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RETRIEVAL SYSTEMS AND METHODS FOR USE THEREOF

RELATED APPLICATIONS
{0001} This application is a non-provisional apphication of ULS. Provisional
Application No. 61/0106,651 filed on December 26, 2007, the entirety of which is

mcorporated by reference herein.

FIELD OF THE INVENTION

{0002} The devices described herein are intended to retricve obstructions from the
body. In a first variation, the devices are constructed in wire form where the wires
diverge from a main bundle to form a variety of shapes that form a composite
device. The benefit of such a diverging wire construction s that the composite
complex device can be of a “jomnt-less” construction. Such devices have
applicabulity through out the body, mclading clearing of blockages within body
fumens, such as the vasculature, by providing a capturing portion that can envelop
the obstruction to address the frictional resistance between the obstruction and
body lumen prior to attempting to translate 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 tortucus anatomy.

o

BACKGROUND OF THE INVENTION

jO003] Many medical device applications require advancement of device ina
reduced profife to a remote site within the body, where on reaching a target site the
device assumes or s deployed mto a relativelv 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 {typically a leg) through the vascenlature
and into the cerebral region of the vasculature to deploy a device. Accordingly, the
deployed devices must be capable of achieving a larger profile while bemng able to
fit within g small catheter or mucrocatheter, In addition, the degree to which a
physician is Himited in accessing remote regions of the cerebral vascalature is
directly related to the limited ability of the device to constrain into a reduced

profile for delivery.
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{0004} Treatment of ischemic stroke 1s one such arca where a need remains to
dehiver a device in a reduced profile and deploy the device to ultimately remove a
blockage in an artery leading to the brain. Left untreated, the blockage causes a
fack of supply of oxygen and nutrients to the brain tissue. The brain relies on its
arteries to supply oxygenated blood from the heart and lungs. The blood returning
from the brain carries carbon dioxide and cellular waste, Blockages that interfere
with this supply eventually cause the brain tissue to stop functioning. i the
disruption in supply occurs for a sufficient amouat of time, the continued lack of
nutrients aid oxygen causes irreversible cell death (infaretion). Accordingly,
immediate medical treatment of an ischemic stroke is critical for the recovery of a
patient,

{005} Naturally, areas outside of ischemic stroke applications can also benefit
from improved devices, Such improved devices can assume a profile for ultimate
delivery to remote regions of the body and can remeve 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 deployed distally to the obstructions in the even that the obstructions s
unable to be retrieved.

j0006} Accordingly, a need rematns for devices that can assume deployed
configurations and are fabricated to eliminate or reduce the number of joints andfor

connection points in the device.

SUMMARY OF THE INVENTION

{6007} The examples discussed herein show the mventive device in a form that is
suitable to retrieve obstructions or clots within the vasculature, The term
obstructions may include blood clot, plaque. cholesterol, thrombus, naturally
occurring foreign bodies (L¢., a part of the body that is lodged within the humen), a
now-naturally occurring foreign body {i.e., a portion of a medical device or other
non-npaturally occurring substance lodged within the lumen.) However, the devices
are not hmited to such applications and can apply to any number of medical
applications where elimination or reduction of the nwmber of connection points is

desired.
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{0008}

{0009}

U T

(0011}

{One vanation of the device includes a medical device for remeving an
obstruction from a blood vessel, the medical device comprises 8 main bundle
comprising & group of wires having a first end and a second end, a capturing
portion formed by the group of wires and having a translating surface adjacent to a
capturing surface, the translating surface having an open proximal end and the
capturing surface baving a permeable distal end, where the capturing portion is
formed from the group of wires such that the group of wires diverges from the
second end of the main bundle to form the permeable distal end, the group of wires
extend back in a proximal direction to form the capturing surface, the translating
surface, and open proximal end about the main bundle; and where the translating
surface and capturing surfice are configured so that a translating surface axial
strength is greater than a capturing surface axial strength, wherein application of a
tensile force on the main bundle causes axial compression of the capturing surface

-
o

without causing axial compression and deformation of the translating surface
sufficient to deform the translating surface as the capturing portion engages the
obstruction.

The medical device can include a capturing surface that is configured to
generate a spring force against the tranglating surface when a proximal foree
apphied by the main bundle of wires compresses the capturing surface against the
translating surface when encountering resistance from the obstruction, where the
capturing surface is configured to have a sufficient axial stiffness to direct the
spring force and proximal foree to the open proximal end as the open proximal end
engages the obstruction where the capturing surface is also sufficiently flexible 1o
conform to g shape of the vessel,

In another variation, the capturing section is configured so that when the

open proximal end of the translating section engages resistance equal to or greater

than a threshold force, proximal movement of the leading wire iverts the
capturing section within the translating section and reduces a size of the capturing
section to cnable the capturing section to re-cnter a catheter.

In those vanation of the device that are pavigated in tortuous anatomy
{(such as the cerebral vasculature), the device can include a main bundle joined to a

proximal bundle, where the proximal bundle comprises a stiffness greater than the

main bundie and where the mamn bundle extends for at least a predetermined range
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{0012}

[0013}

[0014]

from: the permeable distal end to allow navigation of a distal portion of the medical
device within the cerebral vasculature.

Another variation of the device inclndes a retrieval device for removing an
obstruction from a body lumen, the system comprising at least one leading wire; a
retrieval body comprising a translating section adjacent to a capturing section, the
translating section having an open proximal end and the capturing section having a
permeable distal end, where the leading wire is extends to a portion of the
capturing section to permit articulation of the open proximal end relative to the
teading wire; and where the translating section and capturing section are
configured so that a translating section axial strength 1s greater than a capturing
section axial strength, wherein application of a tensile force on the leading wive
causes axial compression of the capturing surface without causing axial
deformation of the translating surface when the retrieval body engages the
obstruction.

Tariations of the retrieval system can also include a sheath having a hub
focated at a proximal end, a proximal captore portion affixed to a distal end of the
sheath, at Jeast one leading wire extending through the sheath, where a distal
section of the leading wire comprises g distal stitfness and where a proximal
section of the leading wire comprises a proximal stiffness, where the proximal
stiffness is greater thau the distal stiffness, a distal captuning portion at the distal
end of the leading wire, the distal capturing portion being axially moveable refative
to the proximal capture portion, and an insertion tool slidably located over the
sheath, the insertion tool comprising a gripping region affixed {0 a rigid section,
where compression of the gripping portion creates g frictional fit between the
msertion tool such that when the insertion tool 1s coupled to the catheter,
compression of the gripping portion and axial movement of the insertion tool
advances the sheath within the catheter.

In one variation of the devices described herein, the device comprises a
main bundle or group of wires that diverge to form a device having various shapes
but few or no connections points or joints (where fabrication of such a construction
is referred to as “jointless™). Clearly, the mventive devices described herein are
not imuted to such a jointless construction. Additional vanation inchudes one or

more Jeading wires that are attached to a capturing portion as described below,
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j0015] In another varation, the device includes a main bundle comprising one or a
group of wires. The device also inclodes a capturing portion formed by the wires
or wire of the main bundie. The capturing portion includes a cavity or space that is
able to swrround the obstruction.  Accordingly, the capturing portion includes an
open proximal end, a permeable distal end, and a capturing surface extending
therebetween, The permeable distal end should be sufficiently permeable to allow
blood to flow but have sufficient surface area to prevent escape of the obstruction
or to prevent particles such as pieces of clot or embeoli that would otherwise cause a
complication 1if such pieces migrate through the body. In some varations of the
device, the capturing portion is formed from the group of wires such that the group
of wires diverges from the second end of the main bandle to form the permeable
distal end, the group of wires extend back in a proxumal direction to form the
capturing surface and open proximal end about the main bundle. Although some
closing of the open proximal end can occur, it will not be sufficient to interfere
with the obstraction as the capturing portion moves over the obstruction. In some
variations, the permeable end may be the distal end or be towards the distal end
(meaning anywhere past a proximal end). The terms distal and proximal are
relative to the physician (e.g., the distal end is the farthest end from the
catheter/physician).

j0016] The devices of the present invention typically include a main bundle from
which the wires extend. In most case, the main bundle extends for a fength
sufficient to withdraw the device from a body of a patient. Accordingly, in such
cases, the maio bundle shall extend through the fength of a catheter. In aliernate
constructions, the matn bundle may be gffixed o a single wirve or member, In such
cases, a main bundle does not extend from the capturing portion to the exterior of
the patient. Instead, a single wire extends to the operator mterface of the deviee
where the wire is affixed to a main bundle.

{0017} Devices of the present invention can incorporate any nunber of wires of
different characteristics including, but not timited to, materials, shapes, sizes
andfor diameters. Clearly, the number of permutations of device configurations is
significant. Providing devices with such a composite construction allows for the
manipalation of the device’s properties to suite the intended application.

jO01R] In an additional vanation, the surface of the capturing portion can include a

wire frame structure, a mesh, a single wound wire, & film, a membrane, a polymer

a8
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covering, and a plurality of crossing wires or a heterogencous mixing of these. In
additional variations, a section of the captuning portion can inclode wires, while
another section of the capturing portion can include a film. Clearly, any number of
permutations 1s within the scope of this disclosure, In any case, the capturing
surface should prevent the obstruction from escaping as the deviee is removed
from the body. Clearly, the capturing surface can comprise any number of shapes
or configurations.

{0019} As noted herein, the joint-less construction improves the flexibility and
strength of the device by eliminating jomnts, connection points, or other attachment
points. o addition, the joint-less construction improves the ability of the device to
he delivered through a small microcatheter. As a vesult, the device and
microcatheter are able fo access remote regions of the vasculature.

{0020} The devices may be fabricated 1o be self-expanding upon deployment from
a catheter. Alternatively, the devices can be constructed from shape-memory
alloys such that they automatically deploy upon reaching a pre-determiined
transition temperatare,

{0021} The devices of the present invention may also include features to prevent
migration of the obstruction as the capturing portion encapsulates the obstruction,
For example, a proximal foot {sach as region of increased surface arca) can be
focated on or in the catheter. In another variation, an gdditional captare portion i3
located on the catheter where the proximal end of this capture is a mesh, a single
wound wire, a film, a membrane, a polymer covering, or a plurality of crossing
wires aftixed to or i the catheter, Accordingly, the captaring portions baoth
envelope or surround the obstruction as they are moved together. As noted below,
addittonal variations may allow for temporarily locking of the two capturing
portions together for increase effectivensess in removing the obstruction from the
body.

j00221 The capturing portions disclosed herein can include mechanical features
that assist in removal of the obstruction. These features can be hooks, fibers, barb,
or any such structure. Apy portion of the capturing portion or even the device can
have such hooks, fibers, or barbs that grip into the obstruction as the device
surrounds the obstruction. It will be important that such features prevent the
obstruction from sliding proximally but do not hinder the ability of the practitioner

to remove the device from the body.

e
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j0023} The operation of the devices and method deseribed herein secure the
obstruction, overcome the friction forces acting on the obstruction, and then
remove the obstruction from the anatomy without losing or fractionating the
obstruction, In a first variation, the inventive method includes advancing a
catheter distal to the obstruction, deploying a first capturing portion distal of the
obstruction, where the first capturing portion comprises a translating surface and a
capturing surface, the translating surface having an open proximal end and the
capturing surface having a permeable distal end, and at least one leading wire
aftixed to the cagpruring surface gnd extending through the capturing portion and
through the catheter, where the translating surface and capturing surface are
configured so that a translating swrface axial strength is greater than that of a
capturing surface axial strength, proximally moving the leading wire to compress
the capturing surface without compressing the translating surface such that the
translating surface gradually advances over the obstruction, and removing the
obstruction and first capturing portion from the blood vessel

{0624} Additional variations of the method include (1) passing a catheter distally
to the obstruction by passing esther through the ebstruction andfor between the
obstruction and the vascolar wall; (2) deploying a first captaring portion distally to
the obstruction and the catheter is withdrawn proximal to the obstruction; (3) the
capturing portion is then translated over the obstruction by withdrawing the main
bundie. Since the main bundle is affixed to a distal end of the capturing portion,
misalignment between the bundle and the capturing portion does not cause
distortion of the open proximal end. Since the open proximal end remains
expanded against the tumen wall, the capturing portion can then be advanced over
the obstruction.

{0625] The method and systems may also mclude the use of an additional
capturing portion having an open distal end. This configuration allows the fivst
capturing portion and second capturing portion to envelop or ensnare the
obstruction from both the proximal and distal sides, Additional varigtions ¢ven
altow for temporarily locking the two capturing portions together. Such a feature
increases the ability to remove the obstruction from the body

{0026} I should be noted that reference to surrounding, capturing or secuning the

obstruction mcludes partialty andfor fully surrounding, enguliing, encapsulating,
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and/or securing the obstruction. In any case, a portion of the device engages the
obstruction prior to translation of the obstroction within the lumen.

{0027} It should be noted that in some variations of the invention, all or some of
the device can be designed 1o increase their ability to adhere to the obstruction,
For example, the wires may be coupled to an energy sowrce (2.g., R¥, ulirasonie, or
thermal energy) to “weld™ to the obstruction. Application of energy to the device
can allow the surrounding portion to deform into the obstruction and “ernbed”
within the obstruction. Alternatively, the device can impart a positive charge to the
obstruction to partiglly hquefy the obstruction sufficiently to allow for easier
removal, In another variation, a negative charge could be applied to further build
thrombus and nest the device for better pulling foree. The wires can be made
stickier by use of a hydrophilic substance(s), or by chemicals that would generate a
chemical bond to the surface of the obstruction. Alternatively, the filaments may
reduce the temperature of the ebstruction to congeal or adhere to the obstruction.

j0028} Additional variations of the invention include a reentry device for
withdrawing an object into a distal end of a sheath, the reentry device comprising a
clongate member having a distal portion and a lumen extending therethrough, a
plurality of first tines arranged ctreumferentially at the distal portion, the plurality
of first tines each having 2 distal end forming a first discontinuons funnel where
the distal end of cach first tine {8 spaced from the distal end of an adjacent fivst
tine, wherein the first discontinuous funnel is collapsible upon withdrawal into the
distal end of the sheath, a second funnel spaced proximal to the first funnel, where
the second funnel is collapsible upon withdrawal into the distal end of the sheath,
and wherein @ distal perimeter of the first discontinuous funnel shape s distal to a
distal perimeter of the second funnel.

{00291 In an additional variation, the second funnet comprises a plurality of second tines
arranged circumferentially at the distal portion, the plarality of second tines each
having a distal end forming a second discontinuous funnel shape where the distal
end of each second tine is spaced from the distal end of an adjacent second tine,

{003 Another examiple of a reentry device includes an elongate member having a distal
portion and a lumen extending therethrough, the clongate member sized to slidably
fit within the sheath, a first slotted funnel comprising a plurality of first tines cach

having free ends discontinuous with free ends of adjacent first tines, where the first
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slotted funnel 1s collapsible upon withdrawal into the distal end of the sheath: and a
second funnel located proximal to the free ends of the first tines,

{0031} The reentry device can also comprises a retrieval system for withdrawing
an object into a distal end of a sheath, The term sheath, when used with a reentry
device, is intended to include any tube, introducer, sheath, or access device,
Typically, when the retrieval device s used with neurovascular retrieval devices,

the sheath will be a femoral access sheath or device. Regardless, the reentry

device includes a first clongate member having a distal portion and a lumen
extending therethrough, a second elongate shaft extending through the first
clongate member, a flexible laver having a first end inverted on a distal end of the
second elongate shaft and a second end affixed to an extertor of the first elongated
shafl, where decreasing a distance between the distal end of the second elongate

shaft and the exterior of the first clongated member causes the flexible material to

torm a funnel when the Hexible fayver further inverts about the second elongate
shaft.
{0032} Additional devices and methods for treating ischenic stroke are discussed

in commonly assigned U.S. Patent application nos.: 11/671 450 filed February 5,
2007 117684321 filed March 9, 2007; 11/684,535 filed March 9, 20607,

117684,541 filed March 9, 2007, 11/684,546 filed March 9, 2007; 117684982 filed
March 12, 2007, 11/736,5206 filed Aprl 17, 2007, 11/736,537 filed April 17, 2007,
and 11/825.975 filed September 10, 2007; the entirety of each of which is
incorporated by reference. The principles of the invention as discussed herein may
be applied to the above referenced cases to produce devices useful in treating
tschemic stroke. I other words, the wire-shaped construction of devices according
to present invention may assume the shapes disclosed in the above-referenced

cases when such a combination is not nconsistent with the features described

herein.
BRIEF DESCRIPTION OF THE DRAWINGS
{0033} Each of the following figures diagrammatically dustrates aspeets of the

ivention, Vanation of the invention from the aspects shown in the figures 18
contempiated.
{0034} Fig. 1A illostrates an example of a device according to the present

nvention when used 1o a system for removing obstructions from body hunens.

B S
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j0035} Fig. 1B illustrates a first example of an obstruction removal medical device.
{0036} Fig. 1C illustrates the obstruction removal device articulating relative to

feading wires {or a main bundle} without deforming an open end of the capturing
portion,

{6037} Figs. 2A to 2 show a capturing portion for use with systems described
herein where the capturing portion has sections of varying axial strengths. Such
features can optionally be designed to provide a spring force when a section of the

capturing partion is compressed and/or staged inversion of the capturing portion so
that it can be removed through an immovable obstruction.

j0038] Fig. 3A illustrates a first variation of the device having a joint-less
construction of a capturing portion that articulates about a main bundle of wires.

{00394 Figs. 3B to 3H illustrate various constructions of capturing portions for use
in the present invention,

00404 Fig. 4A illustrates a variation of a capturing portion having a mamn bundle
that extends beyond a certain distance to provide a device having an extremely
flexible distal region and a relatively stiff proximal region with a strong joint
region that will be sufficiently spaced from tortucus anatomy during use of the
device.

jo041} Fig. 4B illustrates a main bundle having a curved or shaped portion.

j0042} Figs. 4C to 4E dlustrate wires of different constroctions within a main
bundie.

{0043} Fig. SA illustrates am example of a proximal foot focated on a catheter of
the present system.

{00441 Fig. 5B illustrates a distal and a proxumal capturing portion located on a
system under the present invention.

{0045] Figs. 3C to SE ustrate an overview of a vanation of a delivery system
employing a proximal and distal capturing portion.

0046} Figs. 5F tllustrates compression or collapsing of a proximal capturing
portion about an obstruction prior to transiation of the obstruction in the vessel.

{0047} Figs. 6A 1o 68 illustrate an example of traversing an obstruction with a
sheath to deploy a distal capturing portion.

{0048] Figs. 7A to 7C llustrates a condition where a section of the capturing
portion deflects to provide a spring foree that gradually drives a traversing section

along the obstruction.
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0049} Figs. 7D to 7G illustrate staged inversion of the distal capturing portion to
allow removal of the device from an immovable clot,

{0050} Fig, 8A illustrates closure of the proximal opening of a capturing portion
without the benefit of articulation of the capturing portion about a leading wire,

j00S1} Fig. 8B illustrates, conceptually, one benefit of articulation of a capturing
portion about a leading wire or main bundle of wires.

{0652] Figs. 8C to 8D illustrate a proximal capturing poction and a distal capturing
portion approaching an obstruction,

{0053} SF illustrates a device alter securing an obstruction between proximal and
distal capturing sections.

{0054} Fig. 9 illostrates a main bundle as including an increased surface area or
medial foot that 13 used to dislodge or loosen the obstruction from a wall of the

body passage.

j00S5] Fig. 10 lustrates a variation of a proximal and distal end of a retricval
device,
{0056} Figs., 11A to 110 Hustrate a variation of a funnel catheter useful for

retrieving objects from vessels or body tumens.

{0057} Fig. 12A shows an example of a retrieval device getting caught on a guide
sheath,
fOU58] Figs, 128 to 12C provide lustranve examples of funnel catheter used for

removal of an ohstruction.

{0059} Fig. 13A to 13G illustrates another variation of a funnel catheter using a
mesh or fayer of material to forrn a funnel,

{00060} Figs, 14A o 14D iHustrate additional concepts to prevent or minimize

flaving of the distal capture portion so that 1t may be withdrawn imto a guide sheath.

DETAILED DESCRIPTION
{6061} It is understood that the examples below discuss uses in the cercbral
vasculature (namely the arteries). However, unless specifically noted, vanations of
the device and method are not linuted to use in the cerebral vasculature. Instead,
the invention may bave applicability 1n various parts of the body. Morcover, the
mvention may be used in vartous procedures where the benefits of the method

and/or device ave desired.
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10062}

10063}

j0064]

{0065]

Fig. TA illustrates a system 10 for removing obstructions from body lumens
as described herein. In the iHlustrated example, this variation of the system 10 15
suited for removal of an obstruction in the cerebral vasculature. Typically, the
svsteny 10 includes a catheter 12 microcatheter, sheath, guide-catheter, or simple
tube/sheath configuration for delivery of the obstruction removal device to the
target anatomy. The catheter should be sufficient to deliver the device as discussed
below. The catheter 12 may optionally include an mflatable balloon 18 for
temporarily blocking blood How or for expanding the vessel to release the
obstruction.

I is noted that any number of catheters or microcatheters maybe used to
focate the catheter/microcatheter 12 carryving the obstroction removal device 200 at
the destred target site. Such techniques are well understood standard interventional
catheterization tochniques. Furthenmore, the catheter 12 may be coupled to
auxiliary or support components 14, 16 {e.g., energy controllers, power supplies,
actuators for movement of the device(s), vacuum sources, inflation sources,
sources for therapeutic substances, pressure monitoring, flow monitoring, various
bio-chemical sensors, bio-chemical substance, ete.) Again, such components are

within the scope of the system 1 described herein.

In addition, devices of the present invention may be packaged in kits
including the components discassed above glong with guiding catheters, vartons
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 straying during removal or assisting in the removal of the obstruction),
balloon-tipped guide catheters, dilators, ete.

Fig. 1B tlustrates a first exanople of an obstruction removal medical device
according to the features described heremn. As shown, the device 200 generally
inclhudes captuning portion 226 comprising a translating sectionfsurface 222 and &
capturing sectiondsurface 224, In the fllustrated vanation, the transiating section
222 shown comprises a wire framework, However, any number of configurations
is within the scope of this disclosure. In many variations of the device, the
translating section 222 provides a low 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 attempting to

ntove the obstruction within the body lumen. As noted herein, the translating

N
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section 222 attenapts to reduce the cutward radial force applied by the obstruction
against the wall of the lumen during movement of the obstruction within the
fumen.

{0066} Fig. 1B dlustrates a distal section of the capturing portion 226 that serves as
a capturing section/surface 232, The capturing section 232 has an increased
frictional surface (in this variation itlustrated by the crossing 204 wires) so that it
can capture and ultimately remove the obstruction. The frictional surface of the
capturing section 232 can also be described as an increased coverage deasity. In
gssence, as the frictiongl surface of capturing section 232 coverage density
increases, there is a greater “device” surface arca to interact with the obstruction.
In some variations the captuning section 232 increases in frictional surface between
the translating section 234 and the end of the device 208,

{6067} As shown, the device 200 includes a main bundle 202 comprising g group
of individual leading wires 204, In this variation, the bundie of leading wires 204
is surrounded by a coil or coiled wire 205, The cotled wire 208 can comprise ¢
single leading wire that joins the device 202, Alternatively, the coiled wire 208
can extend terminate or wrap back prior to forming the capture portion 226.
Moreover, the coiled wire 208 can extend throughout a fength the mamn bundle
202, or along one or more segments of the main bundle 202,

j0U68] While the example shows the group consisting of four individual leading
wires 204, the bundle 202 can have any number of leading wires. In various
examples 2, 4, or 8 wires were used to construct the device. In certain variations,
the number of wires in the main bundle {oop arcund from the capturing portion,
For example, it 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 capturing portion.
Eventually, the wires then loop back to extend proximally away from the captaring
portion. Therefore, the 2 wires are doubled in the main bandle to create 4 separate
wires in the main bundie.

{0069} The individual wires 204 themselves may be comprised of a number of
different “micro” filaments, wires, or a single type of wire. Variations of the wires
204 are discussed in detail below however, the wires 204 can be strands,
filaments, or any simifar structure that is able to be joined to form the device. The

handie 202 may be braided, wrapped, twisted, or joined in any manner such that
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they do not separate or become unbundled except where desired. For example,
wires in any section of the device 200 can be bonded together (e.g., with epoxy, a
polymeric coating, weld, solder, and/or adhesive, ete.) to prevent the wires from
separating during deformation of the device as it deploys or removes the
obstruction. In addition, the main bundie 202 can incorporate any number of
features to assist in onenting the device 200 within the body passage. For
example, the main bundie 202 can include a pre-set bend that would bias the
capturing partion 226 in a desired opientation upon deployment as discussed
below.

{00704 As also discussed below, vanations of the present device 208 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
{c.g., column 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 apphied through the main bundle 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 1n a state of compression, there wall

g section from

P

be no visible deformation or deflection that prevents the translatin
advancing across an obstruction,

{0071} There are a number of approaches to adjust the axial strength of a capturing
section 232 as well as the entire structure. In a first example, the manner in which
the leading wire 1s wound to form the respective surface 232, 234 impact the
respective axial strength. As shown, the traversing section 234 comprises g series
of wrapped wires extending In an axial dirvection. This axial alignment cavses the
wires o oppose axial forces and thus increases the axial strength of the traversing
section 234 relative to the capturing section 232, In the latter section, the wires
232 extend in a helical direction about the section 232, Thus there s less
resistance to an gxial load when compared to the traversing section 234,

{0072} Alternatively, or in combination, additional techniques can produce a
deovice 200 with a capturing portion 226 that has sections of varying 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 mereases the

colwm strength of the section. In addition, larger diameter leading wires can
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terminate at the translating section 234 to permit smaller diameter wires to form
the capturing section 232, In another example, the leading wire 204 composition
san be sclected to produce the desired axial strength. For example, drawn filled
tube {DFT) wire has 30% platinum 70% nitenol. Decreasing the amount of
platinum and increasing the nitenol increases the wire strength and results in higher
column strength. In vet another example, the respective section, or the entire
capturing portion 228, can be processed to produce the desired axial strength. For
example, changing the anncaling profile (c.g., temp, time) affects the wire strength,
and therefore the axial strength,

Variations of devices 200 described herein can have capturing portions
with alternate configurations than those shown in above, The capturing portion
226 can include constructional designs such as a basket, a filter, a bag, a coil, a
helical wire structure, a mesh, a single wound wire, a filim, a membrane, a polymer
covering, . or a plurality of crossing wires. In variations of the device, the
capturing portion 226 1s sufficiently permeable to allow blood or other fluid flow
therethrough. As noted above, capturing portion 226 may be any structure that
covers, encapsulates, engulfs, and/or ensnares the obstruction either fully o
partially, Accordingly, although the capturing portion 226 s illustrated 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 translated over the
obstruction to ultimately remove the obstruction 2.

The capturing portion 226 can include an open proximal end 228, a
permeable distal end 230 and a capturing surface 232 located therebetween. The
capturing surface 232 of the captaring portion 226 defines a volume, cavity, or
space that Is able to cover, encapsulate, envelop, engulf, ensnare and/or survound
the obstruction. Generally, the term traversing wire or filament refers to the section
of leading wire 204 that formy the traversing sarface 238, Generally, the traversing
wires form the capturing surface 238 and then form the open proximal end 228.
As discussed herein and iflustrated below, the open proximal end 228 expands
within the lumen, typreally 1o the fumen walls, so that the obstruction enters the
open proximal end 228 as the bundle 202 (or leading wire} translates the deviee
208 proximally.

The permeable distal end 238 is typically sufficiently porous so that fluid or

hlood may flow throngh., However, the end 238 is sufficiently closed (or has an
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mncreased surface area} so that the obstruction should not escape through the distal
end 238 of the device 200. This construction typically causes the the obstruction to
become ensnared within the capturing portion 226 and prevented from passing
through by the permeable distal end 230

As shown i Fig. 1C, an unportant feature of the present devices 200 is that
the main bundle 202 and capturing portion 226 can articulate relative to one
another withowt interfering with the size or profile of the open proximal end 228.
This feature is 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 234eapturing portion 226.

Fig. 1C illustrates & condition where the main bundle 202 and capturing
portion 226 articulate relative to one-another. Because the main buadle 202 joins
the capturing section 232 gt @ distance from the open proximal 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, I the main bundie 202 were
atfixed or connected to the open proxamal end 228, then any movement of the
bundie 202 away from the capturing portion’s axis 236 would exert a force on the
open enkl. This torce, in tumn, would cause the open end to narrow or deform. By
doing so, the open end would not be able to uniformly expand against the lumen
wall to capture the obstruction.

Turning now to the construction of the device 200, as shown above, the
main bundle or a leading wire 202 extends beyond the open proximal end 228 and
forms the capturing portion. In one variation, the construction of the device relies
on converging/diverging wires to form continuous shapes so that the device 1s
completely joint or connection free. However, as noted herein, the leading wire or
main bundle 282 can be affixed to a structure that forms the capturing portion via
an attachment point, joint, or junction. In addition, the structures forming the
capturing 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 alse include additional features to
aid in removal of obstructions. For example, as shown in Figs, 1B to 1C, the open
proximal end 228 can melude one or more petals or flanges 238 extending radially
outward. The flanges 238 allow device 200 to have a flared structure at the open

proximal end 228, In one example, the captaring portion 226 can be slightly
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oversized relative to the body passage containing the obstruction or slightly larger
than the capturing portion. The flanges 238 provide an additional force against the

wall of the passa

o

ge to ensure that the device 200 is able to surround or encapsulate
the obstruction. In yet another feature, in variations of a system having a proximal
and distal capturing portion, the flanges can serve to lock the proximal and distal
capturing portions together once they encapsulate or surround an obstruetion. 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 vanations, the main bundle can diverge to form the captuning
portion in multiple Iocations 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 capturning surface (not shown}.

Figs. 1B to 1C also shows an integrally formed remforcoment ring 240
focated along the length of the capturing swrface 232 (i.e., on the traversing wires).
The reinforcement ring 248 can be a separate or discrete ring located on or in the
capturing surface 232, Alternatively, or in combination, the reinforcement ring
246 can be a ring shape that 1s integrally formed through arrangement of the wires
204 (as show in Figs, 1B to 1C). The reinforcement ring 240 assists in expanding
the device when deployed in the body lumen and/or prevents the device (e, the
open proximal end} from collapsing as the device moves within the lumen to
secure the obstruction.  The reinforcement ring 248 can comprise a single wire, or
a twisted pair of wires. Alternatively, the rings do not need to extend entirely
circumierentially around the capturing surface. Instead, a reinforcement portion
may extend between adjacent traversing wires but does not necessarily extend
around the ciraumference of the capturing section. As noted herein, reinforcement
portions may extend between adjacent traversing wires in muitiple locations.

Figs. 2A to 2E show several benefits of varving axial strengths of the
different sections of a capture portion 226. As shown in Fig. 24, when the
physician retrieves the capturing portion 226 by pulling on the leading wire or
main bundie 282 (as shown by arrow 124, the entire capturing portion 226
translates as shown by arrow 122, However, when the device 200 encounters
reststance {as schematically shown by force arrows 124) the lesser axial strength of
the capturing section 232 causes axial deformation or compression of the capturing

section 232 {as shown by Fig. 2B). In certain vanations, the capturing section 232
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can be constructed to function as spring such that deformation of the capturing
section 232 stores energy. Accordingly, the phvsician can pull the main bundle
202 to build energy in the capturing section 232, then relax the force on the main
bundie 202. The stored energy in the capturing section 232 gradually drives the
open proximal end of the wranslating section 234 over or along the obstruction.
The physician can apply this “pull and relax™ technique repeatedly until the
obstruction is sufficiently captured by the capturing portion 226.

{0083} Fig, 2C shows an additional safety benefit given the varving axial strengths
of the dittferent sections of a capture portion 226. In the eveat the capturing
portion 226 encounters an excessive degree or threshold of foree (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 238 of the
capturing section 232 inverts and is pulled by the main bundie 202 within the
translating section 234 and reduces in size. As shown in Fig. 2D, continued
pulling on the main bundle 202 causes eventual inversion of the translating section
234 5o that the capturing section 232 extends through the transiating section 234
and the permeable distal end 2360 is now proximal to the translating section 234.
Continwng to apply move the main bundie 202 in a proximal direction 120 inverts
the capturing portion 226 as shown 1n Fig. 2E. As shown, the translating section
234 is now distal to the capturing section 232, This cavses a reduction in the size
of the capturing portion through inversion of the capturing portion 226, This
foature 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 to sequentially tavert the capturing portion 226 and reduce its digmeter
enables retrieval of the device i deploved distal to atherosclerotic plague or an
immobile object where continued pulling against the object could cause damage or
tearing of the body passage or vessel wall. Tt was found that retrieval devices that
are not constructed with regions of varying axial strength, spring function, or
staged inversion can often flatten or expand in diameter when attempting to
retrieve the device though an immobile or stubborn obstruction.

{0084} Fig. 3A illustrates an additional vanation 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 238 to form the

capturing portion 226. In additional variations, the main bundle 2062 can branch or
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diverge within a mid-portion of the capturing surface 232 rather than at the
permeable distal end 230, In such a case, the wires 204 form the capturing sarface
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 is
able to articulate relative to the capturing portion 226 withowt significantly
reducing a profile of the open distal end 228, As discussed above, the capturing
surface 232 of these variations 1s fabricated {either through processing or wire
construction) to have an axial strength that 1s lower than that of the raversing
section 234,

Fig. 3B illustrates a variation having an integrated reinforcement ring 2440
Typically, the reinforcement ring 248 provides radial strength to the capturing
portion 226 to prevent collapse or deformation that would otherwise interfere with
enveloping the obstruction. A reinforcement ring 248 may allow for use of wires
that would otherwise provide unacceptable radial strength. For example, the
reinforcement ring 240 may permit use of smaller diameter wires thereby allowing
the device 200 to compress to a smaller diameter during defivery via a catheter.

In addition to the reinforcenent ring 240, Fig. 3B mecludes 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 & device 200 where the capturing portion 226
includes flanges 238 that are interwoven or connectled with adjacent flanges 238,
(Variations include bonding or otherwise joining the adjacent flanges together.)
This feature provides the Hflanges 238 with a higher radial strength that reduces the
hikelihood that the flanges 238 bend or distort when moviag in the body lunen or
removing the obstruction.

Figs. 3D to 3E illustrate additional variations of devices having capturing
portions 226 that bave a basket type configuration.  As shown, the capturing
portions 226 and surface 232 comprise a denser mesh of traversing wires that
ultimately lead to the traversing section 234 that terminates in flanges 238 at the
open proximal end 228. In such vanations, a first portion of the traversing surface
232that is adjacent to the open proximal ead has a low coverage density relative to
the remaining portion of the capturing surface having a higher coverage density
that eventually forms the permeable distal end 230, This construction lowers the

lowering frictional resistance of the first portion of the capturing surface when
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maoving over or agamst the obstruction but allows the remaining portion of the
capturing surface to encapsulate and secure the obstruction,

{6089} As shown in 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 230 can actually have 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.

{0090} Naturally, the divergence of the wires can oceur over a length of the
capturing portion 226 rather than inmediately at the distal end. For example, as
show m Fig. 31, the wires diverge towards a mid-section of the capturing portion
and ultimately form the permeable distal end 230,

{0091} Fig. 3F illustrates a variation of a device 200 having multiple reinforcement
rings 240, As noted above, the reinforcoment rings provide additional radial
strength to the capturing portion 226 as the device 200 moves within the body
fumen and prevents distortion of the capturing portion 226. However, as noted
above, the device will be fabricated to provide varying regions of axial strength to
allow for either the spring effect or the staged nversion discussed above. In any
case, the rings 248 do not need to extend around an entire circwmnference of a
deviee, variations include any number of supports that extend between adjacent
fraversing wires.

{04092} Fig. 3G dlustrates another variation of a device 200 having a leading wire
202 extending to a distal end 230 of & captuning portion 226, In this variation the
capturing portion 226 i3 fabricated from a stent-type structure. As noted above, it
ts within the scope of this disclosure to use any type of similar structure such as a
faser cut tube, a chemically etched or photo etehed tube, a polymer or metal
injection molded structure, a basket, a filter, a bag, a coil, a belical wire structure, a
mesh, a single wound wire, a film, a wembrane, a polvier covering, or a plarality
of crossing wires as the capturing portion 226 so long as the device can be
compressed to a small size for dehivery and expand afier traversing the obstruction.
The dlustrated variation also shows a covering 278 located on the distal end 238 of
the capturing portion 226. The length of the polymenic covering 270 can vary
across the capturing portion 226 to prevent the obstruction from escaping as the
device 1s translated over the obstruction. Furthermore, the covering 278 can be

polymeric or a wire mesh. However, typically the covering has sufficient porosity
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to allow bload to flow through the device 200, In this vanation, the flanges 238
form the translating surface.

{6093} Fig, 3H illastrates another feature for use with system deseribed herein. In
this variation, the system includes a proximal capturing portion 268 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 similar to the distal capturing portions 226 described
herein with the exception that the distal ond 262 of the proximal capturing portion
is open while the proximal end 264 of the proximal capturing portion is closed.
Furthermore, the proximal capturing portion 268 articulates with respect to the
sheath 106 much in the same manner as the distal capturing portion 226 articolates
relative to the main bundle 202, In this variation, the proximal end 264 of the
proximal capturing portion 260 is tapered or has a smaller profile than the
remaining proximal capturing portion 266, Such a feature may be useful to
improve the debiverability of the device to the intended site as well as to mancaver
around any obstructions within the body passage. In addition, as noted below, the
proximal capturing portion 260 can be compressed about the obstruction to
improve the ability of the system to remove the obstruction.  The construction of
the proximal capturing portion 268 can optionally include variations having
regions of differing axial strength, or sections capable of generating spring force.
Typically, since the proximal capturing portion 268 is not advanced distal to the
obstruction, the need for staged mversion is not necessary. Accordingly, any
number of capturing designs can be meorporated for the proximal capturing
portion,

{0094} In some variations, the leading wire can extend to the proximal end of the
system for mantpulation by the physician. However, it is often the case that the
characteristics of the device must vary along s length. For example, when the
device Is intended for use in remote tortuous anatomy, the proximal section of the
device is desirably 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 are used in

the cerebral vasculature, the distal section must be extremely flexible, while the

proximal section should be stiff. In many cases, different matenal properties are
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required. A problem then arises in attempting to join different materials especially
in the joining region.

{0095} Conventional joining methods include soldening, welding, gluing, thermal
junctions, ete. These joining methods produce an area having an increase in the
stiffness 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 stiffhess
than the rest of the wire. This increased area of stifiness 1s often balanced against
the strength of the joined segment. If the joined region is o long, the strength
will be sufficient but the increase in stiffness often prevents navigation through the
tortuous apatomy. IF the joined region is too short, then the device can navigate
throagh the anatomy but the bond is weaker and a risk of Twilure increases.

{00996} Fig. 4A lustrates another variation of an improvement for use with the
devices deseribed herein especially for use in tortyous anatomy such as the
cerebral vasculature. in this example, the capturing portion 226 is show with a
number of leading wires 204 extending proximallv. To provide the desired
characteristics, the leading wires 204 are joined in region 196 to wires 198 having
a structure that is suitable for the proximal anatomy (e.g., the wires are larger in
diameter or stiffer). To enable use of the device 200 in the cercbral anatomy
without 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 tortuous anatonmy. Since the cercbral vasculature is
approximately 30 centimeters in length, the leading wires 204 can extend for a
fength 195 of at {east a predetermined length so that it remains very flexible when
ngvigating the cerebral vasculature or other tortuous angtomy. In one example the
fength was 20 centimeters (but can be 30 or more centimeters). By deliberately
extending the leading wires 204 by length 194, the length of the bond region 196
can be chosen to accommuodate the proximal anatowy {where a greater stiffhess of
the bond region 196 can be accommedated)}. The length of the bond region 196
can vary depending on the application {e.g., from 2 1020 cm for a device intended
for cerebwal the cerebral vasculature). However, the bond can extend along the
entire proximal section of leading wire,

{6097} Fig. 4B illustrates an addition aspect of for use with devices described

herem where the main bundle 202 has a curved or bend portion 252, This pre-set
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shape assists in orienting the captuning portion 226 within the body passage since
the bend will cause the device to bias against a wall of the body passage.

Fig. 4C and 4D show cross sectional views taken along the line A-Ain Fig.
4B. As shown, the wire form construction desenbed herein atlows for a number of
configurations depending on the particular application. For example, the
individual wires 204 (as discussed herein) may themselves comprise a bundle of
smaller wires or filaments. In addition, the wires can be sclected from materials
such as stainless steel, ttanium, platinum, gold, iridium, tantalum, Nitinol, allovs,
and/or polymeric strands. In addition, the wires used it a device may comprise a
heterogeneous structure by using combinations of wires of different materials to
produce a device having the particolar desired properties. For example, one or
more wires in the device may comprise a shape memory or superelastic alloy to
impart predetermined shapes or resilioncy to the device. In some variations, the
mechanical properties of select wires can be altered. In such a case, the select
wires can be treated to alter properties including: brittleness, ductility, clasticity,
hardness, malleability, plasticity, strength, and toughness.

The device may mclude a number of radiopague wires, such as gold and
platinum for improved visibility under fluoroscopic imaging. In other words, any
combination of materials may be incorporated into the device. In addition to the
ntaterials, the size of the wires may vary as noeded. For example, the diameters of
the wires may be the same or may vary as needed.

In addition, the individual wires may have cross-sectional shapes ranging
from circular, oval, d-shaped, rectangular shape, ete. Fig. 4C tlustrates one
possible variation i which a number of circular wires 204 are mcloded with a d-
shaped wire 208, Moreover, the device is not Himited to having wires having the
same cross-sectional shape or size. Instead, the device can have wires having
different cross-sectional shapes. For example, as shown in Fig. 4D, one or more
wires 208 can have a different cross-sectional shape or size than a reminder of the
wires 204, Clearly, any number of vaniations is within the scope of this disclosure.

To illustrate one such example, a device can have 812 wires made of
D037 round superelastic material {e.g., nitinol). The device may additionally have
2-4 wires made from 002" platinum for fluoroscopy. Of the §-12 nitinol wires, 1-
4 of these wires can be made of a larger diameter or different cross-section to

increase the overall strength of the device. Finally, a couple of polymer fibers can
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be added where the fibers have a desired surface property for clot adherence, ete.
Such a combination of wires provides & 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 joining 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
polymeric material or composite blend of polymeric matertals. The polymeric
composite can be selected such that it is very floppy until it is exposed to cither the
body fluids and or some other dehvered activator that causes the polymer to farther
polvmerize or stiffen for strength. Various coatings could protect the polvmer
from further polymerizing before the device 1s properly placed. The coatings could
provide a spectfic duration for placement {e.g.. S minutes) after which the covering
dogrades or is activated with an agent (that doesa’t affect the surrounding tissues)
allowing the device to increase i stiffness so that it doesn’t streteh as the thrombus
is pulled ont. For example, shape memory polymers would allow the device to
increase in stiffness.

In another variation, one or more of the wires used in the device may
comprise a Drawn Filled Tube (DFT) such as those provided by Fort Wayne
Metals, Fort Wayne, Indiana. As shown in Fig. 4E, such a DFT wire 252
comprises a first material or shell 208 over a second material 210 having properties
different from the outer shell. While a variety of materials can be used, one
variation under the present devices includes a DFT wire having a superelastic {e.g.,
Nitinol) outer tube with a radiopagque material within the super-elastic outer shell.
For exanple, the radiopague material can include any commercially used
radiopague matenial, including but not limuited to platinom, iridium, gold, tantalom,
or simitar alloy. One benefit of making a capturing portion from the DET wire
noted above, is that rather than having one or more markers over the capturing
portion, the eatire capturing portion can be fabricated from a super-clastic materal
while, at the same time, the super-clastic capturing portion is made radiopaque
given the core of radiopague matenial within the super-elastic shell. Clearly, any
composite DFT wire 252 can be incorporated mnto the system and capturing
portions described herein,

Fig. SA shows a working end of a variation of a system 1 for removing an

obstruction from a body lumen. In this variation, the system 1 includes a main
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bundie 202 and capturing portion 226 extending out of a micro-catheter or catheter
102. The micro-catheter 12 can optionally include a proximal foot 256 that can
shide axially over main bundle 202 and can be variably positioned in relation to the
capturing portion 226, The proximal foot 256 can include any number of
configurations apart from the petal/flange 258 configuration {i.e,, the footcan be a
halloon, coil, shoulder, ete. where such structures simply replace the petals in Fig.
3A). In any case, the proximal foot 2586 provides an increased surface area that
pravides an opposing foree to the capturing portion 226, where the opposing force
aids the movemertt of the obstruction within the capturing portion 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.

{0105} The size of the proximal foot 256 can be adjusted depending on the target
site anatomy. For example, a larger surface area can be employed if the target site
is within a bifurcation of the body passage. The size of the proximal foot 256 can
also be adjustable during the procedare. For example, in the case of a petal/flange
258 configuration, the petals 258 can assume a larger size to initially stabilize the
obstruction and then redoce in size to allow the obstruction to be completely
engulfed by capturing section 226,

{0106} The proximal foot 256 can extend from an interior of the catheter 182, such
as from within the mternal 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 102, In such a case, a separate catheter
{without a proxinmgl foot) can be employed to traverse the obstruction for
deployment of the device distally to the obstroction. Once the device 1z deployed,
the catheters can be exchanged to provide the proximal 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 foot 256 so that it may function as described above.

{0107} In an additional variation, a proximal capturing portion {as shown in Fig.
3H) can be used with a foot 256 that is located about the main bundle 202, Sucha
variation may or may not include a distal capturing portion. Accordingly, the

construction of the proximal capturing portion {as described herein to include
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sections of varying axial strength) can be used to perform a push and relax
technique {similar to that of the pull and relax techmique desceribed herein).

: the system

[

{0108] Fig. 5B illustrates another vartation of the system 18 where
includes a proximal capturing portion 268 located on an exterior of a delivery
sheath 106. Naturally, the proxumal capturing portion 26€ could alse be affixed to
an exterior of a micro-catheter. The proximal capturing portion 260 is similar to
the capturing portions 226 described herein 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 18 closed. The proximal capturing portion can also
optionally be configured to have regions of varving axial strength, spring rate, and
various other features associated with the distal captuning portion 228, In the
Hustrated varmtion, the capturing portion 226 and main bundle 202 move relative
to the proximal capturing portion 260 to capture an obstruction. Furthermore, 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 to the main
bundle 202, As shown, the petals 238 on the open ends 228 and 262 can interact to
nest once the capturing portions 226 and 260 are moved sufficiently close to one
another. The outward force caused by the retained obstruction provides a frictional
interaction between adjacent petals/Hanges 238 to maintain the nesting.

{0109} Variations of the device include additional structures, such as springs,
hooks, barbs, ete, to cause the open ends 228 and 262 to interlock. As noted
above, a separate catheter can be used to initially deploy the capturing portion 226
beyond the obsiraction. Although the capturing portions shown have the same
configuration, the capturing portions 226 and 260 used in any given system do not
have to match o size, shape, and configuration. For example, the proximal
capturing portion can be unpermeable to flow while the distal capturing portion
allows flow. In another example, one basket may be undersized relative to the
other to improve nesting.

{0110} In any case, the construction of the system 10 shown in Fig, 3B 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 mam bundle 202 translating relative to the delivery sheath 106 the
open ends are free to articulate around the main bundle 202 and delivery sheath

106 respoctively to remain expanded against the lumen wall,

Si26--
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j0111} Figs. 5C to 5K illustrate a variation of a system for delivery of the capturing
portions 226 and 266, Fig. SC shows the proximal 260 capturing portion affixed to
a delivery sheath 106, In alternate variations, the proximal capturing portion 260

san be replaced with a proximal foot {not shown). As noted above, the main
bundie or leading wires 202 extends through the delivery sheath 106 and connects
to the distal capturing portion 226 beyond the opening 228 of the distal capturing
portion 280, The main bandie or leading wire 202 extends through the proximal
capturing partion 260. This allows the free ends of the capturing portions 228 and
262 to remain relatively unattached so that they can articulate and conform o the
curvature of the vessels (as discussed below). The capturing portions 226 and 268,
main hondle 202 and delivery sheath 108 extend through a microcatheter 102,

{0112} Fig. 50 illustrates a state of deployment after the microcatheter 192
traverses the obstruction (not shown). Once the microcatheter 102 is distal to the
obstruction, the distal capturing portion 226 deploys from the end of the
nvicrocatheter 102, As noted herein, the capturing portions can self~expand or can
expand upon acteation by the physician, In any case, the distal capturing portion
226 should be sufficiently collapsible to remain within the microcatheter 102 for
deployment distal to an obstruction. To deploy the distal capturing portion 200
from the catheter 182, the main bundle 202 can translate to push the distal
capturing portion 226 to gject it from the catheter 102, Altermatively, the
microcatheter 102 can be withdrawn from the distal capturing portion 226.

{0113} Fig. SE illustrates the deployment state after the catheter 102 1s withdrawn
proximal to the obstruction (not shown) and after the proximal capture portion 260
is delivered from the microcatheter 102, As noted above, the proximal captare
portion 260 can be affixed to 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 186 and is fabricated
te collapse within the microcatheter for ultimate deplovment, whereby translating
the sheath 106 delivers the proximal portion 260 from the microcatheter,

{0114} Fig. 5F shows another aspect of the system 10 where the proximal end 264

of the proximal capturing portion 260 is collapsed or compressed about an

tHustration, the proxumal capturing portion 260 is compressible by advancing the

catheter 102 over the closed proximal end 264 of the capturing portion 268, In
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{0115]

{0116}

{0117}

such a case, the proximal capturing portion 260 is slidable within and relative to
the catheter 102, Naturally, variations may inclode compressing the proxamal end
264 during transiation of the obstruction 2. In either case, the proximal capturing
portion 260 can be compressed in a number of different ways. For instance, the
proximal basket can be compressed using a catheter 182¢as shown), or the delivery
sheath 106, or any other number of mechanisms (not iHustrated).

As shown, the proximal end 264 can be compressed using a sheath 146
and/or catheter 102 However, other means of compressing may be employed {e.2.,
a loop structure, a tube over the sheath, a draw-string configuration, ete.) In use,
once the distal capturing portion 226 is deploved distally to the obstruction 2 and
the catheter 102 15 withdrawn proximal to the obstruction 2, the proximal capturing
portion 268 is deployed. As the proximal capturing portion 268 partially {or
totally) enguifs the obstruction 2, the physician can collapse or compress the
proximal capturing portion 260 to better secure the obstruction within the system
10.

It is noted that any number of shapes, configurations, as well as any mumber
of joined wires may be contemplated to form devices under the present disclosure.
However, variations of the invention inclade selecting a number of wires to
produce speeific structural propertics to the device. For example, the devices can
have any number of wires where the linut is determined by the ability to produce &
device of a sufficiently small size to access the area containing the obstruction.
However, in some cases, it may be desired that wires are chosen to impart
specified characteristics, For example, in the dlustrated vanation, the main bundle
may conprise any number of wires that do not diverge to form subsequent shapes
in the device. In other words, not all of the wires forming a section are required to
diverge to form an adjacent section. Instead, these non-diverging wires may
simply “loop™ back away from the device. In an additional variation, one or more
wires may diverge to form a particular portion of the capturing portion (2.g., the
closed end, traversing wires, ¢tc.). Then the wires can foop back to converge again
with the mam bundie.

Figs. 6A to 6F show one example of the deployment of a variation of a
device according to the present invention about an obstruction in a vessel. The
figures are intended to demonstrate the mitial placement of the device immediately

prior to rentoval of the obstruction.

-
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[0118}

{119

{0120}

0121}

Fig. 6A Hlustrates an obstruction 2 lodged within a body lumen or vessel 6.
In the case where the vessel s a cerebral artery, the obstruction may resalt in an
ischemic stroke. Using standard interventional catheterization technigques, a
microcatheter 182 and guidewire 104 traverse the obstruction. The microcatheter
102 may be advanced through the obstruction 2. Alternatively, the microcatheter
102 may “push”™ aside the obstruction and is advanced around the obstruction. In
any case, the microcatheter 102 travels from the near end 3 {or proximal side) of
the obstruction 2 to the far end 4 (or distal side) of the obstruction 2. 1t is noted
that the catheter 102 ruay be centered or oft-center with respect to the obstruction
2. Furthermore, the device may or may not be used with a guidewire to navigate 1
the site and traverse the obstruction,

Some varmtions of the device may be placed without an acconmpanying
guidewire, Moreover, the structures discussed herein may be direetly incorporated
mito a guidewire assembly where deployment may require a sheath or other
covering to release the components from constraint,

Fig. 6B illustrates deployment of a capturing portion 226 and main bundle
202 of the device 200 from within the microcatheter 102 distal to the obstruction 2.
Accordingly, in most variations, the capturing portion 226 1s designed to fit within
the catheter 102 for delivery and expand upon deployment. Altematively, the
device may be actugted to assume the desived shape (e.g., upon reaching a
transition temperature where one of more wires comprise a shape memory alloy).
As shown, the capturing portion 226 includes a traversing section 234 and a
capturing section 232, In some procedures the traversing section 234 engulis the
obstruction 2 with hittle or no complication as the main bundle 202, catheter 102,
or sheath 106 pulls the capturing portion 226 11 a proximal divection,

However, as discussed above, there may be some procedures where the
distal capturing portion 226 is deploved distal to an obstruction 2 that is deposited
within the vessel or lumen such that a steady transtation of the capturing portion
226 will not engulf the obstruction 2, Figs. 7A to 7 illustrate some examples of
such a situation.  As shown in Fig. 7A, a sheath 106 ought be able to traverse the
obstruction 2 to deploy the distal captuning portion 226 in preparation for engulfing
the obstruction 2. Fig. 7B illustrates a condition where the traversing section 234
engages the obstruction 2 but 1s unable to casily or fully engulf the obstruetion 2.

However, in those vartations where the capturing portion 226 includes regions

S0 ..
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{0122

191231

{0124

having different axial strength {as discussed above), continued pulling of the main
handie 202 in 4 proximal dircction 120 causes the capturing section 234 o
compress. When the capturing section 234 is constructed to function as spring, the
deformation of the capturing section 232 stores energy from the proximal
movement of the main bundie 202, This storing of energy allows the physician to
relax the pulling force 120 on the main bandle 202, Fig. 7C shows & compressed
capturing section 234, The encrgy stored in the capturing section 232 gradually
drives the open proximal end 228 of the transtating section 234 over or along the
obstruction 2, The physician can apply this “pull and relax™ technigque repeatedly
until 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 lumen. In such
cases, the force required to remove the obstruction 2 may damage the vessel or
fumen. Such obstructions include atherosclerotic plague or other immobile
objects. As shown, when the distal capturing portion 226 is pulled once the
proximal force 128 reaches a threshold valoe (as determiined by the construction of
the capturing portion 226} the capturing portion 226 undergoes a staged inversion
as the permeable end 230 enters the traversing section 232, In this variation, the
permeable end 234 actually enters the obstruction 2. The construction of the
sapturing 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 obstruction 2
{(typically via an opening that was previously 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. 76, the
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capturing portion 226 1s now fully inverted and 1s in a state where it can re-enter a
catheter for removal from the patient.

{0125 The construction described herein that allows for staged inversion of the
sapturing portion 2 provides a significant safoty feature. A physician must
undertake additional surgical intervention to remove any retrieval device that has
become lodged distally to an immobile obstruction. The ability of staged inversion
alfows the physician to invert and remove the capturing portion 226 if application
of a predetermined or threshold foree is exceeded by proximal displacenent of the
device. Ths feature reduces the need for additional sargical intervention to
remove a retrfeval device that would otherwise become lodged or separated as a
result of excessive forces being apphied.

{0126} Figs. 8A 10 8B illustrate an additional benefit of affixing a leading wire or
bundle of wires 202 beyond a proximal opening 228 of a capturing portion 226,
Fig. 3A illustrates a basket type structure 98 where a wire 202 15 affixed to a
proximal end 92, As shown, as the leading wire 202 pulls the basket 98 through
tortuous anatomy 6, the force component pulling away from an axis of the device
90 causes the proximal open end 92 to constrict or reduce in size. As shown, as the
proximal end 92 approaches the obstruction 2 the perimeter of the end is not placed
against the walls of the body passage 6. As a result, the constricted opening 92
places an increased axial force on the obstruction 2 as the basket 99 translates over
the obstruction 2 (because the proximal end 92 pushes against the obstruction
rather than sliding around it3, making cncapsulation of the obstruction more
difficult and possible leading to vascular damage.

j0127} Fig. 8B shows g device 200 according to the principles disclosed herein.
The leading wire 202 15 affixed to the distal end 23¢ of the capturing portion 226.
As the mamn bundle 202 1s pulled through the curved vascular path, the capturing
portion 226 pivots or articulates about the bundle 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 portion 226 does not affect the open proximal end 228, ¢
noted above, some closing of the open proximal end may occur, though it will not
be sufficient to interfere with the obstruction as the capturing portion moves over
the obstruction. Such a configuration allows the perimeter of the open proximal

end 228 to remain against the wall of the passage 6. As shown, because the open
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proximal end 228 is not constricted, the open proximal end 228 is better suited to
slide around the obstruction for eventual removal.

{6128} Fig, 8C shows withdrawal of the microcatheter 102 to the proximal side 3
of the obstruction 2 and deployment of a proximal captaring portion 260 (in
alternate variations, 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 a delivery sheath 106
that 15 fed through the microcatheter 102,

{31294 As also shown in the figure, the main bundic 202 and capturing portions
hecome nusabigned doe to the tortuousity of the anatomy. However, because the
capturing portions 226 and 260 are able to pivot or articulate relative to the main
bundic 202 and catheter 102 or sheath 186, the open ends are able to remain
against the Jumen wall. In conventional devices where the open end is attached to
cither 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 asswume a redoced profile.
Accordingly, the physician may have difficulty in removing an obstruction if the
profile of the open end becomes reduced 1 size. Closing of the open end can also
result in vascular damage if the physician applies too much force in transiating the
device,

{30 Fig. 81 shows movement of the capturing portions 226 and 266 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 1o ensnare the obstruction 2 within the cavitics defined by the
capturing portions 226 and 260, Fig. 8E illostrates the system as the two capturing
portions are drawn together. For purposes of clarity, the obstruction is not shown.
Upon sufficient advancement of the capturing portion 226 and proximal captuning
portion 260 relative to one-another, flanges 238 on the respective open ends can
interiock. This feature provides added safety in removing the device as the
obstruction is encapsulated between the two nested portions.

{0131} Fig. 8F illustrates a device 200 after securing an obstruction between a
proximal 260 and distal 226 capturing scctions. As shown, the captured
obstruction 2 is held between capturing portions 226 and 268 where the langes

o

238 nest within one-another to “lock™ the capturing portions together, In some
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variations of the device, one of the capturing portions can be undersized refative o
the other. This configuration allows for the undersized capturing portion to
beconme further compressed as the devices are pulled together. The compression of
the capturing surface then serves o further compress the obstruction 2 captured
within the device

j0132} The capturing portions described herein can include coverings or wrappings
so Jong as the other features of the device are not impaired. Such coverings can be
focated on both capturing portions 226 and 260, only one or moye capturing
portions. The covering can include a strand or fiber wrapped or woven about the
section, a polymer film, or a dipped polymer coating such as silicone, urethane,
ete. The coating on either capturning portion can be sohid or porous. In the latter
case, blood can continue to flow through the coating, In one variation, the
proximal capturing portion 260 could cmploy a solid covering while the distal
capturing portion 280 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,

{0133} Fig. 9 illustrates a vapiation of the system where the main bundie 202
includes a medial foot 274, The constroction of the medial foot 274 can be similar
te that of the proximal foot discassed above (e.g., wires looped into a petal
configuration.}) However, the medial foot includes a surface area or diamcter
farger than a diameter of the main bundle. In any case, the increased surface area
of the medial foot 274 provides an increased resistance to the obstruction 2 as the
distal capturing portion 200 and main bundle 202 are pulled in a proximal direction
towards an obstruction 2. The medigl foot 274 engages the obstraction 2 to
partially displace or loosen the obstruction from the walls of 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
main bundle 202 can include any number of medial feet 274,

{01344 Although the illustrated variation shown above comprise open-ended,
circular, looped or partial loop shape cross sectional areas, variations of the
sapturing portions can include any number of shapes, For example, such a shape
can include a circle, an arcaate shape, a partial circular shape, a loop, an oval, a
square, a rectangle, a polygon, an overlapping loop, a pair of semi-circles, ete.)

The vartous shapes may be heat set to be either self-expanding {i.e., superelastic)



WO 2009/086482 PCT/US2008/088371

{0135]

{0136}

[0137]

{6138}

{0139}

or the use of shape memory alloys can allow for the device to assume the particular
shape upon reaching a desired transition temperature.

The exemplary shapes discussed above permit the shaped section 1o adjust
in diameter in response to placement in varying diameters of body lumens. It 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 alumate application of the devige.
As noted herein, the Hustrated examples have particular apphcability in retrieving
ohstructions from the vasculature. Accordingly, for these applications the shaped
sections should form a shape so that they can expand against a vessel wall without
causing trawma 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 slightly greater than that of the
vessel. Sizing the device relative to the target vessel may assist in placing the pars
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 imended target vessel or stmyply
different than a cross soctional profile of the intended vessel (i.e., not circular or
tubular, but e.g., linear or other ditforent shape). In such an example, as the shaped
section is released from the delivery catheter, the shape section attempts to return
to the anconstrained shape. In those variations where the unconstrained shape is
different from the circnlar profile of the vessel, the leading wire assumes a shape
that accommodates the vessel but is more rigid and stable since its unconstrained
shape is 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
fie 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 shaped sections do not interfere with one another when
collapsed to fit withm the mucrocatheter.

Another aspect apphicable to all variations of the devices s to configure the

devices {whether the traversing filament or the surrounding portion) for better
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adberence to the obstruction. One such mode mcludes the use of coatings that
hond 1o certain clots (or other materials causing the obstruction.) For example, the
wires may be coated with a hydrogel or adbesive that bonds to a thrombus.
Accordingly, as the device secures about a clot, the combination of the additive
and the mechanical structure of the device may improve the effectiveness of the
device in removing the obstruction. Coatings may also be combined with the
capturing portions or catheter to improve the ability of the device to encapsalate
and remove the obstruction {e.g., a hyvdrophilic coating).

Such improvemertts may also be mechanical or structural. Any portion off
the capturing portion can have hooks, fibers, or barbs that grip into the obstruction
as the device surrounds the obstruction, The hooks, fibers, or barbs 154 can be
incorporated into any portion of the deviee, However, it will be important 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 R¥ energy to
transmit through the device and induce clotting or cause additional coagalation of a
clot or other the obstruction.

The methods deseribed herein may also include treating the obstruction
prior to atfempting to remove the obstruction. Such a treatment can include
applying a chemical or pharmaceutical agent with the goal of making the occlusion
shrink or to make 1t more rigid for casier romoval. Such agents include, but are not
fimited to chemotherapy drugs, or solations, a mild formalio, or aldehyde solution.

As for other details of the present invention, materials and manufacturing
technigues may be emploved as within the level of those with skill in the refevant
art. The same may hold true with respect to method-based aspects of the invention
in terms of additional acts that are commonly or logically employved. In addition,
though the invention has been described in reference to several examples,
optionally incorporsting various features, the invention is not to be limited to that
which is described or indicated as contemplated with respect to each variation of
the invention.

Fig. 10 lustrates one variation of a retnieval device 200 inchuding a distal
capture portion 226 coupled to one or more leading wires in the form of a main

handle 282, The main bundle extends through a sheath 186 that includes a
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proximal capture portion 268, The configuration of the retrieval device 208 can
incorporate the proximal and distal capture portions discussed herein as well as
various other configurations discussed in the commonly assigned patent
applications noted above, In addition, the relative sizes of the various components
shown 1n Fig. 10 and discussed below are for illustrative purposes only.

[0145] An end 264 of the proximal capture portion 268 is affixed to a distal end of
the sheath 186, However, as noted above, other variations are within the scope of
the disclosare. The main bundle 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 bundle of wires. This allows the device 208 to have a very flexible distal
section with a relatively stiffer proximal section. Fig. 4A sbove, discusses
placement of a joint at a location spaced from the distal section of the device so as
to increase @ bond strength but not impair the distal section’s flexibility. In any
case, the device 208 can have a proximal bundle 203 that comprises either the
exposed wires or & covering/tube over the wires, In certain variations, the bundle
or wire 202, 203 can be encapsulated with a coating.

{0146} The proximal end of the sheath 106 mcludes a sheath handle 244, As
discussed herein, axaal movement of the bundle 202 or proximal bundle 203
(tvpically at the handle 242) results in movement 126, or translation of the bundle
within the sheath 106,  This action moves the distal capture portion 226 {as shown
by arrows 1263, In certain variations, the device 200 1s loaded into a microcatheter
{not shown but discussed above) that 1s delivered to the site of the obstruction and
crosses the obstruction.

j0147} In some vartations, 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 bundie 282 relative to the sheath handle 244 and sheath 106, it follows that
such locking action also locks the distal capture portion 226 relative to 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 obstruction, the physician
san set a spacing between the capturing portions 226 260 by locking the proximal
bundie 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

determine a spacing of the capturing portions. As illustrated, the sheath hub 244

T
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can include additional mjection ports to deliver fluid or other substances through
the shieath 106.

{0148} As noted above, the device 200 can be used with micro~catheter, In those
variations it 1s important that the device 200 is loaded without damaging the distal
bundle 202, capture portions 226 268, and/or sheath 166, As a result, the device
200 can include an optional funnel 286 that reduces the proximal capture portion
268 (and for the distal capture portion 226) for loading within the microcatheter
and/or sheath 106,

{0149} Another variation of the device 200 imcludes an nsertion tool 280 shidably
affixed to the sheath 280, Because variations of the device 200 can be extremely
flexible, the insertion tool 280 can be used to provide cohunn strength to the sheath
106, bundie 262 or other components as the device 208 is pushed into the
microcatheter. The insertion tool comprises a rigid section 282 and g frictional
coupler 284, The nigid section 282 has a colunmn strength that supports the device
200 to prevent buckling. The fhictional coupler 284 can be a flexible material that
allows an operator to squeeze or grip the coupler 284 to create a temporary
frictional interface between the loading tool 280 and the device 200 (typically the
sheath 106). Such an action allows axial advancernent of the device 208 as the
loading tool 280 is advanced into the microcatheter. Once the rigid section 282 i3
fully inserted into the microcatheter, the operator releases the frictional coupler
284 and can withdraw the loading tool 280 from the catheter without withdrawing
the device 200, The mnsertion tool 286 can also include an optional loading tube
286 shidably coupled to the rigid section 282. When used, the funnel 286 can
withdraw the proximal and distal capturing portion 226 260 within the loading tube
286. The loading tube 286 then couples to a microcatheter 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.

j0150} Fig. 1A illustrates a funnel catheter 300 useful for retrieving objects from
vessels or body lumens. Typically, when a physician captures an obstruction in
various retrieval devices, the device and the obstruction are easily removed from

the body by withdrawing the device and obstruction into a sheath, guide catheter or

difficulty withdrawing the obstruction loaded device within a sheath, guide

catheter or introducer. Specifically, one or more components of the retrieval
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device mught 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 consequences.

{0151} The funnel catheter 300 includes a first and second slotted funnels 336, 340
tocated at the distal end of an tnner shaft 302, Each funnel 336 340 comprises &
wumbher 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 affixed to a portion of
the mner shaft 302. The second slotted funnel 340 15 offset in both a proximal and
rotational position relative o the first slotted funnel 338, The purpose of this dual
offset is discussed in detail below. As shown, the second funnel 346 can be a
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 shaft 382 to form a
second slotted funnel 348, As shown in Fig. 118, the tines 332 342 can be
configured to expand outward {if not restrained} via use of a coil or other spring-
type means. Alternatively, they can be actuated to expand outward. However, in
ntost 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 additional configurations, one or more funnels can be designed so that
they remain in a cylindrical shape rather thao expand outwards {as shown in Fig.
1), Varations of the funnel catheter 380 can include configurations having ong
or more funnels, or configurations where the tines spaced or adjacent {or a
combination thereof).

{0152} Fig. HC also illustrates the dual offset nature of the dual funnel catheter
300, The first offset is a lincar offset 316 such that the distal ends of the first tines
332 or funnet 330 exzends bevond a distal end of the second tines 342 or second
funnel 348, The second offset comprises a rotational offset {denoted by rotational
angle A). For example, the tlustrated rotational offser A is 43 degrees. However,
the rotational offset can vary depending on the particular application. In most

vartations, 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
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apphication. Variations of the funnel catheter can include discontinuons funnels
with two or more tines,

{0153} Turning back to Fig. 1 1A, the funnel catheter 308 can optionally include
any aumber of medical fittings or components.  As shown, the catheter 300
mncludes a hemostasis valve or hub 306 at the proximal end. The hemostasis valve
306 can include a fluid side port 308 for delivery of fluid through the catheter 306,
The catheter 300 can also include one or more radiopaque markers 31 so that the
focation of the funnel or funnels 330 340 can be identified via non-invasive
imaging (e.g., under fluoroscopy). The funnel catheter 300 can also optionally
include one or more markers 312, Such markers are useful to infornm 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 detenmine whether
the funnels are advanced out of the guide catheter. Fig. 11A also shows the funnel
catheter 300 as including a loading tool 314, The loading tool 314 can be
advanced over the fannels 330 340 to compress the funnel when loading into &
guide catheter or other sheath,

{0154} Figs. 12A to 12C provide an tHustrative example where use of a funnel
catheter 300 aids in removal of an obstruction 2 foaded within a retrieval device
200.

j0155] Ag shown in Fig, 124, attempting to remove the obstruction 2 when
engulfed in 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 simply engage the device 208 against the distal end of the
guide sheath 108 and withdraw until the obstruction 6 gud device 200 are located
in an acceptable area of the body or withdrawn entirely from the body. For
example, n certain situations, the obstruction 6 and device 200 can be withdrawn
with the guide sheath 108 wntil all components reach a high flow, non-critical
focations {e.g., the groin area). In the case of a clot, a clot dissolving substance
{TPA} can then be applied to dissolve and remove the clot, Alternatively, the

physician can attempt to aspirate through the guide sheath H¥8 in an attempt to

draw the entire retrieval device 208 and obstruction 2 within the guide sheath 108.
In yet another variation, the physician can advance fibers or guide wires out
through the guide sheath 108, then withdraw the obstruction 2/retnieval device 200

and atternpt to use the fibers or guide wires as a moveable surface 1o capture the
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device 200, Furthermore, the physician can attempt to use a variety of existing
devices {o.g.. the FastCath provided by Genesis Medical Inc., the Meret Retriever
provided by Concentrie Medical Inc., or any conymercially available snare or distal
protection device) to remove the engulfed obstruction 2 from the body.,

{0156} In some variations, the capturing portions discussed above can be
constructed to improve their ability to be withdrawn into a guide sheath, For
example, increasing the number of petals or flanges on the traversing sections
increases the probability that the distal Hanges vest within the proximal capturing
portion. Alternatively, or in combination, the petals 238 on the distal capturing
portion can be staggered in length or position to case msertion into the proximal
capturing portion. In another variation, the petals 238 shape or curvature cun be
adjusted so that they do not flare outward.

{0157} Fig. 12B shows a distal end of a funnel catheter 300 as it receives an
obstruction 2 loaded retrieval device 2008, As shown, the tines 332 of the first
fannel 338 receive the device 200, The tines 332 minimize the likelihood that the
device 200 becomes caught. The hmited swrface area of the tine 332 {(combined
with the rounded tines 332 342) produces a tendeney for the device 200 to deflect
away from the tines as it is withdeawn into the funnels. The second funnel
340(being rotationally offset from the first funnel 338 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.

{0158] Figs. 12 C to 121 show additional variations of funnel catheter 388, Fig.
12C shows g single funnet 330 having a plurality of unes 332, Fig. 12D illustrates
a dual funnel catheter 308 having a discontinuous first funnel 230 and a second
funnel 346, The second funnel 346 can be a continuous funnet so long as 1t 1s able
to retract within the guide sheath 108, As shown, the second funnet 346 can
include a single slit 348 that allows the funnel to compress within the guide sheath
108. In addition, the variation of Fig, 12D can be used without the first
discontinuous funnel 330, Accordingly. as the retrieval deviee 208 and clot 2
approach the funnel 346 and enters the funnel, farther withdrawing the retrieval
device 200 causes squeczing of the retnieval device 200 and obstruction 2. In yet
another variation, the funnel 346 can incorporate a drawstring to compress the

fonnel 346 once the retricval device 200 and obstruoction are located therein,

o) -
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{0159}

{160}

{0161}

{0162}

0163}

Fig. 13A to 13B dlustrates another variation of a funnel catheter 350 suited
to remove a retrieval device 200 from the body. As shown in Fig. 13 A, the funnel
satheter 350 includes a first shaft 352 and a second shaft 354 stidably located
therein, A mesh 370 is fused 1o cach shaft 352 354 at a distal location 362 364.
Accordingly, relative movement of the shafis 352 354 {cither the first shaft 352 can
be pushed or the second shaft 354 can be palled) creates a funnel shape 372 as the
mesh portion affixed to the second shatt 354 15 ioverted within the remainder of the
mesh 370, It is noted that in some variations of the system, the mesh funoel
furmels are combined with the tine based funnels deseribed above. Such that one
tunnel comprises the Gaes while the other comprises the mesh structure deseribed
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 vanation, 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 proxamally withdrawn to capture the retrieval device and
obstruction.

As iftustrated tn Fig. 138, as the retrieval device 200 and obstruction 2
approach the funnel catheter 358, the distal attachment points 362 364 of the shafts
382 354 ave moved together to invert the mesh 370 and form a funnel 372, The
retrieval device 200 can then be withdrawn into the funnel. This design 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 obstraction 2 prior to withdrawal into the catheter 350,

The mesh 370 can include any medically acceptable material sach as a
nitenol braid. Furthermore, the mesh allows for flow through the vessel or lumen
while expanded. However, additional variations of the device can include a solid
fayer of material substituted for the mesh.

Figs, 13C to 13E itustrate another varigtion of 4 funnel catheter 350 suited
to remove a retrieval device 200 from the body. As shown in Fig. 13, the funnel
catheter 350 includes a first shaft 352 and a second shaft 354 shdably located
therein. A mesh 370 is joined only the rear shaft 354 at a distal location 362, The
end of the mesh 370 is free at the distal end of the device 388, The mesh 370 is

sized at a distal end 371 to neck down. Accordingly, as the distal shaft moves

N Y
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rearward, the mesh 370 is vosupported. The necked section 371 of the mesh
altows for distal advancement of the device 200 through the neck portion 371,
However, as shown by Fig. 13D, rearward movement of the device 208 causes
engagement with the neck portion 371, Further rearward movement of the device
208 causes the unsupported mesh 370 to form a funnel shape 372 as shown in Fig.
13E. The fannel shape allows for the retrieval device 200 to be fully withdrawn
mnto the catheter 350 while the funnel 372 1s expanded. Alternatively, the funnel
372 can be used to compress the retrieval deviee 200 and obstraction 2 prior to
withdrawsl into the catheter 358, To compress the funnel, the device 200 can be
advanced out of the funnel and away from the mesh 370, Next, the distal shaft 352
can be advanced throogh the neck portion 371 of the mesh 378 to receive the
device 200. In another variation, the device 358 can include a single shaft 354
where the mesh 370 can extend bevond the shaft 354, The mesh can be heat set to
asswne a funnel shape upon the apphication 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,

{0164} Figs. 13F to 136 illustrate vet another variation a funnet catheter 350 swited
to remove a retrieval device 200 from the body. In this vanation, the funnel
catheter 350 includes a single shaft 354 having a mesh 370 15 fused to a distal
location 364. The mesh 370 is free at a proximal side. The mesh is also pre-
formed to assume a funnel shape as shown in Fig. 13G. Accordingly, upon
delivery the mesh 378 can be constrained (e.g., via a sheath, or other removable
restraint). Once the restraint is removed, the mesh 370 expands to form g funnel
372,

{0165] Figs. 14A to 14D illustrate additional concepts for use with various
retrieval devices 200, Fig. 144 illustrates a distal capturing portion 226 and a
proximal captuning portion 260 where the proximal capturing portion includes a
covering 212 {v.g., a polymeric covering or g wire or fiber wound about the flanges
238} The covering 212 prevents the flanges 238 of the distal capturing portion
226 from flaring outside of the proximal capturing portion 260.

{0166} Fig. 148 iflustrates a variation of a reentry sleeve where tines 332 of the
reentry sleeve 302 include protrusions 214 on an inner surface. The protrusions

214 cause the tines 332 to splay ount as the retrieval device 200 15 withdrawn within

B I
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{0167}

{0168}

{0169}

the tines 332, As the reentry sleeve 302 1s withdrawn it a guide catheter {as
discussed above) the protrusions serve to compress the retrieval device 200 even
further,

Fig. 14C and 14D illustrate variations of a wire or fiber 218 affixed to the
flanges 238 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 ving 216. As the fiber 218 18 pulled. the sature ring 216
compresses the flanges 238 to prevent outward flaring. In Fig. 14D, one or more
fibers 218 are affixed to one or more flanges 238, Once the obstruction 8
captured, the fibers can be pulled to draw the flanges 238 closed.

Various changes may be made to the invention desceribed and equivalents
(whether recited herein or not included for the sake of some brevity) may be
substituted without departing from the true spirit and scope of the invention, Also,
any optional feature of the inventive variations may be set forth and claimed
independently, or in combination with any one or more of the features described
herein. Accordingly, the invention contemplates combinations of vartous aspects
of the embodiments or combinations of the embodiments themselves, where
possible. Reference to a singular item, includes the possibility that there are plural
of the same items prosent. More specifically, as used herein and in the appended
claims, the singular forms “a,” “and,” “said,” and “the” wnclude plural references
unless the context clearly dictates otherwise,

It 1s important to note that where possible, aspects of the various described
embodiments, or the embodiments themsedves can be combined. Where such

combinations are intended to be within the scope of this disclosure,
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CLAIMS
We claim:
1. A medical device for removing an obstruction from a bleod vessel, the

medical device comprising:

a main bundle comprising & group of wires having a first end and a second

end;
capturing portion formed by the group of wires and having a translating
surface adjacent to a capturing sarface, the translating swface having an open

proximal end and the capturing surface having a permeable distal end;

where the capturing portion 1s formed from the group of wires such that the
group of wires diverges from the second end of the main bundle to form the
permeable distal end, the group of wires extend back in a proximal direction to form
the capturing surface, the translating surface, and open proxunal end about the main
bundle: and

where the translating surface and capturing swiace are configured so that a
translating surface axial strength is greater than a captuning surface axial strength,
wherein apphication of a tensile foree on the main bundie causes axial compression
of the capturing surface without causing axial compression and deformation of the
transiating surface safficient to deform the translating surface as the captaring

portion engages the obstruction.

o

2. The medical device of claim 1, where the capturing portion is formed such
that articulation of the capturing portion relative to the main bundle does not cause

the open proximal eand to reduce In size,

-

3. The medical device of claim 1, where the capturing surface is configured to
generate a spring force against the translating surface when a proximal force apphed
by the mam bundle of wires compresses the capturing sorface against the translating
surface when encountering resistance from the obstruction, where the capturing
surface 1§ configured to have a sufficient axial stiffness to direct the spring force and
proximal force to the open proximal end as the open proximal end engages the
obstruction where the captuning surface 1s also sufficiently Hlexible to conform to a

shape of the vessel,
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4. The medical device of claim |, where the capturing section is configured so

that when the open proximal end of the translating section engages resistance equal
to or greater than a threshold foree, proximal movement of the main bundle inverts
the capturing section within the translating scction and reduces a size of the

capturing section.

S The medical device of claim 4, where the capturing section and traversing

section are coufigured to invert upon continued proximal movement of the main

bundle such that the waversing surface moves distally to the capturing surface.

=

6. The medical device of claim 1, where the main bundle is joined to a
proximal bundie, where the proximal bundle comprises a stiffness greater than the
main bundle and where the main bundle extends for a pre-determined distance from
the permeable distal end to allow navigation of a distal portion of the medical device

within the cerebral vasculature,

Ed

The medical deviee of claim 6, where the pre-determined distance is at least

20 om.

8. The medical device of claim 1, where the capturing surface has an
increased frictional resistance as compared to the translating surface, such that the

capturing surface engages the obstruction for removal of the obstruction,

Q. The medical device of claim 1, wheve the open proximal end further

compriscs a plurality of flanges extending from the transiating surface.

. The medical device of claim 9, where the flanges extend radially away

from an axis of the capturing portion,

il The medical device of clatmt 1, where the capturing portion is seli~

expandable,

12, The medical device of claim 1, where at least a portion of the capturing
surface comprises a structure selected from the group consisting of a basket, a filter,
a bag, a coil, a helical wire structure, a mesh, 4 single wound wire, and a plurality of

crossing wires or a combination thereof.
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13, The medical device of claim 1, where the main bundle of wires includes at
least a first wirve and a secomd wire where the first and second wire each have

different characteristics.

14. The medical device of claim 13, where the characieristics are selected from

a group consisting of material, cross-sectional shape, and cross-sectional size.

15. The medical device of claim 1, where the main bundle of wires ncludes at

least one shape memory alloy wire.

16. The medical device of claim 1, where the main bundle of wires inclodes at
least one wire sclected from the group consisting of a superelastic wire, a polvmeric

wire, or a metal alloy,

17. The medical device of claim 16, where the metal alloy comprises an alloy
selected from the group conststing of stainless steel, titanium, platinum, gold,

midinm, tantaium, nitinol, and comhinations thereof,

18. The medical device of claim 1, further comprising at least one radiopaque

material located on the capturing portion.

19. The medical device of claim 1, wheve the individual wires in the group of

wires each comprise a bundle of smaller wires.

20. The medical device of claim 1, where the mdividual wive comprises a

super-elastic outer shell and an inner core of a radiopaque material,

21 The medical device of claim 20, where the inner core comprises a material

setected from a group consisting of platinum, widium, gold, and tantahum.

22. The medical device of claun 1, where the capturing portion is jointless.
23 The medical device of claim 1, where at least one of the wires from the

main bundle returns to the main bandle after forming at least a part of the captuning

pOTHon.

24, The medical device of claim 1, where cach of the wires from the main

undle returns to the main bundle after forming a part of the capturing portion.
bundle returns to the main bundle after forming a part of the capturing portion

46 -
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25 The medical device of claim |, where the main bundle is surrounded by a

coil or cotled wire.

26. A retrieval device for removing an ohstruction from a body haen, the
vetrieval device compuising:

at least one leading wire;

a retrieval body comprising a translating section adjacent to a capturing
section, the transtating section having an open proximal end and the capturing
section having a permeable distal end, where the leading wive extends to a portion of
the capturing section to permit articulation of the open proximal end relative to the
leading wire; and

where the translating section and capturing section are configured so that a

transiating section axial strength is greater than a capturing section axial strength,
wherein application of a tensile force on the leading wire causes axial compression
of the capturing surface without causing axial deformation of the translating sarface

when the retrieval body engages the obstruction.

27. The retrieval device of claim 26, where the retrieval body 1s formed such
that articulation of the retrieval body relative to the leading wire pecurs without

narrowing of the open proximal end during articulation,

28. The retrieval device of claim 26, where the capturing section is configared
to generate a spring force against the transtating section when a proximal force
applied by the leading wire compresses the capturing scction against the translating
section when encountering resistance from the obstruction, where the captuning
section 1s configured 1o have a sufficient axial stiffiness to divect the spring force and
proximal force to the open proximal end as the open proximal end engages the
obstruction, where the capturmg section 1s also sufliciently flexible © conform to a

shape of the body lumen.

29, The retrieval device of claim 26, where the capturing section is configured
so that when the open proximal end of the translating section engages resistance
equal to ar greater than a threshold force, proximal movement of the leading wire
mverts the capturing section within the translating section and reduces a size of the

capturing section.

Lin
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30. The retnieval device of claim 29, where the capturing section and traversing
section are configured to mvert upon continued proximal movement of the leading

wire such that the traversing section moves distally to the capturing section.

31 The retrieval device of claim 26, where the at least one leading wire i3
joined to at feast one proximal leading wire, where the proximal leading wire

greater than the leading wire and where the leading wire

o

comprises a stillness
extends for a pre-determined distance from the permeable distal end 1o allow

navigation of a distal portion of the retrieval device within the cevebral vasculatare,

St

2. The retrieval device of claim 31, where the pre-determined distance is at

feast 20 em.

33, The retrieval device of claim 26, where the lcading wire is surrounded by a

coii or cotled wive.

g

34, The retrieval device of claim 26, where the leading wire extends to the

permeable distal end.

38, The retrieval device of claim 26, where the capturing portion comprises a
structure selected from a group consisting of a laser cut tube, an etched tube, an

tnjection molded structure.

36. The retrieval device of claim 36, where the at least one leading wire 13

attached to the capturing portion via a joint or junction.

37 The retrieval device of claim 26, where the translating section has a low
coverage density relative to the capturing section, thereby lowering frictional

resistance of the first portion of the capturing surface when moving over the

obstruction,

38. The retrieval device of claim 37, where the at least one leading wire

comprises a super-clastic outer shell and an inner core of a radiopaque material.

39, The retrieval device of claim 38, where the inner core comprises a material
selected from a group consisting of platinum, indinm, gold, tantalum, alloys or

mixtures thereof

-
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40. The retnieval device of claim 3%, where leading wire s continuous with and

forms the capturing portion.

41 The retrieval device of claim 26, where the at least one leading wire
comprises a group of wires forming a wain bundle and where the group of wires
forms the capturing portion such that the group of wires diverges from a second end
of the main bundle to form the permeable distal end, the group of wires continue to

extend to form both the capturing surtiace and open end.

42, The retrieval device of claim 26, where the at least one leading wire
comprises a group of wires forming a main bundle and where the group of wires
forms, the capturing portion such that the group of wires diverges from a sccond end
of the main bundle to form the capturing surface, the group of wires continues to

extend to form both the permeable distal end and open proximal end.

43, The retrieval device of claim 26, where the at feast one leading wire
conmprises a group of wires forming 9 main bundle and where at least one individuat
wire has a cross-sectional shape selected from the group consisting of a circle, an

oval, a rectangular shape, a polygon, and a D-shape.

44, The retrieval device of claim 26, where the retrieval body 1s jointless,
45, The retricval deviee of claim 26, where at least a portion of the capturing

section comprises g structure selected from the group consisting of a basket, a filter,
a bag. a coil, a helical wire structure, 8 mesh, a single wound wire, a plurality of

crossing wires, and a combination thereof.

46, The retrioval device of claim 26, where the open proximal end of the
transtating section further comprises a plurality of flanges extending from the

capturing portion

47. The retrieval device of claim 26, where the retrieval body 1s self-

expandable and compresses to fit within a lomen of a catheter.

48, The retrieval device of claim 26, further comprising at least one radiopague

material located on the capturing section.

e 0.
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49, The retnieval device of claim 26, where the leading wire comprise a bundle

of smaller wires,

30, The retrieval device of claim 26, where the leading wire comprises a group

of wires that diverges towards the permeable distal end of the capturing section.

51 The retrieval device of claim 26, further comprising a proximal capturing
portion where the retrieval body is moveable relative to the proximal capturing
portion, where the proxiumal capturing portion comprises an open distal end and a
proximal end, where the leading wire extends through the open distal end of the
proximal capturing portion, and is moveable relative to the proximal capturing
portion such that a distance betweoen the distal open end of the proximal capturing

portion and the proximal open end of the retrieval body can be changed.

S2. The retrieval device of claim 51, where the proximal end of the proximal

capturing portion is permeable.

§3. The retnieval device of claim 31, where the proximal end of the proximal

capturing portion is non-permeable.

54, The retrieval device of elaim 51, further comprising a first plurahity of
Hlanges located on the proximal oper end of the distal capturing portion and a second
plurality of flanges located on the distal open end of the proximal capturing portion,

where the first and second plurghity of fanges can removably engage each other.

SS. The retrieval device of claim $1, where the proximal capturing portion and

retrieval body are rotatable relative to cach other.

S6. The retrieval device of claim 51, where the proximal end of the proximal
capturing portion is comnected about the leading wive such that the leading wire 1s

moveable therethrough,

s

)

V7. The retrieval device of claim 51, further comprising a sheath extending
over the leading wire, where the proximal end of the proximal capturing portion is

attixed 1o the sheath,

1

1
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SR The retnieval device of claim 51, where the proximal capturmg portion
comprises a structure selected from a group cousisting of a laser cut tube, an etched

tube, an injection molded structure.

59. The retrieval device of claim 88, where the at least one leading wire i3

attached to the proximal capturing portion via a joint or junction

60, The retrieval device of claim 51, where the proximal capturing portion has

a coverage density that increases from the open distal end to the proximal end.

6l The retrieval device of claim $1, where the proximal capturing portion is
formed from a wire comprising super-clastic cuter shell and an inner core of a

radiopaque material.

62. The retrieval device of claim 61, where the mmner core comprises a material

setected from a group consisting of platinum, iridium, gold, and tantalum or

combination thereof,

63, The retrieval device of claim 51, where the proximal capturing portion is
Jointless.
64, The retrieval device of claim 51, where at least a portion of g surface of the

proximal capturing portion comprises a structure selected from the group consisting
of a basket, a filter, a bag, a coil, a helical wire structure, a mesh, a single wound

wire, a plurality of crossing wires, and a combination thereof.

65, A method of removing an obstruction from a blood vessel, the method
COTRPISIng:

advancing a catheter distal to the obstruction;

deploving a first capturing portion distal of the obstruction, where the first
capturing portion comprises a transiating surface and a capturing surface, the
transiating surface having an open proximal end and the capturing surface having a
permeable distal end, and at least one leading wire affixed to the capturing surface
and extending through the capturing portion and through the catheter, where the
wanstating surface and capturing surface are configured so that a translating surface

greater than that of a captaring surface axial strength;

o

axial strength is
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proximally moving the leading wire to compress the capturing surface
without compressing the translating surface sufficient 1o cause axial deformation of
the translating surface such that the translating surface gradually advances over the

ohstruction; and

removing the obstruction and first capturing portion from the blood vessel.

66, The method of claim 65, where pulling on the leading wire causes the
capturing surface 1o apply a spring force against the translating surface such that the

open proximal end advances along the ohstruction.

67, The method of claim 65, where applying a threshold force on the leading
wire while the open proximal end engages the obstruction causes the capturing

surface to wvert within the capturing portion.

68, The methad of claim 67, where applying the threshold force comprises
continging to apply the threshold force to withdraw the capturing surface imto the

catheter distal end.

69, The method of ¢laim 67, where applying the threshold force comprises
continuing to apply the threshold force to invert the capturing portion such that the

capturing surface is proximal to the translating surface.

70. The method of claim 65, where pulling on the feading wire 1o apply the

foree to the capturing swetace comprises applying the force to the pormeable distal

end.
71. The method of claim 65, where pulling on the leading wire to apply the

force to the capturing surface comprises applying the force 1o the captare surface.

72, The method of claim 65, further comprising & second capturing portion
having an open distal end and a proximal end attached axially moveable relative to
the first capturing portion, such that moving the first capturing portion over the
ohstruction causes the open proximal end of the first capturing portion to move
towards the open distal end of the second capturing portion to surround the

abstruction.

1
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73, The method of claim 72, where the proximal end of the second capturing

portion is non-permeable and temporarily occludes or interrupts flow,

74. The method of claim 72, where the proximal end of the second capturing

portion 15 permeable and permits flow during removal of the obstruction.

73, The method of claim 72, Turther comprising continuing to move the first
capturing portion towards the second capturing portion such that the open proximal

end and the open distal end can removably engage each other.

7. The method of claim 72, further comprising compressing the second

capturing portion about the obstruction to further secure the obstruction.

77 A reentry device for withdrawing an object into a distal end of a sheath, the
reentry device comprising:

a clongate member having a distal portion and a hunen extending
therethrough; and

a plurality of first tines arranged cireumfercntially at the distal portion, the
plarality of first tines cach having a distal end forming a first discontinuous funnel
where the distal end of each first tine is spaced from the distal end of an adjacent
first tine, wherein the first discontinuous fuunnel is collapsible upon withdrawal into

the distal end of the sheath..

78. The reentry device of claim 77, further compnising:

a second funnel spaced proximal to the fipst funnel, where the second
funuel is collapsible upon withdrawal into the distal end of the sheath; and

wherein a distal perimeter of the first discontinuous funnel shape is distal to

a distal perimeter of the second funnel.

79. The reentry device of claim 78, where the second funnel comprises a
plurality of second tines arranged circumierentially at the distal portion, the plarality
of second tines cach having a distal end forming a second discontinuous fimnel
shape where the distal end of each second tine 15 spaced from the distal end of an

adjacent second tine,

1
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R0 The reentry device of claim 79, further comprising at least one protrusion

on an inner surface of at legst the first or second tine,

81 The reentry device of claint 78, where the second funnel comprises g

continuous funnel.

82, The reentry device of clatm 77, further comprising a second funnel, where

the second funnel comprises a flexible laver.

83, The reentry device of claim 82, where the flexible layer comprises a mesh
braid.

34, The reentry device of claim 83, where the mesh braid comprises a Nitinol
braid.

83, The reentry device of claim 77, where the second funnel comprises a

tapered split tube.

86. A reentry device for withdrawing an object imto a distal end of a sheath, the
reentry device comprising:

an elongate member having a distal portion gnd a lumen extending
therethrough, the elongate member sized to slidably fit within the sheath

a first slotted funnel comprising a plurality of first tines each having free
ends discontinuous with free ends of adjacent first tines, where the first slotted
funnet is collapsible upon withdrawal into the distal end of the sheath; and

a second funnel located proximal to the free ends of the first tines,

87. The reentry device of claim 86, where the second funnel comprises a
second slotted funoel comprising a plurality of second tines each baving free ends
discontinuous with free ends of adjacent second tines, where the first slotted funnel

15 collapsible upon withdrawal into the distal end of the sheath.

88, The reentry device of claim 87, where the free ends of the second tines are
Jocated proximally to the free ends of the first tines relative to the elongate member

and where the first and second tines are rotationally offset.
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89, The reentry device of claim 86, where the second funnel comprises a
second continous funnel, where the second continuous funnel 1s collapsible upon

withdrawal into the distal end of the sheath.

B}, The reentry device of claim 86, where the second funnel comprises a

tapered split wbe.

a1. The reentry device of claim B6, where the second funnel comprises a

flexible fayer.

92. The reentry device of claim 91 where the flexible laver comprises a mesh
braid.
93, The reentry device of claim 92, where the mesh braid comprises a Nitinol
braid.
84, A retrieval system for withdrawing an object into a distal end of a sheath,

the retrieval system comprising:

an clongate member having a distal portion and a humen exiending
therethrough;  a Hexible layver having a portion affixed to the clongate member,
where a first end of the flexible laver is configured to form a funnel at the distal
pottion of the elongate member;

a retricval deviee advanceable through the elongate member for engaging
the object, where proximal movement of the retrieval device into the Hexable causes
the flexible layer to engage the retrieval dovice to assist the retueval device seouring

the object to the sheath.

93, The retrioval systeny of claim 94, where the elongate member comprises a
first shalt and a second shaft, where the first and shaft are m telescoping
engagement, where a first end of the flexible laver is affixed to the first shaft and a
second end of the flexible member 1s atfixed to the second shaft, where moving the
first and second shaft to decrease a distance between ends of the flexible member
causes the Hexible matertal to form g tunnel when the Hexible layer further inverts

gate shaft.
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96, The retrieval system of claim 94, where the flexible layer is affixed to the

elongate member at a single location,

97. The retrieval system of claim 96, where the flexable member s aftixed to
the elongate member at a distal location, and where the flexible member has a pre-
determined funnel shape such that when unrestrained the flexible member forms the

funnel shape about the distal end of the clongate member,

98, The retrieval system of clain 96, where the flexible member 13 affixed to
the clongate member at a proximal location, and where the flexible member extends

beyond the distal end of the elongate member.

99, The retrieval systent of claim 98, where proximal movement of the retrieval
device engages he flexible member causing the flexible member to form a funnel
shape.

100, The retrieval system of claim 98, where the flexible member has a pre-

determined funnel shape such that the flexible member assumes a funnel shape when

un-restrained.

101, The retrieval systemy of claim 94, where the flexible layver comprises 8 mesh
braid.
102, The retrieval system of claim 101, where the mesh braid comprises a

Nitinol braid.

103, The retrieval system of claim 94, where the fexdble layer comprises a

flexible tayer of matenal.

14, The retrieval system of claim 94, further comprising:

a retrieval sheath extending through the second elongate member having a
proximal capture portion affixed to a distal end;

at least one leading wive extending through the retrieval sheath, where a
distal section of the leading wire comprises a distal stiffness and where a proximal
section of the leading wire comprises a proximal stiffness, where the proximal

stiffhess is greater than the distal stiffness; and

S 56 -
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a distal capturing portion at the distal end of the leading wire, the distal

capturing portion being axially moveable relative to the proximal capture portion,

105, The retrieval system of claim 104, where the distal section of the leading
wire extends proximally for a pre-determined distance from the distal capturing
portion to allow navigation of 4 distal section of the leading wire within the cerebral

vasculature.

106, The retrieval system of claim 103, where the pre-determined distance 1s at

least 20 em.

107. A system for removing & object within a body, the system device
comprising:

a sheath having a sheath distal end and a sheath lumen extending
therethrough;  a reentry device shdably located in the sheath lumen and being
advanceable out of the sheath distal end. the reentry device comprising an elongate
member having a first slotted funnel and g second slotted funnel, the elongate
member having a distal portion and a lumen oxtending therethrough and being sized
to slidably fit within the sheath,

the first sfotted funnel and the second slotted funnel each respectively
comprising a plurality of first and second tines, each of the tines having a free end
discontinuous with the free ends of an adjacent tines, where a distal end of the
second slotted funnel is proximal to a distal end of the first slotted funuel and where
the first and second tines are rotationally offset such that upon withdrawal into the

sheath, the second tines cover a portion off a space between adjacent first tines.

108. The system of claun 107, further comprising a capturing section slidably

advanceable through the clongate member.

109, A retrieval system for use with a catheter, the system comprising:

a retrieval sheath;

a proximal capture portion affixed to a distal end of the retrieval sheath;

at least one leading wire extending through the retrieval sheath, where a
distal section of the leading wire comprises a distal stiffness and where a proximal
section of the leading wire comprises a proximal stiffhess, where the proximal

stiffoess is greater than the distal stiffness; and

I B
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a distal capturing portion at the distal end of the leading wire, the distal

capturing portion being axially moveable relative to the proximal capture portion.

10 The retrieval system of claim 109, an insertion tool slidahly focated over
the retrieval sheath, the insertion tool comprising a gripping region affixed to a rigid
section, where compression of the gripping portion creates a frictional fit between
the fnsertion tool sach that when the msertion tool 1s coupled to the retrieval sheath,
compression of the gripping portion and axial movenent of the insertion tool

advances the retrioval sheath within the catheter,

i1l The retrieval svstem of claim 109, where distal section of the leading wire
is joined to the proximal section of the leading wire at a bond region, where the bongd
region 1§ located a pre-determined distance from distal capture portion to allow

navigation of a distal section of the systern within the cerebral vasculature.

2. The retrieval system of claim 111, where the pre-determined distance Is at

least 20 o

113 The retrieval system of claim 109, farther comprising a funnel slidably
located on the sheath, where movement of the proximal capture portion and distal
capture portion within the funnel canses the proximal and distal capture portions to

COMPress,

114, The retrieval system of claim 109, where the nsertion tool comprises a
loading tube such that the proximal capture portion and distal capture portion can

compress within the loading tube.
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