FLOW RESTORATI ON SYSTEMS AND METHODS FOR USE RELATED APPLI CATI ONS Thi s
application clains benefit of co-pending U S. provisional applications
Serial Noso26/B221171, filed Septenber 22, 2008, 61/ 14®c®aB3200iobmds January
9, 2009, and 61/152,227, filed February 12, 2009, the entire disclosures of
whi ch are expressly incorporated by reterence herein. FIELD OF THE
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BACKGROUND

Flow within a blood vessel or other body lumen within a patient’s vasculature may

become constricted or ultimately interrupted for a variety of reasons. For example, a vessel
20  may gradually narrow due to inflammation and/or cell proliferation. In addition, thrombus
may form due to such narrowing or other flow problems within a vessel.

One approach to removing unwanted material, e.g., thrombus, that is adherent to a
vessel wall may involve advancing a device, ¢.g., a Fogarty embolectomy balloon, to a point
beyond the adherent material blockage, expanding the device to the dimension of the vessel

25  interior, and then withdrawing the expanded device back with the intent to sweep the
adherent material out of the vessel. While this approach is frequently successful, there are
some instances where the adherent material does not release from the vessel wall and stays
within the vessel even after multiple passes.

Another approach to removing the adherent material is to advance a rotating

30  structure that can abrade the surface of the adherent material or become entangled in the
adherent material, thereby forcing the adherent material to release from the vessel wall. For
example, the Arrow Treratola device has several helical wires that expand radially outward

to contact the vessel wall. These wires are spun at a high speed via a driveshaft connected



rubs against the inside wall of the vessel as it is advanced. Upon engagi ng
adherent material, the device abrades the inside surface of that material,
and i n nawg 208988021t he devi ce may break through the intecfraseocdesween the
adherent material and the vessel wall. In this event, the adherent nmateri al
can be peeled off the vessel wall and-beconme w apped around the helical
wires of the Treratola device. Wile this may address the inmmedi ate goal of
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The present invention is directed to apparatus for treating a body lumen of a patient,

¢.g., a tubular graft, aorto-venous fistula, blood vessel, and the like. More particularly, the
20  present invention is directed to apparatus for removing or otherwise capturing thrombus or
other obstructive material within a body lumen, and to methods for making and using such
apparatus.
In accordance with one embodiment, a system is provided for removing obstructive
material from a body lumen. The system includes an outer tubular member comprising a
25  proximal end, a distal end, and a lumen extending between the proximal and distal ends.
Optionally, an annular expandable occlusion member may be provided on the outer tubular
member distal end. The system also includes a macerator device insertable through the
lumen and comprising an elongate shaft, an expandable cage coupled to a distal end of the
clongate shaft, and a constraint tube having a distal opening with a sharpened edge, wherein
30  the shaft and the cage are axially moveable relative to the constraint tube. Optionally, the
constraint tube may be fixedly coupled to an inner surface of the outer tubular member or

the constraint tube may be movable independently of the outer tubular member.



constraint tube may be configured for shearing off material that protrudes
t hrough the apertures as the cage is proximally withdrawn into the
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outer tubul ar fenber including a | unen and a distal openi ng. macer at or
devi ce may bdmantexcmpkaedembndmgmt theey stamanayt fupthksinclrderbe elohgatetrcitmicot t he
body | unen t he aor _devi c ncl ude an
ol ongat &g oRbREE TR st PR Rl el SRER: Bhr BN G BB onga o
shafis, angoBsteiad madcrihl widbia thalddydumelitd #e @RENNBY theldage xpandabl e cage
may be depl oyed out of the constraint tube distal openlnghﬁé?dlstally

0

advanci rigpanedspphigiptéons nEferclongate tropemens mayeb e dvthednyerta ughd expanded
hi |
wi thin tgl%t ﬁ(ﬁld%e nlfﬂzgﬁtorgg%cé atff. V&ltémﬁtf\; flthenﬁé/ é} V\% t?]?aﬁ%gﬂtﬁﬂe%ér% ‘t;ehe

cage, en the cage may be proximall e cons rai nt
t ube. Mihgiftable thdoagh ﬂfeahntdtdﬂmlatrhﬁ@u@di laped hdjaest totht heceage dascd fiaficage
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20  through which the elongate treatment member may pass.
In accordance with another embodiment, a method is provided for removing

obstructive material from a body lumen that includes introducing an outer tubular member
into the body lumen, the outer tubular member including a lumen and a distal opening. A
macerator device may be introduced through the outer tubular member lumen into the body

25  lumen. In an exemplary embodiment, the macerator device may include an elongate shaft,
an expandable cage coupled to a distal end of the elongate shaft, and a constraint tube
having a distal opening. The expandable cage may be deployed out of the constraint tube
distal opening by distally advancing the elongate shaft relative to the constraint tube, and
expanded within the body lumen. Obstructive material may be captured within the cage,

30  and then the cage may be proximally withdrawn into the constraint tube. Material that
protrudes through apertures in the cage as the cage collapses may be sheared off, e.g., by a

sharpened edge of the constraint tube distal opening, In addition or alternatively, sheared off

material may be aspirated into the outer tubular member distal opening. Optionally, the



shar pened edge of the constraint tube distal opening, In addition or
alternatively, sheared off material may be aspirated into the outer tubular
menber diwoabioapenring. Optionally, thenmethod may al so i rciraseooepmmngli ng an
occl usion el enent on the outer tubular nmenber distal end, e.g., to prevent
obstructive material from passing proxédmally beyond the distal end of the
outer tubular nenber. In an exenplary enbodi nent, the nmethod may further
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20 In accordance with another embodiment, an apparatus is provided for removing
obstructive material from a body lumen that includes an outer tubular member including a
proximal end, a distal end sized for introduction into a body lumen, and a lumen extending
between the proximal and distal ends; an elongate shaft including proximal and distal ends
and movable axially within the tubular member lumen; and an expandable macerator cage

25 including a first end attached to the distal end of the shaft and a second free end. The cage
is expandable from a collapsed configuration when the cage is disposed within the tubular
member lumen and an expanded configuration when the cage is deployed from the tubular
member lumen.

In one embodiment, the cage includes a tubular structure including a wall extending

30  between the first and second ends, the second end defining an opening communicating with
an interior of the cage in the expanded configuration for capturing obstructive material
within the interior of the cage. The wall may include a plurality of struts and/or apertures

such that, when the cage is withdrawn back into the tubular member lumen after capturing



between the first and second ends, the second end defining an opening
communi cating with an interior of the cage in the expanded configuration
for captuwoOngloaidsi2znucti ve material within the interior eCTiuseooagmis The
wall may include a plurality of struts and/or apertures such that, when the
cage is withdrawn back into the tubul af-nmenber [unmen after
capturingobstructive material therein, the distal end of the tubul ar nenber
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drawings.
20
BRIEF DESCRIPTION OF THE DRAWINGS
It will be appreciated that the exemplary apparatus shown in the drawings are not
necessarily drawn to scale, with emphasis instead being placed on illustrating the various
aspects and features of the illustrated embodiments.
25 FIG. 1 is a side view of an exemplary embodiment of a flow restoration system

including an occlusion device and a macerator device deployable from an access sheath.
FIG. 2A is a cross-sectional side view of an access sheath that may be included in
the system of FIG. 1, including an expandable member on a distal end of the access sheath.
FIG. 2B is a cross-sectional side view of an alternative embodiment of an access
30  sheath that may be included in the system of FIG. 1, including an expandable member on a
distal end of the access sheath.
FIG. 3 is a detail of an inner surface of a cage of a macerator device that may be

included in the system of FIG. 1.



FIG 2B is a cross-sectional side view of an alternative enbodi nent of an
access sheath that may be included in the systemof FIG 1, including an
expandablwormmbsro2on a di stal end of the access sheat h. PET@ES2@9i0s79a8 det ai |
of an inner surface of a cage of a macerator device that may be included in
the systemof FIG 1.FIGS. 4A and 4B a6e cross-sectional side views of
exenpl ary enbodi nents of a constraint tube that may be included in a
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cage of JalfsScadAf¥and. 1#Bahfaipi ncludes control wires and a sleeve around
the control wites for directing the cage between an open configuration and
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Crogs- seqip rovdtews Ldircetibedy | unen within a patient's body, show ng
anot her nethod for renoving obstructive material within the body | unen.
FIGS. 14A and 14B are cross-sectional views of another exemplary embodiment of
a macerator device cage that includes control wires for directing a distal end of the cage
between an open configuration and a closed configuration, respectively.
FIG. 14C is a cross-sectional view of an alternative embodiment of the macerator
20  device cage of FIGS. 14A and 14B that includes control wires and a sleeve around the
control wires for directing the cage between an open configuration and a closed
configuration.
FIGS. 15A-15C are side views of alternative embodiments of distal tips that may be
provided on a macerator device cage, such as the cage shown in FIGS. 11A and 11B.

25 FIGS. 16A-16H are cross-sectional views of a body lumen within a patient’s body,

showing another method for removing obstructive material within the body lumen.

DETAILED DESCRIPTION OF THE EXEMPLARY EMBODIMENTS

Turning to the drawings, FIG. 1 shows an exemplary embodiment of an apparatus 10
30 for treating a body lumen, ¢.g., for removing thrombus, clots, objects, debris, and/or other
unwanted or obstructive material from within the body lumen, such as a blood vessel, aorto-
venous fistula, tubular graft, and the like. Generally, the apparatus 10 includes an outer

access sheath or other tubular member 20, and, optionally, an obstruction device 30 and a



DETAI LED DESCRI PTI ON OF THE EXEMPLARY EMBCODI MENTS Turning to the draw ngs,
FIG 1 shows an exenpl ary enbodi nent of an apparatus 10 for treating a body
| unen, e.wo,20foaB402¢novi ng t hronbus, clots, objects, debrcsjusandosmiot her
unwant ed or obstructive material fromw thin the body |unen, such as a

bl ood vessel, aortovenous fistula, tubuklar graft, and the |ike. Cenerally,
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20  diameter between about 1.6 to 2.0 millimeters, and the lumen 24 may have a diameter
between about 1.4 and 1.8 millimeters.

Optionally, the sheath 20 may include a handle or hub on the proximal end (not
shown). The handle may be shaped to facilitate holding or manipulating the apparatus 10 or
individual components of the apparatus 10, as described further below. In addition, the

25  handle may include a port communicating with the lumen 24, ¢.g., for infusing fluid into the
lumen 24 and/or aspirating material from the lumen 24, e.g., around the macerator device 40
and/or obstruction device 30. For example, a syringe, vacuum line, and the like may be
coupled to the port for aspirating obstructive material received within the lumen 24 of the
sheath 20 and/or disposed adjacent the distal end 22 within a body lumen, as described

30  further below.

Optionally, the sheath 20 may include an expandable member or other occlusion

element carried on the distal end 22, e.g., to stabilize the sheath 20 within a body lumen

and/or to seal the body lumen from fluid flow past the distal end 22 during a procedure. For
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50, e. g_s,ubﬁtgntﬁlll@ tighi sg8l@yitham ¢he body lumen 50, ¢.g., to prevent substantial

20  physiologic flow along the body lumen 50, which may otherwise allow particles of loose
material to move past the sheath 20 into other parts of the patient’s body where they may
cause harm. In addition or alternatively, the expandable member 26’ may also substantially
secure and/or stabilize the sheath within the body lumen 50, e.g., to prevent inadvertent
movement of the sheath 20 within the body lumen 50 during treatment.

25 During use, the expandable member 26° may be maintained in the low profile
configuration when the sheath 20’ is introduced, and then expanded to the high profile
configuration once the sheath 20’ is positioned within the body lumen 50 being treated. The
expandable member 26’ may remain expanded as obstructive material is removed from the
body lumen 50 via the sheath 20” or other component of the apparatus 10, as described

30  further below. Once the body lumen 50 is sufficiently treated, the expandable member 26’
may be collapsed to restore physiologic flow within the body lumen 50.

In an alternative embodiment shown in FIG. 2B, an access sheath 20” may be

provided that includes an expandable member 26” that extends beyond the distal end 22” of



novenent of the sheath 20' within the body |unmen 50 during treatnent.
During use, the expandabl e nenber 26' may be naintained in the |ow profile
conf i gur avpaniowvisenzit he sheath 20" is introduced, and theoTaspeandsiso the
hi gh profile configuration once the sheath 20" is positioned within the
body | unen 50 being treated. The expandlabl e nmenber 26' may renmai n expanded
as obstructive material is renoved fromthe body |unmen 50 via the sheath
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expandabl%mﬁg%%gbgg "“é%@ﬁﬁg9?gﬁﬁﬁﬁgﬁ&E@%%%%g§?E§§§7, filed August 8, 2009,
the 1&nt i r e diRcftomygbeclofo KiK. ¢ hthe sbetxptios dbyice BT gereealbtieclutys a efaéiroence
herein. Referring back tqQ FIG. 1, the obstruction devj.ce 3Q generally
i ncl udest ef;ﬁﬁ?&lngﬁt%a?e%‘eqﬁé?%q@@%ﬁ B HeRBer 4480 Ser e 633 “HEA g (not
shown) , @h&ﬁ&ﬁ@%ﬂﬁﬂ@%ﬁ%c%h&ﬁﬂzdgﬁglﬁéﬂQQH&EﬁQmzhﬂ%@ chhexphrabk 20, e.g.

via the lunmen 24, and carrying an expandabl e obstruction or treatnent
menber 3bstnctioner dicstinzint wrechb8B834 Getherdidtilyendt3Re Gebstatlnahe obstrrstiber 34 i s
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interior of the obstruction nenber 34, e.g., for selectively expanding and
col | apsi q;f@aqd@@ledg aspbstantgHy spherical or cylindrical shape. In this embodiment, the shaft
20 32 may include an inflation lumen (not shown) in communication with an interior of the
obstruction member 34, e.g., for selectively expanding and collapsing the obstruction
member 34. Optionally, the obstruction member 34 may include a core wire and/or helical
structure (not shown), e.g., such that the obstruction member may adopt a helical shape in
the expanded configuration. Exemplary devices that may be used for the obstructive device
25 30 are disclosed in co-pending application Serial No. 12/497,135, filed July 2, 2009, the
entire disclosure of which is expressly incorporated by reference herein. Alternatively, the
obstruction member 34 may include a frame or other mechanically expandable structure
(not shown), if desired.
With continued reference to FIG. 1, the macerator device 40 generally includes a
30  shaft or other elongate member 42 including a proximal end (not shown), a distal end 43
also sized to fit within the lumen 24 of the sheath 20, and an expandable cage 44 carried on

the distal end 43. Optionally, the shaft 42 may include a lumen or other track (not shown)

for slidably receiving the obstruction device 30 therethrough, as described further below. In



menber 34. Optionally, the obstruction nmenber 34 may include a core wire
and/ or helical structure (not shown), e.g., such that the obstruction
menber mayoadomp4@ihel i cal shape in the expanded confi gecattiseews/oEeespl ary
devices that may be used for the obstructive device 30 are disclosed in
co- pendi ng application Serial No. 12/4%97, 135, filed July 2, 2009, the
entire disclosure of which is expressly incorporated by reference herein.
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the first end a. The struts 44a and/or apertures 46 may be sized

acconnodaﬂeﬁmwpéﬁsﬂwnbdnﬁdor col | apse of the cage 44 and/or to define a
desired pore . size t articles t.han.t he .de |r re size
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The 16age:. gl%ola@c&meaa@lﬂitﬁ)dhb@dﬁ BrduppHiR Hehthe0, &0 4 Righ§ilofleNdxipghdait i on (not
shown) , ? to accommodate intro ctlon through t he sheath 20, and a
hi gh- pr sPnfigurabepéhaws e BK i 1 oherg f@ﬁ cagershpx papdsFadally puipradly, ¢ &etocage 44

expands gh?¢ rg 8&%
mﬁthin Si'c hﬁé“@ﬁ%éﬁ’ g')mm%eptl(§l3l/le ang%QEé%%£§n 8&e%p??[ as shomn
in FI G GptidnaRy,cagkowd inBG. Bnthlewdge 44 playiddlideya wifirabiar dﬂSbaﬂﬁs &td‘ﬂl@&’r features 4
1 projecting radially inwardly fromthe struts 44a, e.g., to engage and/or
provi de features 41 projecting radially mwardly from the struts 44a, e.g., to engage and/or provide
20  additional traction with obstructive material captured within the cage 44, as discussed
further below.
The cage 44 may be formed from a variety of materials, e.g., capable of elastically
or plastically moving between the collapsed and expanded configurations one or more
times. For example, the cage 44 may be formed from elastic or superelastic materials, e.g.,
25  metals, such as stainless steel, Nitinol, and the like, plastics, or composite materials. In an
exemplary embodiment, the cage 44 may be formed from a tube with portions of the tube
removed to define the struts 44a and/or apertures 46, e.g., by laser cutting, etching,
mechanical cutting, and the like. Alternatively, the cage 44 may be formed from a sheet
also with portions removed to define the struts 44a and/or apertures 46, ¢.g., by laser
30  cutting, etching, mechanical cutting, stamping, and the like, which may be rolled into a

tubular shape with edges of the sheet attached together, e.g., by welding, soldering, bonding
with adhesive, fusing, and the like.



additional traction with obstructive material captured wthin the cage 44,

as discussed further below. The cage 44 nay be forned froma variety of
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i ncl udi ngayb@snon@itc Ribdlat body Bbldhg,a progintll ahd @odsHBa), a distal end 48a,
and a lumen 49 extending therebetween that is sized to receive the shaft 42 and cage 44 with
20  the cage 44 in the collapsed configuration. Alternatively, other removable constraints may
be provided around the cage 44 to maintain the cage 44 in the collapsed configuration until
it is desired to deploy and expand the cage 44 within a body lumen, ¢.g., one or more
removable wires wound around the cage 44, a tear-away sleeve, and the like (not shown).
The distal end 48a of the constraint tube 48 may be sized to be slidably disposed
25  within the sheath 20, e.g., to accommodate introduction of the macerator device 40 through
the lumen 24 of the sheath 20. The constraint tube 48 and the shaft 42 and cage 44 may be
movable axially relative to one another, e.g., to allow the cage 44 to be retracted within the
constraint tube 48 and/or deployed from the constraint tube 48. Thus, the constraint tube 48
may maintain the cage 44 in the collapsed configuration, e.g., during introduction into a
30  body lumen through the sheath 20, and allow the cage 44 to be deployed from the constraint
tube 48 such that the cage 44 assumes the expanded configuration.
The proximal ends (not shown) of the shaft 42 and/or constraint tube 48 may extend

or otherwise be coupled to the proximal end of the sheath 20 and may be actuatable from
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covered by the constraint tube 48. A second actuator, e.g., another slider,
butt on, &407;13arecorperated by refgronse Aveshown), may then be activated to

expose the C o erﬁmfivegrgaie’ sh?z}eét%l%6%??%&1@%%0@%@%@?&6 m gbt%l’%grg&ggﬁ%%té%a[r&'eat lve to

t he constraint tube or rac e constraln out

subst antdeglcedrame feyrha@iatbhdevia gl Mdy bExanpl@dyintoahebieathaldd £ gr, vacs p@t or s
that may be provided on the apparatus 10 are disclosed in application

Serial 1 Oothey opgving mehe praxipeheadod thisheahele fercBije a handle'or hub (not

20  shown) may be provided on the proximal end of the sheath 20 that includes a port (also not
shown) communicating with the lumen 24 that may accommodate introduction of the
macerator device 40 and/or other devices therein. Optionally, the port may include one or
more seals, e.g., a hemostatic seal, that may accommodate receiving the macerator device
40 therein while providing a substantially fluid-tight seal to prevent bodily fluids from

25  escaping from the lumen 24. In this alternative, the macerator device 40 itself may include
a handle or hub (not shown) on its proximal end that includes one or more actuators (also
not shown) for manipulating the shaft 42 and cage relative to the constraint tube 48, similar
to the actuators described above.

Optionally, in a similar manner, the obstruction device 30 may be coupled to the

30  sheath 20 and/or macerator device 40, e.g., with one or more actuators (not shown) on a

handle of the apparatus 10 for deploying and/or withdrawing the obstruction device 30.

Alternatively, the obstruction device 30 may be a separate device from the sheath 20 and/or



Alternatively, the sheath 20 and macerator device 40 may be structurally
separate devices, and the nmacerator device 40 nay be introduced into the
sheat h 20woeonra3402ia a port or other opening in the prorcralS2eadsnist he
sheath 20. For exanple, a handle or hub (not shown) nmay be provided on the
proxi mal end of the sheath 20 that incl3udes a port (al so not shown)
comuni cating with the lunen 24 that nay accommobdate introduction of the

macer at Qha denbiCRvEQ 480NEH e BlddShtod @ i6£ 30 HAS I 4t RP2ddWind e port may
i nclude one or nore seals, e.g., a henostatic seal, that nay accommodat e
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(al so not shown) for manipulating the shaft 42 and cage relative to the
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end 48a BB MFEUESHG rai nt tube 48 may include one or nore features that

slide or ot hgpWh$RehPlaff @Rbodnbht, SRVICRITGS A UhS dtA cn& 48 of the cbiduAIgxCcess
mat eri al that extends out of the cage apertures 46 when the cage 44 is
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20  extending around distal opening 43.” The double-ground sharpened edge 47° may cut
excess obstructive material similarly to the single-ground edge 47, but may be more
resistant to damage as the cage 44 passes into the lumen 49’ of the constraint tube 48.” For
example, since the cutting edge 47 has a slightly larger diameter than the lumen 49’ of the
constraint tube 48’ itself, the cutting edge 47° may not contact the outer surface of the cage

25 44 during withdrawal of the cage 44 but remain spaced slightly apart from the cage 44.

In an alternative embodiment, shown in FIG. 5, the constraint tube 48 shown in

FIGS. 4A and 4B may be omitted, and a sheath 60 may be used to constrain the cage 44 (not
shown) in the collapsed configuration during introduction and/or to remove excess material
during withdrawal of the cage 44. Similar to the previous embodiments, the sheath 60

30  includes a proximal end (not shown), a distal end 62, and a lumen 64 extending
therebetween. Unlike the previous embodiments, the sheath 60 includes a constraint tube
48” incorporated into the distal end 64, ¢.g., within the lumen 64. The constraint tube 48”

may be a relatively short tubular body extending a short distance into the lumen 64 and



FIG 4A, the sharpened edge 47 may be a single-ground edge, e.g., that may
shear along the outer surface of the cage 44 during withdrawal to cut or

ot herwi seweepavat@iobstructi ve materi al extendi ng througaTiuseooapsmutires 46.
Alternatively, as shown in FIG 4B, a constraint tube 48 may be provided
that includes a doubl e-ground sharpened edge 47" extendi ng around di st al
openi ng 43.' The doubl e-ground shar pened edge 47' may cut excess
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is captured within the cage 44 (as described further el sewhere herein), the
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46 of the cage e cu rw se separa edge

47" as trwteﬁazgﬁdﬁ@acgnltd thRes@sath RO, B dthed wewds.aht aaoahioy devitheags Rgaibdy 20 shown
in FIG 1, may be used to constrain the cage 44 during introduction and/or
Wi t helr P EhDite Seb e ah obstiyetivegn e yeithont trinaging off excessive

20  obstructive material. Alternatively, the sheath 20 itself may include a sharpened distal edge
(not shown) or a sharpened tip may be attached to the distal end 22 of the sheath 20 (also
not shown), e.g., to cut off excess obstructive material during withdrawal of the cage 44,
while obstructive material within the cage 44 is withdrawn into the sheath 20 within the
cage 44.

25 With further reference to FIG. 1, in the embodiment shown, the shaft 42 of the
macerator device 40 includes a lumen that slidably receives the shaft 32 of the obstruction
device 30, ¢.g., such that the macerator device 40 and the obstruction device 30 have a
concentric, telescoping arrangement relative to one another. Alternatively, as shown in
FIG. 6, an apparatus 10’ may be provided in which a macerator device 40 and an

30  obstruction device 30 are provided in a side-by-side arrangement relative to an outer sheath
20. In this alternative, the sheath 20, obstruction device 30, and macerator device 40 may
be constructed similar to the embodiments described above. Optionally, the macerator

device 40 may include a cage 44 that includes an uninterrupted path 45 defined by struts



entirely. Unlike previous enbodi nents, however, when the cage 44 is

wi thdrawn into the sheath 20, the cage 44 nmay not be collapsed to as smal

a size duwotoiwdseoznel ati vely | arger dianmeter of the sheaCh/Boonspased to a
constraint tube 48 introduced through the sheath 20. In this alternative, a
portion of the obstructive material mays+remain within the cage 44 after

w thdrawal into the sheath 20. In other words, the nacerator device cage 44
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Generally, the method may involve trapping thrombus or other obstructive material
20  between an expanded obstruction member 34 and an expanded cage 44, ¢.g., such that the
material may be captured by the cage 44, broken into smaller particles, removed within the
cage 44, and/or aspirated from the body lumen 50 through sheath 20. Initially, as shown in
FIG. 7, the sheath 20 may be introduced into a body lumen 50, e.g., percutaneously from an
entry site using conventional methods, and manipulated to position the distal end 22 of the
25  sheath 20 within the body lumen 50 adjacent to and spaced apart from obstructive material
52. Optionally, if the sheath 20 includes an expandable member, e.g., balloon 26, 26’ as
shown in FIGS. 2A or 2B, on the distal end 22, the expandable member (not shown) may be
expanded any time after the distal end 22 is placed at a desired position within the body
lumen 50, e.g., to prevent subsequent movement of the sheath 20 and/or to substantially seal
30  the body lumen 50 from fluid flow proximally past the sheath 20.
In addition or alternatively, aspiration may be applied to the lumen 24 of the sheath
20, e.g., at any time after introducing the distal end 22 of the sheath 20 into the body lumen

50. For example, a syringe or vacuum line may be coupled to the proximal end of the



may be a bl ood vessel, aorto-venous fistula, tubular graft, xenograft, and
the like, e.g., wthin a patient's armthat comuni cates between an

adj acent weiznicemgi2artery. Alternatively, the apparatus aou/useeos®is
described herein may be used to treat other locations within a patient's
body, e.g., within the patient's vasculature or other body |unmens. Although
apparatus 10 shown in FIG 1 is shown and described in association with
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distal tip of the obstruction device 30 may be sufficiently small and/or
sharp t dh%agsbtmpp@éwmber 34 on one side and the macgrator device 40 on the other. Once
20  positioned within the body lumen 50, the cage 44 may be expanded within the body lumen
50, e.g., by deploying the cage from the constraint tube 48, whereupon the cage 44 may
resiliently expand radially outwardly to contact the wall of the body lumen, as shown in
FIG. 8.
Turning to FIG. 9, the obstruction device 30 may then be retracted proximally
25  towards the cage 44 to pull material 52 within the body lumen 50 towards and into the
macerator device cage 44, as shown. Alternatively, the cage 44 may be advanced towards
the obstruction device 30 to capture material 52 within the cage 44, with the obstruction
member 34 preventing distal migration of the material 52 away from the cage 44. As
described above, if the cage 44 includes barbs 41, e.g., as shown in FIG. 3, the barbs 41 may
30  partially penetrate or otherwise engage with the material 52 captured within the cage 44,
e.g., to prevent migration of the material 52 relative to the cage 44.

Optionally, the obstruction device 30 and/or macerator device 40 may include a

locking mechanism, ¢.g., one or more cooperating detents, tabs, or other features (not



through the material 52 and/or may be rounded or otherw se substantially
atraumatic to pass along the wall of the body |unmen 50 past the naterial

52. Once wbeoobstructi on nenber 34 is positioned distal PgThsyandsohe
material 52, the obstruction nmenber 34 is expanded to the high-profile
condition, as shown in FIG 7. Next, wiz-h reference to FIG 8, the
macer at or device 40 may be deployed fromthe sheath 20, e.g., over or
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20  e.g., by aspiration, through the sheath lumen 24, as shown. Notably, the reduced particle
size may be a function of the size of the apertures 46 in the cage 44. Thus, the size of the
cage apertures 46 may be chosen to reduce the particle size of the material 52 to a desired
maximum cross-section, €.g., such that the reduced diameter particles 53 may be reliably
removed though the sheath 20 without substantial risk of occluding the sheath lumen 24.
25 In one embodiment, the cage 44 may be compressed to a collapsed configuration as
the cage 44 is withdrawn into the constraint tube 48 in which the interior space of the cage
44 is minimized, thereby squeezing substantially all of the captured material 52 through the
apertures 46 of the cage 44. The extruded and/or sheared particles 53 may then be aspirated
into the lumen 24 of the sheath 20. Alternatively, the cage 44 may have sufficient interior
30  space in the collapsed configuration such that at least some captured material may remain
within the cage 44 when the cage 44 is withdrawn fully into the constraint tube 48.
With the cage 44 withdrawn fully into the constraint tube 48, the macerator device

40 and obstruction device 30 may be withdrawn into the sheath 20 and the apparatus 10



directed distally away fromthe cage 44, e.g., such that subsequent
novenment of the obstruction device 30 is coupled to novenent of the cage
44. TurniwgQ 20wm/BkB1 10, the nacerator device cage 44 anaCeAsandas’ols
obstruction nenber 34 may then be directed proxinmally towards the sheath
20, e.g., until the cage 44 enters thel&onstraint tube 48. |If a vacuum has
not been applied previously, a source of vacuum nay be activated to

aspir at g.mBL&S fréh th€pARIEI bW PA Rerh B RO dULBRIROERD& JahRay iTEN 24 Of
the sheath 24, as shown. As t'he cage 44 is drawn into the constraint tube

48, the wigemcdandthe dbstredwprdessed0 rdadinabd throwgheandther s¢ctien ebybstimctvang

ti f ot terial, 52 t h t t 46 in th 44 Th
por (1 onan et et &P i g3ne LB P HTEp, bF st G L noar e
of f, €. tnay #¥n bbBecdpRKBE REpHirs hitl reBRYE tHb/matdrial, € BOby $ERMIng HB8tehs CS. 4A

and 4B) of the constraint tube 48, reduci ng the material 52 into many

smal Per dsaertticd|abeves Pntianglly, thentife dppdrate h0 BRY brhiradyseengandtiedrdeds3 may
be reno I - ' j t sheat h
amen 240158 RTShAE RER 8K RcnBy o6yl ap o ARRBLUA e IOEGUAD I8 TTon of
t he si zeapfurd ivl/@pembug estAdtivemhiddalcia@ehet degidil3us thd ricsi’ g Bodf, iftdesir@hge
apertures 46 nmay be_ chosen to reduce the particle size of the material 52

to a desired PREEISHIIAT Buderabhas Regn rgmeyed, dgopstygion mpanbesdd €EHCdi anet er
parti cl \ reld j

subst anteul% gﬁécﬁt@kdeg%e o3gc %ﬁ%é{ncgomf%?ewgﬂ%g%%{)lgﬁunéet%%z(%%l@%bon Bgn‘%lo I %rvélrllt , the
cagd 044 in\thbmacanor dsdeddQ or iatocthk kiagsle20 doind imgearadbr deviasdt s abagy 44 i s
wi t hdrawn i nto .the constraint e 48.in which the interior, space of the
cage 44 %" NiRAF Lo F\éli“‘égyz‘igﬂb“eaipﬁﬁl%‘ﬁ%laﬁlﬂ? Dot DPALE the capt ur ed
mat er | aldi&%nfﬁkﬁéayﬂlkege Bﬁl}?ﬁ?ﬁ%&%&? oft®hOh i@ 0GRGEL Abllap 8 (B Hd&oRRd/ Or

sheared particles 53 ma e aspirated into the lunen 24 of the sheath
20. Al t ehpathi20Bkyd thelsbegh gl ny beayitlithgen Snofif the ibedy lunmneY or space in the

col | apsed conf i gur at | h.that ,at |geast some captured rial may

Formi ot hi nineds RS Q1AL B B TR SRR T MRou T e
congtsr aithit rhablee #H8lud WY tnhanky e t afhfusViintl el K psein § ddskiibddRe@eih NG e@BBY,M ai nt
tube 48, the macerator device 40 and obstruction device 30 may be wi thdrawn

into t hehapeaemtopgagsnid4tindudgspariencd praromelasiesf enddrte wed paenaartistal dody .
Al ter “ats.'ezfo%ldé’egdhﬂﬁb,%gﬁg%y\l}Sttﬁeg@reyﬁﬂP&ggﬁ% %éggge £0f &%ﬁﬁ%ﬂld@a iRty of

obstruction Vi Cce anc rou anot sectl obstructive

mat er i alstfufxok1 6 hisrsxkenalindiotwtdiethb Gigyt ahdls@0nd@ndd M4t hisibainti @t artunda, t he
macer at or devi ce 40 rraiét hen be redepl oyed to caPture and renove the

mat er i alPerighgyy of g qagpedt.ithgenecigimgrcdaderiiveathepsibslar opter ol 1y, the
entixpe apARGRL Y AN aPGulri IAJURGH: LR pAARS g b4y

The closed end 144a of the cage 144 may include a collar portion 141, which may be
attached to a macerator device shaft 42 (not shown, see, e.g., FIG. 1), while the open distal
end 143 of the cage 144 may include a plurality of distally protruding elements or distal tips
112. For example, FIG. 11A shows the cage 144 in an expanded configuration in which the

25  collar portion 141 remains compressed, e.g., due to its attachment to a shaft (not shown),
and the cage 144 defines a substantially continuous diameter extending from the closed end
144a to the open end 144b. FIG. 11B shows the cage 144 in a compressed configuration,
e.g., in which the cage 144 may be constrained or otherwise compressed around the shaft
and/or within a constraint tube (also not shown).

30 Unlike the cage 44 of FIG. 1, as can be best seen in FIGS. 12A and 12B, the cage
144 includes at least two different types of struts 116, 118. For example, the cage 144 may
include a plurality of relatively thick struts 116 that extend substantially continuously along

a length of the cage 144, e.g., in a first helical configuration between the first and second



| umen (not shown), and the obstruction device 30 and macerat or device 40
redepl oyed to capture and/or renove obstructive material in other regions
of the pavDento/s4i2ady, if desired. Once sufficient natercalushas/ obmen
removed, the obstruction nenber 34 of the obstruction device 30 nay be

col  apsed and the obstruction device 3®-my be withdrawn into the macerator
device 40 or into the sheath 20 if the macerator device 40 has al ready been

Wi t hdr awpdi mia, 44, qh%aaﬁoa%exgge ﬁﬁu}haﬁﬁﬂc%eprhngm@e@W hiRQngy be

di scontinued, the expandabl e member on the sheath may be ‘col | apsed (if
provi ded 16nwt1t¢b nsdye@inhe@@Yljacemchichsingh el tog2tBenedys downi, thedhmwtrufsr dith t he
body | unen Tur ni to FIGS., 1 t enbodi nent. of a macer at or
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syst ens JasatiniRRd phesihblica@@nadadk biteurh RENFRIGLARLAY tHead8e 440 hisAdiedea

cl osed proxinmal or first end 144a and an open distal or second end 144b,
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trut 1 t 4b
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or ot herTHewlpuﬂtares I mmyMIdbfmdMMB@gaoas péturcan tHeythiok smmenu@a@csthbétﬁm simlar
to the previous ca%e 44. The cl osed end 144a of the_cage 144 may include a
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(not shaypy Tc{s@ 2 ar m fegals%%dg:{@gl‘tt ab %59 ol td%%crﬁ)%g abdw Of the cage

144 may 1 nc plurality o pro In ements or distal tips
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in which the coll a tion 14 emai NS conpressed, due to
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cont i NUOUs, H@ﬁEﬁ%&hﬁ%&E@ﬂHﬂﬂz%é@@lkhﬁpﬁh@éeﬁl&Rﬂu&ﬂﬂ%ﬁ&ﬂmﬁ@ﬁyﬁﬁ@ﬂm@@d
144b. FIG 1IB shows the cage in a conpressed configuration, e.g in

whi ch t H@Sdé@@laym Sluﬁiciﬁbél}’dlméiﬂq: toi alboav e d@ﬂttfﬂérpwléétm‘mmrl@hs@@ audéund t he
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at ligastdidtiptthhf @aeHE pﬁo)(fﬂi%ﬂ offth&&dgetia4,leld, toladiBitat gagﬁﬁ%ﬁﬁﬁ/@r rdnit®igage 144
may include a plurality of relatlvelérthlck struts 116 that extend
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subst antqbétrugm@émﬁt@mﬂh audina hedhlyment Eagerngricdie. tatyshauyan exegplaryn a first
heL e AL, D RSD L) R ORCIAED R AR 1,
118, whisetvottaieadiapoégd 126d] acent thi ck struts 116 together. As shown, the
thin struts 118 are not substantlalIﬁlgqgthgouilasngag %Q 1&Thc§1§truts
116, but may Alaraaiyelyn FYO. 15B shows another exemplary embodiment of a distal tip 112b
20  that includes a series of slots or indentations 126 spaced apart along a length of the distal tip
112b, e¢.g., that may allow the distal tips 112b to entangle with each other and/or with the
obstructive material captured or otherwise engaged by the distal tips 112b to facilitate
removal, as described further below with reference to FIGS. 16A-16H. For example, when
the cage 144 is rotated, the distal tips 112b and obstructive material may be wound together,
25  e.g., such that portions of other distal tips 112b and/or obstructive material may enter the
slots 126 and the distal tips 112b become interlocked with one another. FIG. 15C shows yet
another exemplary embodiment of a distal tip 112¢ that includes a serpentine pattern 127.
In this embodiment, the internal bends 128 of the serpentine pattern 127 may provide
regions where other distal tips 112¢ and/or obstructive material may become entangled, ¢.g.,
30  compared to providing a smooth edge 125, as shown in the distal tip 112a of FIG. 15A.
One advantage of the cage 144 shown in FIGS. 11A-13 is that the cage 144 may
facilitate deploying the cage 144 and/or advancing the cage 144 into or through obstructive

material within a body lumen. In contrast, the cage 44 shown in FIG. 1 is generally



di sconti nuous pattern helically and/or circunferentially around the cage
44, Optionally, the thin struts 118 may al so have bends or other features,
e.g., relwoizoslog4i2hi nned or perforated portions, that alcowskéve/ostmsits 118
to bend relatively easily conpared to the thick struts 116. The apertures
146 may be defined by the spaces betwe¥n the thick struts 116 and the thin
struts 118, thereby defining a desired pore size for the cage 144. The cage

144 may Penfafc-iRAb UMMy SlalbhR) upSh 8501 MeRREthiEL DOGS luaRent @.g.?evhné e ously
descri bed above. The distal tips 112 on the open end 144b of the cage 144
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tips 112c and/ or obstructive material mnmay becone entangled, e.g., conpared
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15A. On t i I - i he cage
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upon depﬂném?@tuwtvﬁmm gleb:@@lﬁléhn%, r@_ebgn,suwrﬁlﬁteth@ kading edge of the cage 144

20  passes between the unwanted material and the wall of the body lumen 50, the distal tips 112
and/or edges of the struts 116, 118 may also act as blades shearing along the wall of the
body lumen 50 to draw adherent material into the cage 144. Thus, the struts 116, 118 may
cut or otherwise separate the interface between the body lumen 50 and the obstructive
material 52.

25 The distal tips 112 may be formed such that they conform substantially to the
cylindrical shape of the cage 144, e.g., defining a diameter similar to the rest of the
expanded cage 144, although alternatively the distal tips 112 may be biased radially
outwardly, e.g., to ensure that the distal tips 112 pass between the wall of the body lumen 50
and the obstructive material 52 and/or enhance engagement of the distal tips 112 against the

30  wall of the body lumen 50. Alternatively, the distal tips 112 may by biased to extend
radially inwardly, e.g., laterally inwardly, relative to a central longitudinal axis of the

apparatus 10, e.g., to prevent substantial risk of damage to the wall of the body lumen 50.



obstruction device 40 is retracted to withdraw obstructive material into
the cage 44. For exanple, the cage 144 of FIGS. 11 A- 13 may facilitate
pul | i ng mabenicaiz4®@2 back into the open end 144a of the eagasiebd/oarvds or
separating obstructive material froma wall of the body |umen 50. During
di stal advancenent, the cage 144 may 13 concurrently advanced and rot at ed,
e.g., manually or using a driveshaft connected to an electric notor in a

handi e (not  shoumkioR!tht REFARRANALHSscl And /BB Ehap8s &F strulil (6, 11§ miPhRViRYa Cause
the distal tips 112 of the cage 144 to track along the inside wall of the
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in the same manner as the first direction. This anisotropy with respect to rotational

direction may be useful because the cage 144 may be advanced and rotated in the “A”

20  direction to engage and separate adherent obstructive material from a vessel wall, e.g.,
causing the material to enter into the cage 144. The torsion may also cause the cage 144 to
expand outwardly for better apposition or engagement with the vessel wall. If the cage 144
encounters excessive resistance, the cage 144 may be rotated in the second direction, e.g., to
disengage the resistance without causing radial expansion. Depending on the stiffness

25  differential between the thin and thick struts 118, 116, rotation of the cage 144 in the second
direction may also cause the cage 144 to radially contract to further facilitate
disengagement.

Turning to FIGS. 14A-14C, yet another embodiment of an expandable cage 144 is
shown, which may include an actuation mechanism for selectively opening and/or closing

30  an open distal end 143 of the cage 144. For example, the distal end 143 of the cage 144
may be substantially closed by contracting the distal tips 112 radially inwardly, e.g., using
control elements, ¢.g., one or more wires or filaments 114, coupled to each of the distal tips

112. Alternatively, a single control element (not shown) may be threaded through each of



apparatus 10, e.g., to prevent substantial risk of damage to the wall of
the body lunen 50.1n addition, the different thicknesses and/ or shapes of
struts 110 20M083m2y provi de a cage 144 that responds i nprdirfusesens7omys
dependi ng upon which direction the cage 40 is rotated. For exanple, arrow
"A" in FIG 13 represents a first dir&2ion for rotation of the cage 144.

If resistance is encountered in the portions of the cage 144 contacting the

vel | of bgishedys ttwerg WeclMttetRO g’@)ld Mcb%e‘lﬂh%od%@tlﬁﬂés%thetd?§t§l' tHR may
occur. Because he thick struts 116 have a relative resistance to
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vessel wall, "e’g., causing the material to enter into the cage 144.
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oxeossi valrBte SPARARETRRL LML e iR %ﬂ%tfetéah%%?e@%eé%éﬁadteﬁtfaﬁﬂi ?Lﬁ,
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Dependi ng on the stiffness differential between the thin and thick struts

118, 116cndgdiallyopwerdly.he cage 144 |n the second direction may al so cause

the cage 144 'ﬁ%giﬁé%uga%%gggéw% ¢ %hﬁé ahéﬁhbfnﬁﬁrtﬁow&% ent .

Turning to FI yet odinment 0 n expan e cage 144

i's showmatatidleBptiesd Wittch tokecage 1 8¢ tolisd dubBtangl Rasiasredftidreided G wiithehythopeni ng
and/ or closing an open distal. end 143 of the cage 144. For .exanple, the
di stal &¥ad forangrpasiab @é)é)étrg_q@n member 34, as described elsewhere herein. In these

20  alternatives, the cage 144 may simply be withdrawn into a constraint tube or access sheath
(not shown), thereby compressing the cage 144 radially inwardly. With the distal tips 112
closed, the captured material may not simply escape out the distal end 143 of the cage 144,
but may remain within the cage 144 to be extruded through the apertures 146 (not shown in
FIGS. 14B and 14C) as the cage is compressed, ¢.g., to be aspirated, as described above.

25  Alternatively, the captured material may be withdrawn into the constraint tube or sheath
along with the cage 144, also as described above.

Turning to FIGS. 16A-16H, another exemplary method is shown for removing
obstructive material from within a vessel or other body lumen 150, e.g., using the cage 144
shown in FIGS. 11A-13. The cage 144 may be introduced into the body lumen 150 via an

30  access sheath and/or constraint tube 148, similar to the previous embodiments. As shown in
FIG. 16A, the cage 144 has been deployed and expanded within the body lumen 150 such
that the open distal end 143 is disposed adjacent to obstructive material 152 intended to be



may be substantially closed by contracting the distal tips 112 radially
innwardly, e.g., using control elenents, e.g., one or nore wires or
filament swokdio/cenzpl ed to each of the distal tips 112. ACrarsp@viosmhy, a
single control element (not shown) may be threaded through each ofthe
distal tips 112, e.g., circunferentiald3- and successively through holes in
the distal tips (not shown), such that proxinmal tension on the control
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menber 34, as described el sewhere herein. In these alternatives, the cage
144 may Birthet sptdsenwiftthocagon 44 ntay thenclomisansaiithad o dihemeterialcid@s whshemtyn (not

shown), thereb 0 ing.the cage 144 radially, i nwar /th the distal
oo 11 S FOTRY 25 BN et BRa e MR g PR E b padblindme Gi ot a
end 1543 160. ATRr ea@Rg1ddhdnt DALFuABY rbRAGH, Tt dled MetcHATES2 kA4 bocdeplesstyr uded
t hrough t he gf)ertures 146 (not shown in FIGS. 14B and 14C) as the cage is

conpr esgeaoved fom thywalk ohisiody demenabSOgdasshavseld FdGolD- Alternatively, the
captr 0 Tt o g 56 L0 R, 0 GERSHASL i RSBl 1 on9
anot her aadspebastinteiteods] Smslhowrthé previodsembo dinsd, tHeedbywempadseingahe f rom
W thin aca\éee ?4?46 !ad%rlly?lgwha?rrdlybt%gv)a/lrdlsl{gggoll%lgsoe’d ceoh%gﬁragoslil.ngegagge t%g iestall?i%s 112
20  of'the cage 144 are substantially straight and free on their distal ends (i.e. the cage 144 is
open ended and not attached to a core wire on its distal end), the distal tips 112 may be
disengaged and the material 152 released as the cage 144 is withdrawn into the access
sheath 20. Thus, the separated material 152 may remain loose within the body lumen 150,
as shown.
25 Thereafter, as shown in FIG. 16F, the cage 144 may be redeployed from the
constraint tube 148 or sheath and expanded again with the open end 143 disposed adjacent
the loose material 152. The material 152 may then be pulled into the open end 143 of the
cage 144, e.g., using an obstruction device 134, which may be the same device deployed
beyond the material 152 previously or a different device introduced into the body lumen
30 150 and beyond the material 152 before or after redeploying the cage 144.
Turning to FIG. 16G, the cage 144 with the material 152 captured therein may then

be withdrawn into the sheath 20 or constraint tube (not shown), similar to the previous

embodiments. As discussed elsewhere herein, any material that protrudes through the



shown in FIGS. 11 A- 13. The cage 144 may be introduced into the body | unen
150 via an access sheath and/or constraint tube 148, simlar to the

previ ous wobotaseezis. As shown in FIG 16A, the cage l42chas2mems7ydepl oyed
and expanded within the body |umen 150 such that the open distal end 143 is
di sposed adj acent to obstructive materddal 152 intended to berenoved. Once
fully expanded, the cage 144 nay be rotated and advanced wi thin the body

| umen 150.kEMR1 4 Be eRRt TMMGhiVE: IRhRE IR orjoﬁlgerw}_%rs%d?&ea @s fhkGagcl PR ist he
distal end 143 of the cage 144 may engage the material 152, e.g., such that
t he di stcatnptreqssd T2 tpassirhthatte wag Eldnditce nbabech B2 lfaig@dnméle\mldf tod shichth body

ent angl o8 {Theghes st gy B viarSegsomndriy T b s iles S aad rag” Pty
shown) @y ahfze réridih REUSHRE phicRY @i tHeBatBBd 185D dhayliRZaspiiste @ throBSE thuGhda@ nMenber

expanded beyond the material 152 before the cage 144 is advanced. Thus, the
obst Puctlp@an.mipiarto rﬁlwprpwev@ﬁnb@ﬁ@tems Kryexeinde ap fleschbedghaaei avacysm away

fromth t erence to
FI G 16 %?‘Qe %p]pﬁ' gﬁe 5?18 at'i 6’#}1@? 'thte b%(a r{hszf)v!t aﬁg?@g%}a |tepfso(8 12 may

wi nd at ﬁa@t&ﬂés witih itted Bqdyanmamdsm ke, rIﬁIe@s’ddailhehEHe adyd/ 1dd isuisedne sgaedie ot her
thereby creating a nechani cal engagenent between the cage 144 and the

mat er | a|m21512a1 fromm theevall ¢fithe bedy ymennglosisrephiar ndyy Pﬁ@ﬁsao%emr%%l?ﬁ tted to

the mat qhaledkRingihihll JRLEAS Forh RlingiRgtctigl t Wi st and/ or
ot her w se15 et ach afnﬁﬂmthe Wfsstlﬁ%1 ?e ﬁ%ﬁ;ﬁﬁﬁaunﬁwo Af ter entangl enent
and 10ur t her rlotvat b@mpredmedaﬂtaaalginedtsmmbempalhenﬂ&owawlﬂfmqmmﬂoemmém renoved

fromthe wall of t | unen. as sho in Fl 160. As_shown in FIG
16E, th e&%@reﬂ&mﬁ@w? b TRECHRiCIAHOSIRCT A% M & JSEUEOIIA SAMRMAHAR o

const r aiith 5Mgperﬁ5@m§ﬁtg1di5@ros&phgrgg previ ous enbodi nents, thereby
conpressing the cage 144 radially inwardly towards the coI | apsed
confi gur at i onVhethausentihe idiuseepitibiei tp yanid modlﬁh%loclageld:@&dlnah@e forms,

subst ant | al. str t free on thei i st.a en i age 144 is
open ondatinaeibnateBh Byt SRkl R he Bt B b R et A <t al

ti ps5112iceRy Ibﬁlo@ncswmmﬂo@nﬁom%r radtehé mlvediivh ik abeRRAindkeditbehcage 144 is
withdrawn into the access sheath 20. Thus, the separated naterial 152 may
remai n |regEalapfermsorarehedsdlisdlasedrbut spthe ganwapyihe IMFReHERS teeoveaslishown i n
FIG 16F,, e A fon 8 or
sheat h an 1@%6%%% e&a‘;{é}a@?ﬁs avI\IAB ﬁl{&% g‘péégélﬁﬂ dglﬁ@Qg (gp%@%g%gi acenégf %ﬁe | oose
material 152. The material 152 may then be pulled into the open end 143 of
t he



cage 144, e.g., using an obstruction device 134, which may be the sane
devi ce depl oyed beyond the material 152 previously or a different device

i nt r oducewoizntom3tdze body | unen 150 and beyond t he nmat er ipalr/us3@9lefons e or
after redeploying the cage 144. Turning to FIG 16G the cage 144 with the
material 152 captured therein may themsbe withdrawn into the sheath 20 or
constraint tube (not shown), simlar to the previous enbodi nents. As

di scussef @l ggWhere herein, any material that protrudes through

t heapertures 146 in the cage 144 may be sheared off or otherw se separated
as the cage 144 i sA spttpndasethovmg@bstriative nsutirel frbat a bédy loage, dbbrdoes not
becone | odged in. t ip of the sheath 20.. The cage, k144 . ma e W thdrawn
conpl et el y 1 ripdisianuiulpsnts SoabrSRe de T tad: Fanl sHA B R enai ni ng

| oose panfrddilcEdn @fto b BB RGN, ahd 4 RidndiBk IR iR &naHe hrxaHahnt kgtgheat h

| umen, simlar to the previous enbodi nents. For exanple, as described
abové, &ngd&cuum may be applied by the sheath 20 within the body | umen 150

at any time t i e t i L dy, l.ur e.g.,
el cnsed wnertRRUGBL U EORE BRI ORI ol REY op TR O
t he bodybsttid@ive boflerinl idthatedad bekemd\ey, E obftastios deyse caypiding #peat ed as

many tinmes as_desired to renpve any renmaining material. It wll be
appr eci &¥@anqehisrmenbsroadigal @dipdhehedd shown with any enbodi ment herein

are_exenpl ary, {,0f dfed SRR hpti :gtéﬁ 'gﬁﬁab% doBY1iBPol S At RNPEF & bhaft
conbi nati on ﬁ}tﬁ(%tﬁir enboh#%gn S %% C ose& %ere?h.ovﬁigé tﬁe fnvéhtion IS
susdeépt idnde doastvamtitobrsfompdiiftaio algitheisggeand calldpsed adifipardtonns allepds fi c

exanpl es t hereof have. been shown i h rawi ngs and are herejn described
in det ai TCTHOIIF 40 Be Miiegdurt Bidhe e ke tﬁﬁagh theab e et WEHot t o
be 1im tgd 4R Helg RBIJyLGIEIRIM § QLB Rl ofBE ROESradt 3 0R8 Lxp MidbiePo bt

contrary, the invention is to cover all nodifications, equivalents and
al t er nataxpesleflgbhfigigatint within tahe dg dopen, dlic ¢dge cappusidgdn operi ensl W claim 1. A

system for renpying .Qbstructive,mater.i froma, bo | uen, conmprising: an
outert MBS R BIEFL TR bt T Rt B8 BRY ) of

| nt ngducdbseiictiviinRat@id) Odthirl theBteri@nss the &%@Bn ext endi ng between the proximal
and distal ends; an obstruction device depl oyable fromthe tubul ar nenber

to a | ocation beyond obstructive material intended to be renoved, the
obstruction devi cenGoNpLlSideian %B?erﬂgﬁlglogsﬁ?%ﬁrdegﬁe?stgb% ?éreﬁa@l@gw‘er eof ;
and a macerator device conprising an expandabl e cage carried on a distal
end of ahshatérator device such that the expanded expandable member directs obstructive

material disposed between the expandable member and the cage into the open end of the

20  cage to capture the material within the interior of the cage.

3. The system of claim 1, wherein the cage is retractable into the constraint tube
after being expanded within a body lumen such that the closed end of the cage slidably
engages the distal end of the constraint tube and the cage is compressed back towards the

25  collapsed configuration.

4. The system of claim 3, wherein the cage comprises a tubular structure
including a wall extending between the open end and a closed end of the cage, the wall
comprising a plurality of apertures defined a desired pore size such that, when the cage

30  slidably engages the distal end of the constraint tube as the cage is retracted into the
constraint tube, obstructive material captured by the cage that extends through the apertures

is separated from the cage by the distal end of the constraint tube.



and a constraint tube for nmaintaining the cage in a coll apsed configuration
to all ow the macerator device to be introduced into the body | unen through
t he tubulwo 208mi3e021| unen, the cage bei ng depl oyabl e fromrca/useevab79end of
the constraint tube and expandabl e to an expanded configuration within a
body | unen, the cage conprising an op&t-end communicating with an interior
of the cage in the expanded configuration for capturing obstructive
material w thy n t hglQleml dcldh 4 RetR88mpAsind BSod¥SbARRhmGhap @ o theher ei n
t he obstruction devicé is novable relative to the nmacerator device such

t hat t hdumxpahthedulaipancabirdonasphanghibsgottscohgtnastparetedrfiver thalcagh sposed
bet ween .t he. expand e er and the cage into the open end of the cage to
captureIWWghﬁE$%?f§ﬁ£%P£ﬁﬁﬁnFﬂ§efnterior of the cage. 3. The system of
claiml1, wherein the cage is retractable into the constraint tube after
being expanded within a body |unmen such that the closed end of the cage
slidably engdyes tHe siptemanf claia lohersdn thesbelt af the nagpatasigvicheomagesias
conpres . o] haur ati . S em of claim
3 "aner arc RSpd BBl PRoaRRY FERRRAAE, bltp B Sty RS DALY

ext endi nipshettivdeiRvich ehepgie vitinte anshndalsit aratbeeiich @fllaphed wadguratibre wal |
conprising a plurality of apertures defined a desired pore size such that,
when the cage slidably engages the distal end of the constraint tube as the
cage is retracted jt tyr g : et i i captured
by the cage ?ﬁat égﬁé ﬁggﬁﬁﬁgﬁéﬁ’?ﬁ%ﬁﬁ%g$$ﬁ¥§§ﬁ$@&§%%ﬁ?ﬁ?@ﬁﬁ?ggﬁnthe cage
by tlbe dhdtdihg arvehliofxtdnkdingdmmstamahabperubel dnd aldiesced yad efithefcagd, dicwage f urt her

conprising a source of vacuum coypled to the |ume f the, tybul ar menber
for aspiCaATE YR @@W@nﬂﬁwg%&&%%flé{%ap%a&ﬂq@%sé Eabe 8 ¢ he | unen
of the tddaHlngra JIBARES of HertdREiSHe @M of claim 1, wherein the shaft of the
macer at or devi ce conpri ses a | unen extendi ng between proxi mal and di st al

ends thereof for slidably receiving the obstruction device therein with the

expandabl e er 4,n a collapsed configyration. 7. The systemoof claim 1,
whorein the dage ciis?r &8 IR F ARG P b smiBRAEPEARA Pt Ehal n
bet wgen guhe Gp@ding@nanfly axialpseslcemehedpch Rfd cBGRI crldd8f BRGReEMIL | Sing a
plurality of struts extendi ng between the open and cl osed ends, thereby

def i ni ngeeend) sgt aff stius Gftensirer dizgoagnyqystyeetwedn adjgentratsyidhefissbictef ai m 7,
wherei n & e BlURRAL L s Pivafild $h2nt@MPrises a first set of

9. The system of claim 8§, wherein the first set of struts have a greater rigidity
20  than the second set of struts such that, rotation of the cage in a first direction about its

longitudinal axis causes the cage to expand in diameter.

10. The system of claim 7, further comprising a plurality of distal tips extending
distally from the open end of the cage.
25
I1. An apparatus for removing obstructive material from a body lumen,
comprising:
an outer tubular member comprising a proximal end, a distal end sized for
introduction into a body lumen, and a lumen extending between the proximal and distal
30  ends;
an elongate shaft comprising proximal and distal ends and movable axially within

the tubular member lumen; and



struts extending generally axially between the open and cl osed ends of the
cage and a second set of struts extending discontinuously between adjacent
struts ofwoOhelodasset set of struts to define a nmesh wal | edTaiseaoosroas 9. The
systemof claim@8, wherein the first set of struts have a greater rigidity
than the second set of struts such th&t7- rotation of the cage in a first
direction about its |ongitudinal axis causes the cage to expand in

di aneter. 10. an@%%aﬁbé%le%&?at&ﬂ @Fm&n filthd ekt %f?di@t"tdo%b&'% e Rlied1 %héi B‘f’th@f
distal tips extending distally ron1¥ he open end of the cage.
apparatu@aﬁ@ndaeﬂmmdﬁ@e@b@ﬂh@a@ﬁwepmuhbhﬁhknﬁnoh%mabqujﬁbumen\WEmnba|5|ng:

an outer tubu r _CONPrijsing.a proxi | end end sized for
ot aduceen R s TV B R sy Rt e el ShRi R RS o
and di st@abke 8idployad fiBhOME a1 hadnhb e AIRED, ShNGgPEOXpABhg aﬂd)uwur%ﬁaétu@nds and
novabl e axially within the tubul ar nmenber | umen; andan expandabl e macer at or

cage Scoripeliding g walkaxtepdingrheteeanabp Siest eod sasendcrdsathesaepndfend Wefimingsn and a
second fy e end .t g a?lﬁ‘gﬁzinﬁxaﬁﬁ@gﬁ%oeﬁﬂé 8&%%“ %%Qﬁcﬁe‘a c%ﬁﬁ%t%rg f.on when

m
the cage'I's gls osed ubul ar exp anded

confugunapn@Mgwhanumhenmagﬁlwahmahbey@ﬁnbfﬁﬁmm@ethubunamnpﬁﬁbgapMuma@, t he
cage conprising a tupular structure including a wall extendlggmbetmeen t he

first afd ag@él&ﬁ%ﬁl@hd%at vhen Wecesrds srgdgem Mchgtath oyeHRhgcRSRMYRCEat i ng
with an dfﬂa bstrnalmﬂae thd2Ein SRR AT @L}q%n emﬂeg%laaﬂrﬁant 'S1igaR uring
obstructlve i al Wlthlnt elnterlor (0] ecage t he wa r|5|nga

pl urldl i teylgmgesahrmwaldmfamesm@dnotshparatewihmcttﬂventaaxgetl captuved Ihght]amwgbaitdt into the
tubular after capturing.obstructi materjal therein, the

di stal tb(r ieh s AP ahe & d%mprsﬁsgaéa%wg@%éh C‘gﬁpfﬁlﬁie cage to
separatqmggg&ﬁg@ﬁlve material captured by the cage that extends through the

apertures and the cage is conpressed back towards the coll apsed
configuration. 12. The apparatus of claim 11, mhereln the tubul ar nenber

distal end c s a _shar pengd for i mat er i al
oyt ondi noCt o SR PR B B PR R B bt piea i JRta 8% PGS | o
t he 1subul s’h@rﬂ&ﬁ&)@dge' fbﬂantmgl@ostr{b@veaﬁa@flﬂte&&naﬁlg&h@mgh ﬂﬂe, apéhgfe€bhthiche second

end of the cage conprises a
cage when the cage is withdrawn into the tubular member lumen.

13.  The apparatus of claim 11, wherein the second end of the cage comprises a
plurality of distal tips extending substantially axially away from the first end for engaging

20  the cage with obstructive material within a body lumen.

14. The apparatus of claim 13, wherein the cage is rotatable about a longitudinal
axis of the tubular member, the distal tips comprising one or more features that interlock
with one another when the cage is rotated after engaging the distal tips to obstructive

25  material to separate the obstructive material from a wall of a body lumen.

15. The apparatus of claim 11, wherein the wall of the cage comprises a plurality

of struts defining the apertures.

30 16. The apparatus of claim 11, wherein the cage comprises a plurality of features
extending inwardly from the wall for engaging obstructive material captured within the

interior of the cage.



plurality of distal tips extending substantially axially away fromthe
first end for engaging the cage with obstructive material within a body

| unen. 14woOThw/@ppar at us of claim 13, wherein the cage iPSTrusc@bablogs about a
| ongi tudi nal axis of the tubular nenber, the distal tips conprising one or
nore features that interlock with one28other when the cage is rotated
after engaging the distal tips to obstructive naterial to separate the

obstructive ngteripje afpf)%u@ o\f‘/@iaimqfl RSOk MBI anlécesmﬁea%@@&hﬁﬁéﬁ%g pf
claim 11, wherein the wall of the cage conprises a plurality of struts

defi ni ng)rohmahpat aulnsea end Glzed‘ ﬁze napphucaommt@a bodﬁlumehlandmbmanrﬁxtdnémgage
conprises,a pl rallt of fe S t i nvvar he wal| for
engagl ndebReR e Proviaidng RN R 1 LB Phmh et e R hORe{ R cage. 17.
The appagiatib shelfccsss ahdntd limdnur t her conpri sing an access sheath conprising a
proxi mal end, a distal end sized for introduction into a body |lunen, and a

| uned extend| ng between the proximal and distal ends, the tubul ar rrenber

sized to be st dably pgeledoid i e AGESRRSASANILNIRD Al The

appar atus of ¢l ai YPRer “conmprisi n I'Ce depl oyabl e

from t helepgebls fivheaichccdsh eh@tmﬁisa@ﬁlmmmﬁy dedceatiprisiiggh epardgddndabl e
menber for dlrectlng obstructive material into the open end of the cage
when t heéneabe fpedirgsting abdstrgmgtesishinteihe 2pebandwt the ﬁaé’é Wsihihe GRS 19, The

appar at yg, Iﬁ‘% B rahHﬁW@h%Q&lé”uﬁieﬂg one or nore control elenents

coupled to t Istal” tips age, the control elenents actuatable for
drawOng the distal tips inwardly towards a closed configuration with the

cage in the expanded confi ur Lo revent . obstructive nmat al captured
within the cage fromi@BEaps ﬁé%ﬁ?%hﬁ‘“ﬁ%“&ﬁ‘&?r@ﬁ@ Onfo)“ﬁerlféc‘éfﬂﬁgﬁlfﬂ%‘

claim 1]oou164%8"c@ﬂﬁ dida tff)@%tﬂesca e E¥RRAY abQalBR BXPa he distal
configuration and is resilientfy conpressible inwardly towards the

col | apsé@scmérdWDwrdsm clased comigysicanvittothcrcegoii thgemmlﬂﬁcbmnfxg@rmmi al
f bod t ubul b
o et SR f Rl APy S e 4ia e oiEPRE S v LRI ORED  and a

| umgy ext endi ng between the proxinmal and d| stal ends; and a macerator

devi ce depl oyabl e fromthe |lunmen and conprising an el ongate shaft, an
20 The apparatus of claim 11, wherem the cage is biased to expand to the

expanded configuration and is resiliently compressible inwardly towards the collapsed

configuration.

20 21. A system for removing obstructive material from a body lumen, comprising:
an outer tubular member comprising a proximal end, a distal end sized for
introduction into a body lumen, and a lumen extending between the proximal and distal
ends; and
a macerator device deployable from the lumen and comprising an elongate shaft, an
25  expandable cage carried by the shaft, and a constraint tube having a distal opening with a
sharpened edge, wherein the shaft and the cage are axially moveable relative to the

constraint tube.

22. The system of claim 21, further comprising an elongate treatment member
30  comprising an expandable treatment element selectively expandable for directing the
obstructive material within the body lumen into the cage when the cage is in an expanded

configuration.



expandabl e cage carried by the shaft, and a constraint tube having a distal
opening with a sharpened edge, wherein the shaft and the cage are axially
noveabl e wel2atoose2io t he constrai nt tube. 22. The syst emCofUSed0i0nT924,
further conprising an el ongate treatnment nenber conprising an expandabl e
treatnment el enent selectively expandaliioe for directing the obstructive
material within the body lunen into the cage when the cage is in an
expanded confi3gur afcQRstdd of LREmMSTVBBAAS the kakdBotdprisé 8 pRiAlity BRafR@es,
conprises a plurality of apertures, and the distal sharpened edge of the
const r aiand thaidbistal shagentd gdgeerf thoconstraiat fuhg isafohfighsd forcshcarmgnadt eri al t hat
protrude hr ough .t he .apertures_as cage is withdrawn.jinto the

onst r arrbiiBE T B BioRS SR i e B O e R T I I PR e, 24
The syst@my@dintalid Mot daptwhies Sbdtruche: BhRAgRBhih HgaéageNt menmber is insertable
through a lunmen in the nmacerator device shaft. 25. The system of claim 22,
wheréin the elongate treatnent nmenber is insertable through the outer

t ubul ar nenb | u .ac . t cer r i th. he .syst em
of clain125,%%hergﬁ%Sgﬂég%gggm%g%bgﬁggguﬁﬁ%&ﬁﬁﬁ§§¥?%%?ggﬁ%%Fﬁ%t %%ﬁg whi ch
t he el ongmiugh hlgatminhe MAGEetor deyicpsiag. 27. The system of claim 21, wherein
an i nner surface of the cage conprises a plurality of features extending
inwardly for engagi ng obstructive material captured within the cage. 28.

The system ofysCl ai et?s%steﬁ‘(“tﬁfc?iﬁﬂ ONe hERAShE %10%%%‘[%%%#6?1‘[ el % iﬁs%?t%l@d to

an inner surface o e outer tubular nmenber. e systemof clarm 21

f ur tliber thongh ithel cugeranbdamutraberdxpan ddjbtent nethb eracemtdr ldevioeistert. t ubul ar nmenber
distal end. 30. The system of claim21l, wherein the cage conprises distal
tips extending froman open end of the cage for engagi ng obstructive

material w thign a PRy kMBaiRDs, WischySE %B%&Jon?ﬂrﬁbﬂ@@nm{e%bﬁﬁﬁoath
conprising one or noré control elenents coupled to the distal tips of the
cage, t ibroughtwhidh thE elopgats tragtmeat migimberf may desswi ng the distal tips inwardly
towards a closed configuration when the cage is in an expanded
configuration. 32. The systemof claim 30, further conprising a driveshaft

operigbl y coupl7ed t"ﬂletszﬁteﬁﬁﬁfélaﬂchﬁﬁ 1CAHStcRbart MBeCRA@Cc Of thOt@lcotiPristida
advancenent through the body |unmen.33. The system of claim 30, wherein the
di stal perhiydifdeptyics oxtendiag invvihlyifeieengaging obstructive material captured within

the cage.

28. The system of claim 21, wherein the constraint tube is fixedly coupled to an

20  inner surface of the outer tubular member.

29. The system of claim 21, further comprising an annular expandable member

on the outer tubular member distal end.

25 30.  The system of claim 21, wherein the cage comprises distal tips extending

from an open end of the cage for engaging obstructive material within a body lumen.

31.  The system of claim 30, further comprising one or more control elements
coupled to the distal tips of the cage, the control elements actuatable for drawing the distal

30 tips inwardly towards a closed configuration when the cage is in an expanded configuration.

32. The system of claim 30, further comprising a driveshaft operably coupled to

the cage for causing the cage to rotate during advancement through the body lumen.



one of a snooth edge, a slotted edge, and a serpentine edge. 34. A nethod
for renoving obstructive material froma body |unmen, conprising:

i nt roduciwg 2aiodizsi2al end of an el ongate tubul ar nmenber ipoTawskéve/obdy | unen;
i ntroduci ng a macerator device through the tubular nenber |unen into the
body | unmen, the nmacerator device conpri0si ng an el ongate shaft carrying an
expandabl e cage in a collapsed configuration; expanding the cage within the
body | unen to an expanded configuration such that the cage defines an open
end; capturing obstructive nmaterial within the cage through the open end;
and col | apsi nig. t helheaystemarficidiing 0, whencdl the dove pasrudires stoicfuagssmdiprise

configuration to allow the cage to be renpved fromthe body |unmen. 35. The
et hod drea Asioa i Ut iEe Bgd S HTES Siiced ¢ hrough the tubul ar
menber |lunmen within a constraint tube that maintains the cage in the

col | apsed configuration, and wherein coll apsi r]q t he cage conprises
wi t hdrawi ng t¥e cayaanskor rrmpvitgeobsnetveansterial fen a dedy fmecnrgempdsieg: cl ai m

35, wherein Gfig.Gage COMRILRAS o Ao Sl HORHESGL Bl RLPI ural ity of

apertures in a wa ereof, an €in o ructive materi al captured

w thin the cageodaig exbemngsr ddviugfoughelid tubelar membbelug@gentb she eodgved by a
di stal end of the constraint tube when the cage is. withdrawn back into the
const r ai WRCHfBe MageratoT HeVicRSHRRIISHTE 4 prgatpshaliicarging apsePNdeblgICaghtl of t he

constrai .t B s0HRiE5eS @ sharpened edge for shearing off obstructive
mat eri al eil% engi)ngéﬂt?%roﬂgh the cage apertures. 38. The nethod of clai m 36,

fur tlifer conpraxpamtin@thpicagt witljinahsbedycliuimee torat expaalled tratfighsitive soshetiatoy t he
di stal epd of tgg constraint tube. 39. The method of claim 34, further
conpri sitAg 485 HRTRATRP Rl ongat e treat ment nember conprising a di st al

expandabl e tr&?ﬁ%gbbﬁhﬁ@i@@hmfamﬁm&ﬁ@c ttRfoubh i GHen RALAK | umen and
into the body Tunen such that the expandable treatnent elenent, in a

col I apsed corrilgpsig thowagd red pdg v adlydodisis dic eadlapsed cobBguraar teellont eri al
o0 L1 58855 pPESRALATER, Bl he obetructtve mterial expand: no
treatsnent el enent towards the expanded cage
35.  The method of claim 34, wherein the cage is introduced through the tubular
member lumen within a constraint tube that maintains the cage in the collapsed
configuration, and wherein collapsing the cage comprises withdrawing the cage back into
the constraint tube.
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36.  The method of claim 35, wherein the cage comprises a tubular structure
including a plurality of apertures in a wall thereof, and wherein obstructive material
captured within the cage that extends through apertures in the cage is removed by a distal
end of the constraint tube when the cage is withdrawn back into the constraint tube.
25
37. The method of claim 36, wherein the distal end of the constraint tube
comprises a sharpened edge for shearing off obstructive material extending through the cage

apertures.

30 38.  The method of claim 36, further comprising aspirating obstructive material

that is removed by the distal end of the constraint tube.

39. The method of claim 34, further comprising:



such that the obstructive material is withdrawn into the open end of the
cage. 40. The nethod of claim 34, further conprising: advancing the
expanded wagelnicwends t he obstructive material and rot atcmgistéve/osmge duri ng
advancenment until the obstructive material becomes entangled in a distal
portion of the cage; continuing rotatixn of the cage until the obstructive
material is detached fromthe vessel wall; w thdrawi ng the cage into the

constraint t lﬁ?ﬁod&cli}f‘grﬁ%loﬂg%{&?e%krﬁ&lttnﬁ'&nﬁé?%ﬁlﬂ%mg@ dﬁ@él‘%&bé}ldaﬁfe%@hﬁﬁ&t cage
di stal portion; and Tedeploying and expandi ng the cage, wherein capturing

obst r uctdlangentéitrenghathewuteh tubuldn enavaige hwoepanidsies the bedst iungnisheh thet ased
obstruct Ix\]égn feetll;ela nllent efe?ne%? % g)égﬁarf)cslg(g con%%ura'ﬂsolnnlg posmgrrlgj 1SG‘t(a:i[t8 the devi ce.
obstructive material and the cage is positioned proximal to the obstructive material;
5 expanding the expandable treatment element; and
proximally withdrawing the expanded treatment element towards the expanded cage

such that the obstructive material is withdrawn into the open end of the cage.

40. The method of claim 34, further comprising:

10 advancing the expanded cage towards the obstructive material and rotating the cage
during advancement until the obstructive material becomes entangled in a distal portion of
the cage;

continuing rotation of the cage until the obstructive material is detached from the
vessel wall;

15 withdrawing the cage into the constraint tube, thereby releasing the obstructive
material from the cage distal portion; and

redeploying and expanding the cage,
wherein capturing obstructive material within the cage comprises directing the
released obstructive material into the expanded cage using an embolectomy device.

20



