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DEVICES AND METHOBS FOR ASSISTING
MEDICAL TREATMENTS

BESCRIFTION

PRIORITY
[001]  This application claims the benefit of priority from U.S. Provisional
Application No. 61/733,755 filed December §, 2012, the disclosure of which is herein

incorporated by reference in ifs entirety.

BACKGROUND

10021  Ananeurysm is an abnormal local dilatation in the wall of a blood vessel,
usually an artery, due 1o a defect, disease, or injury. One type of aneurysm is an intracranial
aneurysm {(IA). 1As have a risk of rupturing, which can result in a subarachnoid hemorrhage,
a serious medical condition, often leading to severe neurological deficit or death.

[003] A treatment goal of JAs is the prevention of rupture. Treatment methods can
include two intervention options: clipping of the aneurysm neck and endovascular methods
such as coiling and flow diversion, Traditionally, surgical clipping has been the treatment
modality of choice for both ruptured and un-ruptured 1As; however, since the introduction of
controlled detachable coils (GDC) for packing of aneurysms, endovascular aneurysm therapy
has become an acceptable alternative to conventional neurosurgical treatment.

{004}  The technique of standard coil embolization can be limited by the shape of
some of these aneurysms. For example, wide-necked aneurysms can be difficult {0 treat
because of their unfavorable geometry, which can reduce the possibility of achieving dense
packing and elimination of the aneurysm from circulation. One risk is the possibility of ceil
herniation through the broad neck into the parent vessel. This can cause thromboernbolic
gvents, which can be the most frequent and serious complications associated with
endovascular treatment of intracranial aneurysms.

[003] Various adjunctive technigues have been developed for the treatment of
large, wide-neck and other complicated ancurysms, One technique is balloon-assisted
freatment, in which a balloon is temporarily inflated across the aneurysm neck during coil
insertion. In recent years, stents for intracranial use have become available, first as balloon-

mounted stents and later as self-expandable stents with an open-cell or closed-cell design.
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SUMMARY

{006]  Inan aspect, a treatment device consistent with this disclosure can include a
shafl, including a distal end, and an expandable member—including a proximal end and a
distal end. The treatment device can also include a first elongated control muember and a
second elongated controf member. In an aspect, the proximal end of the expandable member
can be coupled to the distal end of the shaft, Moreover, the expandable member can further
include at least a first controllable portion and a second controllable portion, where the
expandable member, including the first controllable portion and the second conirollable
portion, is configured to transition between at least a partially retracted configuration and an
expanded configuration under control of at least the first elongated controf member. Further
still, the first controilable portion can be configured to transition between at least a partially
retracied configuration and an expanded configuration, while the second controliable portion
is configured to remain substantially unchanged, under conirol of at least the second
elongated control member,

(007} In a further aspect consistent with this disclosure, a method of treatment can
include deploying a treatment device into a blood vessel, transitioning an expandable member
from at least a partially retracted configuration to an expanded configuration by exerting a
force on a first elongated control member in a fivst divection, and transitioning a first
controllable portion of the expandable member from at least an expanded configuration o a
partially retracted configuration, while keeping a second controllable portion substantially
unchanged by exerting a force on a second elongated control member in a second direction.
In an aspect, the treatment device can include a shaft having a distal end and an expandable
member, where the expandable member can be coupled to the distal end of the shaft, Further,
in an aspect, the expandable member can include the first controllable portion and the second
controliable portion. Further still, the first divection and the second direction can be selected

from a group of directions including: a proximal divection and a distal direction.

0081  FIG. 1 is a perspective view of an embodiment of a device consistent with

the disclosure exhibiting a substantially uniform shape;

=3



WO 2014/087245 PCT/IB2013/003161

(0091 FIG. 2 is a perspective view of further embodiment consistent with the
disclosure exhibiting a substantially uniform shape;

{010]  FIG. 3 is a perspective view depicting an asymimetrical shape of an
expandable member consistent with the disclosure;

10111 FIG. 4 is a perspective view of an embodiment of a device consistent with
the disclosure exhibiting a substantially uniform girth and wire density;

[012]  FIG. 5 is a perspective view of an embodiment of a device consistent with
the disclosure exhibiting a variable givth and wire density;

(013} FIG. 6 is a perspective view of an embodiment consistent with the disclosure
exhibiting an asymmetric distal end to facilitate improved clot penetration;

[014]  FIG. 7 is a perspective view of an embodiment consistent with the disclosure
exhibiting elongated control members woven or otherwise incorporated into the expandable
member;

[015] FIG. BA is a perspective view of a connector consistent with the present
disclosure;

0161  FIG. 8B is a perspective view depicting a minimum diameter of a collapsed
expandable member as a function of wire diameter;

[017]  FIG. 8C is & perspective view depicting a minimum diameter of a collapsed
expandable member as a function of wire diameter where the wires are ordered near a
connection point;

[018]  FIG. 8D is a perspeciive view of a coiled wire arrangement at a connection
point;

{0197 FIG. ¢ depicts an embodiment consistent with the disclosure utilizing eight
filaments, where the filaments are paraliel to a shaft axis in the region of the shaft;

10207 TIGS. 10A-B depict perspective views of the embodiment of FIG. 9 along
selected planes;

0211 FIG. 10C depicts a detail of the embodiment of FIG. © near a proximal end
of the expandable member;

[0221  FIG. 11 depicts an embodiment consistent with the disclosure utilizing
twelve filaments, where the filaments are coiled around a shafl axis in the region of the shaty;

[023]  FIG. 12 depicts a further embodiment consistent with the disclosure utilizing

twelve filaments, where the filaments are coiled around a shaft axis in the region of the shafy;
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[024] FIG. 13 is a diagram indicating an arrangement of filaments consistent with
the disclosure in a region transitioning from a shaft region to a proximal end of an expandable
member without an endpiece;

(0251 FIG. 14 is a diagram indicating an arrangement of filaments consistent with
the disclosure in a region transitioning from a shaft region to a proximal end of the
expandable member with an endpiece;

{0261 FIG. 15 is a diagram indicating another arrangement of filaments consistent
with the disclosure in a region transitioning from a shaft region to a proximal end of the
expandable member with an endpiece;

10271 FIG. 16A-D depicts filament arrangements for 6-filarment and 12-flament
devices along selected planes;

10281 FIG. 17 is a perspective view of a device for treatment with a shaft including
a hollow torque cable tube in a wound and enwound state;

(0291 FIG. 18 depicts blood vessels leading to the brain, depicting variable
tortuosity and vessel diameters.

{0301 FIG. 19 is a perspective view of a further embodiment consistent with the
disclosure;

{0311 FIG. 20 is a perspective view of a further embodiment consistent with the
disclosure:

{032]  FIG. 21 is a perspective view of another embodiment consistent with the
disclosure, including an expandable member exhibiting at least two substantially uniform
shapes between its proximal end and its distal end;

10331 FIG. 22 is a perspective view of the device of FIG. 21 in a bifurcated vessel;

{0341 FIG. 23 depicis a further asymmetrical pear-shaped expandable member
optimized to comply to bifurcated vascular regions;

{0357 FIG. 24 is a perspective view of an embodiment consistent with the
disclosure configured to divert blood flow away from an aneurysm;

{0367  FIG. 25 is a perspective view of a further embodiment consistent with the
disclosure configured to divert blood flow away from an aneurysm;

[0371  FIGS. 26A-C are perspective views illustrating aspects of a method of
deploying a device consistent with the disclosure;

{0381  FIG. 27 is a perspeciive view depicting an embodiment consistent with the

disclosure assisting intracranial aneurysim repair with cotls;
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[0391  FIG. 28 is g perspective view depicting an embodiment consistent with the
disclosure assisting a thrombectomy; and

(3401 FIGS. 29A-D are perspective views of an embodiment consistent with the
disclosure assisting a thrombectomy,

DESCRIPTION OF EXEMPLARY EMBODIMENTS

{0411 Embodiments of the present disclosure provide devices and methods for
assisting medical treatments (for example, and without limitation, assisting endovascular
treatment of ancurysm and biliary tract treatment). In addition, embodiments of the described
devices can also be used as a temporary scaffold for vessel protection during surgery, to
remove ¢lots from blood vessels and cross occluded sections of vessels. Further
embodiments of described devices can also be used to treat vessel vasospasim and to expand
other endovascular devices.

10421 A device 100 consistent with the present disclosure is depicted in FIG. 1.
The device 100 can include an expandable member 116 that can be mounted on or otherwise
coupled to a shaft 3. As used herein, an expandable member can be any known mechanically
expandable device, and can include a mesh, a balloon, or any other mechanical structure.
Moreover, the expandable member can be made of any material that allows for expansion and
contraction and can be any structure capable of selective and variable expansion, contraction
and density in response to applied forces. For example, when a foree is exerted on a portion
of the expandable member 110 in one direction {such as a force on a distal endpiece 112-2
connected to the expandable member 110), the expandable member 110 can be configured to
expand. As depicted in FIGS. 1 and 2, the expandable member 110 can be configured to
exhibit a substantially uniform shape when it expands,

{04317  Alternatively, as depicted in FIG, 3, an expandable member 310 (as part of a
device 300) can also be configured to exhibit a substantially asymmetrical shape when it
expands. Consistent with the disclosure, an asymmetrical shape can improve an
embodiment’s ability to comply with the anatomy of a blood vessel,

[044] When a force Is exerted on the portion of the expandable member in another
direction {e.g., a force on a distal connection point 112 of the expandable wember 110 ina
direction opposite the direction configured to cause expansion of expandable mermbers), the
expandable member can be configured {o contract. Acecording to another embodiment of the
device, the expandable member can be configured to achieve higher filament density within

portions of the expandable member in the device. In the embodiment shown in FIG. 1, for
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example, the expandable member 110 can include a filament mesh 102, where the filament
material in the mesh can be wire.

{0451  In the embodiment shown in FIG. 1, the distal endpiece 112-2 of the
expandable member 118 can be connected to a distal end 1 of an elongated control member 4
which can extend from a proximal end of a shafi 3. As used herein the term “connected”
means linking, bringing, and/or joining together by any type of mechanical connection.

[046]  According to another aspect, for example as illustrated in FIG. 4, device 400
can have an expandable member 406 where a distal end 405 of the expandable member 406
can be an open end, That is, the distal end 405 of the expandable member 406 can include an
opening {exhibiting a substantially unobsiructed channel within the expandable merber 406
at the distal end 406), where the opening has a circomference value that is substantiaily equal
to & girth of the expandable member 406 in an expanded configuration. The device 400 in
FIG. 4 can be comprised of a collapsible, fully retrievable, controllable fine wire construction
(i.e., expandable member 405} that is mounted on, is an extension of, or that is otherwise
coupled to a shaft 407, The girth and the filament density of the device 400 can be
controllably varied. One or more elongated conirol members 408 (e.g. two control filaments,
three control filaments, four control filaments, etc.} can extend from the device 400 1o a
proxinal end of the shaft 407, In the example ilustrated in FIG. 4, the elongated control
members 408 include three control filaments, each connected to, interwoven with, looped
and/or knotted around a portion of the expandable member 406 in a different connection
point focation 402°, 402 and 4027, The distal end 405 of the device 400 can be designed
to be atraumatic to the blood vessel. According to some embodiments, the device can also
include ex-vivo elements such gs insertion tool, torquer and luer. According to some
embodiments the one or more control filaments can be wire and/or can be made from
polymers, such as polyurethane, silicone etc. As used herein, a “substantially unobstructed”
channel can inchude a open chanpel that accommodates control filaments that are interwoven
with, looped, knotted, and/or otherwise connected to connection point focations on the
expandable member as described hereln—including an distal open channel of an expandable
menber that accommodates control filament(s) that are interwoven with, looped, knotted,
and/or otherwise connected to the expandable member at the periphery of the distal open
channel.

[0477  In some embodiments the distal end {for example, and without limitation, the
distal end 1 in FIG. 1 and the distal end 405 in FIG. 4) can be designed to be atraumatic to a
blood vessel. For example, as illustrated in FIG. 1, the distal end 1 can be connected to an

6
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elongated, radio-opaque soft wire (such as goide wire tip). In another embodiment,
llustrated in FIG. 4, the distal end 405 can be consiructed of filaments {such as wires) that
are looped back in an atraumatic fashion, For example, and without limitation, the filaments
can be configured to include closed filaments loops at the distal end 405, Moreover, in an
expanded configuration the loops of filaments at the distal end of the expandable member can
be arranged in non-round and asymmetrical forms (e.z. as illusirated in device 600 of FIG. 6}
These configurations can ease the advancement of a device in the vessel and/or can facilitate
penetration to a thrombus or a blocked vessel. In another embodiment, a distal endpiece can
reside inside the expandable member of the device, thereby eliminating the need for the
slongated control member 4 to extend completely through the expandable member. In such
an embodiment, a distal end of the device can resemble the branch connection point of an
apple. The one or more efongated control members can be any elongated structures capable
of exerting a force on an endpiece 112-2 (and/or, as sppropriate, connection point locations
4027, 4027, and 402°°°) of the expandable member. According to some embodiments, the
elongated control members can be connected to a portion of the expandable member of the
device, and can maintain the connection to the portion while undergoing pushing and pulling
forces. Alternatively, the one or more elongated control members can be interwoven with,
knotted and/or looped around a portion of the expandable member of the device {e.g. as
fllustrated, without limitation, in device 700 of FIG. 7). In addition, the one or more
glongated control members can be filaments (such as wires) that are part of the expandable
member at the distal end but that untie or are otherwise unwoven from the expandable
member at the connection point locations and extend to the proximal part of the shaft,
According to some embodiments, the elongated control members can terminate (or otherwise
be connected to connection points) throughout the device {e.g. at proximal and/or middle
portions of the expandable member) and/or at distal portions (Including a distal connection
point} of the expandable member. Alternatively, the elongated control members can extend
bevond the distal endpiece 112-2.

[048]  The one or more elongated control members can be wholly or partially
flexible, hollow and/or solid. Accordingly, the elongated control members can include, but
are not limited to, any filament, such as a shaft, a wire, or a rod. In an embodiment consistent
with the disclosure, and as depicted for example in FIGS. 1 and 4, the elongated control
members can be in the form of a wire,

{049]  Each elongated countrol member can be configured to apply force in concest
with other control member or members and/or 1o apply force independently. In addition to

7
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the elongated control members, the treatment device can also include ex-vivo elements such
as an insertion tool, a torquer, a luer, and one or more control handles.

[030]  Asdepicted in the figures, the elongated control merubers can be configured
to reside within the shaft, For example, in FIG. 1 a proximal endpiece 112-1 connected to the
expandable member 110 can be connected to or otherwise coupled to a distal end of the shall
3. In addition, the one or more elongated control members 4 can be connected to different
connection point locations (such as connection point locations 4027, 402”7, and 402 in FIG,
4} along the expandable member, and can extend through the center of the expandable
member 110 and proximally inside the shaft 3. A further device—device 200 consistent with
the present disclosure—is depicted in FIG. 2. The device 200 can include an expandable
member 110 that can be mounted on or otherwise coupled to a shaft 3 as described above in
connection with FIG. 1. As is also consistent with the current disclosure, the one or more
elongated control members 4 in device 200 can be configured to be parallel to the shaft 3
rather than within shaft 3. That is, in device 200, the one or more elongated control members
4 can extend outside of the shaft 3 in a direction that is parallel to the longitudinal axis of the
shaft 3.

[051]  While the preceding discussion referred primarily to the embodiments
depicted in FIG. 1 and FIG. 2, it is understood that it also can apply to other ernbodiments,
such as {(without Hmitation) devices 300, 400, 500, 600, and 700 of FIGS. 3-7, as well as any
other device described herein.

[052] The one or more elongated control members can be configured to control the
expansion of the treatment device at the target vessel. According to some embodiments the
elongated control members can be controlled separately; alternatively the elongated control
members can be controlled in concert. When one or more of the elongated control members
undergo a pulling force in a proximal direction refative to the shaft, a dlameter of the
expandable member can be enlarged to exhibit a substantially uniform shape (or an
asymmetrical shape) between the proximal end and the distal end of the expandable member.
This can facilitate vessel compliance and adherence 1o the vessel wall. When the elongated
control members undergo a pushing force, an outer dismeter of the expandable member can
be diminished, and the expandable member can be readily delivered to a treatment site or
retrieved from treatment site. This conirol of the diameter of the expandable member at
treatment sites can allow an operator of the device 100 {or any other devices illustrated in the
figures) to perform gentle reposition rmaneuvers and/or can allow an operator {o dislodge a

coil ending if engaged in one of the cells,
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053]  FIG. 5 illustrates another embodiment of a device 500, where the elongated
control members 508 can be configured to control the givth of a controllable portion 304 of
the expandable mermber at the target vessel and/or to control the filament density (suchasa
wire density) of a controllable portion 504 of the expandable member. Consistent with this
embodiment, control filaments associated with an elongated control member 508 can be
interwoven, looped, and/or knotted with the filaments associated with the expandable
member. According to an aspect of an embodiment, ilustrated as device 500 in FIG. §, it a
control filament of an elongated control member SO8 undergoes a pulling force in a proximal
direction relative to the shaft 507, a girth of a controllable portion 5303 (or a controilable
portion 5(4) of the expandable member can be enlarged {or diminished) so as to exhibita
variable girth. This type of control can be used to facilitate vessel compliance and adherence
to a vessel wall. As ilfustrated in FIG. 8, controllable portion 503 of the expandable member
(i.e., the controllable portion of the expandable member from an open end exhibiting a
substantially unobstructed channel to the region where a control filament associated with
glongated control member 308 is looped into the expandable member, such as at connection
point location 502° or connection point Jocation 50277} can be characterized by a girth and a
filament density. Moreover, a controllable portion 504 of the expandable member (i.e., the
controtlable portion of the expandable member from the region where elongated control
member 502 is looped into the expandable member to the distal end of shafl 507) can be
characterized with a different girth and different filament density due to a pulling force on the
respective control filament associated with elongated control member 508, When a control
filament associated with the elongated control member 508 undergoes a pushing force (ie,, a
force in the direction of the open end of the expandable member}, a girth of a controliable
portion 503 of the expandable member (i.c., the controllable portion of the expandable
member from the region where the contro! filament associated with elongated control
member SO8 is looped into the expandable member such as connection point location 5027 or
connection point location 5027 to the open end of the expandable member) can be variably
diminished. In some embodiments it is not necessary to apply a pushing force to the
elongated control members, only to release the pulling force, For example, the expandable
member can be pre-biased to contract {or to expand), or otherwise configured to self-contract
{or self-expand), in the absence of a pulling force, In other embodiments consistent with this
disclosure, additional control filament(s) can be connected to, interwoven with, looped,
knotted around, and/or otherwise connected other regions of the expandable member for
additional control. For example, an additional elongated control member can be connected

9
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{or interwoven as discussed above, or as depicted in FIGS, 6 and 7) to distal, open end of
device 500 so as {o provide control to the expandable member as a whole—and/or to provide
separate control of the controllable portion 503 of the expandable member. Further still, and
without limitation, a further elongated control member can be connected to a region of
controllable portion 504 that is between connection point location $02° {and/or connection
point location 527"} and shaft 507, so as to enable an additional controllable portion within
controllable portion 50, where the additional coutroliable portion is proximal to shaft 507,

[0S4]  As aforementioned, the elongated control members can be also configured o
control other properties of at least one controllable portion of the expandable member, For
example, the elongated control ruembers can be configured to control the filament density
(such as the wire density) of the treatment device at the target vessel. If one or more of the
elongated control members undergo a pulling force in a proximal direction refative to the
shaft, the filament density of the expandable member can be made higher (e.g., controllable
portion 504, in FIG. §3. Because more than one control filament can be used, the expandable
member can achieve variable filament densities. The use of variable filarnent densities can
assist in blocking blood flow to an adjacent aneurysm, and can assist in vessel compliane
and adherence to the vessel wall, For example, when an elongated control member 508
andergoes a pushing force, a filament density of the controllable portion 504 ot the
expandable member can be diminished, and the expandable member can be readily delivered
to a treatment site or retrieved from treatment site. Controlling the diameter of the
expandable member at treatment sites can allow an operator of the device to perform gentle
reposition maneuvers and/or can allow an operator to dislodge a coil ending fengaged in one
of the cells.

[055]  The elongated control members can be also configured to turn the device
(e.g., device 400 illusirated in FIG. 4) at the target vessel. If a control filament associated
with an elongated control member undergoes a pulling force in a proximal divection relative
to the shafl, while another control filament associated with the elongated conirol members is
not pulled, or is pulled using a weaker force, then the expandable member can bend. This can
be used to steer the device if it is advanced distally. Moreover, if one of the control filaments
associated with an elongated contro! member undergoes a pushing force in a distal direction
relative to the shaft, while another of the contro! filaments associated with the elongated
control members is not pushed, or is pushed using 8 weaker force, then the expandable

member can also bend.
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{0561 In FIG. 8A an endpiece 812 consistent with the disclosure is depicted.
Apertures 811, which can accommodate the filaments that make up the mesh of the
expandable member (not shown) are shown in a cylindrical arrangement.

10571  When the device according to any of the embodiments is used in the human
neurovasculature, it can be flexible and have a small form factor. In general, nsurovascular
devices can be configured to be delivered through supple microcatheters which have a small
internal diameter of about 0.5mm. As a resull, an exemplary device of the present disclosure
can be configured to have a minimal outer digmeter when collapsed during delivery.

16581  For example, the expandable member according to any of the embodiments
can be configured to have a minimum profile. Consistent with the disclosure, there can be
filament crossings at an intermediate region of the filament mesh of the expandable member.
That is, in an embodiment consistent with the disclosure, the diameters of {our filaments can
be considered in determining a minimum outer diameter of the expandable member when the
device is sheathed. More specifically, in an embodiment depicted in FIG. 8B, a first crossing
point 808-1 of two filaments of a filament {such as filament mesh 102 in FIG. 1} on one
portion of the expandable member cannot be smaller than the diameter of two filaments that
cross at the first crossing peint 808-1. In a minireum configuration, and due to the symmetry
of the expandable member, there can be a second crossing point 808-2 diametrically opposite
the first crossing point 808-1, and subject to the same minimal thickness. Accordingly, a
minimum thickness of the filament mesh of the expandable member when collapsed can be
expected to be determined by the thickness of four filament diameters (a configuration 815
depicted in FIG. 8B). This can oceur in an intermediate region of the expandable member
{i.e., the region between a proximal region of the expandable member near a proximal
endpiece and a distal region of the expandable member uear a distal endpiece).

[059] Nonetheless near a proximal endpiece, (and in some embodiments a distal
endpiece), the filaments that make up the fllament mesh can be ordered one on the side of the
other such that a minimal cuter diameter of the expandable member is determined by only
two filaments (rather than four). This ordered arrangement, when the filament mesh is
collapsed, is depicied in FIG. 8C—which depicts a similar first crossing point 818-1 and a
simifar second crossing point 818-2, As a result of the configuration 817 depicted in FIG,
8C, the total diameter of the filament mesh, when collapsed, can be minimal.

[060]  Alernatively, the filaments that make up the filament mesh can be coled at
the proximal and/or distal ends of the expandable member, as in configuration 819 depicted
in FIG. 8D, to achieve a similar effect. When the filaments are cotled opposite a filament

11
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mesh region, an endpiece may not be necessary to transition a plurality of filaments from a
shaft region of a device to a proximal region of the expandable member.

[061]  Inan embodiment consistent with the disclosure a filament arrangement 900,
as depicted in FIG. 9, can be utilized. The embodiment disclosed in FIG. & depicts eight
filaments transitioning from a shafl region 903 1o a filament mesh 902, In the shaft region
9013, the eight filaments are depicted as oriented paraliel {0 a shaft axis.

[062]  FIG. 10A depicts a view along a cross section of the filament arrangement
800, and depicts eight filaments forroing a filament mesh %02 from a minimal diameter. FIG.
10B depicts a view parallel to the view of FIG. 104, but closer to the transition region from
the shaft region 903, FIG. 10C depicts further detail of eight filaments frapsitioning from a
shaft region 903 to a filament mesh 902, In the depicted embodiments of FIGS. 9 and 10A-
C, there is no endpicce shown {such as the endpiece 812 of FIG. 8A). Among other things,
where the filaments that make up the filament mesh transition from an orientation that is
parallel to a shafl axis in a shaft region to a filament mesh, the use of an endpiece can
maintain the arrangement of filaments {0 ensure that a minimal cross section is presented near
the endpiece while still maintaining a hollow center region through which an elongated
control member may reside.

[063]  In another embodiment consistent with the disclosure, a fillament
arrangement 1100, as depleted in FIG. 11, can be wtilized. The embodiment disclosed in FIG.
11 depicts twelve filaments transitioning from a shaft region 1102-3 to a filament mesh 1102,
In the shaft region 1102-3, the 12 filaments are coiled about a shaft axis. For the embodiment
shown in FIG. 11, the use of an endpiece can be optional.

[(164]  In another embodiment consistent with the disclosure, a filament
arrangement 1200, as depicted in FIG. 12, can be utilized. The embodiment disclosed in FIG.
12 depicts twelve filaments transitioning from a cotled shaft region 1202-3 {o a braided
filament mesh 1202, To the coiled shaft region 1202-3, the twelve filaments can be coiled
about a shaft axis. Again, for the embodiment shown in FIG. 12, the use of an endpiece can
be optional,

[065] FIGS. 13-15 provide diagrams indicating arrangement of filaments consistent
with the disclosure in a region transitioning from a shaft region to a proximal end ot the
expandable member. For purposes of ¢larity only, the alternating filaments that make up the
filament mesh in FIGS. 13-15 are shown as either solid lines or dashed lines. The

arrangement depicted in FIG. 13 is similar to that depicted in FIGS. 11 and 12, and shows a
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iransition from a series of cotled filaments (In shaft region 1302-3) to a filament mesh 1302,
In FIG. 13, there is no endpiece depicted.

(06617 The arrangement depicted in FIG. 14 is similar to that depicted in FIG. 13,
and shows a transition from a series of coiled filaments (in shaft region 1402-3) to a {ilament
mesh 1402, In FIG. 14, there is depicted an endpiece 1412, which can be used to maintain the
coil in shaft region 1402-3 while the mesh in the filament mesh 1402 expands or contracts
under control of an elongated control member {vot shown).

(0671  The arrangement depicted in FIG. 15 is similar to that depicted in FIGS. 9
and 10A-C, and shows a transition from a series of parallel filaments (in shaft region 1502-3}
to a filament mesh 1502, In FIG. 15, there is also depicted an endpiece 1512, which can be
used to maintain the arrangement of the filaments in the shaft region 1502-3 while the mesh
in the filament mesh 1502 expands or contracts under control of an elongated control member
{(not shown}.

[(68]  FIGS. 13-15 also include lines indicating a plane “A” (which is in a shaft
region) and a plane “BY (which is in a filament roesh region). The plane “B” is selected to
pass through the filament mesh region at a point where filaments cross,

[069]  Consistent with the disclosure, FIGS. 16A-D depict exemplary “slices” along
plane “A” and plane “B” for a six-filament arrangement (FIGS. 16A and 16C) and fora
twelve-filament arrangement (FIGS. 168 and 16D},

(0701  FIGS. 16A and 168 depict an arrangement of filaments 1602 thatare ina
single-file continuurm about an axis. That is, as used herein, a single-file continuum of
filaments about an axis means filaments arranged such that the filament cross-sections He one
after another in a loop about the axis, without the filament cross-sections lying ina
substantially stacked configuration relative to the axis. Moreover, a “loop” means any simple
closed carve or a combination of lines and corves that connects to itself, such ag a circle,
oval, square, rectangle, triangle, ete. In contrast, FIGS. 168 and 16D depict an arrangement
of filaments 1602 that are not in a single-file continuum about av axis, but are ina
substantially stacked configuration near and at filament crossing points.

(0711  Moreover, although the endpiece 812 shown in FIG. 8A depicts apertures in
a one-to-one relationship with filaments, one of ordinary skill in the art would appreciate that
an endplece consistent with this disclosure can include one or more channels {each channel of
which can accommodate several filaments in a single-file continuum configuration) rather

than the configuration of apertures of endpiece 812,

i3



WO 2014/087245 PCT/IB2013/003161

{0721 Further still, as depicted in FIG. 17 {and similar to the embodiments of FIGS,
11-13}, a device consistent with this disclosure can be configured o provide a minimal
profile by including a hollow torque cable 1700, which can include a wound portion 1713 and
an unwound portion 1714, By way of example only, the shaft 3 of FIGS. 1 and 2 {and
corresponding shaft elements of FIGS. 3-7) can include the wound portion 1713 of'the
hollow torque cable 1700, and the expandable member can be configured from the filaments
{such as wires) of the hollow torque cable 1700 in the unwound portion 1714, Such a
configuration can exhibit an optimal profile because no additional connecting media (such as
endpiece 812 depicied in FIG. 8A) is required. In any of the embodiments discussed here,
however, {including without limitation ail of the embodiments depicted in FIGS, 9-17) a shaft
and an expandable meraber can also be welded or soldered together consistent with the
disclosure, and can achieve minimal profile. The shaft can be welded or soldered to the
expandable member with or without the use of an endpiece. Further still, a shaft and an
expandable member can be connected using a heated polymer or ghie to bond the filaments.
In this way, even if a rigid region is required along a portion of the shaft of the device as a
whole {as can preferably be required for control and/or an additional conmection region
between the torque cable and a portionof a shaft of the device as a whole) the rigid region
can be distant from a more flexible, distal region of the device and can be located in a larger
mare proximal vessel, For example, in the case of an intracranial ancurysm, a rigid region {as
may be useful as a control point and or establishing a connection between a torque cable and
a further shaft) can be located in the common carotid artery. Such a circumstance is depicted
in FIG. 18, which shows a carotid artery 1805, and which can accommodate a region of a
shaft with more rigidity than can the target location 1810, Accordingly, a rigid connection
region between the torque cable and a shaft can be located distant from target location
1810—which is where an expandable member {and a more flexible portion of the device as a
whole) is targeted to be positioned and manipulated.

[073]  Returning to FIG. 17, FIG. 17 depicts the fransition from the wound portion
1713 of the hollow torgue cable 1700 to the unwound portion 1714, According to some
embodiments the dimensions and construction of the filaments (or wires) can be also
determined by the dimensions of the neurovascular microcatheter described above. The
diameter of the some of the {ilaments described above can be between 50 um and 120 pm
{e.g. 75 um). The dimensions of the slongated control members can be smaller than 30 um

{e.g. 25 wm or 10um}.
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[074]  Further still, a device with the specified filament arrangements (as depicted
in FIGS. 9-17) on only the proximal or distal region of the expandable mewmber is also
consistent with this disclosure. By the way of example only, a device can have an expandable
member with an open distal end. The filaments of the expandable member can be connected
as described above to the shaft at the proximal end but can be looped back at the distal
without being closed or connected again, In yet another example, the filaments at the distal
end can be connected together without arranging them in the low protile arrangement
described herein.

{0757  The expandable member can be made of any suitable flexible material
known to those skilled in the art. Suitable expandable materials can include, but is not
limited to, polymers, metals, metal alloys, and combinations therefore. In an embodiment,
for example, the expandable member can be constructed from super elastic metals such as
Nitino! with minimal outer diameter. In order to visualize the expandable member with
angiographic imaging, the expandable member can further include a radio-opaque marker
and/or material, For example, in an embodiment, the expandable member can include a
plurality of Nitinol wires with a core made of Tantalum or Platinum metals. The radiopague
core can be 20% to 50% by volume { e.g. 30% or 40%). In an additional embodiment, the
wires of the expandable member can be made to be radiopaque by deposition of a thin layer
of radiopague metal such as Platinum.

10761 The device according to any of the embodiments in the figures for treating a
medical condition (e.g., an aneurysm or biliary tract) can further be configured to reduce the
risk of coil herniation into the parent vessel. For example, in an embodiment, the size of the
cells (7.e., the spaces within the filament mesh of the expandable member} which are aligned
to the vessel wall can be minimal. On the other hand, as illustrated in FIG. 19 in a device
1900, to allow continuous blood flow during operation, a proximal cell 7 and a distal cell 6
can be relatively large. Therefore the filament mesh 102 can be configured to exhibit
aligned to the vessel wall can be 3 to 12 crossings per centimeter while the density of
transition and conical area (the proximal and distal portion) can be 1 to 5 crossings per
centimeter. As described above, the elongated control members can control the mentioned
cell size and density of the expanded member. Using the elongated control members, a
variable cell size can be achieved. Consistent with & further embodiment, the filament mesh
102 can be configured to exhibit a relatively large concentration of filaments in the portion of
the device that is facing the aneurysm neck. In yel another embodiment the aneurysm facing

15



WO 2014/087245 PCT/IB2013/003161

portion (cylindrical) can be constructed of wound filaments. In one embodiment the spacing
between the windings of the wound wires can be controlied using the one or more control
filaments associated the elongated controlled mermbers. These control filaments can also be
pariially wound with the filaments of the expandable member (illustrated in FIG. 7).

10771  Consisient with yet another embodiment, and depicted in FIG. 1% s the
device 1900, a main body § of the cell structure of the expandable member 110 can be
covered completely or partially to achieve full blockage of the aneurysm neck. The covering
of the cell structure of the expandable member can be achieved by using a variety of medical
grade polymers, such as polyurethane, silicone etc. The covering of the cell structure of the
expandable member can also be achieved with organie tissue such as Pericardium. This
option can provide assistance in the case of a ruptured aneurysrn, because the physician can
block the ancurysm until it is embolized. While not depicted, a main body of the cell
structure of the expandable member 310 in FIG. 3 can also be covered completely or partially
to achieve full biockage of the aneurysm neck. In a further embodiment consistent with the
disclosure, a method to block a ruptured aneurysm can include providing a pulling force on
the one or more elongated control members 4 until the filament mesh 102 exhibits cells
sufficiently small so as to substantially prevent blood flow into the aneurysm. In addition,
the filaments of the filament mesh 102, the covering over the main bady 5, or both can be
configured to be drug eluting during the use of the device 1900, Moreover, the filaments of
the filament mesh 102 can be covered with materials which expand upon interaction with
liquids (for instance, hydrogels). Furthermore, the filament mesh 102 can be made of two or
more layers of braided filaments (such as two or more layers of braided wires).

(0781 FIG. 20 illustrates device 2000 that is similar in some ways to the device
disclosed in reference to FIG. 19 and has several control filaments associated with an
elongated control member. Each of the control filaments associated with the elongated
control member can be connected, looped, and/or knotted to the filament mesh 102, In FIG,
20 there are two conirol filaments shown for clarity; however more control filaments
associated with an elongated control member can be used consistent with this disclosure. The
control filaments associated with elongated control members can be connected to filament
mesh 102 at distinct connection point locations 20027 and 2002”” along the body of
expandable member. Consistent with the discussion above in connection with FIGS. 4 and §,
and without limitation, device 2000 can be configured to include controliable portions that

exhibit variable girth and filament density under control of the elongated control members.
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[0797  Ina further embodiment, a device consistent with this disclosure can be
configured to address the clinical needs of the aneurysm coiling procedure. Because
aneurysms usually occur at bifurcations and branches of arteries, the shape of the device can
be configured to achieve improved vessel compliance at these anatomies. For example, the
device 2100, depicted in FIG. 21, can be configured to exhibit at least two substartially
uniform shapes between the proximal end and the distal end of the expandable member in the
expanded configuration. In an embodiment consistent with the disclosure, there are at least
two substantially uniform shapes. Further still, the device 300, depicted in FIG. 3 can be
configured o exhibit at least two asymmetrical shapes between the proximal end and the
distal end of the expandable member 310, or at least an asymetrical shape with another
uniform shape. For example, a combination of shapes can include a pear-shape, which can be
used for treating endovascular aneurysms.

0801 In the embodiment depicted in FIG. 22, the pear-shaped configuration of the
device 2100 can be used to treat an aneurysm 2210 located at the tip of a basilar artery. In
use, the device 2100 can be deploved across the bifurcation extending from one bifurcated
vessel 2220 to the parent vessel 2200, Moreover, in alternative embodiments, a device for
treating endovascular aneurysms consistent with the current disclosure can include any
suitable variable outer diameter in order o achieve the same effect as shown with the pear-
shaped configuration. In addition, all or part of the features of the pear-shaped configuration
can be utilized with all or part of the features previously described above in connection with
any of the devices described herein. Moreover, in yet aliernative embodiments, & device for
treating endovascular aneurysms consistent with the current diselosure can be controlled via
the one or more elongated control members to achieve a varisble outer diameter in order to
achieve the same effect as shown with the pear-shaped configuration. By way of example
only, and without limitation, FIG. 23 depicts a pear-shaped expandable member 2300
deployed across the bifurcation depicted in FIG. 22,

[081] In a further embodiment consistent with the disclosure, any of the devices
described herein can include a detachment mechanism configured to enable the expandable
member to detach from the shaft and remain as a permanent support scaffold at the vessel,
The detachment mechanism can be useful in circumstances where a physician is concerned
about a prolonged embolization time jnside the ancurysm. In addition, the detachment
mechanism can serve as a safety feature in case coil herniation ocourred during the procedure
and cannot be resolved with the control filament (such as the one or more elongated control

members), The detachment mechanisr can be electrical, mechanical or chemical and can be
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configured to allow a physician {o first determine the final dimeunsions of the expandable
member (using a control filament or the one or more elongated control members) and then
detach the expandable member in its desired configuration. For example, in an embodiment
consistent with the disclosure, an eleciric fuse can be located at a detachment connection
point between the proximal end of the expandable member and the distal end of the shaft.
The electric fuse can be configured to connect the one or more elongated conirol members to
the expandable member, thereby attaching the expandable member to the shaft, and further
can be configured to detach the expandable member from the shaft.

{0821  Moreover, consistent with this disclosure and depicted in FIGS. 24 and 25, a
device 2400 (or the device 500} can be configured as a temporary blood flow diverter.
Diverting blood flow from an aneurysm sac 2410 into a parent vessel 2420 can be beneficial
during endovascular aneurysm treatment, because it can accelerate blood coagulation inside
the aneurysm. In an embodiment, diversion of blood flow can be accomplished by providing
puliing force at least one of the elongated conirol members in a manner than can decrease the
size of the cells in the expandable member proximal to the ancurysm sac 2410, According to
some embodiments the elongated control filaments can be manipulated to exhibit a greater
density around the aneurysm neck and to exhibit less density otherwise. As a resulf, the
device can block blood from flowing to the ancurysm and allow blood to continue flowing to
vessel branching or perforating from the parent vessels. An embodiment consistent with this
disclosure is illustrated in the FIG. 25, where controllable portion 503 is characterized by g
certain filament density, and controllable portion 504 can exhibit a different filament density
due to use of the control filaments associated with elongated control members. In addition,
the filaments of the expandable member can be coated to prevent local thrombosis and further
mitigate the use of anticoagulant drugs.

0831  Consistent with the current disclosure, a device 2600 can also be configured
to be deploved inside an ancurysm sac 2610, where the one or more control filaments can be
utilized to optimize opposition inside the sac. This is depicted in FIGS. 26A-C. For
example, in the same way that a detachable balloon can be deployed, the device 2600 can be
unsheathed at the aneurysm 2610, and then expanded until an aneurysm neck 2630 is
completely obstructed, and then the device 2600 can be detached {such as from a
microcatheter 2620}, This design does not requive anti-coaguiation therapy {on the contrary if
is dependent on coagulation to succeed) and one size of device 2600 can be configured to {it
many dimensions of the aneurysm 2610, allowing the physician to make any final adjustment
in-sity,
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[084] Embodiments of any of the devices described herein can be used during
various endovascular procedures. During these procedures, the user can control the usable
length of the expandable member, its cuter diameter, its cell size and its filament density,
Moreover, because more than one control filament can be used, a user can vary the above
characteristics in various portions of the expandable device. Further still, because the
expandable member can be delivered to a target vessel through a microcatheter (such as
microcatheter 2620 depicted in FIG. 26A and FIG. 6B), its practical length can be controlled
by partial unsheathing. The outer diameter and cell size can also be controlled via the one or
more elongated control members.

[085] Consistent with the disclosure herein, the device 2700 depicted in FI1G. 27
can also be configured to support intracranial aneurysm repair with coils, A device operator
can deliver two microcatheters 1o a target vessel, one microcatheter 2720 for delivering a coil
2730 (or coils) inside the aneurysm 2710 and the second microcatheter 2725 to deliver the
device 2700, The cotling microcatheter 2720 can be normally placed inside the aneurysm
2710 and the device 2700 can be delivered and expanded in parallel to the coiling
microcatheter 2720. This can cause the coiling microcatheter 2720 to be "jailed” inside the
aneurysm 2710 and therefore provide a clinician with more coutrol during the procedure. At
the end of the procedure, the expandable member can be re-sheathed inside the microcatheter
2725 and then retrieved. The device 2700 can also be used during additional embolization
techniques such as using Hquids. Because the cell stze adjacent to the aneurysm neck can be
controlled with one or more control filaments, the cells can be adjusted to a size that is
suitable for these alternative technigues. The device demonstrated in FIG. 25 can also be
utilized for a similar purpose.

0861 Embodiments of a treatment device consistent with the disclosure can also be
used for endovascular treatment of vasospasm. Similar to a balloon that is expanded at the
vessel suffering from vasospasm, the elongated contro! members {(either individually or
together) can be pulled to provide an available radial force on vessel walls {i.e., the elongated
control members can be manipulated to exert the required radial force on the vessel).
Because the device operator can have tactile feedback during the expansion of the device
through the one or more elongated control members {e.g. control filaments) and visual
feedback if the device is radio-opaque, the device operator can decide on the amount of force
1o apply during the procedure.

[087]  Furthermore, embodiments of a treatment device consistent with the
disclosure can be used for thrombectonty. This embodiment is depicted in FIG. 28, In this
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case, it can be beneficial to control the amount of force exerted during the procedure
combined with visual feedback on the actual dimensions of a device 2800 at the vessel.
Device 2800 can be deployed adjacent or distally to the clot (similar to a "Stentriever™) and
then expanded as required, After deployment, the device 2800 can be retrieved iu its
expanded state. The physician can decide (o expand the device 2800 even further during
retrieval if the clot s pulled into vessels with a larger diameter.

[088]  Furthermore, embodiments of a device consistent with the disclosure can be
gsed for crossing a blocked blood vessel in a further manner. An exemplary procedure
according to this embodiment is depicted in FIGS. 29A-D In this case, device 300 has one
or more elongated control members 508 at the distal end, and portions of the expandable
member can be expanded to exhibit a substantially unobstrucied channe] and then pushed
forward over a thrombus 2990, This manecuver can be repeated until the thrombus 2990 is
partially or completely covered by the expandable member. In FIG. 284, device 300 s
shown before the control members undergo a pulling force in a proximal direction relative to
the shaft, hence the filament density and the girth of the expendable member is substantially
the same in controllable portion 303 as in controllable portion 504. As depicted in FIGS.
28A-D, controliable portion 503 is a portion of expandable member from the open end to a
region where an elongated control member connects, interweaves, is knotted, and/or looped
to the filament of the expandable member, and controllable portion 504 is a portion of
expandable member from a region where the elongated control member connects,
interweaves, is knotted, and/or looped to the filament of the expandable member to the distal
end of the shaft 507, In FIG. 298 device 500 is shown afier the elongated control member
508 undergoes a pulling force in a proximal divection refative to the shaft 307, Accordingly
the filament density in controlable portion 504 has increased. Afier the elongated control
member 508 undergoes a pulling force, device 500 can be brought close to thrombus 2980,
In FIG. 29C the device is shown after undergoing a pushing foree {in some embodiments it is
not necessary to apply a pushing force to the control members, only to release the pulling
foree). As shown in the figure, part of controllable portion 503—which previously exhibited

a substantially unobstructed channel— has covered the thrombus 2990, FIG. 29D shows

device SO0 after the thrombus is covered, and the device is retrieved in its expanded state.
Because the device interacts with the thrombus or blockage from the proximal to the distal
side this can beneficial in cases where the blockage cannot be crossed prior 1o refriever. In
addition, because the expandable member can be configured to not over-expand the vessel the
device can be manipulated in {0 exert minimal force on the vessel wall during the retrieval,
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According to some embaodiments the usage described herein the device can be further utilized
by attaching a motor or a vibrating source to the shaft to some or all the elongated one or
more control members, According to another embodiment more than one motor {8.g. two
motors or more) can be connected 1o the one or more control filaments or shatt to create more
complex manipulations of the expandable member. Repeatedly vibrating or manipulating the
expandable member can facititate clot entrapment by the discussed device. As discussed
earlier in connection with FIG. 5, additional elongated control {ilaments can be used in order
¢ provide further control,

[089]  Further still, a device consistent with the disclosure can be used to expand
ather endovascular devices (such as stenis). It can be utilized in 3 similar way the balloon is
used, using the control filaments {such as the one or more elongate control members} to
expand it when necessary and to retrieve at the end of the procedure.

10907 1t will be apparent to those skilled in the art that various modifications and
variations can be made in the disclosed devices and methods without departing from the
scope of the disclosure. That is, other embodiments will be apparent to those skilled in the
art from consideration of the specification and practice of the embodiments disclosed therein,
1t is intended that the specification and embodiments be considered exemplary only, with a

true scope of the invention being indicated by the following claims and their equivalents.
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WHAT IS CLAIMED:

r

A treatment device comprising:

a shafl including a distal end;

an expandable member including a proximal end and a distal end, wherein the
proximal end of the expandable member is coupled to the distal end of the
shaft; and

a first elongated control member and a second elongated control member;

wherein the expandable member further includes at least a first controllable portion
and a second controllable portion;

wherein the expandable member, including the first controllable portion and the
second controllable portion, is configured to transition between at least a
partially retracted configuration and an expanded configuration under control
of at least the first elongated control member; and

wherein the first controllable portion is configured to trapsition between at least a
partially retracted configuration and an expanded configuration, while the
second controliable portion is configured to remain substantially unchanged,

under control of at feast the second elongated control member,

The treatment device of claim 1, wherein the second conirollable portion is distal and

adjacent to the first controliable portion.

The treatment device of claim 2, further comprising a third controliable portion and a
third elongated control member, wherein the wherein the first controliable portion is
configured to transition between at least the partially retracted configuration and the
expanded configuration while the third controllable portion is configured 1o remain
substantially unchanged; and wherein the third controllable portion is proximal and

adjacent to the first controllable portion.

The treatment device of claim 1, wherein the first elongated control member and the
second elongated control member are configured to be controlied by at least one

moftor.
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The treatment device of claim 1, wherein the first elongated control member is
configured to partially retract the expandable member when the first elongated control
member undergoes a pulling force in a proximal direction, and wherein the first
clongated control member is configured to expand the expandable member when the

first elongated control member undergoes a pushing force in a distal direction.

The treatment device of claim 1, wherein a distal end of the at least one slongated

control member is configured to be substantially atraumatic to vessel walls.

The treatment device of claim 1, wherein the expandable member is configured to
exhibil a substantially uniform shape between its proximal end and #ts distal end in an

expanded configuration.

The treatment device of claim 1, wherein the expandable member is configured to
exhibit a substantially asymmetrical shape between its proximal end and its distal end

in an expanded configuration.

The treatment device of claim 1, wherein the expandable meber is configured to
exhibit at least two substantially uniform shapes between its proximal end and its

distal end in an expanded configuration.

The treatment device of claim 1, wherein the expandable member is configured to
exhibit at least a first substantially asymmetrical shape and at leastone oft a
substantially uniform shape and a second substantially asymmetrical shape, between

its proximal end and its distal end in an expanded configuration.

The treatment device of ¢laim 10, wherein the two substantially uniform shapes

comprise g pear-shape.

The treatment device of claim 1, wherein the distal end of the expandable mernber
includes an opening with a circumference value, the circumference value being
substantially equal to a girth of the expandable member in the expanded

configuration.

N2
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15,

The treatment device of claim 1, wherein the expandable member inchudes wire, and
wherein the first elongated control member is configured as an extension of the wire

of the expandable member.

The treatment device of clalm 1, wherein the expandable member includes wire,
wherein the first elongated conirol member inchudes control wire, and wherein the

control wire is intertwined with the wire of the expandable member.

The treatment device of claim 14, wherein the control wire is looped through the wire

of the expandable member,

The treatment device of claim 14, wherein the control wire is intertwined with a

substantially distal portion of the expandable member.

The treatment device of claim 14, wherein the control wire is intertwined with a

substantially middle portion of the expandable member.

The treatment device of claim 14, whereln the control wire is intertwined with a

substantially proximal portion of the expandable member,

The treatment device of claim 1, wherein the expandable member includes wire, and

wherein the wire of the expandable member is an extension of a portion of the shaft.

The treatment device of claim 1, wherein the expandable member includes wire, and
wherein the wire of the expandable wember exhibits a diameter between

approximately 50 pm and approximately 120 pm.

The treatment device of claim 1, wherein the first elongated control member includes
control wire, and wherein the conirol wire exhibits a diameter less than

approximately 50 um.
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22, The treatment device of claim |, wherein the expandable member includes material
selected from at least one of a group of expandable materials, the group of expandable

materials including: polymer material, metal, and metal alloy,

| o
Lol

The treatment device of claim 1, wherein the expandable member includes Nitinol,

24.  The treatment device of claim 1, wherein the expandable member includes a radio-

opaque material.

™2
A4

The treatment device of claim 24, wherein the expandable member includes wire,
wherein the radio~opagque material is a core of the wire, and wherein the radio-opague
material is between approximately 20 percent to approximately 50 percent of the wire

by volume.

26. A wmethod of treatment comprising the steps oft

deploying a treatment device into a blood vessel, the treatment device including a
shaft having a distal end and the treatment device including an expandable
member coupled to the distal end of the shafl, the expandable member
including a first controllable portion and a second controllable portion;

transitioning the expandable mernber from at least a partially retracted configuration
to an expanded configuration by exerting a force on a first elongated control
member in a first direction, the first direction selected from a group of
directions incloding: a proximal direction and a distal direction; and

transitioning the first controllable portion of the expandable member from at least an
expanded configuration {o a partially retracted configuration, while keeping
the second controliable portion substantially unchanged, by exerting a force on
a second elongated controf member in a second divection, the second direction

selected from the group of directions.

27.  The method of claim 26, wherein the first elongated control member is connected to a
distal end of the expandable member, and wherein the direction selected from a group

of directions is the proximal divection.
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28.  The method of claim 26, wherein a wire density of the first controllable portion of the
expandable member Is configured to be controllably varied vnder control of at least

the second elongated control member,
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