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RETRIEVAL SYSTEMS AND METHODS FOR USE THEREOF

FIELD OF THE INVENTION

The devices described herein are mtended to retrieve obstructions from the hody.
In a first variation, the devices are constructed in wire form where the wires diverge from
a maain bondle to form a variety of shapes that form a composite device. The benefit of
such a diverging wire construction is that the composite complex device can be of a
“jomt~-less” construction. Such devices have applicability through out the body,
mcluding clearing of blockages within body humens, such as the vasculawure, by
providing a capturing portion that can envelop the obstruction to address the frictional
resistance between the obstruction and body hamen prior to attempting to transiate and/or
mobilize the obstruction within the body lumen. In addition, the devices described below
include features that prevent unwanted and premature mobilization of the obstruction

when removing the obstruction through tortuous anatomy.

BACKGROUND OF THE INVENTION

Many medical device applications require advancement of device in a reduced
profile to a remote site within the body, where on reaching a target site the device
assutnes or is deploved mto a relatively larger profile. Applications in the cerebral
vasculature are one such example of medical procedures where a catheter advances from
a remote part of the body (tvpically a leg) through the vasculature and mto the cerebral
region of the vasculature 1o deploy a device. Accordigly, the deploved devices must be
capable of achieving a larger profile while being able to fit within 4 small catheter or
microcatheter. In addition, the degree to which a physician s lunited in accessing remote
regions of the cerebral vasculature s directly related to the hmited abilitv of the device to
constrain into a reduced protile for dehivery.

Treatment of 1schemic stroke 13 one such area where a need remams to deliver a
device in a reduced profile and deploy the device to ultimately remove a blockage m an
artery leading to the brain. Left unireated, the biockage causes a lack of supply of
oxygen and nutrients to the brain tissue. The brain relies on its arterics to supply

oxygenated blood from the heart and lungs. The blood returning from the brain carries
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carbon dioxide and cellular waste. Blockages that mterfere with this supply eventually
cause the brain tissue to stop functioning. If the disruption in supply occurs for a
sufficient amount of time, the continued lack of nutrients and oxygen causes irreversible
cell death (infarction). Accordingly. immediate medical treatment of an ischemic stroke
iz critical for the recovery of a patient.

Naturally, areas outside of ischemic stroke applications can also benefit from
umproved devices. Such improved devices can assame a profile for nltimate delivery to
remote regions of the body and can remove obstructions. There also remains a need for
devices and systems that can safely remove the obstruction from the body once they are
secured within the device at the target site. Furthermore, there remains a need for such
devices that are able to safely removed once deploved distally to the obstructions i the
even that the obstructions is unable to be retrieved.

Many physicians currently use stents to perform thrombectomy (1.e. clot
removal). Typically, the phivsician deploys the stent in the ¢lot, to attempt and push the
clot to the side of the vessel and re-establish blood to flow. Tpa is often administered to
dissolbve the clot and i3 given in addition with the steat. Yet, if clot dissolution 1
meffective or incomplete, the physician may attempt to remove the stent while it is
expanded against the clot. In doing so, the physician drags the clot from the vessel and in
a proximal direction mnto a guide catheter located m the patients neck (carotid artery).
While this has shown to be effective in the c¢linic and easy for the physician to perform,
there remain some distinet disadvantages using this approach:

First, the stent may not sufficient hold on the clot. iu such a case, the clot mught
not move from the vessel. Second. the clot might mobtlize from the original blockage
stte, but nught not adhere to the stent during transiation toward the guide catheter. This is
a particular risk when translating through bifurcations, and the Hlow can migrate the clot
{or pieces of the clot) into the branching vessel. Third, if the clot is successtully brought

s

1o the guide catheter in the carotid artery, the clot may be “stripped™ from the stent as the
stent enters the guide catheter. Fourth, dragging an open sient can be trawmatic to the
vessel. The steat is usually oversized compared to the vessel, and dragging this relatively

fixed metalhic structure can pull the arteries and/or strip the cellular lining from the
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vessel, causing damage. Also, the stent can become todged on plaque on the vessel walls
resulting in further vascular damage.
Accordingly, a need remains a need for improved devices to remeove occlusions

from bodyv humens and/or vessels.

SUMMARY OF THE INVENTION

The examples discussed herein show the mventive device 13 a form that 1s
suitable to retrieve obstructions or clots within the vasculature. The tenm obstructions
may include blood clot, plaque, cholesterol, thrombus, naturally occurring foreign bodies
{i.e., a part of the body that is lodged within the lumen}, a non-naturally occurring foreign
body (i.e., a portion of a medical device or other non-naturally occurring substance
lodged within the lamen.} However, the devices are not limited to such applications and
cgn apply to any nunber of medical applications where elimination or reduction of the
mumber of connection points is desired.

One device according to the present disclosure includes a funnel device for
securing debris and/or devices within a vessel. A variation of such a funnel device
includes a shaft having a flexibility to navigate throungh tortuous anatomy and having a
lumen extending thevethrough; a funnel comprising a distal opening and 8 proximal
portion conuected {o the shaft and a cavity therebetween such that when the funnel s
expanded the funnel tapers 1 a proximal direction towards the shalt, the funnel
comprising a mesh material secured to the shaift such that when expanded the mesh
material forms a funnel configuration having at feast an exterior mesh wall and an intenior
mesh wall that are shape set; and where at least a portion of the mesh material 15 porous
to permit fluid flow therethrough. The walls of the funnel can be s contact or can be set
10 have a gap.

I some variation of the funnel the mesh material 18 compliant and where the intenor
mesh wall and exterior mesh wall are shidable relative to each other such that withdrawal
of the device or debris proximally 10 the interior mesh wall of the funnel causes
movement of the interior mesh wall while a portion of the exterior mesh wall remains
stationary when positioned against the vessel.

The mesh material comprises a first and second end both located at the proxunal end of

the fanmel, where at least erther the first or second end can be affixed to the shaft and a
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medial portion that forms a perimeter of the distal opening. In other vaniatiouns, both the
first and second end of the mesh material is affixed to the shaft.

One benefit of the funnel device is that the mesh material can be selected to be
sufficiently flexible to permit flexible everting of the funnel over the shaft to permit
insertion of the everted funnel and shaft mto a secondary device.

Where necessary, the porosity of the funnel can be controlied or selected by altering braid
density, a coating, and/or use of additional braid layers.

In some variations, the funnel device can include radiopaque markers. For example, at
least one radiopaque marker can be placed on a distal end of the shafi.

The fuanel can be fabricated from a single wire or a plurality of wires. The material can
comprise a shape memory alloy, or a drawn filled tsbe matenal. Moreover, a portion of
the mesh matenal can be fabricated from a radiopaque material.

Variations of funnels can also include any number of walls,

Another vanation mclude a system for removing obstructions from a body lumen. For
example, the system can include a retrieval device for securing the obstruction; a shaft
having a flexibility to navigate through tortuous anatomy and having a lamen extending
therethrougly; where the retrieval device is axially advanceable through the lumen; a
funnel comprising & distal opening and a proxiumal portion connected to the shaft and a
cavity therebetween such that when the funnel is expanded the funnel tapers in a
proximal direction towards the shatt, the funnel comprising a mesh material secured o
the shaft such that when expanded the mesh material forms a fumnel configoration having
at least an exterior mesh wall and an interior mesh wall that are shape set; and where at
teast a portion of the mesh material is porous to penmit Huid flow therethrough.

The present disclosure also includes methods of retrieving an obstruction from a vessel.
In one example the method includes advancing an obstruction captuare device mnto the
blood vessel; engaging the obstruction capture device with the obstruction; deploving a
multi-wall funnel having a plurality of walls, proxtmal to the obstruction capture device,
where the multi-wall funnel comprises at least an exterior wall separated from an interior
wall when the multi-wall funnel is expanded, the exterior and interior wall defining an
opening and a cavity where the multi-wall funnel tapers in a proximal direction;

withdrawing the obstruction capture device proximally into the opening and cavity of the
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muiti-wall wall funnel; securing at least a portion of the obstruction capture device within
the multi-wall funnel by engaging the obstruction captuve device with the mterior wall of
the mult-wali funnel, where continued proximal movement of the obstraction capture
device causes the interior wall to move in an axially proximal direction.

In one varation, the obstruction capture device comprises an elongate stent; and where
engaging the obstruction capture device comprises expanding the elongate stent within
the obstruction. Alternatively, the obstruction capture device can comprise a distal basket
and a proximal basket, and where engaging the obstruction capture device comprises
placing the distal basket and proximal basket on eather side of the obstruction,

In another variation the device inchades a retneval device where the retrieval device
comprises an elongated stent and funnel in a single controllable uynit. For example, the
device can comprise an elopgated stent extending from an inner connection wire or
mandrel | where the inner connection wire or mandrel is coupled to a handle; a funnel
extending from a outer shafl, where the clongated stent an inner connection wire or
mandrel are moveable through the outer shaft, and where the outer shaft 1s coupled to the
handle. Movement at the handle region of the inner connection wire or mandrel results in
transiation of the elongated stent into the funnel at the distal end of the device..

In one variation of the devices described herein, the device comprises a8 main
bupdie or group of wires that diverge to form a device having various shapes but few or
ne connections poits or joints (where fabrication of such g construction is referred 10 as
“jointless™). Clearly, the inventive devices described berewn are not limited to such a
jointless construction, Additional vartation includes one or wore leading wires that are
attached to a capturing portion as described below,

Devices of the present mvention can incorporate any numbey of wires of different
characteristics including, but not himited o, materials, shapes, sizes and/or diameters.
Clearly, the number of pernnntations of device configurations is significant. Providing
devices with such a composite construction allows for the manipulation of the device’s
properties to suite the intended application.

As noted herein, the joint-less construction improves the flexibidity and strength
of the device by eliminating joints, connection points, or other attachment points. In

addition, the jomt-less construction improves the ability of the device to be delivered
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through a small microcatheter. As a result, the device and microcatheter are able to
access remote regions of the vascalature.

The devices may be fabricated to be self-expanding upon deployment from a
catheter. Alternatively, the devices can be construcied from shape-memeory allovs such
that they antomatically deploy upon reaching a pre-determmed transition temperature.

It should be noted that 11 some vartations of the invention, all or some of the
device can be designed to increase their ability to adhere to the obstruction. For example,
the wires may be coupled to an energy source {e.g., RF, ultrasonic, or thermal energy) to
“weld™ to the obstruction. Application of energy to the device can allow the surrounding
portion 1o deform into the obstruction and “embed” within the obstruction. Alternatively,
the device can impart a positive charge to the obstruction to partially hiquety the
obstroction sufficiently to allow for easier removal. In another variation, a negative
charge counld be applied 1o further build thrombus and nest the device for better pulling
force. The wires can be made stickier by use of a hydrophilic substance(s). or by
chensicals that would generate a chemical bond to the surface of the obstruction.
Alternatively, the filaments may reduce the temperatore of the obstroction to congeal or
adhere to the obstruction.

Adduional devices and methods for treating ischemic stroke are discussed in
commonly assigned 118, Patent application nos.: 11/671 450 filed February 3, 2007;

117684521 filed March 9, 2007; 11/684,535 filed March 9, 2007; 117684541 filed March

filed April 17, 2007, 11/736,537 filed April 17, 2007, and 11/825, 975 filed September 10,
2007; the entirety of each of which i3 incorporated by reference. The principles of the
mvention as discussed herein may be applied to the above referenced cases lo produce
devices usetul in freating ischemic stroke. In other words, the wire-shaped construction
of devices according to present wmvention may assume the shapes disclosed in the above-
referenced cases when such a combination is not inconsistent with the features deseribed

herein.
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BRIEF DESCRIPTION OF THE DRAWINGS
j0027] Each of the following fgures diagrammatically illustrates aspects of the

far

inventton. Variation of the invention from the aspects shown in the figures 13

contemplated.
0028 Fig. 1A dlustrates an example of a device according to the present invention when
£ f £ ¥

used in a system for removing obstructions from body lomens.

[0029] Fig. 1B iHustaies a first example of an obstruction removal medical device.
jOB384 Fig. 1C ttlustrates the obstruction removal device articulating relative to leading

wires (or a main bundle) without deforming an open end of the capturing portion.

{0031} Figs. 2A to 2F show a capruring portion for use with systems described herein
where the capturing portion has sections of varving axial strengths, Such features can
optionally be designed to provide a spring force when a section of the capturing portion is
compressed and/or staged inversion of the capturing portion so that it can be removed
through an tmmovable obstruction.

f0032] Fig. 3A illustrates a first variation of the device having a joint-less construction of
a capturing portion that articulates about & main bundle of wires.

{0033} Figs. 38 to 3H iHustrate various constructions of capturing portions for use in the
present invention,

{0034} Fig. 44 iHustrates a variation of a capiuring portion having a main bundle that
extends beyond g cerntain distance to provide g device having an extremely flexible distal
regton and a relatively stiff proximal region with a strong joint region that will be

sufficiently spaced from tortuous anatony during use of the device.

{00351 Fig. 48 illustrates a main bundle having a curved or shaped portion.
{0036} Figs. 4C to 4F Hustrate wues of different constructions within a main bundle.
{0037} Fig. SA illustrates am example of a proximal foot located on a catheter of the

present systen.

{0038} Fig. 5B iHustrates g distal and a proximal capturing portion located on a systemn
under the present invention.

{0039} Figs. 3C 1o SE illustrate an overview of a varation of a delivery system

amploying a proximal and distal captwing portion.

[P .
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{00401 Figs. SF illustrates comipression or collapsing of a proxiumal capturing portion
about an obstraction prior to transiation of the obstruction in the vessel.

j0041} Figs. 6A 1o 6B illustrate an example of traversing an obstruction with a sheath to
deplov a distal capturing portion.

{0042} Figs. 7A to 7C dlustrates a condition where a section of the capturing portion

deflects to provide a spring force that gradually drives a traversing section along the

obsirnction.
j0043} Figs. 71 to 7G illustrate staged inversion of the distal capturing portion to allow

removal of the device from an inunovable clot.

{0044] Fig. 8A illustrates closure of the proximal opening of a capturing portion without
the benefit of articulation of the capruring portion about a leading wire.

f0045] Fig. 8B iHlustrates, conceptually, one benetit of articulation of a capturing portion
about a leading wire or main bundle of wires.

j0046] Figs. BC to 8D illustrate a proximal capturing portion and a distal capturing

portion approaching an obstruction.

[0047] Fig. 8E illustrates the system as the two capturing portions are drawn together.
j0048] Fig. BF illustrates a device after securing an obstruction between proxinal and

distal capturing sections.

{0049] Fig. 9 illustrates a main bundle as including an increased surface area or medial

foot that is used o dislodge or loosen the obstruction from g wall of the body passage.

0056} Fig. 10 illustrates a variation of a prosimal and distal end of a retrieval device.
j0051} Figs. 11A 1o 11C illustrate a variation of a funnel catheter usetul for retrieving

objects from vessels or body lumens.

{052} Fig. 12A shows an example of a refrieval device getting caught on a guide sheath.
{0053} Figs. 128 to 12D provide illustrative examples of funnel catheter used for

removal of an obstruction.

[0054] Fig. 13A to 13G illustrates another variation of & fuanel catheter using a wmesh or
laver of material to form a funnel.

fOOSS] Figs. 14A to 14D illustrate additional concepts to prevent or minimize flaring of
the distal capture portion so that # way be withdrawn into a guide sheath.

[0056] Figs. 154 illastrates another variation of a distal basket and a proximal basket.

e e 8-
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0070}

Figs. 15B to 130 illustrate a distal basket having features to minimize or prevent
radial expansion during tnrversion or staged inversion.

Figs. 16A to 16F dlustrate a variation of an infusion stent structure located at an
end of a shaft.

Figs. 17A to 17E dlustrate use of an infusion stent structure to open flow in a
vessel having a clot.

Figs. 18A to 18C show a variation of system for retrieving obstructions from a
fumen including a longitudinal stent along with a distal capture portion.

Fig. 19A to 19C illustrate additional variations of systems having a temporary
stent coupled to a proximal structure that assists in removal of the obstruction when
rapped between the temporary stent and the proximal structure,

Fig. 19D shows a variation of a combination device baving a funnel and stent
coupled to a single haadle that allows relative movement between the stent and funnel,

Figs. 20A 1o 208 show vanations of systems for removing an obstruction from a
body lumen.

Figs. 21A to 21C show a variation of a multi-wall funnel.

Figs, 21D o 211 show additional variations of the construction of multi-wall

Fig. 22A illustrates a mulit-walled funnel having a wall with a varying thickness.
Fig. 22B illustrates a funnel having multiple zones with varving porosity,

Fig. 22C shows a funnel with a polvmer coating over or in the mesh of the funnel.

DETAILED DESCRIPTION

it is understood that the examples below discuss uses in the cerebral vasculature
{(namely the arteries). However, unless spectically noted, variations of the device amd
method are not hmited to use in the cerebral vasculature. Instead, the invention may have
applicability in various parts of the body. Moreover, the mvention may be used in
vartous procedures where the benefits of the method and/or device are deswed.

Fig. 1A illustrates a system: 19 for removiag obstructions from body lumens as
described herein. In the illastrated example, this variation of the system 10 1s saited for
removal of an obstruction in the cerebral vasculature, Typically, the system 19 includes a

catheter 12 microcatheter, sheath, guide-catheter, or simple tube/sheath configoration for

s S
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0072}
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delivery of the obstruction removal device to the target anatonyy. The catheter should be
sufficient to deliver the device as discassed below. The catheter 12 may optionally
include an inflatable balloon 18 for temporarily biocking blood flow or for expanding the
vessel to release the obstruction.

it 1s noted that any number of catheters or microcatheters maybe used to locate the
catheter/microcatheter 12 carrving the obstruction removal device 200 at the desired
target site. Such techniques are well understood standard interventional catheterization
techniques. Furthermore, the catheter 12 may be coupled to auxiliary or support
components 14, 16 (e.g., energy comtrollers, power supplies, actuators for movement of
the device(s), vacuwm sources, inflation sources, sources for therapeutic substances,
pressure monitoring, flow monitoring, various bio-chemical sensors, bro-chemical
substance, etc.} Again, such components are within the scope of the system 10 described
herein.

In additon, devices of the present invention may be packaged in kits mchuding the
components discussed above along with guiding catheters, various devices that assist in
the stabilization or removal of the obstruction (e g.. proximal-assist devices that holds the
proximal end of the obstruction in place preventing it from straymg dunng removal or
assisting in the removal of the obstruction), balloon-tipped gaide catheters, dilators, ete.

Fig. 18 lustrates a first exaniple of an obstruction removal medical device
according to the fearures described herein. As shown, the device 200 generally includes
capiuring poriion 226 comprising a translating section/surface 222 and a capturing
section/surface 224, In the tllustrated vanation, the translating section 222 shown
comprises a wire framework. However, any number of configuratious is within the scope
of this disclosure. In many variations of the device, the translating section 222 provides a
fow friction surface so that it translates over the obstruction without significantly moving
the obstruction. This permits the capturing portion 226 to envelop or surround the
obstruction prior to atterapting 1o move the obstruction within the body lumen. As noted
herein, the translating section 222 attempts to reduce the outward radial force applied by
the obstruction against the wall of the lumen duning movement of the obstruction within

the lurnen.
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{0076}

{0077}

Fig. 1B illustrates a distal section of the capturing portion 226 that serves as a
capturing section/surface 232, The capturing section 232 has an icreased frictional
surface {in this variation illustrated by the crossing 204 wires) so that 1t can capture and
uhtimately remove the obstruction. The frictional surface of the capturing section 232 can
also be described as an increased coverage density. In essence, as the frictional surface
of capturing section 232 coverage density increases, there 1s a greater “device” surface
area to interact with the obstruction. In some vanations the capturing section 232
ncreases in frictional surface between the translating section 234 and the end of the
device 200,

As shown, the device 200 includes a main bundle 202 comprising a group of
individual lpading wires 204, In this variation, the bundle of leading wires 204 13
surrounded by a coil or coiled wire 205, The corled wire 205 can comprise a single
leading wire that joins the device 202, Alternatively, the couled wire 208 can extend
terminate or wrap back prior to forming the capture portion 226. Moreover, the coiled
wire 205 can extend throughout a length the main bundle 202, or along one or more
segments of the main bundie 262,

While the example shows the group conssting of four mdividual leading wires
204, the bundle 202 can have any number of feading wires. In various examples 2, 4, or
& wires were used to construct the device. In ceriain variations, the number of wires in
the main bundle loop around from the capturing portion. For example, if 2 leading wires
are used to construct the device, then when constructing the main bundle 202 2 wires are
set to extend distally towards the capturing portion, where the 2 wires are then shaped to
form the captuving portion. Eventually, the wires then loop back to extend proximally
away from the capturing portion. Therefore, the 2 wires are doubled m the main bundle
to create 4 separate wires in the main bundle.

The individual wires 204 themselves may be comprised of a number of different
“mriero” filaments, wires, or a single type of wire. Vanations of the wires 204 are
discussed in detail below; however, the wires 204 can be strands, filaments, or any
sunilar structure that is able to be joined to form the device. The bundle 202 may be
braided, wrapped, twisted, or joined tn any manner such that they do not separate or

become unbundled except where desired. For examiple, wires in any section of the device
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200 can be bonded together (e.g., with epoxy, a polymeric coating, weld, solder, and/or
adhesive, et} 1o prevent the wires from separating doring detformation of the device as it
deploys or removes the obstruction. In addition, the mam bundle 202 can incorporate any
amber of fegtures to assist in orienting the device 200 within the body passage. For
example, the mamn bundle 202 caninclude a pre-set bend that would bias the capturing
portion 226 in a desired ortentation upon deplovment as discussed below.

As also discussed below, variations of the present device 200 include capturing
portions 226 where the translating section 234 provides a greater axial strength than an
axial strength of the capturing section 232, The axial strength {e.g., colhumm strength)
determines whether the respective section of the capturing portion 226 compresses when
the device 200 encounters resistance from an object and as a proximal or pulling force is
applied through the main boendle or leading wire 202, In use, the translating section 234
resists axial compression and deformation so that it can locate about the obstruction,
While the nature of moving the translating section will place the structure m a state of
compression, there will be no visible deformation or deflection that preventis the
translating section from advancing across an obsruction.

There are a number of approaches to adjust the axial strength of a captuting
section 232 as well as the entire structure. In a {irst exaniple, the manuer in which the
leading wire is wound {o form the respective surface 232, 234 impact the respective axial
strength. As shown, the traversing section 234 comprises g series of wrapped wires
extending 1n an axial direction. This axial alignment causes the wires 10 oppose axial
forces and thus tncreases the axial strength of the traversing section 234 relative to the
capturing section 232, In the latter section, the wires 232 extend in a hehecal direction
about the section 232. Thus there i3 less resistance to an axial load when compared to the
traversing section 234

Alernatively, or in combination, additional technigues can produce a device 200
with a capturing portion 226 that has sections of varviag axial strength. In one example,
the wire diameter can be adjusted to produce the desired column strength. Generally, for
a given construction, a larger diameter wire increases the column strength of the section.
in addition, larger diameter leading wires can terminate at the ranslating section 234 to

permit smaller diameter wires to form the capturing section 232, In another example, the
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leading wire 204 composition can be selected to produce the desired axial strength. For
example, drawn filled tube (DFT) wire has 30% platnum 70% nitenol. Decreasing the
amount of platinom and increasing the nitenol increases the wire strength and results in
higher column strength. In vet another example, the respective section, or the eantire
capturing portion 226, can be processed to produce the desired axial strength. For
example, changing the annealing profile (e.g., temp, time) affects the wire strength, and
therefore the axial strength.

jOO81} Variations of devices 200 described herem can have capturing portions with
alternate configurations than those shown m sbove. The capturing portion 226 can
inclade constructional designs such as a basket, a filter, a bag, a coil, a helical wire
structure, a mesh, a single wound wire, a fillm, a membrane, a polyvmer covering, , or s
plurality of crossing wires. In variations of the device, the capturing portion 226 is
sufficiently permeable to gllow blood or other fluid flow therethrough. As noted above,
capturing portion 226 may be any structure that covers, encapsulates, engulfs, and/or
ensnares the ohstruction either fully or partially. Accordingly, although the captuning
portion 226 s itlustrated as a filter’'bag, the wires may diverge to form a coil, helical
shape, other mesh structure, or any other structure that defines a space that can be
traaslated over the obstruction to vltimately remove the obstruction 2.

{0082} The capturing portion 226 can include an open proximal end 228, a permeable
distal end 230 and a capturing surface 232 locared therebetween. The capturing surface
232 of the capturing portion 226 defines a volume, cavity, or space that is able to cover,
encapsulate, envelop, engulf, ensnare andfor surround the obstruction. Generally, the
ferm fraversing wire or filament refers to the section of leading wire 204 that forms the
traversing surface 238, Generally, the traversmg wires form the capturing surface 238
and then torm the open proximal end 228, As discussed heren and itlustrated below | the
open proximal end 228 expands within the humen, typically 1o the lumen walls, so that
the obstruction eaters the open proxunal end 228 gs the bundie 202 (or leading wire)
franslates the device 200 proximally,

{0083} The permeable distal end 230 s typically sufficiently porous so that fliud or blood
may flow through. However, the end 230 15 sufficiently closed {or has an mereased

surface area) so that the obstruction should not escape through the distal end 230 of the
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device 200. This construction typically causes the obstruction to become ensnared within
the capturing portion 226 and prevented from passing through by the permeable distal
end 236,

As shown in Fig. 1C, an important feature of the present devices 260 is that the
main bundle 202 and capturing portion 226 can articalate relative to one another without
miterfering with the size or profile of the open proximal end 228. This feature 1s
described more fully below. As shown, the main bundle 202 extends through the open
proximal end 228 and through at least a the traversing section 234capturmg portion 226.

Fig. 1C ilustrates a condition where the main bundle 202 and capturing portion
226 articulate relative to one-another. Because the main bundle 202 joins the capturing
section 232 at a distance from the open proxinal end 228 movement of the main bundle
202 relative to an axis 236 of the capturing portion 226 does not reduce a profile of the
open proximal end 228, If the main bundle 202 were affixed or connected to the open
proximal end 228, then any movement of the bundle 202 away from the capturing
portion’s axis 236 would exert a force on the open end. This force, i tum, would cause
the open end to narrow or deform. By dotng so. the open end would not be able to
uniformiyv expand against the lumen wall to capture the obstruction.

Tumnng now to the construction of the device 200, gs shown above, the main
bundie or a leading wire 202 extends beyvond the open proxunal end 228 and forms the
capturing portionn. In one variation, the construction of the device relies on
converging/diverging wires to form contimrous shapes so that the device s completely
joint or connection free. However, as noted herein, the leading wire or main bundle 202
can be affixed {o a structure that forms the capturing portion via an attachment point,
jomt, or junction. in addition, the structures forming the captuwring portion can be
fabricated from such processes as laser cutting of tubes, etching, metal injection molding,
or any other such process.

The devices of the present invention can also include additional features to aid
removal of obsuuctions. For example, as shown m Figs. 1B to 1, the open proximal
end 228 can include one or more petals or flanges 238 extending radially outward. The
flanges 238 allow device 208 1o have a flared structure at the open proximal end 228, In

one example, the capturing portion 226 can be shightly oversized relative to the body
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passage containing the obstruction oy slightly larger than the capturing portion. The
flanges 238 provide an additional force against the wall of the passage to ensure that the
device 200 is able to surround or encapsalate the obstruction. In vet another feature, in
variations of a system having a proxunal and distal capturing portion, the flanges can
serve to lock the proximal and distal caplurmg portions together once they encapsulate or
surround an obstruction. This feature minimizes the chance that the obstruction escapes
from the capturing portions as the device and obstruction are removed from the body
fumen.

In additional variations, the main bundle can diverge to form the capturing portion
in multiple locations so long as the capturing portion’s ability to articulate is not
sacrificed. For example, the main bundle can diverge in several locations along the
capturing surface (not shown),

Figs, 1B to 1C also shows an tntegrally formed reinforcement ring 246 located
along the length of the capturing surface 232 (i.c., on the traversing wires). The
remnforcement ring 240 can be a separate or discrete ring located on or in the capturing
surface 232, Alternatively, or in combination, the reinforcement ring 240 can be a ring
shape that 1s integrally formed through arrangement of the wires 204 (as show in Figs. 1B
1o 1C). The remnforcement ring 240 assists in expanding the device when deployed in the
body lumen and/or prevents the device {e.g., the open proximal end} from collapsing as
the device moves within the lumen to secure the obstruction.  The reinforcement ring
2490 can comprise a single wire, or a twisted panw of wires. Alernatively, the nings do not
need to extend entirely circumforentially aroond the capturing surtace. Instead, a
reinforcement portion may extend between adjacent traversing wires but does not
necessanly extend around the ciorcumference of the capturing section. As noted herem,
reinforcement portions may extenxd between adjacent traversing wires in multiple
locations.

Figs. 2A 1o 2E show several benefits of varying axial strengths of the different
sections of a capture portion 226. As shown in Fig. 2A, when the physician retrieves the
capturing portion 226 by pulling on the leading wive or main bundie 202 (as shown by
arrow 120}, the entire capturing portion 226 translates ag shown by arrow 122, However,

when the device 200 encounters resistance (as schematically shown by force arrows 124)
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the lesser axial strength of the capturing section 232 causes axial deformation or
compression of the captaring section 232 {(as shown by Fig. 2B}, In certamn variations,
the capturing section 232 can be constructed to function as spring such that deformation
of the capturing section 232 stores energy. Accordingly. the phvsician can pull the main
bundie 202 to budd energy in the capturing section 232, then relax the force ou the mam
bundie 202, The stored energy in the capturing section 232 gradually drives the open
proxinal eud of the {ranslating section 234 over or along the obstruction. The physician
can apply this “pull and relax™ technigue repeatediy until the obstruction 1s sufficiently
captured by the capturing portion 226,

Fig. 2C shows an additional safety benefit piven the varving axial strengths of the
different sections of a capture portion 226. In the event the capturing portton 226
encousters an excessive degree or threshold of force {as denoted by arrows 124), the
reduced axial strength of the capturing section 232 can invert within the translating
section 234, As shown, the permeable distal end 230 of the capturing section 232 inverts
and is pulled by the main bundle 202 withm the translating section 234 and reduces in
size. As shown in Fig 2D, continued pulling on the main bundle 202 causes eventual
mversion of the translating section 234 so that the capturing section 232 extends through
the translating section 234 and the permeable distal end 236 s now proximal to the
translating section 234, Continuing to apply move the mamn bundle 262 n a proximal
direction 120 inveris the capturing portion 226 as shown in Fig. 2E. As shown, the
ranslating section 234 15 now distal to the capturing section 232, This causes a reduction
in the size of the capturing portion through wnversion of the capturing portion 226. This
feature permits withdrawal of the capturing portion 226 within a delivery sheath 106 or
through an immobile obstruction (as discussed below)}. As shown below, the ability 1o
sequentially invert the captaring portion 226 and reduce its diameter enables retrieval of
the device if deploved distal to atherosclerotic plaque or an inumobile object where
conmtinued pulling against the object could cause damage or tearing of the body passage or
vessel wall. It was found that retrieval devices that are not constructed with regions of
varving axial strength, spring function, or staged inversion can often flatten or expand in
diameter when attempting to retrieve the device though an immobile or stubbom

obstruction.
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Fig. 3A illustrates an additional vaniation of a capturing portions 226 according to
the present disclosure. In Fig. 3A. the main bundle 202 and the group of wires 204
branch or diverge at the permeable distal end 230 1o form the capturing portion 226, In
additional variations, the main bundie 202 can branch or diverge within a mid-portion of
the capturing surface 232 rather than at the permeable distal end 236, In such a case, the
wires 204 form the capturing surface 232 first and ultimately branch to form the
remainder of the capturing portion. In any case, by extending through the open proximal
end 228, the main bundle 202 15 able to articulate relative to the capturing portion 226
without significantly reducing a profile of the open distal end 228, Ag discussed above,
the capturing surface 232 of these variations is fabricated (either through processing or
wire construction) to have an axial strength that is lower than that of the waversing
section 234,

Fig. 3B iHustrates a variation having an integrated reinforcement ring 244,
Typically, the remforcement ring 240 provides radial strength 1o the capturing portion
226 to prevent collapse or deformaton that would otherwise interfere with enveloping the
obstruction. A reinforcement ring 240 may allow for ose of wires that would otherwise
provide unacceptable radial strength. For example, the reinforcement ring 24¢ may
permit use of smaller diameter wires thereby allowing the device 200 1o compress to a
smaller diarveter during delivery via a catheter.

In additon 1o the remnforcement ring 240, Fig. 3B includes an open proximal end
228 having a number of petals/flanges 238, In this variation, although the flanges 238
intersect one another, they are independently moveable.

Fig. 3C shows a variation of a device 208 where the capturing portion 226
mncludes langes 238 that are mterwoven or connected with adjacent flanges 238,
{Variations include bonding or otherwise joming the adjacent flanges together) This
feature provides the flanges 238 with a higher radial sirength that reduces the likelihood

that the flanges 238 bend or distort when moving in the body lumen or removing the

obstruction.
Figs. 3D to 3E illustrate additional variations of devices having capturing portions

226 that bave a basket type configuration. Ay shown, the capturing portions 226 and

surface 232 comprise & denser mesh of traversing wires that ultimately fead to the
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traversing section 234 that ternunates in flanges 238 at the open proximal end 228 In
such variations, a first portion of the traversing surface 232that is adjacent to the open
proximal end has a low coverage density relative to the remaining pertion of the
capturing surface having a higher coverage density that eventually forms the permeable
distal end 238, This construction lowers the lowering fnictional resistance of the first
portion of the capturing surface when moving over or agamst the obstruction but allows
the rermaming portion of the capturing surface to encapsulate and secure the obsiruction.

As shown i Fig. 3E, the wires diverge from the main bundle towards the distal
end of the capturing portion 226 to form the permeable distal end 230, The permeable
distal end 239 can actually bave the same configuration as the capturing surface 232, In
other words, the permeable distal end can simply be an extension of the capturing surface
that extends over the distal end of the capturing portion.

Naturally, the divesrgence of the wires can occur over a leagth of the capturing
portion 226 rather than immediately at the distal end. For example, as show in Fig. 3D,
the wires diverge towards a nud-section of the captuwing portion and ultimately torm the
permeable distal end 236

Fig. 3F iltustrates a vanation of a device 200 having multiple reinforcement rings
240. As noted above, the reinforcement rings provide additional radial strength to the
capturing portion 226 as the device 200 moves within the body lumen and prevents
distortion of the capturing portion 226, However, as noted ghove, the device will be
fabricated 1o provide varying regions of axial strength to allow for etther the spring effect
or the staged inversion discussed above. In any case, the rings 249 do not need to exiend
around an entire circumiference of a device, variations include any number of supposts
that extend between adjacent traversing wires.

Fig. 3G illastrates ancther vartation of a device 208 having a leading wire 202
extending to a distal end 236 of a capturing portion 226. In this variation the capturing
portion 226 1s fabricated from a stent-type structure. As noted above, it 1s within the
scope of this disclosure to use any type of similar structure such as a laser cut tube, a
chemically etched or photo etched tube, a polvmer or metal mjection molded structure, a
basket, a filter, a bag, a coil, a helical wire stracture, a mesh, a single wound wire, a film,

a membrane, a polymer covering, or a plurality of crossing wires as the capturing portion
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226 so long as the device can be compressed to a small size for delivery and expand after
traversing the obstruction. The ilustrated variation also shows a covering 270 located on
the distal end 230 of the capturing portion 226. The length of the polvmeric covering 270
can vary across the capturing portion 226 to prevent the obstruction fram escaping as the
device is translated over the obstruction. Furthermore, the covering 270 can be
polymeric or a wire mesh. However, typically the coverning has sufficient porosity to
aliow blood to flow through the device 2000 In this variation, the flanges 238 form the
translating surface.

Fig. 3H dustrates another feature for use with system described herein, n thig
variation, the system includes a proximal capturing portion 260 located on an exterior of
a delivery sheath 106, The main bundle 202 extends through the sheath 106 to a distal
capturing portion {(not shown). As discussed below, the proximal capturing portion 260
can be sinular to the distal capturing portions 226 described herein with the exception
that the distal end 262 of the proximal capturing portion is open while the proxinual end
264 of the proxumal capturing portion 15 closed. Furthermore, the proximal capturing
portion 260 articulates with respect to the sheath 106 much m the same manner as the
distal captuning portion 226 agticulates relative to the mam bundle 262, In this variation,
the proximal end 264 of the proximal capturing portion 260 is tapered or has a smaller
profile than the remamning proximal capturing portion 260. Such a featiwre may be useful
to unprove the deliverability of the device to the intended site as well as to manecuver
around any obstructions within the body passage. In addition, as noted below, the
proximal capturing portion 260 can be compressed about the obstruction o tmprove the
abiliy of the system to remove the obstruction.  The construction of the proximal
capturing portion 260 can optionally include variations having regions of differing axial
strength, or sections capable of generating spring force. Typically, since the proximal
capturing portion 268 1s not advanced distal 1o the obstraction, the need for staged
imversion 1s not necessary. Accordingly, any nomber of capturing designs can be
incorporated for the proximal capturing portion.

In some variations, the leading wire can extend to the proximal end of the system
for manipulation by the physician. However, it is often the case that the characteristies of

the device must vary along its length. For example, when the device is intended for use
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in remote tortaous anatomy, the proximal section of the device is desivably stiffer (to
advance the distal portion of the device to the target anatomy). However, the distal
section of the device must have properties that make it suitable for the tortuous anatomy.
In the case where devices arve used in the cerebral vasculature, the distal section must be
extremely flexible, while the proximal section should be stiff. In many cases, different
material properties are required. A problem then arises in attempting to join different
materials especially 10 the joining region.

Conventional joinmg methods include soldering, welding, glumng, thermal

junctions, etc. These joining methods produce an area having an increase i the stffhess

of the device. For example, if two wires are to be laser welded together, then the section
where they are joined has an overlap which vields greater stiffness than the rest of the
wire. This increased area of stiffness is often balanced agaiust the strength of the joined
segment. If the joined region is 100 long, the strength will be sufficient but the increase
in stiffuness ofien prevents navigation through the torteous anatomy. 1F the joined region
13 too short, then the device can navigate through the anatomy but the bond s weaker and
a risk of failure increases.

Fig. 4A illustrates another vanation of an mprovement for use with the devices
described herein especially for use in tortuous anatomy such as the cerebral vasculature.
In this example, the capturing portion 226 is show with a number of leading wires 204

extending proximally. To provide the desired characteristics, the leading wires 204 are

jomed in region 196 to wires 198 having a structure that is suitable for the proximal

anatomy {e.g., the wires are larger in dismeter or stiffer). To enable use of the device 200
in the cerebral anatomy withowt compromising bond strength characteristics or flexibility
of the device 200, the leading wires extend a pre-determined region so that the bond
region 196 is placed out of the torfuous anatomy. Since the cerebral vasculatare is
approximately 30 centimeters in length, the leading wires 204 can extend for a length 195
of at least a predetermined length so that it remains very flexible when navigating the
cerebral vasculature or other tortuous anatomy. In one example the length wag 20
centimeters (but can be 30 or more centimeters). By deliberately extending the leading
wires 204 by fength 194, the length of the boud region 196 can be chosen to

accommodate the proximal anatomiy {where a greater stiffness of the bond region 196 can
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be accommuaodated). The length of the bond region 196 can vary depending on the
application {(e.g., from 2 t020 cm for a device intended for cerebral the cerebral
vasculature). However, the bond can extend along the entire proximal section of leading
wire.

Fig. 48 tustrates an addition aspect of for use with devices described heremn
where the main bundie 202 has a curved or bend portion 252, This pre-set shape assists
w ortenting the capiuring portion 226 within the body passage since the bend will canse
the device to bias agamst a wall of the body passage.

Fig. 4C and 4D show cross sectional views taken along the line A-A in Fig. 4B.
As shown, the wire form construction described herein allows for a number of
configurations depending on the particular application. For example, the mdividual wires
204 (as discussed herein) may themselves comprise a bundle of smaller wires or
filaments. In addition, the wires can be selected from materials such as stainless steel,
titaniom, platinum, gold, intdiom, tamtatom, Nitinol, alloys, and/or polymeric strands. In
addition, the wires used 11 a device may comprise a heterogeneous structure by using
combinations of wires of ditferent matenals 1o produce a device having the particular
desired properties. For example. one or more wires 1 the device may comprise a shape
memory or superelastic alloy to impart predetermined shapes or resiliency to the device.
In some variations, the mechanical properties of select wires can be altered. Insuch a
case, the select wires can be wreated to alter properties including: brittleness, ductility,
elasticity, hardness, malleability, plasticity, strength, and toughness.

The device may include a number of radiopague wires, such as gold and platinum
for woproved visibility under fluoroscopic imaging. In other words, any combnation of
matenials may be mcorporated into the device. In addition to the materials, the size of the
wires may vary as needed. For example, the diameters of the wires may be the same or
may vary as needed.

In addition, the ndivideal wires may have cross-sectional shapes ranging from
circular, oval, d~shaped, rectangular shape, ete. Fig 4C tlustrates one possible vanation
in which a number of circular wires 204 are included with a d-shaped wire 205.
Moreover, the device is not limited to having wires having the same cross-sectional shape

or size. Instead, the device can hiave wires having different cross-sectional shapes. For
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example, as shown in Fig. 4D, one or more wires 205 can have a different cross-sectional
shape or size than a remunder of the wires 204, Clearly, any number of variations is
within the scope of this disclosure.

To illustrate one such example, a device can have 8-12 wires made of 003
round superelastic matenal {e.g., nitinol}. The device may additionally have 2-4 wires
made from 0027 platinum for fluoroscopy. Ofthe 8-12 nitinol wires, 1-4 of these wires
can be made of a larger diameter or different cross-section to mcrease the overall strength
of the device. Finally, a couple of polymer {ibers can be added where the fibers have a
desired surface property for clot adherence, etc. Such a combination of wires provides a
composite device with properties not conventionally possible in view of other formation
means (such as laser cutting or etching the shape from a tube or jeining materials with
welds, ete.}). Clearly, any number of permutations is possible given the principles of the
invention.

In another example, the device may be fabricated from wires formed from a
polyimeric material or composite blend of polymeric materials. The polymeric composite
can be selected such that 1t 15 very Hoppy until 1t is exposed {o either the body fluids and
or some other delivered activator that causes the polymer to further polymerize or stiffen
for strength. Varicoas coatings could protect the polymer from further polymerizing
before the device is properly placed. The coatings could provide a specific duration for
placement {e.2., 3 minutes) after which the covering degrades or is activated with an
agent (that doesn’t affect the surrounding tissues) allowing the device to increase in
stiffness so that it doesn’t stretch as the thrombus s pulled cut. For example, shape
memory polymers would allow the device to increase  stiffness.

In another variation, one or more of the wires used m the device may comprise a
Drawn Filled Tabe (DFT) such as those provided by Fort Wavne Metals, Fort Wayne,
Indiana. As shown m Fig. 4E, such a DFT wire 2352 comprises a first material or shell
208 over a second matertal 210 having properties different from the outer shell, Wlule a
variety of materials can be used, one variation under the present devices includes a DFT
wire having a superelastic {e.g., Nitinol) cuter tube with a radiopague material within the
super-elastic outer shell. For example, the radiopague material can include any

conunercially used radiopaque matenal, including but not lunited to platinum, iridium,
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gold, tantalwm, or similar alloy. One benefit of making a capturing portion fiom the DFT
wire noted above, is that rather than having one or more markers over the capturing
portion, the entire captaring portion can be fabricated from a super-elastic material while,
at the same time, the super-elastic capturing portion is made radiopaque given the core of
radiopaque material within the super-elastic shell. Clearly, any composite DFT wire 252
can be incorporated nto the system and capturing portions described hereimn.

Fig. SA shows a working end of a variation of a system 1 for removing an
obstruction from a body lumen. In this vaniation, the system H includes a main bundle
202 and capturing portion 226 extending out of a micro-catheter or catheter 102, The
micro-catheter 102 can optionally include a proximal foot 256 that can slide axially over
main bundle 202 and can be variably positioned i relation 1o the capturing portion 226,
The proximal foot 256 can include any munber of configurations apart from the
petalflange 238 configuration (i.e., the foot can be a balloon, ceil, shoulder, etc. where
such structures simply replace the petals in Fig. SA). In any case, the proximal foot 256
provides an increased surtace area that provides an oppesing force to the capturing
portion 226, where the opposing force akds the movement of the obstruction withia the
captuning porfion 226, Alternatively, the proximal foot stabilizes the obstruction and
keeps the obstruction from moving with the capturing portion until the capturing portion
envelops the obstruction.

The size of the proximal foot 256 can be adjusted depending on the target site
anatomy. For example, a larger surtace area can be emiployed if the target site 1s within a
bifurcation of the body passage. The size of the proximal foot 256 can alse be adjustable
during the procedure. For example, n the case of a petal/flange 258 configuration, the
petals 258 can assume a larger size to initially stabilize the ebstruction and then reduce in
size to sllow the obstruction to be completely engulfed by capturing section 226,

The proximal foot 256 can extend from an interior of the catheter 102, such as
from within the internal lumen of the catheter, or from an additional lumen within a wall
of the catheter. Alternatively, the proximal foot 256 can be permanently affixed to the
catheter 1602, 1n such a case, a separate catheter (without a proximal foot) can be
employed to fraverse the obstruction for deployment of the device distally to the

obstruction. Once the device 1s deployed, the catheters can be exchanged to provide the
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proxumal foot. In an additional variation, the proximal foot 256 can be affixed to a
delivery sheath (as described below) and be collapsed within the catheter, where
advancement out of the catheter expands the proximal foor 256 so that it may function as
described above.

In an additional variation, a proximal capturing portion {as shown in Fig. 3H) can
be used with a foot 256 that 1s located about the main bundle 202. Such a vanation may
or may not include a distal capturing portion.  Accordingly, the construction of the
proximal captusing portion {as described herein to include sections of varying axial
strength) can be used to perform a push and relax technique {(similar to that of the pull
and relax techpique described herein).

Fig. 5B illustrates another variation of the system 10 where the system includes a
proximal captaring portion 260 ocated on an exterior of a delivery sheath 106.
Naturally, the proximal capturing portion 260 could also be affixed to an exterior of a
micro-catheter. The proximal captaring portion 268 is similar to the captaring portions
226 described heremn with the exception that the distal end 262 of the proximal capturing
portion is open while the proximal end 264 of the proximal capturing portion 1s closed.
The proximal capturing portion can also optionally be configured to have regions of
varying axial strength, spring rate, and various other features associated with the distal
capturing portion 226. In the illustrated vanation, the capturing portion 226 and main
bundle 202 move relative to the proximal capturing portion 260 1o capture an obstruction.
Farthermore, the proximal capturing portion 260 articulates with respect to the sheath
106 much in the same manner as the distal capturing portion 226 articulates relative 1o
the main bundle 202, As shown, the petals 238 on the open ends 228 and 262 can
interact to nest once the captwring portions 226 and 268 are moved sufficiently close to
one another. The outward force caused by the retained obstruction provides a frictional
interaction between adjacent petals/flanges 238 to maintain the nesting.

Variations of the device include additional structures, such as springs, hooks,
barbs, etc, to cause the open ends 228 and 262 to interlock. As noted above, a separate
catheter can be used to initially deplov the capturing porrion 226 bevond the obstruction.
Although the capturing portions shown have the same configuration, the capturing

portions 226 and 2660 used in anv given system do not have to maich in size, shape, and
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configuration. For example, the proximal capturing portion can be impenneable to flow
while the distal capturing portion allows flow. In another example, one basket may be
undersized relative to the other to improve nesting.

j0118] In any case, the construction of the system 19 shown in Fig. 5B includes open
ends 228 and 262 of capturing portions 226 and 260 that are unconnected. Accordingly,
as the capturing portions 226 and 260 move towards one another as a result of the main
bundie 202 translating relative to the delivery sheath 106 the open ends are free {0
articulate around the mam bundle 202 and delivery sheath 186 respectively to remain
expanded against the himen wall,

[0119] Figs. 3C 1o SE illustrate a variation of a svstem for delivery of the capturing
porttons 226 and 260. Fig. 5C shows the proximal 260 capturing portion affixed to a
delivery sheath 106. In alternate variations, the proximal capturing portion 260 can be
replaced with a proximal foot (not shown), As noted above, the main bundle or leading
wires 202 exiends through the delivery sheath 186 and connects o the distal captuning
portion 226 beyvond the opening 228 of the distal capturing portion 200, The mam bundle
or leading wire 202 extends through the proximal capturing portion 260, This allows the
free ends of the capturing portions 228 and 262 to remain relatively unattached so that
thev can articulate and conform to the curvature of the vessels (as discussed below). The
capturing portions 226 and 260, main bundle 202 and delivery sheath 106 extend through
a nucrocatheter 102,

[01264 Fig. 5D illustrates a state of deplovment after the microcatheter 102 traverses the
obstruction (noet shown). Once the microcatheter 102 is distal 1o the obstruction, the
distal capturing portion 226 deplovs from the end of the microcatheter 182, As noted
herein, the capturing portions can self-expand or can expand upon actuation by the
physician. In any case, the distal capturing portion 226 should be sufficiently collapsible
te remain within the microcatheter 102 for deployment distal to an obstruction. To
deplov the distal captunng portion 200 from the catheter 102, the main bundle 202 can
translate to push the distal capruring portion 226 to eject it from the catheter 102,
Alternatively, the microcatheter 102 can be withdrawn from the distal captoring portion
226.
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Fig. SE illustrates the deployment state after the catheter 102 s withdrawn
proximal to the obstruction {(not shown) and after the proximal capture portion 260 1s
detivered from the microcatheter 102, As noted above, the proximal capture portion 266
can be affixed 10 an exterior of the catheter, in which case the catheter may be either de-
sheathed or exchanged. Alternatively, and as shown, the proximal capturing portion 260
is affixed to a delivery sheath 106 and is fabricated to collapse within the mucrocatheter
for ultimate deployment, whereby translating the sheath 106 delivers the proximal portion
268 from the nucrocatheter.

Fig. 5F shows another aspect of the systemn 18 where the proximal end 264 of the
proximal capturing portion 260 is collapsed or compressed abowt an obstruction 2 prior to
ransiation of the obstrugtion 2 within the vessel. In this illustration, the proxumal
capturing portion 260 1s compressible by advancing the catheter 102 over the closed
proximal end 264 of the capturing portion 260. In such g case, the proximal capturing
portion 260 is shdable within and relative to the catheter 182, Naturally, variations may
mchide compressing the proximal end 264 durmg translation of the obstruction 2. In
either case, the proximal capturing poriion 260 can be compressed in a nunmber of
different ways. For instance, the proximal basket can be compressed using a catheter
102(as shown), or the delivery sheath 106, or any other number of mechanisms (not
tHustrated).

As shown, the proximal end 264 can be compressed using a sheath 166 and/or
catheter 182 However, other means of compressing may be emploved (e.g.. a loop
structure, a tube over the sheath, a draw-string configuration, ei¢.} In use, once the distal
capturing portion 226 is deployed distally to the obstruction 2 and the catheter 102 i3
withdrawn proximal to the obstruction 2, the proximal capturing portion 260 is deployed.
As the proximsal capturing portion 260 pantiaily (or totally} engulfs the obstruction 2, the
physician can collapse or compress the proxinal capturing portion 260 to better secure
the obstruction within the systens 10,

It is noted that any number of shapes, configurations, as well as any number of

joined wires may be contemplated to form devices under the present disclosure.

However, variations of the invention include selecting a number of wires to produce

specific structural properties o the device. For example, the devices can have any
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number of wires where the linit is determined by the ability to produce a device of a
sufficiently small size 1o access the area containing the obstruction. However, in some
cases, # may be desired that wires are chosen to impart specified characteristics. For
example, in the illustrated variation, the main bundle may comprise any sumber of wires
that do not diverge to form subsequent shapes m the device. In other words. not all of the
wires fornung a section are required to diverge to form an adjacent section. Instead,
these non~diverging wires may simply “loop™ back away from the device. Inan
additional vanation, one or more wires may diverge to form a particular portion of the
capturing portion {e.g., the closed end, traversing wires, etc.). Then the wires can loop
back to converge again with the main bundle.

Figs. 0A o 6E show one example of the deployment of a variation of a device
according to the present imvention about an obstruction 1 a vessel. The figures are
intended to demonstrate the initial placement of the device innnediately prior to removal
of the obstruction.

Fig. 6A illustrates an obstruction 2 lodged within 2 body humen or vessel 6. In the
case where the vessel 15 a cerebral artery, the obstruction may result in an ischemic
stroke. Using standard interventional catheterization techniques, a nucrocatheter 102 and
guidewire 104 traverse the obstruction. The microcatheter 102 may be advanced through
the obstruction 2. Alternapively, the microcatheter 102 may “push”™ aside the obstruction
and is advanced around the pbstruction. In any case, the micrecatheter 102 wavels from
the near end 3 {or proximal side) of the obstruction 2 1o the far end 4 {or distal side) of
the obstruction 2. it is noted that the catheter 102 may be centered or off-center with
respect to the obstruction 2. Fuorthermore, the device may or may not be used with a
guidewtre to navigate to the site and traverse the obstruction.

Some variations of the device may be placed without an accompanying guidewire.
Moreover, the structures discussed herein may be directly incorporated into a guidewire
assembly where deplovment may require a sheath or other covering to release the
components from constraint.

Fig. 6B ilustrates deployment of a capruring portion 226 and mam bundle 202 of
the device 200 from within the microcatheter 102 distal to the obstruction 2.

Accordingly, in most variations, the capturing portion 226 is designed to fit within the

£
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catheter 102 for delivery and expand upon deployment. Alternatively, the device may be
actuated to asseme the desired shape (e g., uvpon reaching a transition temperature where
ong o more wires comprise a shape memory alioy}. As shown, the capturing portion 226

includes a traversing section 234 and a capturing section 232, In some procedures the

fraversing section 234 engulfs the obstruction 2 with little or no complication as the man
bundle 202, catheter 102, or sheath 106 pulls the capturing portion 226 in a proximal
divection.

However, as discassed above, there may be some procedures where the distal
capturing portion 226 is deployed distal to an obstruction 2 that is deposited withun the
vessel or lumen such that a steady translation of the capturng portion 226 will not engulf
the obstruction 2. Figs. TA 1 70 illostrate some examples of such a sitpation. As shown
tn Fig. 7A, a sheath 106 might be able to traverse the obstruction 2 to deploy the distal
capturing portion 226 in preparation for engulfing the obstruction 2. Fig. 7B ilustrates a
condition where the traversing section 234 engages the obstruction 2 but 1s unable to
easily or fully engulf the obstruction 2. However, in those variations where the capturing
portion 226 includes regions having diffevent axial strength (as discussed above),
continued pulling of the main bundle 202 in a proximal direction 120 causes the
capturing section 234 to compress. When the capturing section 234 is constructed to
function as spring, the deformation of the capturing section 232 stores eneryy from the
proximal movement of the main bundle 202, This storing of energy allows the physician
to relax the pulling force 120 on the muain bundle 202, Fig. 7C shows a compressed
capturing section 234, The cnergy stored in the capturing section 232 gradually drives
the open proxumal end 228 of the translating section 234 over or along the obstruction 2.
The physician can apply this “pull and relax” technique repeatedly unti the obstruction 1s
sufficiently captured by the capturing portion 226, In some variations, the capturing
section 234 remains compressed as the obstruction 2 finally breaks loose and removed.

Fig. 7D represents the situation where a distal capturing portion distal to an object
2 that is significantly embedded within a vessel or body humen. In such cases, the force
reguired to remove the obstruction 2 may damage the vessel or fumen. Such obstructions
clude atherosclerotic plagque or other immwobile objects. As shown, when the distal

captuting portion 226 is pulled once the proxamal force 120 reaches a threshold value (as
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determined by the construction of the capturing portion 226} the capturing portion 226
wirdergoes a staged inversion as the permeable end 230 enters the traversing section 232,
In this variation, the permeable end 230 actually enters the obstruction 2. The
construction of the capturing portion 226 prevents flattening or expanding in diameter,
where such movements would prevent removal of the capturing portion. Again, if the
force apphied by the capturing portion 226 breaks the obstruction 2 free. The obstruction
2 can be removed even though a part of the capturing portion 226 is within the
obstruction 2 as shown in Fig. 2D,

Fig. 7E shows advanced inversion of the capturing portion 226 as the capturing
section 234 is now proximal to the traversing section 232. The traversing section 232
may be deformed upon inversion but will taper towards the capturing section 234 as the
capturing section 234 passes through the obstraction 2 {typicaily via an opening that was
previousty created by advancement of a sheath 106 through or around the obstruction 2},

Fig. 7F shows the capturing portion 226 nearly passing through the obstruction 2
so that it may be removed from the body. As shown in Fig. 7G, the capturing portion 226
s now fully mverted and 1s 1n a state where it can re-enter @ catheter for removal from the
patient.

The construction described herein that allows for staged inversion of the capturing
portion 2 provides a significant safety feature. A physician must undertake additional
surgical intervention to remove any retieval device that has become lodged distally to an
mmmobile obstruction. The ability of staged inversion allows the physician to mvert and
remove the capturing portion 226 if application of a predetermined ov threshold force s
exceeded by proximal displacement of the device. This featwre reduces the need for
additional surgical mtervention to remove a retrieval device that would otherwise become
fodged or separated as a result of excessive forces being applied.

Figs. 8A to 8B illustrate an additional benefit of atfixing a leading wire or bundle
of wires 282 bevond a proxunal opening 228 of a captuning portion 226, Fig, 5A
iliustrates a basket type structure 98 where a wire 202 is affixed to a proximal end 92. As
shown, as the leading wire 202 pulls the basket 90 through tortuous anatomy 6, the force
component pelling away from an axis of the device 99 causes the proximal open end 92

1o constrict or reduce in size. As shown, as the proximal end 92 approaches the
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obstruction 2 the perimeter of the end is not placed against the walls of the body passage
6. As aresult, the constricted opening 92 places an increased axial force on the
obstruction 2 as the basket 94 transiates over the obstruction 2 (because the proximal end
92 pushes against the obstruction rather than sliding around 1), making encapsulation of
the obstruction more ditficult and possible leading to vascular damage.

Fig. 88 shows a device 200 according to the principles disclosed heremn. The
leading wire 202 is affixed o the distal end 238 of the capturing portion 226. As the
main bundle 202 13 pulled through the curved vascular path, the capturing portion 226
pivots or articulates about the buadle 202 and remains aligned with the axis of the vessel.
As a result any misalignment between the leading wire 202 and an axis of the capturing
portron 226 does not affect the open proximal end 228, As noted above, some closing of
the open proximal end mayv occur, though it will not be sufficient to interfere with the
obstruction as the capturing portion moves over the obstruction, Such a configuration
aliows the pertmeter of the open proximal end 228 to remain against the wall of the
passage 6. As shown, because the open proximal end 228 is not constricted, the open
proximal end 228 15 better sunted to shide around the obstruction for eventual removal.

Fig. 8C shows withdrawal of the microcatheter 102 to the proximal side 3 of the
obstruction 2 and deplovment of a proximal capturing portion 268 (in aliernate varntations,
a proximal foot can be used or the capturing portion 226 alone can be used). Again, the
catheter 102 can be exchanged for a catheter 102 having a proximal capturing portion
260, Alternatively, and as shown in the accompanying figures, the proximal capturing
portion 260 can be affixed to g delivery sheath 106 that 15 fed through the microcatheter
102,

As also showu in the figure, the mam bundle 202 and capturing portions become
misaligned due 1o the tortuousity of the anstomy. However, because the capturing
portions 226 and 266 are able to pivot or articulate relative to the main bundle 202 and
catheter 102 or sheath 106, the open ends are able to remain against the lumen walll In
conventional devices where the open end is attached to either a wire or catheter, when the
wire or catheter bends in the anatomy, the forces exerted on the open ends deform or
distort the end to assume a reduced profile. Accordingly, the physician may have

difficulty inn removing an obstruction if the profile of the open end becomes reduced in
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size. Closmg of the open end can also result in vascular damage if the physician applies
too much force in transiating the device.

Fig. 3D shows movement of the capturing portions 226 and 260 adjacent to the
obstruction 2. The proximal capturing portion 260 can remain stationary or may be
advanced relative to the distal capturing portion 226. Regardless, the physician is able to
ensnare the obstruction 2 within the cavities defined by the capturing portions 226 and
260. Fig. 8Eillustrates the system as the two capturing portions arve drawn together. For
purposes of clarity, the obstruction is not shown. Upon sufficient advancement of the
capturing portion 226 and proximal capturing portion 260 relative to one-another, flanges
238 on the respective open ends can interlock. This feature provides added safety in
removing the device as the obstruction is encapsulated between the two nested portions.

Fig. 8F illustrates a device 200 after securing an obstruction between a proximal
260 and distal 226 capturing sections. As shown, the captured ohstruction 2 is held
between capturing portions 226 and 268 where the flanges 238 nest within one-another to
“lock” the capturing portions together. In some vanations of the device, one of the
capturing portions can be undersized relative to the other. This configuration allows for
the undersized capturing portion to become further compressed as the devices are pulled
together. The compression of the captaring surface then serves to further compress the
obstruction 2 captured within the device.

The capruring portions described herein can include coverings or wrappings so
tong as the other featores of the device are not impaired. Such coverings can be located
on both capiuring portions 226 and 260, only one or more capturing portions. The
covering can mclude a strand or fiber wrapped or woven about the section. a polymer
film, or a dipped polymer coating such as silicone, urethane, etc. The coating on either
capturing portion can be solid or porons. In the latter case, blood can continue to flow
through the coating. In one variation, the proximal captwring portion 268 could employ a
sotid covermg while the distal captuning portion 200 could include a porous covering. In
such a case, blood or other fluid flow could be temporarily halted by the presence of the
solid covering to assist in removal of the obstruction.

Fig. ¢ dlustrates a vacation of the system where the main bundle 202 includes a

medial foot 274, The construction of the medial foot 274 can be stmilar to that of the
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proximal foot discussed above {e.g., wires looped into a petal configuration.} However,
the medial foot includes a surface area or diameter larger than a diameter of the main
bundie. In any case, the increased surface area of the medial foot 274 provides an
increased resistance to the obstruction 2 as the distal capturing partion 200 and main
bundie 202 are pulled in a proximal direction towards an obstruction 2. The medial foot
274 engages the obstruction 2 to partially displace or loosen the obstruction from the
walls ot the body passage. The medial foot 274 can be shidably located on the main
bundle such that after a threshold force, the medial foot moves within the distal capturing
portion 200, The mam bundle 202 can include any number of medial feet 274

Although the iHlustrated variation shown above comprise open-ended, circular,
looped or partial Ioop shape cross sectional areas, variations of the capturing portions can
mchude any number of shapes. For example, such a shape can mclode a curcle, an arcuate
shape, a partial civcular shape, & loop, an oval, g square, a rectangle, a polygon, an
overlappmg loop, a pair of semi-cireles, ete.} The various shapes may be heat set to be
either self~expanding (i.e., superelastic} or the use of shape memory alloys can allow for
the device to assume the particular shape upon reaching a destred transition temperature.

The exemplary shapes discussed above permit the shaped section to adjust in
diameter in response to placement in varying diameters of body lumens. 1t is noted that a
device may have different shaped sections on different ends of the device.

While many different shapes are contemplated to be within the scope of this
disclosure, the shapes will depend upon the ultimate application of the device. As noted
herein, the ilostrated examples have particolar applicability in retrieving obstructions
from the vasculatwre. Accordingly, for these appheations the shaped sections should
form a shape so that they can expand against a vessel wall without causing trauma to the
vessel. For example, upon release from the catheter, the shaped section can assume their
resting shape and expand within the vessel. The resting shape can be constructed to have
a stze shightly greater thau that of the vessel. Sizing the device relative to the target
vessel may assist in placing the parts of the device against a vessel.

In an additional aspect, the shaped sections may be designed to have an
unconstrained shape that is larger than the mtended target vessel or sinaply different than

a cross sectional profile of the ntended vessel (Le., not circular or tubular, but e g, linear
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or other different shape). in such an example, as the shaped section is released from the
delivery catheter, the shape section attempts to return to the unconstrained shape. In
those variations where the unconstrained shape is different from the circular profile of the
vessel, the leading wire assumes a shape that accommuodates the vessel but is more rigid
and stable since its unconstrained shape s entirely different from that of the vessel. In
other words, the shaped section continually exerts an outward force on the vessel.

in vet another aspect, the shaped sections shown herein may not necessarily lie in
the same plane. instead, they can be axially spaced by an offset. One benefit of
constructing the device to have non-planar shaped section is that the configuration might
allow for delivery of the device through a smaller microcatheter because the shapad
sections do not interfere with one another when collapsed to fit within the microcatheter.

Another aspect applicable to all variations of the devices s 10 configure the
devices {whether the traversing filament or the surrounding portien) for better adherence
to the obstraction. One such mode includes the use of coatings that bond to certain clots
{or other materials causing the obstruction) For example, the wires may be coated with a
hvdrogel or adhesive that bonds to a thrombus, Accordingly, as the device secures about
a clot, the combination of the addstive and the mechanical structure of the device may
improve the effectiveness of the device i removing the obstrection. Coatings may also
be combined with the captuning postions or catheter to improve the ability of the device
1o encapsulate and remove the obstruction {e.g., a hydrophilic coating).

Such improvements may alse be mechanical or structural. Any portion of the
capturing portion can have hooks, fibers, or barbs that grip into the obstruction as the
device swrounds the obstruction. The hooks., fibers, or barbs 154 can be incorporated
mto any portion of the device. However, it will be unportant that such features do not
hinder the ability of the practitioner to remove the device from the body.

in addition to additives, the device can be coupled to an RF or other power source
{such as 14 or 16 in Fig. 1A}, to allow current, ultrasound or RF energy to transmit
through the device and induce clotting or cause additional coagulation of a clot ov other
the obstruction.

The methods described herein may also include treating the obstruction priov to

attempiing to remove the obstruction. Such a treatment can include applyving a chemical
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or pharmaceutical agent with the goal of making the occlusion shrmnk or to make it more
rigid for easier removal. Such agents inclade, but are not limited to chemotherapy drugs,
ot solutions, a mild formalin, or aldehyde solution.

As for other details of the present invention, materials and manufacturing
techniques may be emploved as within the level of those with skall in the relevant art.
The same may hold trae with respect to method-based aspects of the invention in terms of
additional acts that are commonly or logically employved. In addition, though the
wvention has been desenbed in reference to several examples, opuonally mcorporating
various featwwes, the vention is not to be Hmited to that which is described or indicated
as contemplated with respect to each variation of the Imvention.

Fig. 10 tlustrates one variation of a retnieval device 200 including a distal capture
portion 226 coupled to one or more leading wires i the forn of a main bundie 202, The
main bundie extends through a sheath 106 that includes a proximal capture portion 260,
The configuration of the retnieval device 200 can incorporate the proximal and distal
capture portions discussed herein as well as various other configarations discussed m the
commonty assigned patent applications noted above. In addition, the relative sizes of the
various components shown m Fig. 10 and discussed below ave for illustrative purposes
only.

An end 264 of the proximal capture portion 26@ is affixed to a distal end of the
sheath 106, However, as noted above, other variations are within the scope of the
disclosure. The main buandle 202 can optionally terminate at a handle 242, As noted
above, in certain variations, the main bundle 15 joined to a stiffer wire or stiffer bundie of
wires. This allows the device 208 to have a very flexible distal section with a relatively
stiffer proximal section. Fig. 4A above, discusses placement of a joint at a location
spaced from the distal section of the device so as to increase a bond strength but not
impair the distal section’s flexibility. In any case, the device 200 can have a proximal
bundie 203 that comprises etther the exposed wires or g covering/tube over the wires. In
certain vanations, the bundle or wire 202, 203 can be encapsulated with a coating.

The proximal end of the sheath 106 includes a sheath haadle 244, As discussed
herein, axial movement of the bundle 202 or proximal bundie 203 (typically at the handle

242) resubts in movement 126, or translation of the bundle within the sheath 106, This
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action moves the distal capture portion 226 {as shown by arrows 126). In certain
variations, the device 208 is loaded into a microcatheter {not shown but discussed above)
that s delivered to the site of the obstruction and crosses the obstruction.

[0155] In some variations, the sheath hub 244 includes one or more locking hubs 246.
Where actuation {either axial or rotational) of the locking hub 246 locks the main bundle
202 relative to the sheath handie 244 and sheath 106, It follows that such locking action
also locks the distal capture portion 226 relative 1o the proximal capture portion 268, A
variety of methods can be employed to increase a frictional interference between the
tocking hub 246 and the proximal bundle 203, As a result, when a physician determines
a length of an obsuruction, the physician can set a spacing between the capnruring portions
126 260 by locking the proximal bundle 203 relative to the sheath hub 244, Accordingly,
the proximal bundle 203 can include any type of incremental markings to allow the
physician to readily determing a spacing of the capturing portions. As ilustrated, the
sheath hub 244 can include addittonal mjection ports to deliver fhuid or other snbstances
through the sheath 196.

[0136] As noted shove, the device 200 can be used with micro-catheter. In those
variations it is important that the device 208 15 loaded without damaging the distal bundle
202, capture portions 226 260, and/or sheath 106, As a result, the device 200 can include
an optional funnel 286 that reduces the proximal capture portion 269 {and /or the distal

capture portion 226} for loading within the microcatheter and/or sheath 106,

|

r

[0157§ Another variation of the device 200 includes an insertion tool 280 shidably affixed
to the sheath 280, Begause varations of the device 200 can be extremely flexible, the
msertion tool 288 can be used to provide column sirength to the sheath 106, bundle 202
or other components as the device 200 is pushed mto the mucrocatheter. The insertion
tool comprises a rigid section 282 and a frictional coupler 284, The rigid section 282 has
a colummn strength that supports the device 200 to preveni buckling., The fiictional
coupler 284 can be a Hlexible matertal that allows an operator to squeeze or grip the
coupler 284 to create a temporary frictional mterface between the loading tool 28¢ and
the device 200 (typically the sheath 106). Such an action allows axial advancement of
the device 200 as the foading tool 286 is advanced into the microcatheter. Once the rignd

section 282 is fully inserted mto the microcatheter, the operator releases the frictional
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coupler 284 and can withdraw the loading too} 286 from the catheter without
withdrawing the device 200, The insertion tool 280 can also include an optional loading
tube 286 slidably coupled to the rigid section 282, When used, the funnel 286 can
withdraw the proximal and distal capturing portion 226 268 within the loading tube 286.
The leading tube 286 then couples to a nuicrocatheter allowing the capturing portions to
advance therein as the rigid section 282 and frictional coupler 284 advance the device
200 relative to the loading tube 286.

Fig. 11A illustrates a funnel catheter 300 useful for retrieving objects from vessels
or body lumens. Typically, when a physictan captores an obstruction in vanious retrieval
devices, the device and the obstruction are gasily removed from the body by withdrawing
the device and obstuuction into a sheath, guide catherer or inreducer (Cguide catheter™).
However, in some circumstances, a phystcian has difficulty withdrawing the obstruction
loaded device within a sheath, guide catheter or mtroducer. Specifically, one or more
components of the retrieval device might become caught on an edge of the guide catheter.
The concern may still remain even when using a guide catheter having an increased
diameter (such as when the retrieval device catches on one edge of the guide catheter tip).
Moreover, large guide catheters are difficult to advance within various parts of the
anatomy. As a result, the obstruction loaded device must travel further. Movement of
the obstruction loaded device within the body creates the risk that the obstruction will
detach or break apart and cause additional adverse conseguences.

The funnel catheter 306 includes a first and second slotied funnels 330, 340
located at the distal end of an inner shaft 302, Each funnel 330 3406 comprises a nuntber
of extensions or tines 332 342, The mner shaft 302 can be cut to produce the first tines
332. Alternatively, the first tines 332 can be aflixed to a portion of the inner shaft 302,
The second slotted funnel 340 is offset in both a proximal and rotational position relative
tor the first slotted funnel 330, The purpose of this dual offset is discussed i detadl
helow. As shown, the second funnel 340 can be g slotted tube that is affixed over the
inner shaft 302. In an alternate variation, a plurality of second tines 342 can be located
about the inner shatt 302 1o form a second slotted funnel 340. As shown m Fig. 11B, the
tines 332 342 can be configured o expand ocatward (if not restrained} via use of a cotl or

other spring-tvpe means. Alternatively, they can be actuated to expand cutward.
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However, mn most cases, the tines 332 342 can expand passively upon entry of the
retrieval device 200. The expansion of one or both funnels assists in receiving the
retrieval device. In additonal configurations, one or more funnels can be designed so
that they remain in a cviindrical shape rather than expand outwards {as shown in Fig.
11CY. Variations of the funnel catheter 380 can include configurations having one or
more funnels, or configurations where the tines spaced or adjacent {or a combination
thereof).

Fig. 11C also dlusirates the dual offset nature of the dual funnel catheter 360,
The first offset 1s a lincar offset 316 such that the distal ends of the first tines 332 or
funnel 330 extends bevond a distal end of the second tines 342 or second funnel 340,
The second offset comprises a rotational offset (denoted by rotational angle A). For
example, the ilfustrated rotational offset A 15 45 degrees. However, the rotational offset
can vary depending on the particular application. In most variations, the rotational offset
A will place the second tines 342 over the gaps or spaces between the first tines 332, The
number of tines can vary depending on the application. Variations of the funnel catheter
can include discomtinuous fannels with two or more tines,

Tuarning back to Fig. 11 A, the funnel catheter 368 can optionally mclude any
number of medical fittings or components.  As shown, the catheter 300 mcludes a
hemostasis valve or hab 306 at the proximal end. The hemostasis valve 306 can include
a fluid side port 308 for delivery of fluid through the catheter 308, The catheter 3040 can
also include one or more radiopaque markers 319 s0 that the location of the funnel or
fonnels 330 340 can be identified via non-nvasive imaging {e.g., under fluoroscopy).
The funnel catheter 300 can also optionally include one or more mwarkers 312, Such
markers are useful to mform a physician {who is only able to view the proximal end of
the device 300} of the distance to the first or second funnel. As a result, the physician
will be able to determine whether the funnels are advanced out of the guide catheter. Fig
11A also shows the fumnel catheter 300 as incloding a loading tool 314, The loading tool
314 can be advanced over the funnels 330 340 to compress the funnel when loading into
a guide catheter or other sheath.

Figs. 12A to 12C provide an illustrative example where use of a funnel catheter

300 aids in removal of an obstruction 2 loaded within a retrieval device 200,
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As shown i Fig. 12A, attempting to remove the obstruction 2 when enguifed m
the retrieval device 200 creates a risk that one or more portions of the device 200 become
caught on the guide sheath or access catheter 108, In some cases, the physician can
simiply engage the device 200 against the distal end of the guide sheath 108 and withdraw
until the obstruction 6 and device 208 are located 1 an accepiable area of the body or
withdrawn entirely from the body. For example, in certam siuations, the obstruction 6
and device 200 can be withdrawn with the guide sheath 108 untif all components reach a
high flow, non-~critical locations {e.g.. the groin area}. In the case of a clot, a clot
dissolving substance (TPA) can then be applied to dissolve aad remove the elot.
Alternatively, the physician can attempt to aspirate through the guide sheath 108 in an
attempt to draw the entire retrieval device 200 and obstruction 2 within the guude sheath
108, lu yet another variation, the physician can advance fibers or guide wires out through
the guide sheath 198, then withdraw the obstruction 2Ziretnieval device 200 gad attempt to
use the fibers or guide wires as a moveable surface to capture the device 200,
Furthermore, the physician can attempt to use a variety of existing devices {e.g., the
FastCath provided by Genesis Medical Inc., the Merct Retriever provided by Concentric
Medical Inc., or any commerciatly available snare or distal protection device) to remove
the engulled obstruction 2 from the body.

In some vanations, the capturing portions discussed above can be construgted to
improve their ability to be withdrawn mto a puide sheath.  For example, increasing the
aumber of petals or Nanges on the traversing sections mcreases the probabilite that the
distal flanges nest within the proximal cagpturing portion. Alternatively, or in
combination, the petals 238 on the distal captuning portion can be staggered i length or
position to ease insertion nto the proximal capturing portion. In another variation, the
petals 238 shape or curvature can be adjusted so that they do not Hare outward.

Fig. 12B shows a distal end of a funnel catheter 308 as it receives an obstruction 2
loaded retrieval device 200, As shown, the tines 332 of the frst funnel 330 receive the
device 200. The tines 332 minimize the likelihood that the device 200 becomes caught.
The Hmited surface area of the tine 332 (combined with the rounded tines 332 342)
produces a tendency for the device 200 to deflect away from the tiney as it is withdrawn

inte the funnels. The second funnel 340{being rotationally offset from the first funnel

w38 .-

-2790-



WO 2012/009675 PCT/US2011/044249

j0166]

{1167}

{0168}

[0169]

330 provides coverage over the spaces between the first tines 332 thereby assisting in
nesting of the device 200 within the funnels. Ultimately, the device 200 and obstruction
2 are withdrawn into a guide sheath 108 and removed from the body.

Figs. 12 C to 12D show additional variations of funnel catheter 300, Fig 12C
shows a single funnel 330 having a plurality of tines 332, Fig. 121 illustrates a dual
funnel catheter 300 having a discontinuous first funnel 230 and a second funnel 346. The
second funnel 346 can be a continuous funnel so long as it 1s able to retract within the
suide sheath 198, As shown, the second funnel 346 can mclude a single slit 348 that
allows the fannel to compress within the guide sheath 108, In addition, the vanation of
Fig. 12D can be used without the first discontinuous funnel 330, Accordmgly, as the
retrieval device 200 and clot 2 approach the funael 346 and enters the funnel, further
withdrawing the retrieval device 200 causes squeezing of the retrieval device 200 and
obstruction 2. In yet another variation, the funnel 346 can incorporate a drawstring to
compress the funnel 346 once the retrieval device 200 and obstruction are located therein.

Fig. 13A to 138 illustrates another varmation of a funnel catheter 350 suited to
remove a retrieval device 200 from the body. As shown i Fig. 13A, the funnel catheter
350 includes a first shaft 352 and a second shatt 354 shidably located therein. A mesh
370 is fused to each shaft 352 354 at a distal location 362 364, Accordingly, relative
movement of the shafts 352 354 (either the first shaft 352 can be pushed or the second
shaft 3534 can be pulled) creates a tunnel shape 372 as the mesh portion affixed 1o the
second shatft 354 is 1nverted within the remainder of the mesh 376, It 15 noted that m
some variations of the system, the mesh funnel funnels are combined with the tine based
funnels described above. Such that one funnel comprises the tines while the other
comprises the mesh structure described herein.

in another variation, a third distally located capture portion (similar to a distal
capture portion) can be used to draw the retrieval device within a guide sheath. In such a
variation, the third capture portion can be a larger distal capture portion and when the
retrieval device engulfs an obstruction, the third basket portion can be proximally
withdrawn to capture the retrieval device and obstruction.

Ag iflustrated in Fig. 138, as the retrieval device 200 and obstruction 2 approach

the funnel catheter 330, the distal attachment points 362 364 of the shafis 352 354 are
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moved together to invert the mesh 370 and form a funnel 372, The retnieval device 260
can then be withdrawn mto the funnel. This design allows for the retrieval device 208 to
be fully withdrawn into the catheter 350 while the funnel 372 is expanded. Alternatively,
the funnel 372 can be used to compress the retrieval device 200 and obstruction 2 prior to
withdrawal into the catheter 350

{0178} The mesh 370 can include any medically acceptable matenial such as a nitenol
braid. Furthermore, the mesh aliows for How through the vessel or lumen while
expanded. However, additional variabons of the device can mclude a sohid layer of
material substituted for the mesh.

0171} Figs. 13C to 138 illustrate another variation of a funnel catheter 350 suited 1o
remove a rewieval device 200 from the body. As shown in Fig. 13C, the funuel catheter
350 inclades a fivst shaft 352 and a second shaft 354 slidably located therein. A mesh
370 is joined only the rear shaft 354 at a distal location 362, The end of the mesh 370 15
free at the distal end of the device 3586, The mesh 370 1s sized at a distal end 371 to neck
down. Accordingly, as the distal shaft moves rearward, the mesh 370 is unsupported.
The necked section 371 of the mesh allows for distal advancement of the device 200
through the neck portion 371, However, as shown by Fig. 13D, rearward movement of
the device 200 causes engagement with the neck portion 371, Further rearward
movement of the device 200 causes the unsupported mesh 376 to form a funnel shape
372 as shown in Fig. 13E. The funnel shape allows for the retrieval device 200 to be
fully withdrawn into the catheter 350 while the funnel 372 is expanded. Alternatively,
the funnel 372 can be used to compress the retrieval device 200 and obstruction 2 prior to
withdrawal into the catheter 356, To compress the funnel. the device 200 can be
advanced out of the fuimnel and away from the mesh 370, Next, the distal shaft 352 can
be advanced through the neck portion 371 of the mesh 378 to receive the device 200, In
another variation, the device 350 can include a single shaft 354 where the mesh 370 can
extend beyond the shaft 334, The mesh can be heat set to assume a funmel shape upon
the application of a current or as it reaches body temperature. In another variation, the
mesh 370 can comprise a super-elastic material that assumes the shape shown in Fig. 13E

when released from a constraining member.
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Figs. 13F to 13G iHlustrate vet another variation a fumnel catheter 350 suited to
remove a rewrieval device 200 from the body. In this variation, the funnel catheter 350
includes a single shaft 354 having a mesh 370 is fused 1o a distal location 364, The maesh
370 is free at a proximal side. The mesh s also pre-formed to assumne a funnel shape as
shown in Fig. 13G. Accordingly, upon delivery the mesh 378 can be constraned {e.g.,
via a sheath, or other removable restraint). Once the restraint 1s removed, the mesh 370
expands to form a funnel 372

Figs. 14A to 14D dlustrate additional concepts for use with various retrieval
devices 200, Fig. 14A illusirates a distal capturing portion 226 and a proximal capturing
portion 260 where the proximal capturing portion includes a covering 212 (e.g.. a
polyimeric covering or a wire or fiber wound about the flanges 238). The covering 212
prevents the Hanges 238 of the distal capturing portion 226 from flaring outside of the
proximal capturing portion 260,

Fig. 4B illustrates a variation of a reentry sleeve where tines 332 of the reentry
steeve 302 mclude protrusions 214 on an inner surface. The protrusions 214 cause the
tines 332 to splay out as the retrieval device 200 15 withdrawn within the tines 332, As
the reentry sleeve 302 1s withdrawn m a guide catheter {as discussed above) the
protrusions serve (o compress the retrieval device 200 even further.

Fig. 14C and 14D iHustrate variations of a wire or fiber 218 affixed to the flanges
2138 of a distal capturing portion 226 to assist in compressing the flanges 238 prior to
entry within a guide sheath. As shown in Fig. 14C the fiber 218 can be affixed to a
suture ring 216, As the fiber 218 is pulled, the suture ring 216 compresses the flanges
238 to prevent outward flaring. In Fig. 14D, one or move fibers 218 are affixed to one or
more flanges 238, Once the obstruction is captured, the fibers can be pulled o draw the
flanges 238 closed.

Fig. 15A illustrates another variation of a retrieval device 200 having the features
described herein. In this additional variation, retriever device 200 18 provided sterile
{(EtQ), and is covered by a sleeve to protect the device prior to use. The variation can be
used with a commercially available 0277 1D microcatheter and 8F guiding catheter. As
discussed above, retriever device 200 includes a distal basket 226 and a proximal basket

260 that are mounted coaxially relative to each other where the distal basket is smaller
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than the proximal basket, as shown in Fig. 15A. In a variation of the device, the two
baskets can be delivered into the target vessel as an integrated system through a
microcatheter. [n one example, the proximal basket measures 8 num in length and 3.5
mum in diameter; and the distal basket measures 6.5 mo i length and 2.7 mm n
diaraeter. In tus variatnon, the proximal and distal baskets are designed to nest together
mn situ, and have features (tulips) at thew extremities which permit an mter-nesting
geometry. This example allows for a nested basket structure of 13mm in length. The
distal basket 15 delivered on the distal side of the thrombo-embolas, and the proximal
basket proximal is delivered on the proximal side of the thrombo~embolus or clot. The
two baskets are then brought together, and the entive system (including the captured
thrombo-embolus) is pulled back to the guide catheter {in the carotid or subclavian
artery) where it is removed (optionally with the aid of the Exit Fuanel))

As described above, the baskets are delivered on exther side of a clot. Inone
variation of the system described bherein, each basket of the retriever device 200 i3
radiopaque enabling a physician to visualize and position the baskets, and encage the clot
or obstruction under fluoroscopy. Once the baskets are posittoned together, they can be
locked together in position using a Rotating Hemostatic Valve (RHV} or simular device at
the proximal handle region, and the entire system is removed.

In certain vanations, the baskets of the retriever device 209 are designed to be
very soft and flexible. In such cases, each basket is made from a continuous wire
structure, and is free from welds, solders, adbesives, or other mechanical junctions. The
continuous wire structure is comprised of a thin nitinol tube with a platinom core. This
material is radiopaque and allows for direct and continuous fluoroscopic visnalization
during embolectomy procedures. The absence of external marker bands reduces the
stiffness of the device resuliing in nmproved device performance and deliverability, as
well as reduces the frictional forces to enhance the ease and ability to fully surround the
clot in vivo.

The nitinol wires comprising the distal basket are integrated directly into the full
length core wire at the proximal region of the device. Similarly, the nitinol wires
comprising the proximal basket termainate mto a long flexible coil, which is then

inmtegrated directly into the wall stracture of the proximnal shaft. The design of both
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baskets is free from joints, welds, adhesives or other junctions which promotes enhanced
flexibility, deliverability and strength.

The baskets of the retriever device 200 are designed 1o reduce the frictional forces
between the embolus and the vessel wall prior 1o mobilizing the embolus. In the design
of conventional devices, the embolus 1s “grabbed and pulled”™ in one motion, thereby
exerting a considerable wranslation force on the both the embolus and on the vessel. In
contrast, and as shown 1 Fig. 15B, the design of the retriever device 200 first reduces the
frictional forces using section 234 before the embolus is meobilized by capturmg section
232, As each basket surrounds the embelus, low friction wires break the contact hetween
the vessel and the entbolus, reducing the friciion and allowing for gasier subseguent
mobilization of the embolus.

Fig. 1SB also illustrates another feature for a variation of the system described
herein. Inthis variation, g distal basket 226 i3 constructed ¢ have a crossing mesh
pattern as shown by crossing wires in sections 2358, This crossing wire mesh 238 permits
the distal basket 226 to hmit radial expansion when encountering a significant resistance
force prior to the staged tnversion described above. Therefore, radial expansion is
Itited by the crossing sections 233 durmng pulling of the distal basket 226 and to prevent
or reduce the chance of premature inversion. The crossings pattern of the captuning
section 232 wansmits the longitudinal force more axially, luniting the radial expansion.
Fig. 15C illustrates the distal basket encounters & resistance when moved proximaliv.

Fig. 1530 illustrates the crossing or twist 238 pattern of the capturing section o
selectively interfere at one or more mterference points 237, This selective interference
fimits further radial expansion to it the capturing portion 232 from expanding in radial
size and improves the removal of the device without causing the device to expand and
become more fixated distally to an obstruction.

Fig. 10A illustrates another vartation of a device according to the present system.
In this variation the systent includes an tnfusion stent structure 400 for deploying into a
thrombus or clot and immediately re-establishing flow. This stent stracture 400 can also
deliver t-PA for improved results. The infusion stent structure 400 is provided sterile
(Et0), and can be covered by a sleeve to protect the device prior to use. It can be used

with a commercially available 0277 1D microcatheter and g commaercially available
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D107 guidewire (or 0107distal/ 0127 proximal guidewire). However, the infusion stent
structure 400 can also be used with other catheters and guidewires as needed.

in one variation, the infusion stent structure 400 1s a self-expandable braided stent
measuring 25mm in length and 2.5mm in diameter. As shown in Fig. 168, the structure
400 can have a proximal shaft 402 with a central lamen opening 486 at a distal end of the
shaft 402, This lumen and opening allows the optional passage of a guide-wire or the
delivery of lytics or other substances. The guidewire ensures that distal access 1s
mamtained vatil optsmal placement is aclieved and provides the ability to mechanieally
agitate or disrupt the thrombugs with the wire, which freely passes throagh the lumen of
the proximal shaft into the lumen of the stent, even in a deployed state. Additionally, as
shown in Fig. 16C this central lumen of the proximal shaft allows for the removal of the
guide-wire and for direct intra-arterial infusion of t-PA 2 through the proximal shaft and
opeaing 406- directly into the thrombus, The stent’s braided construction also facilitates
recapiure into the microcatheter, a known problent with current femporary stent designs.

Fig. 16D illustrates a partial cross sectional view of the stent structure 400 where
the central Tumen extends through a section of the stent 408 and further optionally
mcludes a number of ports 408 in addition to the lumen opening 486, This permuts
dehvery of s substance along a length of the stent rather than at the lumen opening.

As discussed above, the infusion stent 408 can be formed from a continuous wire
structure where the wires overlap o form a braided stent structure, The resultis a
continuous wire structure that is free from any welds, solders, adhesives, or other
mechanical junctions. Variations include the continuous wire structure betng comprised
of a thin nitinol tube with a platinum or other radiopague core. The wire material 18
radiopaque and allows for direct and continuous fluorescopic visualization during
recanalization procedures. The absence of external marker bands reduces the stifthess of
the device resulting m improved device performance and deliverability, and resolts in a
reduction of frictional forces that enhances the ease and abidity to recapture the device
with the microcatheter,

The nitinol wires of the stent continue o form a long flexible coil, which is
integrated directly into the wall structiwe of the proximal shaft. This mieans that the

structure is a continuous integration of the stent and delivery shaft resulting in a design
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that is free from joints, welds, adhesives or other junctions that promotes enhanced
flexibility, deliverability and strength.

As shown in Fig. 16E and 16F, a beneficial design feature of the braided wires is
that the wires slide easily and independently over one another. This facilitates
resheathing of the stent back mio the nucrocatheter. The sliding wires allow the stent to
change the mesh pattern during resheathing into the microcatheter, allowing for
facihitated removal of the stent from within a clot as compared 1o other temporary stenis
on the market. Fig. 16F shows the wires shiding mnto a more axial enentation (i.e.,
paraliel to an axis of the stent) at the proximal region as they enter the microcatheter,
resulting in easier re-entrv. This prevents the stent from expanding in diameter upon
withdrawal, The stent can be penmnanently affixed to the shaft 402 or it can be releasbly
detachable from the shaft (e.g., through a mechanical release. electrolytic detachment
joint, ete.)

Figs. 17A to 17E dlustrate one example of use of an infusion stent device 408, As
shown, a microcatheter 12 1s positioned and traverses a clot or obstruction 2. Optionally,
one variation of the system can include a 0147 guidewire (not shown} and a .0277
microcatheter 12 to fraverse the clot. The guidewire can be used to agitate or maneuver
through the clot and the gatdewire can be optionally removed as shown in Figs, 17A and
178,

Next, infusion stent 400 is then delivered to the site of the clot 2 through the
microcatheter 12 in a constrained state. The microcatheter can optionally be pulled
proximally back through the clot 2 to expose the stent 400 g5 shown i Fig, 17C, Next,
when the microcatheter 2 15 moved proximal to the clot 2 the stent 400 self-expands {or
can be acutated via a spring release or other mechanism). As shown in Fig. 17D, the
expanded stent 408 pushes the occluston 2 aside, providing immediate recanalization to
the vessel 6 and flow to the distal territories. {n addition, the stent structure 400 includes
a lamen 406 for delivery of the guidewire, flutds, or other devices as necessary. For
example, as shown in Fig. 17E, the stent structure can further include a flash tube or
tumen extending therethrough. The tube can either be fixed within the stent or advanced

through an opening 406 at the proximal end of the stent. The flush tube allows delivery
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of fluids to the distal end of the clot or through the clot when optional ports 408 are
employed.

The entire stent structure can optionally be made radiopagee {e.g., using the DFT
described above), enabling the physician to visualize the entire stent under fluoroscopy.
By observing blood flow along with the structure of the stent under fluoroscopy, the
physician can determine if the entire stent structure s narrowing (.., via a vessel or
clot) or if the clot 1s pusinng thwough the stent. Such an observation would be ditficalt ox
unpossibie using a conventional stent structure with radiopague markers.

The proximal end of a delivery shaft of the infusion stent can have a luer with a
standard fitting. This luer can accept a commercially available 010 guidewire {(or
0107distal/ 01 2 proximal gurdewire). The wire can be used for mnital delivery of the
stent, and then removed once the stent 1s deployed. At anytime during the procedure the
enidewire can be reinserted and re-advanced to the location of the stent to maintain wire
position across the clot should the stent need o be recaptured and repositioned. Fig, 17C
shows an infusion stent with a guidewire 104 inserted in the through-lumen 406,

The devices described heremn can also be modified or used as described below o
provide additional options for improved removal of an obstruction from a body lumen,
vessel, or other region.

For example, Figs. 18A to 18C show one vanation of system 200 including a
longitudinal stent 400 combined with additional features as described above. In the
variation shown in Fig. 184 the stent 400 15 can be delivered as shown above in Figs,
17A to 17D where the stent 400 is delivered to the site of the clot 2 through the
mucrocatheter 12 10 a constrained state. Deployment of the stent 400 can occur in any
number of ways. For example, the microcatheter 12 can advance distally bevond the
occlusion 2 so that the stent 1s deploved from the microcatheter 12 and distal to the
occlusion 2. In sach a case, the physician withdraws the stent 480 to engage the
occlusion 2. Alternatively, and as shown m Figs. 17A to 17C, the microcatheter 12 can
he advanced distally to the occlustion 2, so that a distal end of the stent 400 is distal to the
occlusion 2, then the physician withdraws the microcatheter 2 to expose and deploy the

stent 400 within the occlusion 2.

e 36~
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Next, as shown in Fig. 18A, the procedure can include a system 200 having a
distal capture portion 226 {or any other type of basket) deploved through s lumen 406 of
the stent 404 as well as through the microcatheter 12, In one vanation, the distal capture
portion 226 functions as a distal protection device to trap and prevent debris from flowing
downstream of the occlusion 2 as the stent 460 engages the occlusion 2.

in some variations, when the mucrocatheter 2 1s moved proximal to the clot 2 the
stent 400 self-expands {or can be acutated via a spring release or other expansion
mechamsm). As shown m Fig. 178, the expanded stent 408 pushes the occlusion 2 aside,
providing some degree of unmediate recanalization 1o the vessel 6 and, as a result, flow
1o the distal territories. However, the distal caprure portion 226 (or other distal structure)
can also assist in expanding the stent 400 when attempting 10 re-establish flow. In such
cases, aud as shown in Fig. 188, the physician withdraws the distal capture portion 226
against the stent 400 while maintaining the stent 400 gt the site of the obstruction 2.
Movement of the distal capture portion 226 against the stent 400 causes axial
compression of the stent 400. This axial compression results in radial expansion and
further increases the force of the stent 400 agamst the occlusion 2. This action can occur
if the stent 480 is placed within the occlusion 2 or on a side of the occlusion 2 adjacent to
a vessel walll

Fig. 18C lusirates yvet another conversion feature of systems 200 described
herein and emploving a stent 400 having a sufficient axial length to traverse an
obstraction. In this variation, the physician withdraws the stent 400 within the
microcatheter 12 to a sufficient degree where the remaining un-covered portion of the
stent 489 forms a baskei-tvpe structure. This partially deployed portion of the stent 404
converts the svstem 200 to function as the doal-basket svsten described above.

In addition, the stent structure 400 includes a lumen 406 for delivery of the
sndewire, fluids, or other devices as necessary. For example, as shown in Fig. 17E, the
stent structure can forther include a flush tube or lumen extending therethrough. The
tube can either be fixed within the stent or advanced through an opening 406 at the
proximal end of the stent. The flush tube allows delivery of fluids to the distal end of the

clot or through the clot when optional ports 408 are employed.
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Fig. 19A to 19C illustrate additional variations of systems 200 according to the
present disclosure. In this example, the systems 200 include a stent structure 400 with an
additional proximal structure. The additional proximal structure can be mounted coaxial
and proximal to the stent so that the stent 400 engage the obstruction. However, after
maobilizing the obstruction, the stent 460 brings the obstruction into engagement with the

proximal structure. In this manner, the proximal structure prevents embolization of the

obstraction.
Fig. 19A illustrates a fust vartation where the stent 408 ncludes a proximal

basket portion 26€ as shown above mounted on a nucrocatheter. In this variation, the
stent 400 engages the obstruction (not shown) and moves the obstruction between the
stent 400 and proxunal capturs portion 260,

Fig. 19B illustrates a variation where a first stent 400 15 combined with a proximal
structure comprising 8 second proximal capture stent 404, As shown, the second stent
406 can optionally inchide a flared opening 406, This flared opening 406 assist in
securing an obstruction that is captured about or within the first stent 480. As the first
stent 400 15 withdrawn 1to the proximal capture stent 406, the flared opening 406 serves
as a funnel.

Fig. 19C shows another varation of a stent 400 including g proximal structure
comprising a funnel or capiure mesh as described above. However, in thus variation, the
funnel 330 is sized 1o reside on a proxinal shaft or a microcatheter such that when the
stent 400 mobilizes the obstruction, proximal movement brings the obstruction and stent
400 into the funnel, This allows mmediate securing of the obstruction so that the
obstruction remains secured as it 1s moved proximally along the vessel path until 1t
encounters a distal access cathetey or similar catheter i a larger vessel

Furthermore, as shown in Fig. 19D, the fannel 350 and stent 400 can comprise a
single combination device 448 where the funnel 350 and stent 480 are coupled to a single
handle 450 which has a portion for controliing the funnel 452 and a portion for
controlling the stent 454, Accordingly, the stent 408 is moveable relative to the funnel
350 and can be withdrawn into the funnel 350 1o remove debris. The combination device

travels as a single device through the vessel or through a catheter. The funnel and stent
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described herein can comprise any construction described herein or as known by those
skilted in the art,

in another variation of the devices and method described herein, the elongated
stents 400 are designed to expand within or adjacent to an obstruction to either re-
establish biood flow within the vessel or to enniesh the stent 400 within the obstruction
so that the stent and obstruction can be removed from the body.

Fig. 20A iHustrates another vanation of a system 280 for removing an obstruction
from a body lumen. In this varation, the system 280 comprises at least any number of
significant components (the number of components can vary depending ou the particular
application). As shown, the system 200 includes: a stent 404, as described above,
shdably positioned through a nucrocatheter (nor shown). The mucrocatheter 1s located
within a catheter 410 having a funnel or mesh 3560 located at the end of the catheter 410,
This exat funnel 330 can either be affixed to the distal end of the catheter 418 or can be
deplovable through or from the catheter 418, The catheter s then slidably postioned
within a guide catheter 108, The use of a catheter 410 permits placement of the funnel
350 in closer proximity to a clot or obstruction than otherwise would be possible with use
of a guide catheter 108 alone. Variations of the system 200 also include the use of'a
funnel or reentry sheath at the distal end of the guide catheter 108.

Fig. 208 shows a variation of the system shown in Fig. 20A when remioving an
obstruction 2 from a body lumen 6 or vessel. As shown and described shove, a physician
advances guide catheter 198 and/or a microcatheter (not shown) to position a stent 400
adjacent to the obstruction 2. As described above, although the illustrated system 200
only inclades a guadewire 104 rather than a distal capture portion, variations of the
system melude the use of one or more types of distal capture portions.

Tuarning back to Fig. 208, the distance between the occlusion 2 and guide catheter
108 15 for illustrative purposes only. In actual use the distance could be much greater or
less than that shown. In any case, as the stent 400 begins to move the occlusion 2 from
the target site to the guide catheter 108, this movement creates a risk that the obstruction
or parts of the obstruction will disengage from the stent 400 and cause further blood flow
interraptions further along the vasculature. Accordingly, Fig. 200 illustrates

advancement of a funne! or exit mesh 350 from the guide sheath 108 to a region
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proximate to the obstruction 2 and stent 408. The exit mesh 350 can be advanced
through a catheter 418 as shown. Alternatively, the mesh 358 can be advanced using its
own shaft {or other means) with or without a catheter 410, Again, variations of the
system 200 can include an alternate (or an additional) funnel/guide sheath located on the
guide catheter 108,

Fig. 20D shows the obstruction 2 secured within the exit mesh 350 where the
stent 400 15 withdrawn into the catheter 410 so that the exat mesh 350 and catheter 410
can be further withdrawn into the guide catheter 108, as shown in Fig. 20E to remove the
obstruction 2 from the body.

Fig. 20F shows another example where a catheter 410 can be positioned in the M}
segment of a middie cerebral artery. Variations of the method include any type of
catheter, such as a second snmiall guide catheter, an intermediate guide catheter, or some
smaller catheter that can be advanced distally in small vasculatare that 15 too small for the
main gaide catheter 108, The distal end of the catheter 410 can reside in the M1 segment
near the obstraction 2. In such a case, the exit funnel 350 is then sized to pass through
the catheter 410 so that it can receive the stent 408 and clot 2 at or close to the original
obstruction site. In the illustrated figure, the exiat funnel 350 is bemg advanced towards
the obstruction 2. However, variations of the procedure include positioning the exit
funnel 350 anywhere from the obstruction 2, to the opening of the guide catheter 108,

Figs. 21 A to 21B illustrate a variation of g funnel/reentry device 350 for use as
describe above. Additionally, the fimnel device 380 can be used with any obstruction
retrieval device not limited 1o the retrieval baskets and stents described heremn. The
tustrated vanation of the reentry device or funnel 350 can be used where the physician
desirves to shield the obstruction being removed from the frictional effects of the arteries
or from the local anatomy {e.g . branching vessels, tortoous anatomy, or other sahstances
an the vessel walls). As noted herein, the funnels 350 can be used as a stand alone device
or can be integrated proxumally to any of the retrieval devices described above or known
1o those skilled in the art. In use, the funnels can be sized for use with guide catheters,
micro-catheters, andfor distal access catheters. The funnels can include any number of
radiopaque marker bands to alfow non-invasive imaging of the device {see marker 390 1g

Fig. 22B as one example). In any case, once the retrieval device captures a clot or
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obstruction, as described above, the device and clot are withdrawn into the funnel so that
the funnel eliminates or reduces direct contact berween the intertor of the wall of the
vessel and the clot.

Figs. 214 to 21C show a variation in which a funnel ix ¢created from one or more
mesh tubes 372, Fig. 218 illustrates inversion of the tube 372 30 that a first end 374 15
drawn over the tube 372 towards a second end 376. As shown in Fig. 21C, this creates a
double walled fimnel having an exterior wall 378 separated from an interior wall 380, In
one example, such a spacing or gap could range between 0.002 inches to 8.060 mches.
However, any range is contemplated within alternative varations of the device. In some
variations the inverted funnel 350 is heat set to mamtain a separation between lavers or
walls 378 380 of the funnel 350, Typically, if the funnel 350 15 not creared from a
radiopaque niaterial, a marker band will be placed on the proximal end 376 and adjacent
to a shaft or catheter to which the funnel 350 is attached. In some variations the
construction of the mesh material 1s compliant to allow for movement of a first part of the
mesh relative to a second part of the mesh through compression and expansion of the
mesh material. In such a case, the individual strands forming the mesh are moveable
relative to one another to cause the mesh to be natwrally compliant. Accordingly, this
construction permits the inner wall 380 to move or defiect with the retrieval device andior
obstruction as the device 1s withdrawn into the funnel 350, In some variations, both ends
of the mesh 374 and 376 are affixed to the catheter or shaft. One benefit of the mesh
funnel design 15 that the fonnel can be inverted so that it ¢can be loaded into a device (such
as a peel away sheath). Alternatively, the funnel can be folded and fod mto the proxamal
opening of a catheler. Moreover, the fimnel can have any number of walls.

In many variations, the funnel mesh is selected to minimize friction when the
mnterior layer 380 moves against the exterior layer 378 For exampie, the braid pattern,
wire, wire diameter, angle of the braid and or other features can be selected to reduce
friction between the cuter laver 378 and muer laver 380, Thas permits the mmer laver
380 to move proximally with a retrieval device while the outer laver remains stationary.
Again, as discussed above, the construction of the mesh permits compression and
expansion of the mesh laver to permit movement of the mner fayer while the outer laver

remains affised when engaged against the vessel wall. In certain variations, the funnel is

S

-2803-



WO 2012/009675 PCT/US2011/044249

heat set so that the inner laver has cushioning and the ability to deflect to assist i
movement of the inner layer.

j0212} Figs. 231D to 211 illustrate additional variations of funnel construction o produce
funnels having more than two walls. For example, a mesh tube 372 is everted or drawn
over a second end 376 in the direction 428, As shown m Fig. 21E this produces a doal
taver funnel having a open ends 422 and 424 and a folded end 426. The dual laver tube 13
then folded over again in the direction 428. This creates a funnel construction with an
exterior layer 378 and an interior laver 380 as well as a first intermediate layer 381 and a
second mtermediate layer 383, As shown in Fig. 21F, the funnel can be set to assome the
tapered shape having an opening at the first end 374 that is flared with the ends of the
mesh at the second end 372, which are ultimately affixed to a shaft or other catheter
device as described herein,

j0213] Fig. 21G illustrates another example of g funael construction. As shown, a first
mesh tube 372 is placed coaxially with a second tube 372, The concentric tubes are then
everted m direction 420 to produce a four layver funnel. As shown in Fig. 21H, the funnel
can comprise an mtertor mesh laver 386, and exterior mesh laver 378 as well as any
mumber of intermediate layers 381, 383 depending on the number of tubes that are
initially used. The second end 372 of the funnel 350 includes four unconnected ends of
the mesh tubes that can be affixed to a shaft or tube as discussed heremn, while the first
end 374 of the funnel 350 can be shape set to taper from the opening.

f0214] Figs. 211 10 211 illustrate another example of the construction of a mnlti-wall
fonnel. As shown in Fig. 211, a first end 374 of a mesh tube 372 is everted over and
bevond a second end 376 m1 direction 428 to produce the configuration of Fug. 211, Next,
the fuirst end 374 is everted or folded back in dipection 420 to produce the configuration of
Fig. 21K Finally, the first erd 374 15 folded again in direction 428 so that the ends 374
and 376 are even to produce the funnpel configuration shown in Fig. 21K, Again, one end
of the funnel 350 can be set to form the tapered shape while the other respective end can
be affixed to a catheter or shaft.

jO215] Although the funnels of the present disclosure are presented without additional

structures, it should be noted that these funnels are coupled with a shaft or other mewber
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[0216}

0217}

{0218}

sa that the funnel can be advanced within the target anatomy to assist in removal of a
device, structure, or debris from the site.

Figs. 224 to 22C show addition variations of funnels 350. Fig 224 illustrates a
funnel in which the funnel wall as defined by the inner laver 380 and outer laver 378 is
set in a shape that varies along a length of the funnel. For example, the end adjacent to
the funnel opening 382 can be set to a bulbous shape. Such a configuration assists in
maintaining separation of layers 378 and 386, which aids in re-eniry of the retrieval
device. Additional configurations of funnel walls that vary m thickness are within the
scope of this disclosure.

One of the benetfits of using a funnel 350 as described herein is that the funnel
reduces flow through the vessel when deployed so that the retrieval device can remove
the obstruction without the full force of the flow of blood opposing the obstruction.
Typically, conventional devices relied upon the use of an inflated balloon to obstruct
flow. However, use of a funnel elinunates the need for total occhusion of blood flow.
Fig. 22B illustrates a further improvement on a funnel 350 that aids in flow reduction. As
shown, the funnel 350 includes a dense region 386 and a relatively less dense region 384,
This configuration pernuts greater blood flow through the region 385 while region 386
reduces or prevents blood flow. Furthenmore, the distal section of the funnel s meore
flexible and conformable. Additional mesh lavers can be added to any of the funnel
designs 1o alter flow characteristics or even provide reinforcement to the funnel,
Alternatively, or in combination, the bravd density can be altered to adjust the porosity of
the braid at different sections. Furthermore, additional braid lavers can also be used 1o
affect porosity of portions of the funnel or even the entive funnel. Deployment of a
funnel can reduce bload flow by 30% to 40%. Adding additional layers or coatings can
additionally reduce How.

Fig. 22C shows another variation of a funnel 350 in which the mesh partially or
totally is obscured using a polymenie coating 388 that reduces the permesbility of the
mesh design. Furthermore, drugs or other substances can be placed within the funnel
wall of any of the funnels or can be deposited on the fumnel using the polvmeric coatings.
in some examples, the funnels deseribed heremn can range from a length of 35 mm up w

50 nun. The OD at the opening of the funnel can range from 7 mm and could range
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(0220

(0221}

(0222

between 4 mm to 10 mm. Again, any range of dunensions 1s contemplated within the
disclosure.

The funnels described herein can further be stacked on a device. For example,
two or more funnels can be placed on a device to provide added protection.

The fununelfrentry devices described herein can be constructed of any material
currently used inn vascular applications, including those discussed above. Furthermore,
fabrication of the funnel from a DEFT maternial can provide additional benefits as the enture
funnel remains radiopaque and can be imaged non-invasively imaged or viewed.
Furthermore, the funnels can be provided with any type of medicament or bioactive
substance either in a polvmer that coats the mesh or in a delivery agent within the mesh
or berween lavers. Such substances mclade tpa, urokinase, 1b/1a inhibitors, and other
clot disraptors or infubitors.

faricus changes may be made to the invention described and equivalents

{whether rectied herein or not included for the sake of some brevity) may be substituted
without departing from the true spirit and scope of the ivention. Also, any optional
feature of the inventive variations may be set forth and claimed independently, or o
combination with any one or more of the features described berein. Accordingly, the
invention contemplates combmations of vatous aspects of the embodiments or
combinations of the emboduments themselves, where possible. Reference to a singular
item, includes the possibility that there are plural of the same tems present. More
specitically, as used berein and in the appended claims, the singular forms “a,” Yand,”
“said,” and “the” include plural references unless the context clearly dictates othenwvise.

it 15 important to note that where possible, aspects of the various described
embodiments, or the embodiments themselves can be combined. Where such

combinations are intended to be within the scope of this disclosure.
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CLAIMS
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]

Lbd

s

A funnel device for securing debris andfor devices within a vessel, the funnel device
comprising:

a shaft baving a Hexibility to navigate through tortwous anatomy and having a
tomen extending therethrough;

a funnel comprising a distal opening and a proxamal portion connected to the shaft
and a caviry therebetween such that when the funnel is expanded the funnel tapers m
a proximal direction towards the shafi, the fimnel compnising 8 mesh material secured
to the shaft such that when expanded the mesh material forms a funne! configuration
having at least an exterior mesh wall and an interior mesh wall that are shape; and

where at least a portion of the mesh material 1s porous to permit fuid How

therethrough.

The device of clainy 1, where the funnel is shape set such that there is a gap between

the intertor and extertor watl,

The device of elatm 1, where the funnel is shape set such that the exterior mesh wall

15 in contact with the interior mesh wall proximal of the opening.

The device of clarm 1, where the mesh material s compliant and where the interior
mesh wall and exterior mesh wall are shdable relative to each other such that
withdrawal of the device or debris proximally into the mierior mesh wall of the funnel
causes movement of the mterior mesh wall while a portion of the exterior mesh wall

remains stationary when positioned against the vessel.

The device of clatm 1, where the mesh material comprises a first and second end
where at least either the first or second end s affixed to the shaft and a medial portion

that forms a pernmeter of the distal opening.

The device of clanm 3, both the first and second end of the mesh matenial is affixed to

the shaft.
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16,

The device of claim 1, where the funnel is self expanding.

The device of claim 1, further comprising a lumen extending through the shaft and

exiting at g distal portion of the shaft.

The device of claim 1, where the mesh material is flexible to permit flexible everting
of the funnel over the shaft to permit msertion of the everted fumnel and shaft intoc a

secondary device.

The device of claim 1, where a portion of the funnel at or adjacent to the distal

opening comprises a bulbous shape.

The device of clamm 1, where the funnel comprises a first porous section having a first
porosity and at least a second porous section having a second porosity, where the first
and second porosity are different such that the abilizy of fluid to flow through the first

porous section and second porous section differs.

. The device of claim 11, where the first porous section comprises a first braid density

and the second porous section comprises a second braid density,

. The device of claim 11, where the first porous section comprises an additional braid

faver.

The device of clamm 11, where the first poreas section prevents fluid from flowing

therethrough.

. The device of claim 11, where the first porous section is distal to the second porous

section and where the first porosity iy greaster than the second porosity.

The device of claim 11, where the first porous section comprises a circumferential

area of the funnel.

. The device of claim 1, further comprisimg at least one polymeric faver on or adjacent

to a region of the funnel.
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. The device of claim 17, further comprising at least one medicament o or in the

polvmeric layer.

The device of clatm 1, further comprising at least one radiopague marker on g distal

end of the shaft.
. The device of claim 1, where the mesh material comprises a single continuons wire.

. The device of clamm 1, where al feast a portion of the mesh material 13 fabricated from

a drawn filled tube material.

2. The device of claim 1, where at least a portion of the mesh material 1s fabricated from

a radiopaque naterial.

3. The device of claim 1, where funnel comprises at least one additional wall.

An obstraction removal system for removing obstructions from a body lumen; the
removal system comprising:

a retrieval device for securing the obstruction;

a shafi having a Hexibilily to navigate through tortuous anatomy and having a
lumen extending therethrough: where the retrieval device s axially advanceable
through the lwmen;

a funnel comprising a distal opening and a proximal portion connected to the shaft
and a cavity therebetween such that when the funnel is expanded the funnel tapers
a proximal direction towards the shaft, the funnel comprising a mesh material secured
to the shaft such that when expanded the mesh material forms a funnel configuration
having at least an exterior mesh wall and an interior megsh wall that are shape set; and

where at least a portion of the mesh material is porous 1o penmit fluid flow

therethrough.

. The system of claim 24, where the funnel is shape set such that there is a gap between

the mtertor and exgerior wall.

The systen: of claim 24, where the funnel 15 shape set such that the exterior mesh wall

is tn contact with the interior mesh wall proximal of the opening.
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The system of claim 24, where the mesh material is compliant and where the interior
mesh wall and exterior mesh wall are siidable relative to each other such that
withdrawal of the device or debris proximally into the interior mesh wall of the funnel
causes movement of the interior mesh wall while a portion of the exterior mesh wall

remains stationary when positioned agamnst the vessel.

. The system of claim 24, where the mesh material comprises a birst and secoud end

where at least either the first or second end is atfixed to the shaft and a medial portion

that forms a perimeter of the distal opening.

. The system of claim 28, both the first and second end of the mesh material is affixed

to the shaft.

. The system of claim 24, where the funnel is self expanding.

1. The systent of claim 24, further comprising a lnmen extending through the shaft and

exiting at a distal portion.

. The system of claim 24, where the mesh material is flexible to permit flexible

everting of the funnel over the shaft to permit insertion of the evened funnel and shaft

uito a secondary device.

3. The system of claim 24, where a portion of the funnel adjacent to the distal opening

comprises a bulbous shape.

. The system of claim 24, where the funnel comprises a first porous section having a

first porosity and at least a second porous section having a second porosity, where the
first and second porosity are different such that the ability of fluid to flow through the

first porous section and second porous section differs.

. The device of claim 34, where the first porous section comprises a {irst braid density

and the second porous section comprises a second braid density.

. The device of claim 34, where the first porous section comprises an additional braid

fayer,
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. The system of claim 24, further comprising at least one additional mesh layer.

. The device of claim 34, where the first porous section prevents fluid from flowing

therethrough.

. The device of claim 38, where the first porous section is distal 1o the second porous

section and where the first porosity 1s greater than the second porosity.

The device of clamm 34, where the first porous section comprises a circunferential

area of the funnel.

The system of claim 24, further comprising at least one polymeric laver on or

adjacent to a region of the funnel

. The device of claim 41, further comprising at least one medicament on or in the

polymeric laver.

The system of claim 24, further comprising at least one radiopaque marker on a distal

end of the shaft.
. The system of clainy 24, where the mesh matenial comprises a single continuons wire,

. The system of claim 24, where at least a portion of the mesh matertal is fabricated

from a drawn filled wibe material.

The system of claim 24, where at least a portion of the mesh material is fabricated

from a radiopaque material.

7. The system of clarm 24, where the mesh material comprises a plurality of wires,

where at least one wire 1s selected from the group consisting of a drawn filled tube, a

radiopague wire, a super elastic wie.

The system of claim 24, where the refrieval device comprises a debris capturing
portion comprising an elongate woven stent structure, where the woven stent structure

has an open distal end and a fluid permeable proximal end.
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49, The system of claim 24, where the retrieval device comprises a basket structure
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having an open proximal end and a fluid permesble distal end.

. The svstem of clatm 24, further comprising a guide catheter, where the guide catheter

comprises a guide catheter lumen, and where the retrieval catheter body and funnel

are slidably advanceable from the guide

. A method of retrieving an obstruction from a vessel, the method comprising:

advancing an obstruction capture device into the blood vessel;

engaging the obstruction capture device with the obstruction;

deploying a multi-wall funnel having a plurality of walls, proxamasl o the
obstruction capture device, where the multi-wall funnel comprises at least an exterior
wall separated frony an interior wall when the multi-wall funnel is expanded, the
exterior and interior wall defining an opening and a cavity where the multi-wall
funnel tapers i a proximal direction;

withdrawing the obstraction capture device proximally into the opening and
cavity of the multi~-wall wall funnel;

securing at feast a portion of the obstraction capture device within the multi~wall
tunnel by engaging the obstruction capture device with the interior wall of the multi-
wall funmel, where contiiued proximal movement of the obsiruction capture device

causey the mterior wall to move n an axially proximal direction.

. The method of claim 31, where the obstruction capture device comprises an elongate

stent; and where engaging the chstruction capture device comprises expanding the

elongate stent within the obstruction.

. The method of claim 31, where the obsiruction capture device comprises a distal

basket and a proxumal basket, and where engaging the obstruction capture device
comprises placing the distal basket and proxamal basket on either side of the

obstruction.

. The method of claim 51, where the funnel comprises an exterior wall and an interior

wall that are set in shape such that a gap separates the walls at a distal portion of the

- O - -
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funnel when expanded, and where withdrawing the obstruction capture device within
the multi~wall funnel comprises engaging the interior wall causing movement of the

interior wall independently of exterior wall..

. The method of claim 51, wheve the mesh material is compliant and where a first

interior mesh wall aud a second exterior mesh wall are slidable relative (o each other
such that withdrawal of the obstruction proximally into the interior mesh wall of the
funnel causes movement of the intenior mesh wall while a portion of the exterior

mesh wall remains stationary when positioned against the vessel

The method of claim 51, where the nmult~wall funnel is advanced through a catheter
such that the obstruction capture device is advanced distally into cerebral vasculatare
and where the multi-wall funnel is advanced adjacent to the obstruction capture

device.

. A retrieval device comprising:

an clongated stent extending from an mner connection wirg, where the inger
connection wire 1s coupled to g handle;

a funnel extending from a outer shaft, where the elongated stent and tnner
connection wire are moveable through the outer shaft, and where the outer shaft is
coupled to the handle;

& control member coupled to the elongated stent, where relative movement of the
handle and coutrol member permit independent motion of the elongated stent with

respect to the funnel.

. The device of claim 57, where the funmel comprises a funnel as described in any of

claims 1 to 50,
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DEVICE AND METHOD FOR TREATING VASCULAR OCCLUSION

RELATED APPLICATIONS

[0001] This application claims priority to U.S. Provisional Application Serial No.
61/864,356 filed August 9, 2013 entitled Devices and Methods for Treatment of Vascular
Occlusion; U.S. Provisional Application Serial No. 61/845,796 filed July 12, 2013 entitled
Devices and Methods for Treatment of Vascular Occlusion; U.S. Provisional Application
Serial No. 61/750,277 filed January 8, 2013 entitled Devices and Methods for Treatment
of Vascular Occlusion; U.S. Provisional Application Serial No. 61/728,775 filed
November 20, 2012 entitled Devices and Methods for Treatment of Vascular Occlusion;
and U.S. Provisional Application Serial No. 61/705,129 filed September 24, 2012
entitled Devices and Methods for Treatment of Vascular Occlusion; each of which are

incorporated herein by reference in their entireties.

FIELD OF THE INVENTION

[0002] This invention relates to a system and method for endovascular treatment of

blood clots obstructing passageways in the circulatory system.

BACKGROUND OF THE INVENTION

[0003] Thromboembolism is the formation in a blood vessel of a clot {thrombusg) that
breaks loose {(embolizes) and is carried by the blood stream o ancther location in the
circulatory system resuiting in a clot or obstruction at that new location. For example, a
clot may embolize and plug a vessel in the lungs (pulmonary embolism), the brain
{stroke}, the gasirointestinal tract, the kidneys, or the legs. Thromboembolism is a
significani cause of morbidity (disease) and morialily {death)}, especially in aduils. A
thromboembolism can be sudden and massive or it may be small and multiple. A

thromboembolism can be any size and a thromboembolic event can happen at any time.

[0004] When a thrombus forms in the venous circulation of the body it often
embolizes to the lungs. Such a thrombus typically embolizes from the veins of the legs,
pelvis, or inferior vena cava and travels to the right heart cavities and then into the

pulmonary arteries thus resulting in a pulmonary embolism.

-
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[0005] A pulmonary embolism results in right heart failure and decreased blood flow
through the lungs with subsequent decreased oxygenation of the lungs, heart and the
rest of the body. More specifically, when such a thrombus enters the pulmonary arteries,
obstruction and spasm of the different arteries of the lung occurs which further
decreases blood flow and gaseous exchange through the lung tissue resulting in
pulmonary edema. All of these factors decrease the oxygen in the blood in the left
heart. As a result, the oxygenated blood supplied by the coronary arteries to the
musculature of both the left and right heart is insufficient for proper contractions of the
muscle which further decreases the entire oxygenated blood flow to the rest of the body.

This often leads to heart dysfunction and specifically right ventricle dysfunction.

[0006] This condition is relatively common and has many causes. Some of the more
common causes are prolonged inactivity such as bed rest, extended sitting (e.g., lengthy
aircraft travel), dehydration, extensive surgery or protracted disease. Almost all of these
causes are characterized by the blood of the inferior peripheral major circulatory system

coagulating to varying degrees and resulting in permanent drainage problems.

[0007] There exist a number of approaches to treating thromboembolism and
particularly pulmonary embolism. Some of those approaches include the use of
anticoagulants, thrombolytics and endovascular attempts at removal of the emboli from
the pulmonary artery. The endovascular attempts often rely on catheterization of the
affected vessels and application of chemical or mechanical agents or both to
disintegrate the clot. Invasive surgical intervention in which the emboli is removed by
accessing the chest cavity, opening the embolized pulmonary artery and/or its branches

and removing the clot is also possible.

[0008] The prior approaches to treatment, however, are lacking. For example, the
use of agents such as anticoagulants and/or thrombolytics to reduce or remove a
pulmonary embolism typically takes a prolonged period of time, e.g., hours and even
days, before the treatment is effective. Moreover, such agents can cause hemorrhage
in a patient.
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[0009] And the known mechanical devices for removing an embolism are typically
highly complex and prone to cause undue trauma to the vessel. Moreover, such known

devices are difficult and expensive to manufacture.

[0010] Lastly, the known treatment methods do not emphasize sufficiently the goal of
urgently restoring blood flow through the thrombus once the thrombus has been
identified. In other words, the known methods focus primarily and firstly on overall clot
reduction and removal instead of first focusing on relief of the acute blockage condition
followed then by the goal of clot reduction and removal. Hence, known methods are not
providing optimal patient care, particularly as such care relates to treatment of a

pulmonary embolism.

OBJECTS AND SUMMARY OF THE INVENTION

[0011] The above described shortcomings of the existing systems and approaches
for treating an occlusion in a lumen of a patient, such as a thromboembolism and
particularly a pulmonary embolism, are improved upon by the systems and methods of
the present invention. These improvements are achieved in certain embodiments of the
present invention, in part, by providing an occlusion management system comprising a
catheter, a pusher, and a tubular member reversibly restrained in a compressed state
within a lumen of the catheter and radially expanded from the compressed state upon

retraction of the catheter relative to the pusher.

[0012] These improvements are further achieved in certain embodiments of the
present invention, in part, by providing occlusion management system comprising a
catheter, a pusher, a tubular member attached to a distal end of the pusher, and an
extraction member extending distally of a distal end of the cylindrical member having a

diameter larger than a diameter of the cylindrical member.

[0013] These improvements are further achieved in certain embodiments of the
present invention, in part, by a method for management of an occlusion in a lumen
comprising the steps of: creating a passage for fluid flow through occlusive material in a
lumen of a patient, engaging a portion of the occlusive material with at least a portion of
a tubular member; and extracting a portion of the occlusive material from the lumen of

the patient.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0014] These and other aspects, features and advantages of which embodiments of
the invention are capable of will be apparent and elucidated from the following
description of embodiments of the present invention, reference being made to the

accompanying drawings, in which

[0015] Fig. 1 is a partial cutaway view of a portion of an occlusion management
system within a lumen of a patient according to one embodiment of the present

invention.

[0016] Fig. 2 is a partial cutaway view of a portion of an occlusion management
system within a lumen of a patient according to one embodiment of the present

invention.

[0017] Fig. 3 is a partial cutaway view of a portion of an occlusion management
system within a lumen of a patient according to one embodiment of the present

invention.

[0018] Fig. 4 is a partial cutaway view of a portion of an occlusion management
system within a lumen of a patient according to one embodiment of the present

invention.

[0019] Fig. 5 is a partial cutaway view of a portion of an occlusion management
system within a lumen of a patient according to one embodiment of the present

invention.

[0020] Fig. 6 is a partial cutaway view of a portion of an occlusion management
system within a lumen of a patient according to one embodiment of the present

invention.

[0021] Fig. 7 is a side elevation view of a portion of an occlusion management
system according to one embodiment of the present invention.

[0022] Fig. 8 is a partial cutaway view of a portion of an occlusion management
system within a lumen of a patient according to one embodiment of the present

invention.
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[0023] Fig. 9 is a partial cutaway view of a portion of an occlusion management
system within a lumen of a patient according to one embodiment of the present

invention.

[0024] Fig. 10 is a partial cutaway view of a portion of an occlusion management
system within a lumen of a patient according to one embodiment of the present

invention.

[0025] Fig. 11 is a partial cutaway view of a portion of an occlusion management
system within a lumen of a patient according to one embodiment of the present

invention.

[0026] Fig. 12 is a partial cutaway elevation view of a portion of an occlusion

management system according to one embodiment of the present invention.

[0027] Fig. 13 is a partial cutaway view of a portion of an occlusion management
system within a lumen of a patient according to one embodiment of the present

invention.

[0028] Fig. 14 is a partial cutaway view of a portion of an occlusion management
system within a lumen of a patient according to one embodiment of the present

invention.

[0029] Fig. 15 is a partial cutaway view of a portion of an occlusion management
system within a lumen of a patient according to one embodiment of the present

invention.

[0030] Fig. 16 is a partial cutaway view of a portion of an occlusion management
system within a lumen of a patient according to one embodiment of the present

invention.

[0031] Fig. 17 is a partial cutaway view of a portion of an occlusion management
system according to one embodiment of the present invention.

[0032] Fig. 18 is a partial cutaway view of a portion of an occlusion management

system according to one embodiment of the present invention.
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[0033] Fig. 19 is a partial cutaway view of a
system within a lumen of a patient
invention.

[0034] Fig. 20 is a partial cutaway
system within a lumen of a patient
invention.

[0035] Fig. 21 is a partial cutaway
system within a lumen of a patient
invention.

[0036] Fig. 22 is a partial cutaway
system within a lumen of a patient
invention.

[0037] Fig. 23 is a partial cutaway
system within a lumen of a patient
invention.

[0038] Fig. 24 is a partial cutaway
system within a lumen of a patient
invention.

[0039] Fig. 25 is a partial cutaway
system within a lumen of a patient
invention.

[0040] Fig. 26 is a partial cutaway
system within a lumen of a patient
invention.

[0041] Fig. 27 is a partial cutaway

system within a lumen of a patient

invention.
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Fig. 28A is an elevation view of a portion of an occlusion management system

according to one embodiment of the present invention.

[0043]

Fig. 28B is a partial cutaway view of a portion of an occlusion management

system within lumen of a patient according to one embodiment of the present invention.

[0044] Fig. 29 is a partial cutaway view of a
system within a lumen of a patient according
invention.
[0045] Fig. 30 is a partial cutaway view of a
system within a lumen of a patient according
invention.
[0046] Fig. 31 is a partial cutaway view of a
system within a lumen of a patient according
invention.
[0047] Fig. 32 is a partial cutaway view of a
system within a lumen of a patient according
invention.
[0048] Fig. 33 is a partial cutaway view of a
system within a lumen of a patient according
invention.
[0049] Fig. 34 is a partial cutaway view of a
system within a lumen of a patient according
invention.
[0050] Fig. 35 is a partial cutaway view of a

system within a lumen of a patient

invention.
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[0051] Fig. 36 is a partial cutaway view of a portion of an occlusion management
system within a lumen of a patient according to one embodiment of the present

invention.

[0052] Fig. 37 is a partial cutaway view of a portion of an occlusion management
system within a lumen of a patient according to one embodiment of the present

invention.

[0053] Fig. 38 is an elevation view of a portion of an occlusion management system

according to one embodiment of the present invention.

[0054] Fig. 39 is a perspective view of a portion of an occlusion management system

according to one embodiment of the present invention.

[0055] Fig. 40A-40C are elevation views of portions of an occlusion management

system according to one embodiment of the present invention.

DESCRIPTION OF EMBODIMENTS

[0056] Specific embodiments of the invention will now be described with reference to
the accompanying drawings. This invention may, however, be embodied in many
different forms and should not be construed as limited to the embodiments set forth
herein; rather, these embodiments are provided so that this disclosure will be thorough
and complete, and will fully convey the scope of the invention to those skilled in the art.
The terminology used in the detailed description of the embodiments illustrated in the
accompanying drawings is not intended to be limiting of the invention. In the drawings,

like numbers refer to like elements.

[0057] Methods and systems according to the present invention are broadly directed
to treating a blood vessel or other body lumen. More particularly, the present invention
is directed to systems and methods for disrupting, dissolving, and/or otherwise removing

occlusive materials, such as thrombus, from a treatment site, such as a blood vessel.

[0058] With reference to Figs. 1-6, in one embodiment of the present invention, an
occlusion management system 10 employs a catheter 12 and a flow restoration member
14. The flow restoration member 14 is radially expandable from a compressed delivery
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state, to a radially expanded, minimum energy state having at least, in part, a hollow
cylindrical or tubular shape. A distal end 18 of a pusher 16 is attached to a proximal

portion 20 of the flow restoration member 14.

[0059] The flow restoration member 14 may be formed of a porous mesh or scaffold.
The mesh or scaffold may be formed at least in part by a braid of filaments or fabricated
by methods known in the art of stent manufacturing including but not limited to
conventional machining, laser cutting, electrical discharge machining (EDM) and photo-
chemical etching.

[0060] In operation, the pusher 16 and the attached compressed flow restoration
member 14 are inserted into a lumen 22 of the catheter 12. The catheter 12 is
advanced through a lumen 2 of a patient, e.g. a blood vessel 2, to a site within the
lumen 2 at which occlusive material 4, such as a thrombus or an embolus, is located.
The catheter 12 is advanced in the direction of arrow 26 through the occlusive material 4
until a distal end 24 of the catheter 12 passes entirely through the occlusive material 4,
as shown in Fig. 1.

[0061] With reference to Fig. 2, the catheter 12 is then retracted relative to the
pusher 16 and flow restoration member 14 in the direction of arrow 28. As the flow
restoration member 14 is exposed from the retracting distal end of the catheter 12, the
flow restoration member 14 radially expands within the occlusive material 4 to an
intermediate diameter larger than a diameter of the member 14 in the compressed
delivery state and smaller than a diameter of the member 14 in the expanded, minimum
energy state. The structure and outer surface of the flow restoration member 14 is
configured such that the mesh or scaffold of the flow restoration member 14 engages
the occlusive material 4 when it is exposed from the constraint of the catheter 12. As
shown in Fig. 2, the catheter 12 is retracted in the direction of arrow 28 to an extent that

allows for the radial expansion of an entire length of the flow restoration member 14.

[0062] As shown in Fig. 3, when catheter 12 is retracted sufficiently to allow
expansion of the entire length of the flow restoration member 14, fluid or blood may
enter the open, proximal portion 20 of the flow restoration member 14 in the direction of

arrows 30, flow through the hollow interior of the flow restoration member 14, and exit
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through a open, distal portion 34 of the flow restoration member 14. Thereby, allowing

for a rapid restoration of blood flow through the lumen 2.

[0063] As shown in Fig. 4, the pusher 16 is then retracted relative to the catheter in
the direction of the arrow 28, thereby pulling the length of the flow restoration member
14 through the occlusive material 4. The pusher 16 is retracted such that the flow
restoration member 14 is pulled towards the distal end 24 of the catheter 12 and back
into the lumen 22 of the catheter 12. As the flow restoration member 14 is pulled
through the occlusive material 4, the occlusive material 4 engaged with the flow
restoration member 14 is also pulled along and removed. Hence, while restoring flow
through the lumen 2, the flow restoration member 14 may also function to remove or
extract at least a portion of the occlusive material 4 from the lumen 2. Finally, the flow
restoration member 14 and the engaged occlusive material 4 is pulled back into the

lumen 22 of the catheter 12 and the system 10 is withdrawn from the patient.

[0064] In one embodiment of the present invention, as shown in Figs. 5-7, the
occlusion management system 10 may further employ an extraction member 38 for
extraction or removal of the occlusive material 4, such as an embolus. The extraction
member 38 may have an umbrella-like configuration, as shown in Fig. 5; a conical
configuration, as shown in Fig. 6; or a cup-like configuration, as shown in Fig. 7. The
extraction member 38 expands from a compressed diameter to an expanded diameter
that is greater than a diameter of the expanded flow restoration member 14 and

approximately equal to a diameter of the lumen 2.

[0065] The extraction member 38 may be attached directly to the flow restoration
member 14 or to a separate structure that is deployed through the flow restoration
member 14 either before or after deployment of the flow restoration member 14. For
example, as shown in Figs. 5 and 6, a distal portion 44 of the extraction member 38 may
be attached to a distal end 46 of a delivery element 42. The delivery element 42 may be
formed of a separate, transposable element that is located within a lumen of the pusher
16. One or more tethers 40 may statically attach a proximal periphery 48 of the
extraction member 38 to the delivery element 42 proximally of the distal end 46 of the
delivery element 42. The tethers 40 facilitate compression and retraction of the
extraction member 38 back into the catheter 12. Alternatively, the tethers 40 may be
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transposable independent of the delivery element 42. For example, the tethers 40 may
be attached to a coaxial tube located within the lumen of the pusher 16 around the
delivery element 42.

[0066] In operation, the extraction member can be deployed either prior to complete
deployment of the flow restoration member 14 or after complete deployment of the flow
restoration member 14.

[0067] In certain embodiments, as shown in Fig. 25, the extraction member 38 is a
balloon 56 that is attached to a distal end 46 of a delivery element 42. The delivery
element 42 has a lumen formed therethrough for inflation and deflation of the balloon
56. The balloon 56 having a diameter that is substantially equal to or greater than a
diameter of the vessel 2.

[0068] In certain other embodiments, as shown in Fig. 26, the extraction member 38
is formed by a malecot-type formation of the distal end 46 of the delivery element 42.
The malecot-type formation may be covered with a fabric, polymer, or braided covering.
The malecot-type formation has a diameter that is substantially equal to or greater than
a diameter of the vessel 2.

[0069] In certain other embodiments, as shown in Fig. 29 the extraction member 38
is formed of a braided structure having a disc-like form that is attached to a distal end 46
of a delivery element 42. The disc-like structure has a diameter that is substantially

equal to or greater than a diameter of the vessel 2.

[0070] In one embodiment of the present invention, as shown in Fig. 7, the delivery
element 42 is not employed in the system 10 and extraction member 38 is attached
directly to the flow restoration member 14 by the tethers 40. More particularly, proximal
ends of the tethers 40 are attached to the distal portion 34 of the flow restoration
member 14 and distal ends of the tethers 40 are attached to the proximal periphery 48
of the extraction member 38.

[0071] In operation, after the catheter 12 is advanced through the occlusive material 4
until a distal end 24 of the catheter 12 passes entirely through the occlusive material 4,

the catheter 12 is then retracted relative to the pusher 16. As the extraction member 38 is
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exposed from the retracting distal end 24 of the catheter 12, the extraction member 38
radially expands distally of the occlusive material 4. As the catheter 12 is further

retracted, the flow restoration member 14 radially expands within the occlusive material 4.

[0072] After complete expansion of the flow restoration member 14, the pusher 16 is
retracted relative to the catheter, thereby pulling the flow restoration member 14 through
the occlusive material 4 and pulling the extraction member 38 into and around the
occlusive material 4. The occlusive material 4 is thereby captured within the extraction
member 38. Retraction of the pusher 16 is continued until the flow restoration member
14 and extraction member 38 with captured occlusive material 4 are pulled back into the

lumen 22 of the catheter 12. The system 10 is then withdrawn from the patient.

[0073] The extraction member 38 may be formed at least in part by a braid of
flaments or fabricated by methods known in the art of stent manufacturing including but
not limited to conventional machining, laser cutting, electrical discharge machining
(EDM) and photo-chemical etching.

[0074] In one embodiment of the present invention, as shown in Figs. 8-11, the flow
restoration member and the extraction member of the occlusion management system
100 are formed of a substantially continuous structure. For example, as shown in Fig.
10, a distal portion 134 of a flow restoration member 114 is biased to evert to a relaxed
state that turns in a proximal direction back towards a proximal portion 120 of the flow
restoration member 114, thereby forming an extraction member 138. One or more
tethers 140 are eccentrically coupled or attached to the distal portion 134 of a flow
restoration member 114. In certain embodiments, a radially expandable connector
member 150 may hold ends of the filaments that may be present at the distal portion
134 of a flow restoration member 114.

[0075] Proximal ends of the tethers 140 may extend proximally within the lumen 22
of the catheter 12 and may be manipulated by a physician in order to facilitate the
formation of the everted distal portion 134 and extraction member 138 of the flow
restoration member 114. In certain embodiments, the tethers 140 do not extend to a
proximal end of the system 100 but rather are connected to an elongate retraction

member that in turn extends proximally for manipulation by a physician. As shown in
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Fig. 10, the tethers 140 may further function to cut through the occlusive material 4 as
the extraction member 138 is formed or when the pusher 16, the flow restoration

member 114, and the extraction member 138 are retracted relative to the catheter 12.

[0076] In certain embodiments, as shown in Fig. 27, the flow restoration member 114

having everted distal portion 134 need not necessarily employ the tethers 140.

[0077] In certain other embodiments, as shown in Figs. 21-24, 28A, and 28B, the
mesh or scaffold structure forming the flow restoration member 114 employs an
enlarged diameter distal portion 134 that does not necessarily evert. For example, Fig.
21 shows a partially deployed and Fig. 23 shows completely deployed flow restoration
member 114 having a flared or expanded distal portion 134. Fig. 24 shows the flow
restoration member 114 having a bulbous, expanded distal portion 134 which may or

may not employ a guide wire passage through a distal end.

[0078] In certain other embodiments, as shown in Fig. 28A and 28B, the extraction
member 38 is a wireform attached to the delivery element, such as delivery element 42
described above, or alternatively attached directly to the flow restoration member 114 to
form an expanded distal portion 134 of the flow restoration member 114. The wire form
may also be covered with a braid.As shown in Figs. 8-11, operation of the occlusion
management system 100 is substantially the same as described above regarding the

occlusion management system 10 employing the extraction member 38.

[0079] In one embodiment of the present invention, as shown in Fig. 12, the pusher

16 may be formed of a wire, tube, or catheter.

[0080] In one embodiment of the present invention, as shown in Figs. 13-19, a
method for operation of system 10, 100 is shown. First, retrieval of occlusive matter 4
includes first advancing a guidewire 6 through a lumen 2 to the site of the occlusive
material 4 and through the occlusive material 4. The catheter 12 is then advanced over
the guidewire 6 to the site of the occlusive material 4 and through the occlusive material
4, as shown in Figs. 13 and 14. The guidewire 6 is withdrawn from the patient. As
shown in Fig. 15, the catheter 12 is then retracted relative to the pusher 16, thereby
allowing the flow restoration member 14 to expand to a more relaxed state and engage

the occlusive material 4.
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[0081] In certain embodiments, as shown in Fig. 17, the catheter 12 may be passed
through a lumen of a sheath 8. The sheath 8 may function to provide suction, vacuum,
or irrigation, in the direction of arrows 26, within the lumen 2 near the site of the
occlusive material 4. Alternatively, as shown in Fig. 18, one or more holes 52 may be
formed in the catheter 12 so that the suction, vacuum, or irrigation may originate from a
proximal end of the catheter 12 and be simultaneously generated through the proximal

portions of both the lumen 22 of the catheter 12 and the lumen of the sheath 8.

[0082] With the assistance of such suction, vacuum, or irrigation, as shown in Fig.
19, it may be possible for the flow restoration member 14 to sufficiently engage the
occlusive material 4 such that the occlusive material 4 is released from the lumen 2 and

can be extracted in substantially its entirety from the lumen 2 of the patient.

[0083] In one embodiment of the present invention, as shown in Fig. 20, in order to
further assist in the generation and efficacy of such suction, vacuum, or irrigation, an
annular balloon 54 may be attached to an exterior of the catheter 12 near the distal end
24 of the catheter 12. The balloon 54 is sized so as to contact a circumference of an
interior surface of the lumen 2. Accordingly, the balloon 54 provides a seal against the
flow of fluid, such as blood, through the lumen 2 and enhances the efficacy of the
suction, vacuum, or irrigation. Fig. 22 shows the flow restoration member 114 of Fig. 23
being deployed through a catheter 12 having an inflated balloon 54 near the distal end
24 of the catheter 12. In order to inflate and deflate the balloon 54, inflation lumens may

be formed within the wall of the catheter 12 according to techniqgues known in the art.

[0084] In one embodiment of the present invention, as shown in Figs. 30-35, an
occlusion management system 200 employs a flow restoration member 214, such as
that described above with respect to the flow restoration members 14 or 114 that is
advanceable through a proximal capture member 260.

[0085] The proximal capture member 260 is radially expandable from compressed
delivery state within a lumen 258 of a sheath 208, to a radially expanded, minimum
energy state having a generally cylindrical or tubular shape. When in the expanded

minimum energy state, the proximal capture member 260 may have a diameter that is
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larger or substantially equal to the diameter of the patient’s lumen 2 in which the system

200 will be employed.

[0086] The proximal capture member 260 is attached to a capture member pusher
262 that is also inserted through the lumen 258 of the sheath 208. The proximal capture
member 260 may be formed of a mesh or scaffold. The mesh or scaffold may be
formed at least in part by a braid of filaments or fabricated by methods known in the art
of stent manufacturing including but not limited to conventional machining, laser cutting,

electrical discharge machining (EDM) and photo-chemical etching.

[0087] The flow restoration member 214 is attached to the pusher 16 and the flow
restoration member 214 and the pusher 16 are positioned within the lumen 22 of the
catheter 12. The catheter 12 is, in turn, positioned within a lumen of the proximal
capture member 260. A diameter of the proximal capture member 260 may be

approximately equal to or greater than a diameter of the lumen 2.

[0088] In operation, the capture member pusher 262 and attached proximal capture
member 260 are inserted into the lumen 258 of the sheath 208. A guidewire may be
advance through the occlusion material 4, such as a thrombus or embolus. The sheath
208 is then advanced over the guidewire to a position proximal of the occlusion material

4. The guidewire may but need not necessarily be retracted at this time.

[0089] As shown in Figs. 30 and 31, the sheath 208 is retracted, in the direction of
arrow 28, proximally relative to the capture member pusher 262, thereby exposing the
proximal capture member 260 at a distal end 266 of the sheath 208 and allowing the
proximal capture member 260 to radially expand from its collapsed state within the
lumen 258 of the sheath 208.

[0090] The pusher 16 and attached flow restoration member 214 are then inserted
into the lumen 22 of the catheter 12. As shown in Fig. 32, the catheter 12 is then
advanced through the lumen 258 of the sheath 208 and the lumen of the proximal
capture member 260 until a distal end 24 of the catheter 12 is positioned distally of the
occlusive material 4. As shown in Figs. 33 and 34, the catheter 12 is then retracted, in

the direction of arrow 28, proximally relative to the flow restoration member 214, thereby
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exposing the flow restoration member 214 and allowing the flow restoration member 214

to radially expand from its collapsed state within the lumen 22 of the catheter 12.

[0091] As shown in Fig. 35, after complete expansion of the flow restoration member
214, the pusher 16 is retracted relative to the catheter 12, thereby pulling the flow
restoration member 214 through the occlusive material 4 and pulling an extraction
member, if present, into and around the occlusive material 4. The occlusive material 4
is thereby captured within the flow restoration member 214 and extraction member, if
present. Retraction of the pusher 16 is continued until the flow restoration member 214
and extraction member, if present, with captured occlusive material 4 are pulled at least
partially back into the lumen 22 of the catheter 12. The catheter 12 and the flow
restoration member 214 and extraction member, if present, with captured occlusive
material 4 are then pulled back into the lumen 264 of the proximal capture member 260.
The proximal capture member 260 is then pulled back into the lumen 258 of the sheath
208. The system 200 is then withdrawn from the patient.

[0092] The order of deployment of the proximal capture member 260 and flow
restoration member 214 as described above may be reversed as seen fit by the
physician. Furthermore, therapeutic agent(s) such as thrombolytics or anticoagulants
may be infused through the lumen 258 of the sheath 208 or lumen 22 of catheter 12
during the course of the procedure.

[0093] In one embodiment of the present invention, the occlusion management
systems 10, 100, 200 is configured for removal of at least a portion of the occlusive
material 4, such as an embolus or thrombus, that is located at a bifurcation, trifurcation
or multi-lumen plexus of the lumen 2, such as a blood vessel. By way of example, as
shown in Figs. 36 and 37, a sheath 8, through which multiple catheters 12 are inserted,
is advanced through the lumen 2 to the bifurcation at which occlusive material 4 is
present. The catheters 12 are independently advanced distally from the sheath 8
through the occlusive material 4 within the different lumens 2 of the bifurcation. Flow

restoration and extraction of the occlusive material 4 is conducted as described above.

[0094] In certain embodiments of the present invention, the flow restoration member

14, 114, 214, extraction member 38, 138, and the proximal capture member 260 may
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comprise a braided mesh of filaments or wires 70. The braids for the mesh components
may have a generally constant braid angle over an entire length of the member or may

be varied to provide different zones of pore size and radial stifiness.

[0095] The braided mesh may be formed over a mandrel as is known in the art of
tubular braid manufacturing. A braid angle a (alpha), shown in Figure 38, may be
controlled by various means known in the art of filament braiding. In certain
embodiments, the braid angle a is, for example, between about 45 degrees and about
60 degrees. The tubular braided mesh may be further shaped using a heat setting
process. As known in the art of heat setting nitinol wires, a fixture, mandrel or mold may
be used to hold the braided tubular structure in its desired configuration then subjected
to an appropriate heat treatment such that the resilient filaments of the braided tubular

member assume or are otherwise shape-set to the outer contour of the mandrel or mold.

[0096] In certain embodiments, the filamentary elements of the mesh member may
be held by a fixture configured to hold the member in a desired shape and heated to
about 475-525 degrees Celsius for about 5 to 30 minutes to shape-set the structure. In
certain embodiments, the braid may be a tubular braid of fine metal wires 70 such as
Nitinol, platinum, cobalt-chrome alloys, 35N LT, Elgiloy, stainless steel, tungsten or

titanium.

[0097] In certain embodiments, the member can be formed at least in part from a
cylindrical braid of elastic filaments. Thus, the braid may be radially constrained without
plastic deformation and will self-expand on release of the radial constraint to an
unrestrained diameter or diameter at its lowest energy state. Such a braid of elastic
flaments is herein referred to as a “self-expanding braid.”

[0098] In certain embodiments, the thickness of the braid filaments is less that about
0.5 millimeters. In certain embodiments, the braid may be fabricated from wires 70 with
diameters ranging from about 0.015 millimeters to about 0.40 millimeters. In certain
embodiments, the braid may be fabricated from wires with diameters ranging from about

0.02 millimeters to about 0.15 millimeters.

[0099] In certain embodiments, the member has a high braid angle zone where the

braid angle a is greater than about 60 degrees. More particularly, the higher braid angle
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portion or zone may have a braid angle a that is between 60 and 80 degrees. The high
braid angle portion may have higher radial stiffness that may provide, for example,
improved extraction of occlusive material 4. Furthermore, as the member is retracted
the portion of the member with a high braid angle elongates to a greater amount relative
to the remainder of the member, thereby providing a longer surface for retraction
through the occlusive material.

[00100] In certain embodiments, the system may comprise a braided member where
the braid is formed from a mixture of more than one diameter wire 70, as shown in Fig.
38. A braid showing two wire diameters, wire 70a and wires 70b having a smaller

diameter than the diameter of the wires 70a, is shown in Figure 39.

[00101] A braided member may also comprise a plurality of layers. In certain
embodiments, the systermn may comprise a braided member where the braid
configuration changes over the length of the member forming a tubular structure with
two or more zones of different braid. The parameters that may be changed to
manipulate the braid include but are not limited to braid angle a, combinations of
different diameters of wire 70 (e.g. a combination of small and large diameters) and wire
loading (e.g. alternating wire size in a 1 by 1 or 2 by 2 pattern). Changing the braid
parameters allows for zones of different mechanical properties (e.g. radial stiffness and
compliance) along one continuous braid. In certain embodiments, the member may
have one zone with a braid angle a between about 35 degrees and 55 degrees and
another zone with a braid angle a between about 50 degrees and 70 degrees. In certain
embodiments, the member may have one zone with a radial stiffness that is at least
about 25% greater than the radial stiffness of a second zone.

[00102] In one embodiment of the present invention, as shown in Figs. 40A-40C, the
flow restoration member may be formed by machining or laser cutting a stent-like
pattern either directly in a tube or in a flat sheet that is subsequently formed into a tube.
The sheet may be rolled or otherwise formed into a generally tubular configuration and
then welded, soldered or joined in order to fix the tubular shape. Figure 40A shows an
exemplary flat pattern. Figure 40B shows the tube form of the stent-like pattern and
Figure 40C shows the stent-like tube attached to the distal end of a pusher or deleviery
element.In certain other embodiments, as shown in Fig. 27, the extraction member 138
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is a braided structure extension of flow restoration member 114 that has been everted
and curled back on itself forming an expanded distal portion.In any of the above
described embodiments, the system 10, 10, 200 may include additional devices or
components to facilitate thrombus maceration or disruption including but not limited to
mechanical maceration members (auger, drill bit, screw, impellor, burr, pick, etc.),
vibration members, ultrasonic energy, radiofrequency energy, microwave energy,
thermal energy, cavitiation, flow jets or perfusion apparatus. For example, in certain
embodiments, the system 10, 100, 200 may comprise a boring member to facilitate
penetration of the occlusive material 4. In certain embodiments, the system 10, 100, 200
may comprise an auger device to facilitate retraction of the occlusive material 4, such as

thrombus along a central path coaxial with the flow restoration member 14, 114, 214.

[00103] In any of the above described embodiments, the system 10, 100, 200 may
include a drug or bioactive agent to enhance the thrombus extraction performance
and/or reduce the propensity to produce clotting. In certain embodiments, the system
10, 100, 200 and more particularly the flow restoration member 14, 114, 214, extraction
member 38, 138, and the proximal capture member 260 may employ textures, surface
features, coatings, or the like to enhance the engagement and/or attachment of the
occlusive material 4, such as thrombus. In certain embodiments, the device may include

an antiplatelet agent, a lytic agent or an anticoagulant.

[00104] In any of the above described embodiments, a delivery system may be
provided or integrated into the catheter 10 and/or sheath 8, 208. The delivery system
may include an introducer sheath for access into the appropriate vein such as the
subclavian vein, jugular vein, femoral vein or radial vein. In certain embodiments, the
catheter 10 and/or sheath 8, 208 may be placed through the introducer sheath to pass
through the access vein such as the right subclavian vein or jugular vein into the
superior vena cava through the right atrium through the tricuspid valve, through the right
ventricle, through the pulmonic valve, to thrombus or occlusive embolus situated in the
pulmonary artery or branches of the pulmonary artery. In some embodiments, the
catheter 10 and/or sheath 208may be placed through the introducer sheath to pass
through the access vein such as the femoral vein into the inferior vena cava through the
right atrium through the tricuspid valve, through the right ventricle, through the pulmonic
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valve, to thrombus or occlusive embolus situated in the pulmonary artery or branches of

the pulmonary artery.

[00105] Although the invention has been described in terms of particular embodiments
and applications, one of ordinary skill in the art, in light of this teaching, can generate
additional embodiments and modifications without departing from the spirit of or
exceeding the scope of the claimed invention. Accordingly, it is to be understood that
the drawings and descriptions herein are proffered by way of example to facilitate
comprehension of the invention and should not be construed to limit the scope thereof.
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What is claimed is:

1. An occlusion management system comprising:
a catheter;
a pusher; and

a tubular member reversibly restrained in a compressed state within a lumen of
the catheter and radially expanded from the compressed state upon retraction of the
catheter relative to the pusher.

2. The system of claim 1 wherein a distal end of the pusher is attached to a

proximal portion of the tubular member.

3. The system of claim 1 wherein a diameter of the member is largest at a distal

portion of the tubular member.

4. The system of claim 1 wherein a distal portion of the tubular member is flared in a
radially expanded state.

5. The system of claim 1 wherein a distal portion of the tubular member is bulbous
in a radially expanded state.

6. The system of claim 1 further comprising an extraction member attached to a

distal portion of the member.

7. The system of claim 1 wherein a distal portion of the tubular member is everted

toward a proximal portion of the member.

8. The system of claim 1 further comprising a sheath having a lumen through which
the catheter is advanced.

9. The system of claim 1 further comprising a sheath having a lumen through which

a proximal tubular member is advanced.

—-21—
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10. The system of claim 1 wherein the catheter comprises an annular balloon near a

distal end of the catheter.

11.  An occlusion management system comprising:
a catheter;
a pusher;
a tubular member attached to a distal end of the pusher; and

an extraction member extending distally of a distal end of the cylindrical member

having a diameter larger than a diameter of the cylindrical member.

12.  The system of claim 11 wherein the extraction member is attached directly to the

tubular member.

13. The system of claim 1 further comprising a sheath having a lumen through which
the catheter is advanced.

14.  The system of claim 1 further comprising a sheath having a lumen through which

a proximal tubular member is advanced.

15. A method for management of an occlusion in a lumen comprising the steps of:
creating a passage for fluid flow through occlusive material in a lumen of a
patient;
engaging a portion of the occlusive material with at least a portion of a tubular

member; and

extracting a portion of the occlusive material from the lumen of the patient.

16. The method of claim 15 wherein the step of creating a passage for fluid flow
through occlusive material in a lumen of a patient comprises expanding the tubular

member.

17. The method of claim 15 wherein the step of engaging a portion of the occlusive
material with at least a portion of the tubular member comprises retracting a catheter

relative to the tubular member.

- 22 —
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18. The method of claim 15 wherein the step of engaging a portion of the occlusive
material with at least a portion of a tubular member comprises expanding the tubular

member.

19. The method of claim 15 wherein the step of extracting a portion of the occlusive
material from the lumen of the patient comprises expanding an extraction member

distally of the tubular member.

20. The method of claim 15 wherein the step of extracting a portion of the occlusive
material from the lumen of the patient comprises retracting the tubular member in to a

catheter.

—23—
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INTRALUMINAL EXTRACTION CATHETER

Background of the Invention

The present invention relates generally to
catheters and, more particularly, to an expandable
intraluminal catheter for removing occlusive material from
a body passage.

Expanding diameter catheters are commonly used in
surgical procedures. A well-known mechanism for expanding
the diameter of the catheter is inflation. These balloon-
type embolectomy catheters are disclosed in U.S. Patent
No. 3,435,826, U.S. Patent No. 3,467,101, and U.S. Patent
No. 5,320,604 for use in removing blood clots and thrombus
from blood vessels. In addition to balloon-type
embolectomy catheters, other mechanisms have been proposed
by the prior art in an attempt to improve the procedure of
removing clots and thrombus or plague from blood vessels.
U.S. Patent No. 5,282,484 and U.S. Patent No. 5,284,486
disclose a catheter having rotating blades. U.S. Patent
No. 5,370,653 discloses a catheter having a brush for
removal of material from a blood vessel. U.S. Patent No.
5,192,290, which is assigned to the assignee of the
present invention, discloses a catheter having an
expanding elastomeric foam.

All of these prior art embolectomy catheters have
intrinsic problems and complications connected with use in
delicate blood vessels, regardless of whether balloons,
blades, or bushes are used. Balloons may rupture or may
transmit excessive force to the delicate blood vessel.
Blades or brushes may cause extensive damage to the
fragile 1lining of the delicate blood vessel. An

elastomeric foam member, such as that disclosed in U.S.
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Patent No. 5,192,290, provides a mechanical activation of
the expansion means. Although this mechanical activation
provides a safety measure by giving the user a tactile
feel, the elastomeric foam expansion member does not have
the removal capabilities of the above-mentioned balloons,
blades, and brushes.

Another problem commonly shared by all of the
prior art embolectomy catheters stems from a removal
method which is inherently engineered into these devices.
A common principle is implemented by each of the prior art
devices. Specifically, the expanding members of these
prior art devices are advanced beyond the occlusive
material to be removed or treated in the blood vessel, and
the occlusive material is then forced as a whole along a
retrieval path through the blood vessel to a collection
site. TIf the occlusive material is well-attached to the
blood vessel wall, the shear forces required to dislodge
this material may be damaging to the blood vessel. Since
the expanding member basically contacts a perimeter
portion of the occlusive material and pushes this material
through the vessel to the collection site, a resulting
compression of the occlusive material often results. This
compression may necessitate the application of additional,
excessive force for the removal of the occlusive material,
resulting in further damage to the delicate intimal lining
of the blood vessel. A need thus exists in the prior art
for an embolectomy catheter, that is able to capture and
remove occlusive material from a delicate blood wvessel
without damaging the intimal lining or causing traumatic
injury to that blood vessel.

Summary of the Invention

The expansion member of the intraluminal catheter
of the present invention harnesses a mechanical activation

of the expansion member, and thus does not suffer from the
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problems associated with prior art balloons, blades, and
brushes. This mechanical activation of the expansion
member provides the user with a tactile feel.
Additionally, the expandable intraluminal catheter of the
present invention does not rely on the removal mechanism
of the prior art. Specifically, the expandable
intraluminal catheter of the present invention does not
contact and push only the outer parameter of the occlusive
material in the blood vessel. The expandable intraluminal
catheter of this invention contacts the occlusive material
along the entire length of the occlusive material within
the blood vessel to thereby minimize the compression
effect suffered by the prior art. The resulting force
required to dislodge or mobilize the occlusive material at
any one point within the blood vessel is significantly
reduced, since compression is reduced and the mobilizing
force is distributed over a large surface area. Since the
occlusive material is contacted, and partitioned, at a
number of points along the length of the occlusive
material within the blood vessel, a risk that the
occlusive material may be lost, left behind, or swept into
the flow of the blood vessel is also reduced.

The expandable intraluminal catheter is used for
removing occlusive material from a body passage. The
catheter includes a handle having both a proximal handle
end and a distal handle end. Attached to the distal
handle end is an elongate tubular body, which includes a
proximal elongate tubular body end and a distal elongate
tubular body end. The elongate tubular body further
includes a lumen between the proximal elongate tubular
body end and the distal elongate tubular body end. A
number of radially-expandable segments are disposed on the
elongate tubular body near the distal elongate tubular
body end. These radially-expandable segments can be
mechanically activated by a user when the distal elongate
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tubular body end is within a blood vessel, to thereby
contact and partition occlusive material within the blood
vessel. The partitioned occlusive material within the
bloocd vessel can then be removed. The mechanism for
mechanically activating the radially-expandable segments
includes a wire disposed within the lumen of the elongate
tubular body. A proximal end of the wire is connected to
the proximal handle end, and a distal end of the wire is
connected to the distal elongate tubular body end. This
connection of the wire between the handle and the distal
elongate tubular body end fixes the length therebetween.
An actuator, connected to the proximal elongate tubular
body end, can be actuated by the user to move the proximal
elongate tubular body end toward the relatively stationary
distal elongate tubular body end. This movement results
in an expansion of the radially-expandable segments.
Similarly, the user can reverse the direction of the
actuator to increase the distance between the proximal
elongate tubular body end and the distal elongate tubular
body end to thereby decrease the diameters of the
radially-expandable segments.

In addition to the partitioning effect caused by
the number of radially-expandable segments contacting the
occlusive material at a corresponding number of points
within the blood wvessel, the expandable intraluminal
catheter of the present invention utilizes a peristaltic
effect among the number of radially-expandable segments.
Specifically, the radially-expandable segments closer to
the distal elongate tubular body end may be configured to
expand before other radially-expandable segments
adjacently proximal thereto. This progressive deployment
of the radially-expandable segments captures and mobilizes
the occlusive material, progressively, in a direction

toward the collection site.
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These radially-expandable segments may be formed
of a tubular woven, braided, or meshed material having
tiny apertures therein. When the radially-expandable
segments are activated, the small apertures become larger
to thereby allow for liquids or small particles to pass
therethrough. Thus, solvents or other medications may be
administered through the lumen of the expandable
intraluminal catheter, to thereby exit through the
apertures of the radially expandable members. Suction may
also be applied through the lumen to draw fluids back
through the apertures. This suction may aspirate,
desiccate, or in other ways mechanically attach portions
of chemically treated occlusive material to the radially-
expandable segments to thereby facilitate removal of the
occlusive material from the blood vessel.

The mechanical activation of the plurality of
radially-expandable segments, in addition to providing a
tactile feel to the user, provides an expansion mechanism
which has a relatively smooth outer surface for non-
destructive insertion into the blood vessel, and
subsequently provides relatively rigid enlarged-diameter
segments for removal of the occlusive material from the
blood vessel. According to another feature of the present
invention, an expandable distal wmember, formed of
elastomeric foam, can be placed at the distal elongate
tubular body end of the expandable intraluminal catheter
tube to further facilitate effective removal of the
occlusive material from the blood vessel.

The present invention, together with additional
features and advantages thereof, may best be understood by
reference to the following description taken in connection
with the accompanying illustrative drawings.
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Brief Description of the Drawings

Figure 1la is a side view of the expandable
intraluminal catheter of the presently preferred
embodiment in an undeployed configuration;

Figure 1lb is a side view of the expandable
intraluminal catheter of the presently preferred
embodiment in a deployed or expanded configuration;

Figure 2a is a partial cross-sectional view of
the expandable intraluminal catheter of the presently
preferred embodiment in the undeployed configuration;

Figure 2b is a partial cross-sectional view of
the distal portion of the expandable intraluminal catheter
in an expanded configuration, according to the presently
preferred embodiment;

Figure 3a 1is a cross-sectional view of the
expandable intraluminal catheter in an undeployed
condition, according to the presently preferred
embodiment ;

Figure 3b is a cross-sectional view of the
expandable intraluminal catheter in a deployed condition,
according to the presently preferred embodiment;

Figure 4 is a distal-end view of the expandable
intraluminal catheter in the expanded configuration,
according to the presently preferred embodiment;

Figure 5a is an enlarged view of the handle
portion of the expandable intraluminal catheter in the
position shown in Figure 3a;

Figure 5b is an enlarged view of the handle
portion of the expandable intraluminal catheter in the
position shown in Figure 3b;

Figures 6a-6c illustrate the use of the
expandable intraluminal catheter of the present invention
to remove occlusive material from a body passage;

Figure 7a and 7b are enlarged views of Figures 6b
and 6c, respectively;
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Figures 8a and 8b are side wviews of the
expandable intraluminal catheter with an elastomeric
expandable foam member attached thereto, according to an
alternative embodiment of the present invention; and

Figures 9a and 9b illustrate wuse of the
expandable intraluminal catheter within a blood vessel,

according to the alternative embodiment .

Detailed Description of the Preferred Embodiments

An expandable intraluminal catheter of the
presently preferred embodiment is illustrated in Figure 1
and designated generally by the reference numeral 10. The
expandable intraluminal catheter 10 comprises a handle 12
and an elongate tubular body 16. The elongate tubular
body 16 fits into an apertﬁre 31 of the handle 12. A
segmented distal portion 14 is located near the distal end
15 of the elongate tubular body. This segmented distal
portion 14 preferably comprises a number of expandable
segments 17 separated by a number of non-expandable
segments 18. Each expandable segment 17 preferably
comprises a tubular woven, braided, or meshed material.
Each of the non-expandable segments preferably comprises
a semi-rigid plastic tubing. The handle 12 is configured
to be gripped by the hand of a user, and the actuator 21
is movable between a reverse position shown in Figure la
and a forward position shown in Figure 1b. An opening or
port 25 is located at the proximal end of the handle 12.
This opening 25 preferably comprises a leur-type locking
hub 26.

As shown in Figure 1b, movement of the actuator
21 into the forward position results in an expansion of
the expandable segments 17. As each expandable segment 17
radially expands, a corresponding width of that expandable
segment, measured in the direction of a longitudinal axis
of the elongate tubular body 16, decreases. The non-
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expandable segments 18 do not radially expand upon
movement of the actuator 21 into the forward position and,
further, do not decrease in width, measured along the
longitudinal axis of the elongate tubular body 16.

Figure 2a illustrates a closer view of the
segmented distal portion 14 of the elongate tubular body
16 in the non-activated configuration. 1In the presently
preferred embodiment, the expandable segments 17 and the
non-expandable segments 18 are formed of different
materials, but comprise the same wall 50. The expandable
segments 17 and the non-expandable segments 18 are fused
together at fusion points 51 along the longitudinal axis
cof the tubular elongate body 16. Alternatively, a single
expandable material may be fused at the fusion points 51,
or non-expandable bands may be placed around the wall 50
to form the non-expandable segments 18. In the presently
preferred embodiment, the locations of the fusion points
51 along the longitudinal axis of the elongate tubular
body 16 are selected to correspond to predetermined
expansion ratios. Each of the fusion points 51 is thus
positioned to yield a deployed cone-shaped expandable
segment 17 (Figure 2b) of a predetermined diameter and
circumference.

In the presently preferred embodiment, the width
of the expandable segments 17, measured along the
longitudinal axis of the elongate tubular body 16, are
progressively larger in the direction toward the distal
end 15. This larger width of the expandable segments 17
in the direction of the distal end 15 results in
expandable segments 17 near the handle 12 having smaller
widths than expandable segments 17 near the distal end 15.
As shown in Figure 2b, the expandable segments 17 near the
distal end 15 with larger widths expand to greater
diameters when activated, than the expandable segments 17
near the handle 12.

-2910-



10

15

20

25

30

35

WO 97/17889

S

Figure 4 illustrates the segmented distal portion
14 in an expanded configuration, as shown on the distal
end 15 looking down toward the handle 12. Each expandable
segment 17 has a progressively smaller diameter 60 and
circumference 61, according to its location away from the
distal end 15. According to the presently preferred
embodiment, the braided material which comprises the wall
50 has a characteristic which causes the expandable
segments 17 having larger widths to expand before the
expandable segments 17 having smaller widths. According
to this presently preferred embodiment, a progressive
deployment or expansion of the expandable segments 17
occurs upon activation by the actuator 21, in the
direction from the distal end 15 toward the handle 12, to
thereby capture and mobilize occlusive material 52 (Figure
6a) in a rearward direction toward the handle 12. The
progressive deployment may also be from the distal and
handle ends to the center of the expandable segments 17.

Turning to Figures 3a and 3b, a cross-sectional
view of the expandable intraluminal catheter 10 1is
illustrated in both a non-expanded and an expanded
configuration, respectively. The elongate tubular body 16
fits through the aperture 31 in the handle 12 and extends
through the handle 12 to the proximal end 13. A wire 24
fits within a lumen 46 of the elongate tubular body 16.
The wire 24 is connected to a distal connection point 45
at the distal end 15 of the elongate tubular body 16, and
is also connected at a proximal point 44 within the handle
12. The wire 24 maintains a relatively fixed distance
between the handle 12 and the distal connection point 45.
The actuator 21 slides within the slot 34 between the
backward position (Figure 3a) and the forward position
(Figure 3b). This actuator 21 comprises a portion 47
which extends into the handle 12. The portion 47 of the
actuator 21 connects to a cylindrical bushing 40. The
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cylindrical bushing 40 is comnnected to the elongate
tubular body 16, to thereby cause movement of the elongate
tubular body 16 along the 1longitudinal axis of the
elongate tubular body 16 with corresponding forward and
reverse movement of the actuator 21 within the slot 34.

The cylindrical bushing 40 is connected at its
proximal end to an elastomeric gasket or seal 39. A fixed
tubular structure 37 is secured to the proximal point 44
at the handle 12. The cylindrical bushing 40 and the
elastomeric gasket 39 slidably fit around the fixed
tubular structure 37. Thus, movement of the actuator 21
from the reverse position (Figure 3a) to the forward
position (Figure 3b) causes the bushing 40 and elastomeric
gasket 39 to move along an outer surface of the fixed
tubular structure 37 in the direction of movement of the
actuator 21. The elastomeric gasket 39 maintains a seal
between the lumen 46, which extends into the fixed tubular
structure 37, and the general interior 33 of the handle
12. A watertight seal is thus formed from the opening 25,
through the fixed tubular structure 37, elastomeric gasket
39, cylindrical bushing 40, and the elongate tubular body
16.

Movement of the actuator 21 toward the distal end
15 moves the end of the elongate tubular body 16, which is
attached to the cylindrical bushing 40, toward the distal
end 15. Thus, movement of the actuator 21 toward the
distal end 15 results in a corresponding movement of the
proximal elongate tubular body end toward the distal
elongate tubular body end 15. The distal elongate tubular
body end 15 does not move forward with forward movement of
the actuator 21, since the wire 24 maintains the distance
between the distal elongate tubular body end 15 and the
handle 12. The reduction in distance between the proximal
elongate tubular body end and the distal elongate tubular
body end 15 results in a compression of the segmented
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distal portion 14 from the relatively smooth, small -
diameter configuration (Figure 3a) to the larger diameter
configuration (Figure 3b). In other words, forward
movement of the actuator 21 applies a compressive force to
the segmented distal portion 14, which is relieved by
expansion of the expandable segments 17, as the width of
the expandable segments 17 decrease along the longitudinal
axis of the elongate tubular body 16. Figures 5a and 5b
are enlarged cross-sectional views of the handle 12 of
Figures 3a and 3b, respectively.

Turning to Figure 6a, the segmented distal
portion 14 of the elongate tubular body 16 is inserted
through an incision or puncture 59 of a body passage 50.
The body passage 50 may comprise a blood vessel, for
example, having occlusive material 52 within the lumen 53
at an operation site 48. The occlusive material may be
plaque, thrombi, emboli, or other potential clotting
agents within the body passage 50. The segmented distal
portion 14 is guided by the interior wall 54 of the body
passage 50 to the operation site 48. As shown in Figure
€b, the segmented distal portion 14 is inserted through
the occlusive material 52 with relative ease, since the
expandable segments 17 and the non-expandable segments 18
have relatively similar diameters and circumferences. The
expandable segments 17 are mechanically activated by the
actuator 21 to thereby radially expand, as shown in Figure
6c. These expandable segments 17 sequentially expand in
the direction from the operation site 48 toward the
incision 59, to sequentially £ill the lumen 53 and
partition the occlusive material 52. Thus, once the
distal end 15 is moved in the direction of arrow Al beyond
the occlusive material 52, the expandable segments 17 are
radially expanded by the compression force resulting from
forward movement of the actuator 21. The expandable

segments 17 mobilize and capture the occlusive material 52
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on a plurality of points along the interior wall 54. The
method of mobilization and capture of the occlusive
material 52 may be accomplished in several ways. The
expandable segments 17 may be radially expanded and
radially contracted to mechanically loosen the occlusive
material 52 from the interior walls 54 of the body passage
50. Additionally, solvents or other medications may be
administered through apertures formed in the expandable
segments 17. These fluids are inserted through the
opening 25 (Figure 1) of the expandable intraluminal
catheter 10 and guided through the lumen 46 toward the
segmented distal portion 14. Figures 7a and 7b illustrate
closer views of Figures 6b and 6c. As shown in Figure 7b,
the apertures 55 in the expandable segments 17 closest to
the distal end 15, for example, allow the fluids to exit
from the lumen 46 into the interior of the body passage
50. A suction may be applied to the opening 25 to remove
the chemically treated occlusive material 52. The
occlusive material 52 may thus be aspirated, desiccated,
or in other ways mechanically attached to the expandable
segments 17 by the negative intermal pressure within the
lumen 36.

Figure 9 illustrates the expandable intraluminal
catheter 10 according to an alternative embodiment. This
configuration comprises an expandable-contractible distal
member 67 of an elongated shape 65. When the actuator 21
is moved to the forward position, the distal member 67 is
compressed into a generally spherical shape 66. This
expandable-contractible distal member 67 preferably
comprises an elastomeric foam. The action required to
perform the stretching and compression of this expandable-
contractible distal member 67 is the same action regquired
to expand and contract the expandable segments 17. The
expandable-contractible distal member 67 provides an
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additional function of further cleaning and removing small
pieces of the occlusive material 52.

Although exemplary embodiments of the invention
have been shown and described, many other changes,
5 modifications and substitutions, in addition to those set
forth in the above paragraph, may be made by one having
ordinary skill in the art without necessarily departing
from the spirit and scope of this invention.
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CLATIMS

1. An expandable intraluminal catheter for
removing occlusive material from a body passage,
comprising:

a handle having a proximal handle end and a
distal handle end;

an elongate tubular body having a proximal
elongate tubular body end, a distal elongate tubular body
end, and a lumen between the proximal elongate tubular
body end and the distal elongate tubular body end, the
proximal elongate tubular body end being connected to the
distal handle end;

a plurality of radially-expandable segments
disposed on the elongate tubular body near the distal
elongate tubular body end;

a non-expandable member disposed within the lumen
of the elongate tubular body, the non-expandable member
having a proximal non-expandable member end connected to
the proximal handle end and a distal non-expandable member
end connected to the distal elongate tubular body end, the
connection of the non-expandable member between the
proximal handle end and the distal elongate tubular body
end holding the distal non-expandable member end
relatively stationary with regard to the proximal handle
end; and

an actuator, connected to the proximal elongate
tubular body end, for actuating the plurality of radially-
expandable segments to radially expand and radially
contract, the actuator actuating the plurality of
radially-expandable segments to radially expand by moving
the proximal elongate tubular body end toward the
relatively stationary distal elongate tubular body end,
the actuator actuating the plurality of radially-
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expandable segments to radially contract by moving the
proximal elongate tubular body end away from the
relatively stationary distal elongate tubular body end.

2. The expandable intraluminal catheter
according to Claim 1, wherein the plurality of radially
expandable segments are progressively expanded upon
actuation by the actuator, the plurality of expandable
segments progressively expanding from a first, distally-
located expandable segment to a last, proximally-located
expandable segment.

3. The expandable intraluminal catheter
according to Claim 1, wherein each of the plurality of
radially expandable segments comprises one of a tubular
woven, a tubular braided, and a tubular meshed material,
and

wherein apertures are formed on each of the
plurality of radially expandable segments, upon expansion
of the segments by the actuator, to thereby allow for
application of one of a pressure and a suction through the
lumen to the apertures.

4. The expandable intraluminal catheter
according to Claim 1, wherein the body passage comprises
a blood vessel.

5. The expandable intraluminal catheter
according to Claim 1, wherein the occlusive material
comprises at least one of plagque, thrombi, emboli, and
potential clotting agents within a blood vessel.

6. An expandable intraluminal catheter for

removing occlusive material from a body passage,

comprising:
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an elongate tubular body having a proximal
elongate tubular body end and a distal elongate tubular
body end;

a plurality of radially-expandable segments
disposed on the elongate tubular body near the distal
elongate tubular body end; and

an actuator for actuating the plurality of
radially-expandable segments to thereby cause the
plurality of radially-expandable segments to progressively
radially expand, the plurality of radially-expandable
segments progressively radially expanding from a first
distally-located expandable segment to a subsequent
proximally-located expandable segment.

7. An expandable intraluminal catheter for
removing occlusive material from a body passage,
comprising:

an elongate tubular body having a proximal
elongate tubular body end, a distal elongate tubular body
end, and a longitudinal axis connecting the proximal
elongate tubular body end and the distal elongate tubular
body end;

a plurality of radially-expandable segments
disposed on the elongate tubular body near the distal
elongate tubular body end; and

an actuator for actuating the plurality of
radially-expandable segments, to thereby cause, by means
other than inflation, the plurality of radially-expandable
segments to radially expand into semi-rigid enlarged-
diameter segments.

8. The expandable intraluminal catheter
according to Claim 7, wherein the plurality of radially-
expandable segments are separated by a corresponding
plurality of non-expandable segments, which are disposed
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between the plurality of radially-expandable segments on
the elongate tubular body near the distal elongate tubular
body end.

S. The expandable intraluminal catheter
according to Claim 8, wherein, when the radially-
expandable segments are not radially expanded, the
plurality of radially-expandable segments and the
corresponding plurality of non-expandable segments form a
relatively smooth surface on an exterior surface of the
elongate tubular body to thereby allow the elongate
tubular body to move within the body passage with relative
ease.

10. The expandable intraluminal catheter
according to Claim 9, wherein a width, measured in a
direction parallel to the longitudinal axis of the
elongate tubular body, of each of the plurality of
radially-expandable segments is greater than a width of a
corresponding adjacent one of the plurality of non-

expandable segments.

11. The expandable intraluminal catheter
according to Claim 10, wherein the actuator causes the
plurality of radially-expandable segments to radially
expand into semi-rigid enlarged-diameter segments, by
moving the proximal elongate tubular body end and the
distal elongate tubular body end toward one another,

wherein the larger widths, measured in a
direction parallel to the longitudinal axis of the
elongate tubular body, of the radially-expandable segments
are attenuated as the radially expandable segments
radially expand, and
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wherein the smaller widths of the non-expandable
segments do not attenuate as the non-expandable segments
do not radially expand.

12. The expandable intraluminal catheter
according to Claim 11, wherein the plurality of radially-
expandable segments and the corresponding plurality of
non-expandable segments are integrally formed with the
exterior surface of the elongate tubular body, each
radially-expandable segment being joined to an adjacent
non-expandable segment at a bendable joint.

13. The expandable intraluminal catheter
according to Claim 11, wherein each of the plurality of
radially-expandable segments comprises an expandable,
plastic, tubular braid and each of the corresponding
plurality of non-expandable segments comprise a semi-rigid
plastic tubing.

14. The expandable intraluminal catheter
according to Claim 7, wherein a width of each of the
plurality of radially-expandable segments is smaller than
a width of an adjacent, distally-located, radially-
exXxpandable segment,

wherein each radially-expandable segment in the
plurality of radially-expandable segments is progressively
expanded upon actuation by the actuator, the plurality of
expandable segments progressively expanding from a first
distally-located expandable segment to a subsequent
proximally-located expandable segment.

15. The expandable intraluminal catheter

according to Claim 14, wherein the expandable intraluminal
catheter further comprises:
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a handle having a proximal handle end and a
distal handle end; and

a wire disposed within the elongate tubular body,
a proximal end of the wire being connected to the proximal
handle end and a distal end of the wire being connected to
the distal elongate tubular body end.

16. The expandable intraluminal catheter
according to Claim 15, wherein the elongate tubular body
has a lumen along the longitudinal axis of the elongate
tubular body, the lumen accommodating the wire,

wherein the actuator is connected to the proximal
elongate tubular body end, the actuator actuating the
plurality of radially expandable segments to radially
expand by moving the proximal elongate tubular body end
toward the distal elongate tubular body end, the actuator
actuating the plurality of radially expandable segments to
radially contract by moving the proximal elongate tubular
end away from the distal elongate tubular body end, while
the non-expandable member maintains a constant distance
between the proximal handle end and distal elongate
tubular body end.

17. The expandable intraluminal catheter
according to Claim 16, wherein each of the plurality of
radially expandable segments comprises one of a tubular
woven, a tubular braided, and a tubular meshed material,
and

wherein apertures are formed on each of the
plurality of radially expandable segments, upon expansion
of the segments by the actuator, to thereby allow for
application of one of a pressure and a suction to the

apertures.
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18. The expandable intraluminal catheter
according to Claim 17, wherein the proximal handle end
comprises a port, which is connected to the lumen, and

wherein one of a pressure and a suction is

applied to the apertures through the port.

19. The expandable intraluminal catheter
according to Claim 18, wherein the port in the proximal
handle end comprises a luer type locking hub, which allows
fluid to be inserted into the lumen to be excreted through
the apertures, and which allows fluid to be drawn through
the apertures and out of the lumen.

20. An expandable intraluminal catheter for
removing occlusive material from a body passage,
comprising:

a handle having a proximal handle end and a
distal handle end;

an elongate tubular body having a proximal
elongate tubular body end, a distal elongate tubular body
end, and a lumen between the proximal elongate tubular
body end and the distal elongate tubular body end, the
proximal elongate tubular body end being connected to the
distal handle end;

a plurality of radially-expandable segments
disposed on the elongate tubular body near the distal
elongate tubular body end;

an expandable distal member, located on the
elongate tubular member between the distal elongate
tubular body end and the plurality of radially-expandable
segments;

a non-expandable member disposed within the lumen
of the elongate tubular body, the non-expandable member
having a proximal non-expandable member end and a distal
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non-expandable member end, which 1is connected to the
distal elongate tubular body end; and

an actuator for actuating the plurality of
radially expandable segments to radially expand and
radially contract, and for actuating the expandable distal
member to radially expand and radially contract.

21. The expandable intraluminal catheter
according to Claim 20, wherein the expandable distal
member comprises a elastomeric foam, which, when expanded
by the actuator, is deformable from an elongated shape
into a generally spherical shape.

22. The expandable intraluminal catheter
according to Claim 20, wherein the actuator causes the
plurality of radially-expandable segments to progressively
radially expand, the plurality of radially-expandable
segments progressively radially expanding from a first
distally-located expandable segment to a subsequent
proximally-located expandable segment.

23. The expandable intraluminal catheter
according to Claim 20, wherein the actuator causes the
plurality of radially-expandable segments to progressively
radially expand, the plurality of radially-expandable
segments progressively radially expanding from both a
first distally-located expandable segment and a second
proximally-located expandable segment toward a central
region to thereby move the occlusive material toward the
central region.
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24 . The expandable intraluminal catheter
according to Claim 20, wherein the expandable distal
member comprises an inflatable balloon, which, when
inflated, is deformable from an elongated shape into a
generally spherical shape.
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CLOT-ENGULFING MECHANICAL THROMBECTOMY
APPARATUSES

CROSS REFERENCE TO RELATED APPLICATIONS
[0001] This patent application claims priority to U.S. provisional patent application no.
62/327,024, filed on April 25, 2016 and titled “DOZER THROMBECTOMY SYSTEM™;
U.S. provisional patent application no. 62/345,152, filed on June 3, 2016, and titled “DOZER
THROMBECTOMY SYSTEM 27; and U.S. provisional patent application no. 62/357,677,
filed on July 1, 2016, and titled “DOZER THROMBECTOMY SYSTEM 3™
[0002] This patent application may be related to U.S. patent application no 15/291,015,
filed on October 11, 2016, titled “MECHANICAL THROMBECTOMY APPARATUSES
AND METHODS”, which is a continuation of U.S. Patent Application No. 15/043,996, filed
February 15, 2016, now U.S. 9,463,035, which claims priority to each of the following
provisional patent applications: U.S. Provisional Patent Application No. 62/284,300, filed
September 28, 2015; U.S. Provisional Patent Application No. 62/284,752, filed October 8,
2015; and U.S. Provisional Patent Application No. 62/245 560, filed October 23, 2015.
[0003] Each of these patents and patent applications is herein incorporated by reference

n its entirety.

INCORPORATION BY REFERENCE
[0004] All publications and patent applications mentioned in this specification are herein
incorporated by reference in their entirety to the same extent as if each individual publication
or patent application was specifically and individually indicated to be incorporated by

reference.

FIELD
[0005] The apparatuses described herein relate to mechanical removal of objects from
within a body. In particular, described herein are mechanical thrombectomy apparatuses and
methods for removing a clot, including removing a clot captured by a clot capture device
(e.g.. aclol engaging member on the distal end ol an elongate manipulator) with a rolling

tractor that pulls the clot and clot capture device into a catheter.
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BACKGROUND
[0006] It is often desirable to remove tissue from the body in a minimally invasive
manner as possible, so as not to damage other tissues. For example, removal of tissue from
within a vasculature, such as blood clots, may improve patient conditions and quality of life.
[0007] Many vascular system problems stem from insufficient blood flow through blood
vessels. One causes of insufficient or irregular blood flow is a blockage within a blood vessel
referred to as a blood clot, or thrombus. Thrombi can occur for many reasons, including after
a trauma such as surgery, or due to other causes. For example, a large percentage of the more
than 1.2 million heart attacks in the United States are caused by blood clots (thrombi) which
form within a coronary artery.
[0008] When a thrombus (orms, it may ellectively stop the flow of blood through the
zone of formation. If the thrombus extends across the interior diameter of an artery, it may
cut off the [low of blood through the artery. If one of the coronary arteries is 100%
thrombosed, the flow of blood is stopped in that artery, resulting in a shortage of oxygen
carrying red blood cells, e.g., to supply the muscle (myocardium) of the heart wall. Such a
thrombosis is unnecessary to prevent loss of blood but can be undesirably triggered within an
artery by damage to the arterial wall from atherosclerotic disease. Thus, the underlying
disease of atherosclerosis may not cause acute oxygen deficiency (ischemia) but can trigger
acute ischemia via induced thrombosis. Similarly, thrombosis of one of the carotid arteries
can lead to stroke because of insufficient oxygen supply to vital nerve centers in the cranium.
Oxygen deficiency reduces or prohibits muscular activity, can cause chest pain (angina
pectoris), and can lead to death of myocardium which permanently disables the heart to some
extent. If the myocardial cell death is extensive, the heart will be unable to pump sufficient
blood to supply the body’s life sustaining needs. The extent of ischemia is affected by many
factors, including the existence of collateral blood vessels and flow which can provide the
necessary oxygen.
[0009] Clinical data indicates that clot removal may be beneficial or even necessary to
improve outcomes. For example, in the peripheral vasculature, inventions and procedures
can reduce the need for an amputation by 80 percent. The ultimate goal of any modality to
treat these conditions of the arterial or venous system is to remove the blockage or restore
patency, quickly, safely, and cost effectively. This may be achieved by thrombus dissolution,
fragmentation, thrombus aspiration or a combination of these methods.
[00010] Mechanical thrombectomy devices may be particularly advantageous. Depending

on the size, location and extent of a clot, i1t may also be particularly advantageous to
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mechanical retrieve and break apart the clot in a manner that is both safe and effective. There
is a definite need for a thrombectomy device, and particularly a mechanical thrombectomy
device that can be more effective in removing tissue such as clots from within a body.
Described herein are apparatuses (devices, systems and kit) and methods of using them that

may address the needs and problems discussed above.

SUMMARY OF THE DISCLOSURE
[00011] Described herein are mechanical thrombectomy apparatuses (devices, systems,
etc.) and methods of using them to remove a thrombus, e.g., clot, including safely and easily
removing a clot that is captured in a second clot-grabbing (e.g., thrombectomy) apparatus.
The mechanical thrombectomy apparatuses described herein may be inverting tractor
thrombectomy apparatuses. An inverting tractor apparatus may include a tractor (tractor
region, tractor portion, etc.) comprising a [(lexible tube of material that inverts as it rolls over
itself at a distal end. The tractor may be inverted and/or rolled over the end of a catheter.
Thus, the flexible tractor may invert and fold back into itself and may be drawn into a
catheter portion in a conveyor-like motion as it rolls around to transition from an outward-
facing region of the tractor on an outside of the catheter to an inward-facing region within the
lumen of the catheter. The rolling motion may draw a clot and/or clot connected to a clot-
grabbing apparatus within a vessel into the catheter, which may also compress and/or
macerate the clot. The apparatus, including the clot, and in some variations clot and a clot
engaging member engaged with the clot, may then be removed from the body.
[00012]  Any of these apparatuses may include, or may be used as part of a system with, a
clot capture device having a clot engaging member (e.g., a “stentriever”) at the distal end of
an elongate manipulator.
[00013] The mechanical thrombectomy apparatuses described herein may include pre-
loaded inverting tractor thrombectomy apparatuses (e.g., devices, systems, etc.). Described
herein are mechanical thrombectomy apparatuses, including inverting tractor thrombectomy
apparatuses that may engulf a clot prior to pulling it (e.g., into the apparatus) and may be
used in combination with other systems. Such apparatuses may invert over clot first, and
may then pull the clot into the catheter. Any of these apparatuses may also incorporate
aspiration.
[00014]  Described herein are mechanical thrombectomy systems that include an elongate
inversion support (typically comprising a catheter ), a flexible tractor that inverts over the

distal end opening of the elongate inversion support, a puller extending proximally to roll and
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invert the tractor into the distal end opening, and a clot engaging member on the distal end of
an elongate manipulator. The puller and tractor are configured to pass the elongate
manipulator through a lumen extending continuously through the puller and the tractor. As
described above, in operation, this may be used to slide the rolling thrombectomy portion
(e.g., the elongate inversion support, a flexible tractor and a puller) over the elongate
manipulator of the clot capture device (e.g., clot engaging member on the distal end of an
elongate manipulator).

[00015] For example, described herein are mechanical thrombectomy systems including:
an elongate inversion support comprising a catheter having a distal end and a distal end
opening; a tractor comprising a [lexible tube that extends distally in an un-inverted
confliguration within the catheter, inverts over the distal end opening of the catheter and
extends proximally in an inverted configuration along the distal end of the catheter, wherein
the tractor is confligured to invert by rolling over the distal end opening of the catheter when a
first end of the tractor is pulled proximally within the catheter; a puller connected to the first
end of the tractor extending proximally; a clot engaging member on the distal end of an
elongate manipulator; and a lumen extending continuously through the puller and the tractor
and configured to pass the expandable elongate manipulator.

[00016] In any of these apparatuses (e.g., systems, devices, etc.), the tractor may be
sufficiently soft such that without support from the catheter, it collapses radially under an
axial compression of less than a small force (e.g., less than 50g of force, 100g of force, less
than 150 g of force, less than 200g of force, less than 250 g of force, less than 300 g of force,
etc.) when inverting.

[00017] Further, in any of these apparatuses, the tractor may be biased to expand to greater
than the outer diameter of the catheter in the inverted configuration and is biased to expand to
greater than the inner diameter of the catheter in the un-inverted configuration.

[00018] The clot engaging member may be expandable. For example, the clot engaging
member may be one or more of: a coil, a snare, a basket, or a frame. The elongate
manipulator may be a wire, tube (e.g., hypotube), rod, etc.

[00019] Any appropriate flexible tractor may be used. For example, the tractor may be
one or more of: a braided material, a knitted material, or a woven material. The tractor 1s
typically a tube of material. The tractor may comprise steel, polyester, nylon, expanded
Polytetrafluoroethylene (ePTFE), Nitinol, or a fabric.

[00020]  The catheter of the elongate inversion support may extend the full length of the

inversion support, or it may be just at the end of the elongate inversion support. The catheter
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may be soft (e.g., appropriate for neurovascular use), however the tip may be harder, to resist
collapse. For example, the material hardness of catheter decreases over the distal end of the
catheter until the distal end opening, wherein the distal end opening has a material hardness
that is greater than a material hardness of a region immediately proximal to the distal end,
further wherein the distal end opening has a rounded lip profile.

[00021] The tractor may be lubricious and/or may comprise one or more coatings from the
group of: a lubricious coating, a metal coating, a heparin coating, an adhesive coating, and a
drug coating. The tractor may be any appropriate length (e.g., between about is 3 cm to 100
cm long, between about 10 cm to 200 cm long, between about 3 cm to 50 cm long, between
about 200 cm to 500 cm long, elc.).

[00022]  Any of these apparatuses may be configured to controllably deploy the tractor,
which may be held compressed and/or against the catheter of the elongate inversion support
until being deployed. For example, any of these apparatus may include a releasable
attachment between the tractor and an outer surface of the catheter (e.g., a tractor hold),
wherein the releasable attachment is configured to release when the tractor is pulled (e.g.,
proximally by the puller) with a force that is greater than a predetermined force threshold.
The deployment force threshold may be between 50g and 500g of force (e.g.. between 50g
and 400g of force, between 100g and 400g of force, etc.).

[00023]  Any of these apparatuses may include a sleeve extending over the catheter and
tractor. The sleeve may be an outer or intermediate catheter.

[00024] A mechanical thrombectomy system for removing a clot from within a vessel may
include: an elongate inversion support comprising a catheter having a distal end and a distal
end opening; a tractor comprising a flexible tube that extends distally in an un-inverted
configuration within the catheter, inverts over the distal end opening of the catheter and
extends proximally in an inverted configuration along the distal end of the catheter, wherein
the tractor is configured to invert by rolling over the distal end opening of the catheter when a
first end of the tractor is pulled proximally within the catheter; a puller extending proximally
within the catheter and connected to the first end of the tractor; an expandable clot engaging
member on the distal end of an elongate manipulator, wherein the expandable clot engaging
member comprises one or more of: a coil, a snare, a basket, or a frame; and a lumen
extending continuously through the puller and the tractor and configured to pass the
expandable elongate manipulator.

[00025] In operation, these systems may be used to withdraw a thrombus (clot) from

within a vessel, including peripheral vessels or neurovascular vessels. For example,
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described herein are methods of removing a clot from within a vessel using a mechanical
thrombectomy apparatus. These methods generally include rolling the tractor into the
catheter by pulling proximally on the tractor (e.g., by pulling on a puller that extends
proximally and is attached to the first end of the tractor within the catheter) to roll the tractor
into the catheter. The conveyer-belt like tractor motion, either alone or in conjunction with
aspiration applied from the proximal end through the mechanical thrombectomy apparatus
(e.g., catheter) and/or an outer catheter within which the mechanical thrombectomy apparatus
is passed, may be used to pull a clot into the catheter. Typically when drawing the clot into
the apparatus (e.g., into the catheter portion of the apparatus), the clot, or a clot and additional
clol engaging member coupled (o the clol, may be compressed as it is drawn into the
apparatus.

[00026] In some cases, the clot may clog or jam in the apparatus. Described herein are
methods of removing a clot from within a vessel using a mechanical thrombectomy
apparatus, including methods configured to avoid or correct jamming and/or clogging of the
apparatus. The method may include: positioning a distal end of the mechanical
thrombectomy apparatus adjacent to the clot within a vessel, wherein the mechanical
thrombectomy apparatus includes a tractor region that extends along a distal region of a
catheter and inverts over a distal end of the catheter so that a first end of the tractor extends
proximally within the catheter; pulling the first end of the tractor proximally within the
catheter to roll the tractor over the distal end of the catheter so that the tractor inverts over the
distal end of the catheter and pull the clot into the catheter with the inverting tractor;
withdrawing the catheter proximally away from the tractor and clot when the tractor jams on
the distal end of the catheter; pulling the first end of the tractor proximally so that the tractor
inverts over the clot within the vessel without rolling over the distal end opening of the
catheter; and withdrawing the tractor and clot proximally from the vessel.

[00027]  Any of the methods described herein may include releasing the tractor from a
locked or secured position on the outside of the catheter of the apparatus. Thus, any of these
apparatuses used herein may include a tractor hold that releasably secures the tractor to the
outside of the catheter. For example, any of the methods described herein may include
disengaging a second end of the tractor from a tractor hold that secures the second end of the
tractor to an outer surface of the catheter by pulling the tractor proximally with a force greater
than a deployment force and expanding the tractor against the vessel wall, wherein the second

end of the tractor 1s disengaged before pulling the first end of the tractor proximally.
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[00028] Once the clot and/or clot engaging member has been engulfed by the tractor, it
may then be withdrawn back into the catheter, without requiring the tractor to invert over the
catheter. For example, any of the methods described herein may also or alternatively include
pulling proximally on the tractor to draw the tractor and clot into the catheter.

[00029]  Pulling the first end of the tractor proximally within the catheter to roll the tractor
over the distal end of the catheter may comprise advancing the catheter while pulling the first
end of the tractor. Alternatively or additionally, pulling the first end of the tractor proximally
so that the tractor inverts over the clot may further comprise pulling the catheter proximally
with the first end of the tractor. Alternatively or additionally, pulling the first end of the
tractor proximally so that the tractor inverts over the clot may comprise pulling a puller at the
proximal end of the mechanical thrombectomy apparatus proximally.

[00030] Withdrawing the catheter proximally away [rom the tractor may comprise pulling
the catheter proximally a short distance or a substantial distance. For example, the catheter
may be pulled proximally only sufficiently far to disengage the jam of the clot (and/or clot
engaging member) from the catheter distal end opening. Altematively or additionally,
withdrawing the catheter proximally away from the tractor (the tractor distal-facing end) may
include pulling the catheter beyond a second end of the tractor that is outside of the catheter.
[00031] Alternatively or additionally, the catheter may be pulled proximally with the first
end of the tractor (e.g., the tractor puller) as the tractor is pulled proximally so that the tractor
inverts over the clot within the vessel without rolling over the distal end opening of the
catheter.

[00032] In any of the methods described herein the tractor may be expanded to that all or a
portion of the tractor contacts the wall of the vessel. Thus, the tractor may be expanded when
released (e.g., from the tractor hold) to contact the wall of the vessel. Any of the tractors
described herein may be biased (e.g., heat set, etc.) so that it expands (when over the catheter)
to approximately 1x or more (e.g., 1.1x, 1.2x, 1.3x, 1.4x, 1.5%, etc.) the diameter of the
vessel. Contact between the vessel wall and the tractor may provide resistance that enhances
the ability of the tractor to invert when the first end of the tractor is pulled proximally without
inverting over the distal end opening of the catheter. Pulling the first end of the tractor
proximally so that the tractor inverts over the clot may comprise pulling the first end of the
tractor when the tractor has expanded to contact the vessel wall.

[00033] In any of the methods described herein, a guidewire, catheter or the like may be
used to position the apparatus near, adjacent to, or on the clot. For example, positioning the

distal end of the mechanical thrombectomy apparatus adjacent to the clot may comprise
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sliding the mechanical thrombectomy apparatus over a guidewire or catheter passing through
a lumen in the mechanical thrombectomy apparatus.

[00034] A method of removing a clot from within a vessel using a mechanical
thrombectomy apparatus may include: positioning a distal end of the mechanical
thrombectomy apparatus adjacent to the clot within a vessel, wherein the mechanical
thrombectomy apparatus includes a tractor region that extends along a distal region of a
catheter and inverts over a distal end of the catheter so that a first end of the tractor extends
proximally within the catheter; disengaging a second end of the tractor from a tractor hold
that secures the second end of the tractor to an outer surface of the catheter by pulling the
tractor proximally with a [orce greater than a deployment [orce and expanding the tractor
against the vessel wall; pulling the [irst end of the tractor proximally within the catheter to
roll the tractor over the dislal end of the catheler so that the tractor inverts over the distal end
of the catheter and pull the clot into the catheter with the inverting tractor; withdrawing the
catheter proximally away from the tractor and clot when the tractor jams on the distal end of
the catheter; pulling the tractor and clot proximally so that the tractor inverts over the clot
within the vessel without rolling over the distal end opening of the catheter; pulling
proximally on the tractor to draw the tractor and clot into the catheter; and withdrawing the
tractor and clot proximally from the vessel.

[00035]  Also described herein are methods of removing a clot from within a vessel using a
mechanical thrombectomy apparatus in which a secondary clot-grabbing device (e.g.,
generally referred to herein as a clot engaging member), which may be a secondary device or
a part of the mechanical thrombectomy apparatuses described herein, is removed with the
clot. Any appropriate clot engaging member may be used. In particular, a clot engaging
member may include an expandable/compressible clot engaging member that is configured a
frame or wire. For example, a clot engagement member may be an expandable coil or
plurality of coils, snare, basket, or frame. Any of these clot engagement members may
include an elongate manipulator (e.g., an elongate wire, catheter, shaft, member, etc.)
attached to the clot engagement member, such as the proximal end of the clot engagement
member.

[00036] Any of the methods described herein may include tracking over the clot engaging
member, including sliding over the elongate member attached to the clot engagement
member. The mechanical thrombectomy apparatus may be guided to the clot and/or clot
engagement member by sliding distally over an elongate member attached to a clot

engagement member that has been previously coupled with a clot.
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[00037] The clot engagement member may be coupled to the clot by passing into and/or
through the clot. For example, the clot engagement member may be passed into the clot
where it may engage with the clot material and expanded into the clot. Alternatively or
additionally, the clot engagement member may be passed through the clot and expanded
distally of the clot so that it may drive the clot proximally when the clot engagement member
1s pulled proximally, e.g., by pulling proximally on the elongate member coupled to the clot
engagement member.

[00038] For example a method of removing a clot from within a vessel using a mechanical
thrombectomy apparatus may include: engaging the clot with a clot engaging member on the
distal end of an elongate manipulator; sliding the mechanical thrombectomy apparatus over
the elongate manipulator to position the distal end of the mechanical thrombectomy apparatus
adjacent to the clot, wherein the mechanical thrombectomy apparatus includes a tractor
region that extends along a distal region of a catheter and inverts over a distal end of the
catheter so that a first end of the tractor extends proximally within the catheter; pushing the
catheter distally while holding the first end of the tractor within the catheter fixed relatively
to the elongate manipulator so that the tractor rolls and inverts over the distal end of the
catheter and pulls the clot and the clot engaging member into the catheter with the inverting
tractor; and withdrawing the mechanical thrombectomy apparatus, clot and clot engaging
member proximally from the vessel.

[00039]  As mentioned, the clot engaging member may engage with the clot by expanding
into the clot and/or beyond the clot. For example, engaging the clot with the clot engaging
member on the distal end of the elongate manipulator may comprise expanding the engaging
member within the clot. Engaging the clot with the clot engaging member on the distal end
of the elongate manipulator may comprise expanding the engaging member on a distal side of
the clot. In general, engaging the clot with the clot engaging member on the distal end of the
elongate manipulator may comprise expanding the engagement member. For example, the
engaging member may comprise an expandable coil(s), snare, basket, or frame.

[00040] In any of these methods in which a clot engaging member is used with the rolling
mechanical thrombectomy apparatus, the apparatus may be advanced distally over the
apparatus to capture the clot and clot engaging member. For example, in any of these
methods pulling the first end of the tractor proximally may comprise advancing the catheter
distally as the tractor is pulled proximally. Engulfing the clot and/or clot engaging member

by advancing distally over the clot and/or clot engaging member may be particularly
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beneficial compared to methods in which the clot and clot engaging member are drawn
proximally to be engulfed.

[00041] In any of these apparatuses, pulling the first end of the tractor proximally may
comprise pulling a puller proximally wherein the puller is coupled to the first end of the
tractor. Alternatively or additionally, pulling the first end of the tractor proximally may
comprise pulling the elongate manipulator proximally with the first end of the tractor.
[00042]  Any of these methods may also include releasing the tractor from the catheter.
For example, any of these methods may include disengaging a second end of the tractor from
a tractor hold that secures the second end of the tractor to an outer surface of the catheter by
pulling the tractor proximally with a [orce greater than a deployment force and expanding the
tractor againslt the vessel wall.

[00043] A method of removing a clot [rom within a vessel using a mechanical
thrombectomy apparatus may include: engaging the clot with a clot engaging member on the
distal end of an elongate manipulator; sliding the mechanical thrombectomy apparatus over
the elongate manipulator to position the distal end of the mechanical thrombectomy apparatus
adjacent to the clot, wherein the mechanical thrombectomy apparatus includes a tractor
region that extends along a distal region of a catheter and inverts over a distal end of the
catheter so that a first end of the tractor extends proximally within the catheter; sliding the
mechanical thrombectomy apparatus over the elongate manipulator to position the distal end
of the mechanical thrombectomy apparatus adjacent to the clot, wherein the mechanical
thrombectomy apparatus includes a tractor region that extends along a distal region of a
catheter and inverts over a distal end of the catheter so that a first end of the tractor extends
proximally within the catheter; and withdrawing the mechanical thrombectomy apparatus,

clot and clot engaging member proximally from the vessel.

BRIEF DESCRIPTION OF THE DRAWINGS
[00044] The novel features of the invention are set forth with particularity in the claims
that follow. A better understanding of the features and advantages of the present invention
will be obtained by reference to the following detailed description that sets forth illustrative
embodiments, in which the principles of the invention are utilized, and the accompanying
drawings of which:
[00045] FIGS. 1A-1H illustrate an example of an apparatus for mechanically removing an
object such as a clot form a body region (e.g., a rolling mechanical thrombectomy apparatus).

FIG. 1A shows an example of an elongate inversion support portion of an apparatus,
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configured as a catheter portion. For example, at least the distal end of the elongate inversion
support may be configured as a catheter. FIG. 1B shows an enlarged view of a distal end
(opening) of the catheter of the elongate inversion support of FIG. 1A, showing the aperture
formed by the distal end opening; FIG. 1C shows an example of a distal tractor region of a
flexible tube (tractor tube) extending from a puller (the puller in this example is configured as
a catheter. The tractor is shown in a first (e.g., un-inverted) configuration) and may be biased
open, e.g., by heat setting, to have an outer diameter that is greater than the inner diameter of
the catheter of the elongate inversion support, as shown in FIG. 1D. FIG. 1D shows the same
distal tractor region of FIG. 1C with the expandable first end region expanded. This first
conliguration may be compressed down into the elongalte inversion support and the distal end
inverted over the catheter portion of the elongate inversion support, as shown in FIG. 1E. In
FIG. 1E, the assembled mechanical thrombectomy apparatus with the elongate inversion
support and the [lexible tube [orming the tractor is shown. The tractor extends through the
catheter of the elongate inversion support and doubles back over the distal end opening of the
catheter and extends over the outer diameter of the catheter. The outer portion of the tractor
(extending along the outer diameter of the catheter) may be held in a collapsed configuration
(as shown in FIG. 1E), or it may be expanded, as shown in FIG. 1F. Thus, the tractor may be
biased so that in the second configuration (inverted over the distal end of the catheter), the
tractor has a ‘relaxed” outer diameter that is greater than the outer diameter of the catheter of
the elongate inversion support. FIGS. 1G and 1H illustrate the use of the apparatus of FIGS.
1E and 1F to remove a clot by drawing the flexible tube proximally and/or advancing the
catheter distally towards the clot so that the expandable first end region inverts as it is drawn
into the distal end of the catheter, pulling the clot into the catheter.

[00046]  FIG. 11 illustrates an alternative variation of a tractor and puller. In FIG. 11, the
tractor is shown attached to the distal end of a tapered or narrow puller; the distal end region
1s tapered, and includes a radiopaque marker at or near the attachment site to the tractor; the
tractor may be knitted, braided, woven, etc. Thus, in some variations the distal end region of
the puller may have a greater flexibility than the proximal end of the puller. The puller may
be hollow (e.g.. a catheter or hypotube) or solid (e.g., like a wire).

[00047] FIGS. 2A-2G illustrate a method of capturing a clot with a rolling mechanical
thrombectomy apparatus after it has jammed or clogged the catheter of the rolling mechanical
thrombectomy apparatus.

[00048] FIGS. 3A illustrates an example of a rolling mechanical thrombectomy apparatus

in which the clot has jammed while rolling the tractor into the distal end opening of the
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catheter portion of the rolling mechanical thrombectomy apparatus, similar to that shown in
FIG. 2B. FIG. 3B illustrates an example of the clot engulfed by the tractor as illustrated in
FIGS. 2C-2F. As shown in FIG. 2F and 2G, the clot and tractor may then be drawn
proximally out of the vessel, including by drawing proximally into the catheter first.
[00049] FIGS. 4A-4G illustrate an example of a rolling mechanical thrombectomy
apparatus in which the clot has jammed while rolling the tractor into the distal end opening
of the catheter portion of the rolling mechanical thrombectomy apparatus.

[00050]  FIGS. 5A-5C illustrate examples of clot engaging members coupled to elongate
manipulators that may be used with any of the apparatuses described herein.

[00051] FIGS. 6A-6H illustrate a method ol capluring a clot engaged with a clot
engagement member by advancing a rolling mechanical thrombectomy apparatus over the
clot and clot engagement member.

[00052]  FIG. ol illustrates an example of a mechanical thrombectomy system [or removing
a clot from within a vessel.

[00053] FIGS. 7A-7B illustrate a method of capturing a clot engaged with a clot

engagement member as described herein.

DETAILED DESCRIPTION
[00054] In general, described herein are mechanical thrombectomy apparatuses and
methods of using them to remove clots. The mechanical thrombectomy apparatuses descried
herein may have an inverting tractor region and an elongate inversion support having a distal
annulus over which the tractor rolls and inverts over itself. Any of these apparatuses and
methods of using them may be configured to prevent premature deployment of the tractor.
The elongate inversion support may be a catheter having a distal end opening. The tractor
may comprise a flexible tube that may be formed of a sheet having openings, or may be a
woven, braided, knitted, etc. material such as a fiber. The tractor may extend longitudinally
within the elongate inversion support and may and double back (e.g., invert) over the annulus
of the elongate inversion support (e.g., the distal end of a catheter) so that it extends along the
midline of the apparatus; when the elongate inversion support is a catheter, the tractor may
extend within the catheter lumen. The tractor may connect to an inner puller that 1s typically
coupled to an end of the tractor (which may be referred to as the inner end or the distal end)
that can be pulled proximally to pull and invert the tractor over the distal end so that it rolls
over the distal end, which may capture a clot. The apparatus may include a guidewire lumen

extending through the catheter, tractor and/or tractor puller.
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[00055] In general, a mechanical thrombectomy apparatus for removing a clot from a
vessel may be a system, assembly or device including an elongate inversion support having a
distal end and a distal annulus, and a flexible tractor assembly at least partially inverted and
configured to roll and invert over the distal annulus of the elongate inversion support.
[00056] In many of the examples described herein, the elongate inversion support is a
catheter (or a portion of a catheter at the distal end) and the annulus is formed by the distal
end opening of the catheter; the tractor extends within the catheter and doubles back over the
distal end of the catheter to extend over the outer diameter of the catheter at the distal end of
the catheter, although it may extend proximal for any appropriate distance (including between
1-30 cm, between 2-20 cm, greater than 1 cm, 2 cm, 3 cm, 4 cm, 5 cm, 6 cm, 7 cm cm, 8 cm,
9c¢m, 10 cm, 11 cm, 12 cm, 15 c¢cm, 20 cm, etc.). The end of the tractor within the catheler
may be coupled to a pusher (e.g., at a proximate pusher region connected to the distal or inner
end of the tractor). The tubular tractor may include an elongate lumen that is configured to
allow passage of a guidewire. The tubular tractor may also be configured to slide along the
long axis within the catheter lumen and invert over the distal end opening of the catheter
when the proximal end region is pulled proximally. The tractor may be referred to herein as a
tractor assembly, tractor portion, tractor tube, or simply a tractor, and is typically positioned
and longitudinally slideable within the catheter, and arranged so a portion of the tractor
(sometimes referred to as the “distal tractor region™ or “distal-facing™ tractor region) doubles
back over itself.

[00057] For example, FIG. 1A shows one variation of a catheter that may form part of the
apparatuses described herein. In this example, the catheter 100 includes a distal end region
103 that includes a distal end 105. The distal end region may have an increasing softness
(measured by durometer, e.g., shore durometer) except that the very distal tip (distal end 105,
including the distal end opening) may be substantially less soft than the region immediately
proximate to it. Thus, although the distal tip region of the catheter (e.g., the distal most x
linear dimensions, where xis 10 cm, 7¢cm, 5cm, 4cm, 3¢cm, 2cm, 1 cm, 9 mm, 8 mm, 7
mm, 6 mm, 5 mm, 4 mm, 3 mm) has an increasing softness/decreasing harness extending
from the proximal to distal ends, the very distal end region 107 {e.g., measured as distal most
z linear dimensions, where z1s 1 cm, 9 mm, 8 mm, 7mm, 6 mm, 5 mm, 4 mm, 3 mm, 2 mm,
Imm, 0.8 mm, 0.5mm, 0.3 mm, 0.2mm, etc., and z 1s always at least three times 