

configuration.

66. The method of claim 64, additionally comprising step of configuring said distal

effecter to self-expand from its FOLDED configuration to its OPEN configuration.

67. The method of claim 64, additionally comprising step of incorporating said distal

effecter with said proximal effecter to form a single effecter.



68. The method according to claim 58, additionally comprising step of selected the cross

sectional area of said helical member from a group consisting of circular, oval, round,

square, rectangular, triangular, regular or irregular shapes, or any combination thereof.

69. The method according to claim 58, additionally comprising step of adjusting the

diameter of said loops to the diameter of said clot.

70. The method according to claim 58, additionally comprising step of penetrating and

crossing said clot via a corkscrew-like effecter.

71. The method according to claim 58, additionally comprising step of selecting said angle

A to be higher than about 0 degrees and lower than about 180 degrees.

72. The method according to claim 58, additionally comprising step of applying vibration

on said clot.

73. The method according to claim 58, additionally comprising step of coating said loops

and/or said mesh-like net with lubricious polymeric material selected from hydrophilic

polymer material.

74. The method according to claim 58, additionally comprising step of coupling said

spring-like helical member to said mesh-like net.
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