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FIG. 1A

ing a lumen and a distal end, a first wire forming a first arc and being
positionable distal to the distal end of the delivery shaft while ends
of the first arc are at a distalmost end of the delivery shaft, and a
second wire forming a second arc and being positionable distal to the
distal end of the delivery shaft while ends of the second arc are at the
i distalmost end of the delivery shaft. A distalmost extent of the first
wire is distal to a distalmost extent of the second wire. The first wire
and the second wire are separately retractable relative to the delivery
shatt.
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APPARATUS AND METHOD FOR CATARACT EXTRACTION

Cross-Reference to Related Applications

{8081 The present application clanms the benefit of prionity under 33 US.C § 119t US
Provisional Patent Application Serial No. 62/363,149 entitied “APPARATUS AND METHOD
FOR CATARACT EXTRACTION” filed on Fuly 15, 2016, and U.S. Provisional Patent
Apphication Serial No. 62/297. 725 entitled “APPARATUS AND METHOD FOR CATARACT
EXTRACTION” filed on February 19, 2016, the disclosure of each of which 1s hereby

mcorporated by reference n its entirety for all purposes.

Technical Field

{0663] The present disclosure generally relates to surgical devices and, i particular, relates

o cataract extraction devices.

Backeround

{B003] Cataracts often cause loss of vision by clouding the lens of the eve. Cataract surgery 1s
often performed, m which the lens 13 removed from the eve and replaced with a synthetic lens.
However, if care 13 not taken, it can be difficult to remove the lens without creating a large

meision or without breaking the lens into an uncontroliable number of small preces.

{3004] A handheld device, sometimes referred to heremn as a cataract extraction device or an
extraction device, 1s provided that can be used to break the lens of the eye of a patient mto a
desired number of pieces and remove the resulting pieces from the eye through an incision. For
example, after a hydrodissection of the lens has been performed to displace the lens from it
capsule, the extraction device can be moved nto the eye through a corneal incision and be
utihzed to encapsulate or partially surround the lens and remove 1t 1o a controlled manner m one

or more pieces. A second device can be used to flush the eve of any lens remnants.

{80838} The extraction device may include additional mecharusms or components to control the

motion of lens elements out of the anterior chamber of the eye. The devices can be provided

<1~
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together as a kit. In some embodiments, the extraction device can contain at least a part of the
iens durmng and/or after hvdrodissection. If the lens 15 undesirably displaced during

hydrodissection, the device can be used to recapture the lens or a portion thereof.

{8686} In accordance with certain aspects, an extraction device 1s provided that inchudes a
delivery shaft having a lumen and a distal end. The extraction device also mncludes a first wire
forming a first arc and being positionable distal to the distal end of the delivery shaft while ends
of the first arc are at a distalmost end of the delivery shaft. The extraction device also includes a
second wire forming a second arc and being positionable distal to the distal end of the delivery
shaft while ends of the second arc are at the distalmost end of the delivery shaft. A distalmost
extent of the first wire 15 distal to a distalmost extent of the second wire, and the first wire and

the second wire are separately retractable relative to the delivery shaft

{80607} In accordance with other aspects, an extraction device is provided that includes a delivery
shaft having a lumen and a distal end. The extraction device also includes a dissection tool distal
to the distal end of the delivery shaft. The extraction device also includes a first capture portion
positionable on a first side of an axis of the delivery shaft and comprising a first cover. The
extraction device also includes a second capture portion positionable on a second side of the axis,
opposite the first side, and comprising a second cover. The first capture portion and the second
capture portion are configured to move toward the axis upon actuation and define an enclosed

space between the first cover and the second cover.

{8008} In accordance with other aspects, an extraction device is provided that includes a delivery
shaft having a distal end. The extraction device also includes an wrrigation port at the distal end.
The extraction device also includes a loop having a flund permeable cover. The extraction device
also includes a blade being moveable from a retracted position to an actuated position across at

ieast a portion of the loop.

[0089] In accordance with other aspects, an extraction device 15 provided that includes a delivery
shaft having an inner cyhindrical shaft structure with a distal end. The delivery shaft also
meludes an outer eylhindrical shaft structure having a distal end with a sharp cutting edge. The
sharp cutting edge of the outer cylindrical shaft structure 15 deployable beyond the distal end of

the inner cylindrical shaft structure.
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{0018} In accordance with other aspects, an exiraction device i1s provided that includes a delivery
shaft having a distal end with a sharp cutting edge. The exiraciion device alse meludes a
gripping apparatus that is extendible from within a lumen of the delivery shaft and operable to

erip and pull tissue against the sharp cutting edge.

{8011} In accordance with other aspects, an exiraction device i1s provided that includes a delivery
shaft having a distal end. The extraction device also includes an excision member that is
extendible from within a lumen of the delivery shatt. The excision member includes a control

shaft and a plurality of lavered cutting and encapsulation leaves.

{8012} In accordance with other aspects, an exiraction device i1s provided that includes a delivery
shaft having a distal end. The extraction device also includes a first frame extendible from the
distal end of the delivery shaft and having a flexible bag structure aitached thereto. The
extraction device also includes a second frame extendible from the distal end of the delivery
shaft and having a hd structure attached thereto. In an extended configuration for the first frame
and the second frame, the flexible bag structure and the lid structure are configured to define and

enclose a cavity within which at least a portion of a lens of a patient’s eye s encapsulated.

{8613} In accordance with other aspects, a method is provided that includes extending a first
frame, having an attached flexible bag structure, and a second frame into an eye of a patient such
that the flexible bag structure at least partially surrounds at least a portion of a lens of the eye of
the patient. The method also includes extending a third frame having an attached bid structure
along the first frame to encapsulate the at least the portion of the lens between the flexible bag
structure and the id structure. The method also mcludes withdrawing the second frame to

transect the encapsulated at least the portion of the lens.

{0014} In accordance with other aspects, an extraction device 15 provided that includes a delivery
shaft having a distal end. The extraction device also includes a first frame extendible from the
distal end of the delivery shaft and having a flexible bag structure attached thereto. The flexible
bag structure ncludes a plurality of openings. The extraction device also includes a second
frame extendible from the distal end of the debivery shaft and having a Tid structure attached

thereto. In an extended configuration for the first frame and the second frame, the flexible bag
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structure and the lid structure are configured {0 secure at least a portion of a lens of a patient’s

eye therebetween.

{0015} In accordance with other aspects, a method is provided that includes extending a first
frame having an attached flexible bag structure with a plurality of openings from a distal end of &
delivery shaft into an anferior chamber of an eye of a patient such that the flexible bag structure
at least partiatly surrounds at least a portion of a lens of the gve of the patient. The method also
mncludes extending a second frame having an attached lid structure along the first frame to secure
the at least the portion of the lens between the flexible bag structure and the hid structure. The
method also includes withdrawing the first and second frames into the distal end of the delivery
shaft to strain the at least the portion of the lens through the plurality of openings in the flexible

bag structure into the anterior chamber.

{8616} In accordance with other aspects, an extraction device is provided that includes a delivery
shaft having a lumen and a distal end. The extraction device also includes furst, second, and third
wire loops extendible from within the lumen at the distal end, wherein the first, second, and third
wire loops are configured to separate upon extension from within the lumen to at least partiaily
surround a lens of a patient’s eve, and wherein the separated first, second, and third wire loops

are configured to be withdrawn into the lumen to pass through and dissect the lens.

{8617} In accordance with other aspects, an extraction device is provided that includes a delivery
shaft having a lumen and a distal end. The extraction device also includes first and second wire
ioops extendible from within the lumen at the distal end. The extraction device also includes a
plurality of interconnecting wires that extend from the first wire loop to the second wire loop.
The first and second wire loops are configured to separate upon extension from withun the lumen
to at least partially surround a lens of a patient’s eve, and the separated first and second wire
ioops and the plurabity of mnterconnecting wires are configured to be withdrawn o the lumen to

pass through and dissect the lens.

{#018] In accordance with other aspects, an exiraction device is provided that includes a delivery
shaft having a lumen and a distal end. The extraction device also includes {irst, second, and third
wire loops extendible from within the lumen at the distal end, wherein the first, second, and third

wire loops are configured to separate upon extension from within the lumen and are

e
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maneuverable to at least partially surround a lens of a patient’s eve. The extraction device also
mcludes a stent extendible from within the lumen around the extended first, second, and third
wire loops. The extraction device also includes an encapsulation bag extendible from within the

fumen around the extended stent and the extended first, second, and third wire foops.

{8019} Additional features and advantages of the subject technology will be set forth m the
description below, and in part will be apparent from the description, or may be learned by
practice of the subject technology. The advantages of the subject technology will be realized and
attamned by the structure particularly pointed out in the written description and claims hereof as

well as the appended drawings.

{8628} It s to be understood that both the foregoing general description and the following
detailed description are exemplary and explanatory and are intended {o provide further

explanation of the subject technology as claimed.

Brief Description ¢f the Drawmes

{8621} The accompanyng drawings, which are included to provide further understanding of the
subject technology and are incorporated i and constitute a part of this description, tllustrate
aspects of the subject technology and, together with the specification, serve to explain principles

of the subject technology.

{80622 FIG 1A shows a perspective view of an exiraction device, in accordance with ong or

more embodiments of the present disclosure.

{8623 FIG. 1B shows a perspective view of the extraction device of FIG. 14, in accordance

with one or more embodiments of the present disclosure.

{8624 FIG 1T shows a perspective view of the extraction device of FIG. 1A, in accordance

with one or more embodiments of the present disclosure.

{8025] FIG. 1D shows a perspective view of the extraction device of FIG. 1A, m accordance

with one or more embodiments of the present disclosure.

{8026] FIG. 1E shows a perspective view of the extraction device of FIG. 1A, n accordance

with one or more embodiments of the present disclosure.
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{8027} FI(z. 1F shows a perspeciive view of the exiraction device of FIG. 1A, in accordance with

one or more embodiments of the present disclosure,

{0028} FIG. 1G shows a perspective view of the extraction device of FIG. 1A, in accordance

with one or more embodiments of the present disclosure.

{0028] FIG. 2A shows a perspective view of an extraction device, in accordance with one or

more embodiments of the present disclosure.

{0038] FIG. 2B shows a perspective view of the extraction device of FIG. 2A, m accordance

with one or more embodiments of the present disclosure.

{0031] FIG 3A shows a perspective view of an extrachion device, n accordance with one or

more embodiments of the present disclosure.

{0033 FIG. 3B shows a perspective view of an extraction device, m accordance with ong or

more emnbodiments of the present disclosure.

{8033] FIG 4 shows a perspective view of an extraction device, in accordance with one or more

embodiments of the present disclosure.

{8634] FIG SA shows a perspective view of an interface tool, 1n accordance with one or more

embodiments of the present disclosure.

{0035] FIG 5B shows a perspective view of the mterface tool of FIG. 54, o accordance with

one or more ernbodiments of the present disclosure.

{6035] FIG 6A shows a perspective view of an extraction device, in accordance with one or

more erobodiments of the present disclosure,

{8037} F1G. 0B shows a perspective view of the extraction device of FIG. 6A| in accordance

with one or more embodiments of the present disclosure.

{8038 FIG 7 shows a perspective view of an extraction device, in accordance with one or more

embodiments of the present disclosure.

e
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{8038} FIG. 8 shows a perspective view of an extraction device, in accordance with one or more

embodiments of the present disclosure.

{0040} FIG. 9 shows a perspective view of an extraction device, in accordance with one or more

embodiments of the present disclosure.

{0041} FIG. 10A shows a perspective view of an extraction device, in accordance with one or

more embodiments of the present disclosure.

{0042] FIG. 10B shows a perspective view the extraction device of FIG. 104, in accordance

with one or more embodiments of the present disclosure.

{0043] FIG. 10C shows a perspective view of the extraction device of FIG. 10A, mn accordance

with one or more embodiments of the present disclosure.

{0044 FIG. 10D shows an end view of the extraction device of FIG. 104, n accordance with

one or more embodiments of the present disclosure,

{B8045] FIG. 10F shows a perspective view of the extraction device of FIG. 104, in accordance

with one or more embodiments of the present disclosure.

{#046] FIG 1LA shows a perspective view of an extraction device, m accordance with one or

more ermobodiments of the present disclosure.

{8047] FIG. 118 shows a perspective view the extraction device of FIG. 11 A, 1 accordance

with one or more embodiments of the present disclosure.

{048] FIG 12A shows a perspective view of an extraction device, m accordance with one or

more ermobodiments of the present disclosure.

{8049] FIG 128 shows a perspective view the extraction device of FIG. 124, 1n accordance

with one or more embaodiments of the present disclosure.

{B056] FIG 13A shows a perspective view of an extraction device, in accordance with one or

more embodiments of the present disclosure.
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{0051} FIG. 13B shows a perspective view the extraction device of FIG. 134, in accordance

with one or more embodiments of the present disclosure.

{0052} FIG. 14A shows a perspective view of an extraction device, in accordance with one or

more embodiments of the present disclosure.

{0053} FIG. 148 shows a perspective view the extraction device of FIG. 144, in accordance

with one or more embodiments of the present disclosure.

{0054] FIG. 14C shows a perspective view the extraction device of FIG. 144, in accordance

with one or more embodiments of the present disclosure.

{0058] FIG. 15A shows a perspective view of an extraction device, in accordance with one or

more emnbodiments of the present disclosure.

{005s] FIG. 15B shows a cross-sectional view the extraction device of FIG. 1SA, i accordance

with one or more embodiments of the present disclosure.

{00587] FIG. 16A shows a side view of an extraction device, 1n accordance with one or more

embodiments of the present disclosure.

{0058 FIG. 168 shows a cross-sectional side view the exiraction device of FIG. 16A, 10

accordance with one or more embodimentds of the present disclosure.

{3059 FIG. 16C shows a top view the extraction device of FIG. 164, 1 accordance with one or

more ermobodiments of the present disclosure.

{0068] FIG 16D shows a top view the extraction device of FIG. 16A, i accordance with one or

more ermobodiments of the present disclosure.

{#061] FIG 10F shows a top view the extraction device of FIG. 16A, m accordance with one or

more embodiments of the present disclosure.

{08062] FIG 17A shows a front view of an extraction device, in accordance with one or moge

embodiments of the present disclosure.

8-
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{0063} FIG. 178 shows a side angle view the extraction device of FIG. 17A, 1n accordance with

one or more embodiments of the present disclosure,

{0064} FIG. 18 shows a perspective view of an extraction device, in accordance with one or

more embodiments of the present disclosure.

{8065} FI(G. 19 shows a perspective view of a lid structure for the extraction device of FIG 18,

m accordance with one or more embodiments of the present disclosure.

{8066] FIG. 20 shows a cross-sectional view of a portion of the extraction device of FIG. 18, in

accordance with one or more embodiments of the present disclosure,

{8067] FIG. 21 shows a perspective view of a frame structure for the extraction device of FIG.

1&, m accordance with one or more embodiments of the present disclosure.

{0068] FIG. 22 shows a cross-sectional perspective view of a portion of the extraction device of

FIG. 18, maccordance with one or more embodiments of the present disclosure.

{8669 FIG 23 shows a cross-sectional perspective view of a portion of the extraction device of

FIG. 18, inaccordance with one or more embodiments of the present disclosure.

{0078] FIG 24 shows a perspective view of a portion of an exiraction device, in accordance with

one or more emnbodiments of the present disclosure.

{B8671] FIG 28 shows a side view of a portion of the extraction device of FIG. 24, in accordance

with one or more embodiments of the present disclosure.

{0072 FIG 26 shows a perspective view of a portion of the extraction device of FIG. 24
meluding a portion of a handle, i accordance with one or more embodiments of the present

disclosure.

{0073} FIG 27 shows a perspective the extraction device of FIG 24, i accordance with one or

more embodunents of the present disclosure.

{0074} FIG 28 shows a perspective view of a portion of an extraction device having three wire

ioops, i accordance with one or more embodiments of the present disclosure.
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{8075} FIG. 29 shows a perspective view of the portion of the extraction device of FIG. 28 with
the wire foops m a rotated configuraiion, in accordance with one or more embodiments of the

present disclosure.

{8676 FIG. 30 shows a perspective view of a portion of an extraction device having two
mterconnected wire loops in a flattened configuration, in accordance with one or more

embodiments of the present disclosure.

{8877} FIG 31 shows a perspective view of the portion of the extraction device of FIG. 30 with
the mterconnected wire loops m a rotated configuration, m accordance with one or more

embodiments of the present disclosure.

{8678 FIG 32 shows a perspeciive view of a portion of ancther extraction device having two
mterconnected wire loops n a flattened configuration, 1 accordance with one or more

embodiments of the present disclosure.

{8078} FIG 33 shows a perspective view of the portion of the extraction device of FIG. 32 with
the mterconnected wire loops in a separated configuration, m accordance with one or more

embodiments of the present disclosure.

{8088 FIG. 34 shows a perspective view of a portion of another extraction device having three
mterconnected wire loops in a flattened configuration, in accordance with one or more

embodiments of the present disclosure.

{3081] FIG. 35 shows a side view of the portion of the extraction device of FItr 34,10

accordance with one or more embodiments of the present disclosure.

{0083] FIG. 36 shows a face-on view of the extraction device of FIG. 30, 10 accordance with one

or more embodiments of the present disclosure,

{0083] FIG. 37 shows a face-on view of the extraction device of FIG. 31, 10 accordance with one

or more embodiments of the present disclosure,

{3084] FIG 38 shows a face-on view of the extraction device of FIG. 32, 1 accordance with one

or more embodiments of the present disclosure,
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{0085} FIG. 39 shows a face-on view of the extraction device of FIG. 33, in accordance with one

or more embodiments of the present disclosure.

{0086} FIG. 40 shows a face-on view of the extraction device of FIG. 34, 1n accordance with one

or more embodiments of the present disclosure.

{0087} FIG. 41 shows a perspective view of a portion of an extraction device having wire loops,
a stent, and an encapsulation bag, m accordance with one or more embodiments of the present

disclosure.

{BO88] FIG. 42 shows a side view of the extraction device of FIG. 41, 0 accordance with one or

more embodiments of the present disclosure.

{B089] FIG. 43 shows a perspective view of the wire loops of the extraction device of FIG. 41, in

accordance with one or more embodiments of the present disclosure,

{8090 FIG. 44 shows a perspective view of a lens cut by the wire loops of FIG. 43, n

accordance with one or more embodiments of the present disclosure,

{0091} FIG 45 shows a perspective view of the stent of the extraction device of FIG. 41, in

accordance with one or more embodiments of the present disclosure,

[0092] FIG. 406 shows a perspective view of a lens cubed by the stent of FIG. 45, mn accordance

with one or more embodiments of the present disclosure.

{8093} FIG 47 shows a perspective view of the encapsulation bag of the extraction device of

FIG. 41, w accordance with one or more embodiments of the present disclosure.

{0094} FIG. 48 shows a perspective view of the encapsulation bag of the extraction device of
FIG. 41 ina collapsed configuration, in accordance with one or more ernbodiments of the present

disclosure.

{0098] FIG. 49 shows a cross-sectional view of the extraction device of FIG. 41, i accordance

with one or more embodiments of the present disclosure.

<11~
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{8096} FIG. 50 shows a perspective view of the extraction device of FIG. 41 during cutting of
the lens by the wire loops, 1 accordance with one or more embodiments of the present

disclosure.

{80971 FIG. 51 shows a perspeciive view of the extraction device of FIG. 41 after cutting of the

lens by the wire loops, m accordance with one or more embodiments of the present disclosure,

{8098] FIG. 52 shows a perspective view of the extraction device of FIG. 41 after cubing of the
lens by the stent and after collapsing of the encapsulation bag, in accordance with one or more

embodiments of the present disclosure.

Detailed Description

{8699} In the following detailed description, specific details are set forth to provide an
understanding of the subject technology. It will be apparent, however, to one ordinarily skilled
i the art that the subject technology may be practiced without some of these specific details. In
other instances, well-known structures and techniques have not been shown m detail so as not to

obscure the subject technology.

{00108} In accordance with various embodiments described i further detail below, an
extraction device may be provided with a delivery shaft and one or more components or features
that can be extended from a lumen of the delivery shaft to cut, grab, encapsulate, and/or

otherwise manipulate the lens of a patient’s eye for extraction,

{00181} According to some embodiments, for example as shown in FIG 1A, an extraction
device 100 can include a delivery shaft 110 having a lumen and a distal end. A cover 150 can
encompass an outer cross-sectional dimension of a capture region 120 defined, at feast in part, by
each of (1} the first wire 130 and {u1) the second wire 140, as described further herein. The wires
can be textured and/or contain features that allow a lens to be grasped, to help break up the lens,

and to grip the lens while it 1s being moved.

{00162} The first wire 130 can form a first arc portion {e.g., loop) distal o the distal end of
the delivery shaft 110, and the second wire 140 can form a second arc portion {e.g., loop) distal
to the distal end of the delivery shaft 110, Each of the first wire 130 and the second wire 140 can

be separately retractable relative to the delivery shaft 110, As shown in FIGS. 1B and 1C, the

Bh
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first wire 130 can be deployed from the lumen of the delivery shaft 110 before the second wire
140 1s deployed. The second wire 140 can be deployved until it reaches a distalmost end 132 of
the first wire 130, The distalmost end of the second wire 140 can remain proximal {o the
distaimost end 132 of the first wire 130, Addiionally, the second wire 140 can be retracted into
the lumen of the delivery shaft 110 before the first wire 130 1s retracted. According to some
embodiments, the separate wires can be connected to each other and can be advanced and/or
retracted at the same time. According to some embodiments, the wires can also rotate in the
same direction and/or in multiple directions prior to and/or during advancement and/or
retraction. According to some embodiments, one or more wires ¢an be contained within another
wire, For mstance, a larger diameter wire can have a groove for receiving a sroaller wire, A
third wire s connected to a cover, such as a net or bag. Once the lens s encapsulated in the
cover, the smaller second wire 15 actuated and moves along the groove of the first wire to dissect

the lens.

{80163} The first wire 130 and the second wire 140 can be rings of metal (e.g., nitinol},
plastic, and/or a shape memory material. The capture region 120 may also wnelude other
moaterials, such as a suture or polymer that acts to encircle the lens once deploved from the
fumen. The rings can be closed by retraction to cut a lens of a patient mto smaller pieces.
Alternatively, or in combination, other mechanisms could be emploved to dissect the lens,
meluding scissors, forceps, or blades. Such tools can dissect the lens as the lens 15 held 1o
posifion or move {e.g., rotate} the lens agamnst a mechanism to cut the lens. Alternatively, or
combination, any number of wires can be provided. For example, wires 1 addition to the first
wire 130 and the second wire 140 can be provided n a nested formation, such that each wire 13

deployed within a region bounded by an adjacent wire.

{08104} According to some embodiments, for example as shown in FIGS. 1D and 1E, the
first wire 130 and the second wire 140 can be rotated relative to each other before, during, or
after deployrent from the delivery shaft 110, As shown i FIG. 1D, the first wire 130 and the
second wire 140 can be positioned to be substantially flat. As shown i FIG 1E, the fust wire
130 and the second wire 140 can be positioned to have an enlarged region of enclosare within
the first wire 130 and the second wire 140, For example, the first wire 130 can reside within a

plane that 1s substantially perpendicular to a plane within which the second wire 140 resides.
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{80185} According to some embodiments, for example as shown in FIGS. 1F and 14, the
cover 150 can be moved about the capture region 120, One or more gwdes 160 can be moveable
along the arc portion of the first wire 130 toward the distalmost end 132 of the first wire 130,
The guides 160 can deploy the cover 150 about the capture region 120 as they move along the
first wire 130 from a first position {see FIG. 1F) to a second position {see FIG 1G), more distal
than the first position. While in the second posttion, the cover 150 encompasses an oufer cross-
sectional dimension of each of (1} the first wire 130 and (11} the second wire 140, The cover can
extend such that an aperture 170 remains at the distalmost end 132 of the first wire 130. The
guides 160 can partially or completely wrap around a wire 130, 140 and/or be able to travel
along or within a groove of a wire 130, 140 The guides 160 can be actuated {e.g., advanced
and/or retracted} by one or more push rods {(not shown) that connect to the guides 160 and have a
portion thereof that 1s accessible to the user. The push rods can extend through the delivery shaft
110 The push rods can be actuated based on mechanical activation {e.g., trigger or rack and

pinton control} and/or electrical activation {e g., motor}.

[B0106] The cover 150 can include polyethylene or sinular comphiant polymer. The cover
150 can include polyethylene and mutinol, PTPE and rutinol, a flexible polyrmer and/or matinol, a
substantially nflexible material and/or mitinol, a substantially inflexible matenal and/or a
roaterial that acts as a platform for the mflexable or flexible material merbranes so that the
membrane may be advanced efficiently over the capture region 120 Adduional structures that
can accompany a cover are discussed 1o greater detail herein. The cover 150 can be a molded
piece of elastomeric matenial that 1s everted. The cover 150 can have a natoral tendency to return
to its original shape. A device that is controliable by a user can be brought into contact with the

cover 150 to urge the cover 130 mnto a shape for which the cover 150 has a bias.

{08167} According o some embodiments, the capture region 120 can be mtroduced prior
to the cover 150 and the cover 130 15 deployed second over the capture region 120 which has
already been positioned to hold the natural lens. According to some embodiments, the cover 150
can be mtroduced prior to the capture region 120 and the capture region 120 18 deployed second
over the cover 150 which has already been positioned to hold the natural lens. The cover 150 can
be deployed to capture a lens before, during, or after the lens has been cut and/or dissected {e.g.,

hydrodissected from the lens capsule and/or divided mto pieces} by a tool {e.g., the wires 130,

“14-
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140 of the capture region 120). The cover 150 can be deployved from a proximal end of the
capture region 120 and a distal direction or from a distal end of the capture region 120 mn a

proxiumal direction.

{80108] The capture region 120 and/or the cover 150 can be retracted in stages or i one
movement into the lumen of the introducer. According to some embodiments, the material that
forms the lumen used to introduce the capture region 120 and cover 150 is composed of flexible
material that may expand when the capture region 120 and cover 150 are retracted and then

returns o previous form,

{60169} According to some embodiments, the capture region 120 and cover 150 are
maneuvered in and out of the eve with a screw type mechanism to control hinear motion.
According to some embodiments, the capture region 120 and cover 150 are maneuvered in and
out of the eve with a hvdraulic system to conirol linear motion. According to some embodiments,
the capture region 120 and cover 150 are maneuvered in and out of the eye with a mechanical

mechanism to control linear motion, such as a pneumatic control.

{60110} According to some embodiments, the capture region 120 and cover 150 are
maneuvered 1n and out of the eve after the lens has been completely removed from the natural

bag and positioned at the iris plane or above.

{60111 According to some embodiments, the capture region 120 and cover 150 are
maneuvered to feed the lens nto a cutting membrane that 1s present at the lumen of the device so
as to cause further segrmentation of the lens prior to retracting nto the lumen. According to some
embodiments, the capture region 120 and cover 150 are maneuvered to feed the lens using a
twisting action 50 as to cause further segmentation of the lens prior to retracting into the lumen.
According to some embodiments, a third structure is introduced that contains a second lumen
that “punches a hole” within the body of the contained lens material so as to core out the central
nucleus prior to being retracted 1oto the lumen of the main device. According to some
embodiments, the device lumen 15 connected to an nflow and outflow lumen that allows for fluid
to enter and exit the eve and to maintain the anterior chamber. According to some embodiments,
the device humen s connected to an inflow and ocutflow lumen that allows for lens matenal 1o

enter and exit the eye and to maintain the anterior chamber,
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{00112} According o some embodiments, the cover 1530 surrounds the lens which has
been dissected out of the lens bag and a cover 150 that contains a second lumen “punches g hole”
within the body of the contained lens material 5o as to core out the central nucleus prior to bemng

retracted mnto the lumen of the main device {no capture region 120 is used).

{60113} Agcording 1o some embodiments, the extraction device is devoid of electronic
components. According to some embodiments, the exiraction device is operated using finger
and hand controls. According to some embodiments, the extraction device is operated with foot

pedal controls.

{00114} According to some embodiments, the capture region 120 15 used independently to
segment the lens mto smaller pieces and a second device, commonly known as
phacoemulsification hand piece or irrigation/aspiration hand piece, is used to remove the

segmented lens pieces.

{00115} According to some embodiments, the capture region 120 and/or the cover 150 are
manufactured from materials that are substantially transparent to optical coherence tomography
imaging so as to not mterfere or substantially not interfere with intraoperative OCUT imaging.
According to some embodiments, the structures of the extraction device are colored so the

operator may easily differentiate between the parts.

{80116} According to some embodiments, the entire extraction device 1s disposable.
According to some embodiments, some parts of the extraction device are disposable. For
example, the capture region 120 and the cover 130 are designed so that removing them for

cleaning will disallow further adjoining with the lumen shaft.

{86117} According to some embodiments, the extraction device, including capture region
120 and/or secondary component are designed to contain a plurality of holes that are 50 microns
to I mm in size. The holes are designed to allow for segmentation of the lens nto pieces equal to
or smaller than 1mm once the distal components are retracted back into the lumen. The
segmented pieces, which remain in the anterior chamber, are then removed from the eye by an

urigatiorvaspiration extraction device,

-16-
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{00118} According to some embodiments, the capture region 120 1s discontinuous, with

only partial surrounding of the lens prior to manipulation of the lens.

{60119} According o some embodiments, for example as shown in FIGS. 2A and 2B, an
extraction device 200 can mclude a first ring 240 extending about the first wire 130 and the
second wire 140 and a first cover 242 extending from the first ring 240 to the delivery shaft 110,
The extraction device 200 can also include a second ring 250 extending about the first wire 130
and the second wire 140 and a second cover 252 extending from the second ring 250 to the
distaimost end 132 of the first wire 130, The first cover 242 and the second cover 252 can
enclose a space for capturing debris. The first ring 240 and the second ring 250 can be adjacent
to each other or spaced apart. The first ring 240 and the second ring 250 can be actuated {e.g2,
advanced and/or retracted} by one or more push rods (not shown) that connect to the first ring
240 and the second ring 250 and have a portion thereof that is accessible to the user. The push
rods can extend through the delivery shaft 110, The push rods can be actuated based on
mechanical activation {e.g, trigger or rack and pinmon control} and/or electrical activation {e.g.,

motor).

{06124 According to some embodiments, for example as shown in FIGS. 3A and 3B, an
extraction device 300 can mnclude a cover 350 that is advanceable and retractable over and
around a target region. The extraction device 300 can further nclude one or moore support bands
360 positioned on, within, or against the cover 350, The support bands 360 can provide a degree
of rgidity to the cover 350, 1o urge the cover 350 1o conform to a particular shape. The support
bands 360 can be biased to a particular shape. For exarple, the support bands 360 can be a
shape memory alloy. The support bands 360 can extend along a portion or an entirety of a length
or width of the cover 350, As shown i FIG. 3A, the support bands 360 can extend ina
generally longitudinal divection. As shown m FIG. 3B, the support bands 360 can extend in a
generally circumferential direction. Each of the support bands 360 can include one or more
bends 362 to facilitate bending along the length of the support band 360, The support bands 360
can be advanced and retracted with the cover 350, independent of any other wires {e.g., wires

130, 140, not shown in FIGS, 3A and 3B).
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{60121} According to some embodiments, for example as shown in FIG 4, an extraction
device 400 can include a delivery shaft 110 having a lumen and a distal end and a dissection tool
410 distal to the distal end of the delivery shaft 110, The dissection tool 410 can be a wire loop
or anv other mechanism for dissecting a lens. The dissection tool 410 can be aligned along a
central axis of the delivery shaft 110. A first capture portion 420 can be positioned on a first side
of an axis of the delivery shaft 110, The first capture portion 420 can include a first cover 422.
A second capture portion 430 can be positioned on a second side of an axis of the delivery shaft
110. The second capture portion 430 can include a second cover 432, The first capture portion
420 and the second capture portion 430 are configured to move toward the axis upon actuation
and define an enclosed space between the first cover 422 and the second cover 432, The first
capture portion 420 and the second capture portion 430 can be actuated, for example, by at least
partial retraction into the delivery shaft 110, The dissection tool 410 can be used 1o dissect the
lens afier actuation of the first capture portion 420 and the second capture portion 430,
Alternatively, or it combination, the dissection tool 410 can be retracted mnto the delivery shaft
110 prior to actuation of the first capture portion 420 and the second capture portion 430 The

first cover 422 and the second cover 432 can be an clastomer.

{80122} According to some embodiments, for example as shown 10 FIGS. 5A and 5B,
deployment and retraction of components described herem can be achieved by an interface tool
500 The mnterface tool 500 can include a first control roechamism 530 and the second conirol
mechanism 548, The first control mechamsm 530 can connect, via a first interface 532, 1o the
first wire 130 or another component described herein. The second control mechanismn 540 can
connect, via the second mterface $42, to the second wire 140 or another component described
herern. Actuation of the first control mechanism 530 and the second control mechanism 540 can
separately controllably deploy, retract, and/or rotate components attached thereto. According 1o
spme embodiments, the cross section of the shide mechamsm can be various shapes mcluding
circular {e.g., one tube within another which altows for rotational yotion 1 addition to

translational motion)}.

{60123] According o some embodiments, for example as shown in FIGS. 6A and 6B, an
extraction device 600 can include a delivery shaft 610 having 4 lumen and a distal end. The

extraction device 600 can further inchude an mfusion port 620 for connecting a syringe or other
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fiud source to an rrigation port 630 at a distal end of the delivery shaft 610, The extraction
device 600 can further include a loops 640 attached 1o the distal end of the delivery shaft 610,
The loop 640 can be configured to be posttioned under a lens to pull the lens out of the eve as
irigation and/or aspiration s provided from the rrigation port 630, A cover 650 can extend
across an opening of the loop 640 and attach at a periphery of the loop 640. The extraction
device 600 can further include a blade 660 that extends from an intertor portion of the delivery
shaft 610 to extend across at least a portion of an opening of the loop 640, The blade 660 can
perform a cutting action upon the lens or other tissue encountered along its path. The blade 660
can be metal, silicone, or a ngid material. The blade 660 can be advanced until it reaches a distal
end of the loop 540, The blade 660 can travel along a track defined by the loop 640, An wderior
space can be defined between the blade 660 and the cover 650 for capturing materials. The loop
640 and the blade 660 can be retracted o the lumen of the delivery shaft 610, along with any

materials captured theren

{66124] According to some embodiments, a method for using extraction devices described
herewn 1ncludes making an wasion {e.g., an mosion of less than 4 nullimeters (mumn)) to enter an
anterior chamber of an eye. A capsulorhexis 15 performed. The lens 1s hydrodissected and/or
hydrodehineated s0 that the lens changes position from being engirely within the natural capsular
bag to being partially or completely displaced from the capsular bag  Viscoelastic may be used
to further position the lens for optimum approach by an extraction device. The extraction device
1s mtroduced through the mcision and advanced forward, An encircling structure (e g, capture
region 120} 18 mtroduced through the lamen of the device and advanced towards the lens. The
encircling structure 15 positioned so that o surrounds the lens. Further deployment of the
encirching structure roay allow for multiple elements to expand and further encompass the lens.
A second structure {e.g., cover 150) 15 advanced from the fumen of the device distally. The
second structure covers the encirching structure from proximal to distal and substastally
conforms to the encireling structure geomwetry. The encircling structure 1s retracted back mito the
fumen and may or may not twist as it 1s being retracted so that the lens is segmented into pieces
smaller than the original whole lens. The encircling structure may or may not be advanced and
retracted several times to further segment the lens. The second structure is then retracied in
whole or in segments so that any remaining lens matersal within the structure 15 retracted into the

fumen. The second structure can expand distally to allow for ali the lens material to fit into the

-9
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lumen. The entire device 15 removed from the anterior chamber of the eye. A second suction
device 1s used to remove any remaining lens matenals. The lens bag is reformed with
viscoelastic to receive an artificial intraccular lens for reversal of aphakia and refractive

correction.

i
/

{80125] According o some embodiments, for example as shown in FIG 7, nitino! wire(s}
701 of an extraction device 705 can grab the lens 700, The wires 701 can be surrounded by a
mesh or other means to encapsulate the lens. The wires can contain teeth 702 or other means to
firmly hold onto the lens 700 The wires 701 can spin the lens 700 in the plane that i1s shown f
the distal part of the wire is pulled while the proximal part 1s advanced. This can be done using a
wheel or other mechanism, or the wire can simply fension the lens agamnst the lumen when i 1s
retracted slightly. A recessed area contains a rotating element 704 that is abrasive or sharp to
break the lens 700 into pieces. As the lens 700 s pulied into the recessed area by the wire 701,
the abrasive rotating element 704 15 actuated mechanically with gears or another mechanism to
break up the lens. The lumen of the device has another port 706 and tube 708 within  that
allows for fluid wrigation when connected 1o a pressurized fhud source. Fluid 710 can be

aspitated by connecting the mamn lumen to a vacuum mechanism.

{00126} According to some embodiments, for example as shown 1n FIG. 8, one or more
nitingl wires 800 of device 805 grabs the lens 802, The wires 800 can be surrounded bv a mesh
804 or other means to encapsulate the lens. The wires can have features hike the ones described
for FIG. 1A, The wires can spin the lens as shown by the large arrows 806 or tension the lens
against a recessed space within the lumen 801, Note that the end 808 of the humen 801 5 capped
and the operung 810 15 in the wall 811 of the tube. Within the lumen there 15 wire 812 with
jagged cutting edges 314 (e.g., hike a bandsaw) When the lens 1s tensioned against the bandsaw,
the bandsaw can be mechanically actuated to break up the lens. This design can also bave an

arigation and aspiration port.

{61371 According 1o some embodiments, for exarople as shown n FIG 9, first and
second structures 900 and 902 of a device 905 can expand distally to aliow for all the lens
material to fit into the lumen, In this way, lens material can be squeered and extended to be able

o it into the lumen 904 of the device.



WO 2017/143272 PCT/US2017/018490

{00128} According to some embodiments, for example as shown i FIGS. 10A-10E, an
extraction device 1000 can include a plurality of rings 1020 that extend i a direction 1026 from
a lumen 1012 of a delivery shaft 1010 to encapsulate a sample or specimen 1024 {e g., some or
all of a lens). Rings 1020 may, for example, be conceniric wire rings that are pivotally bound at
a joint 1022 at a distalmost end. In the configuration of FIG. 104 rings 1020 have been
deploved out of the lumen 1012 {e g., by a manually or automatically controlled mechanism such

as a push rod as described above in connection with FIGS. 5A and 5B},

{06129 As shown in FIG. 10B, prior to deplovment, rings 1020 may be folded within the
distal end of fumen 1012, In this way, rings 1020 can be stored within shatt 1010 during
msertion through an inciston. As shown m FIG 10C, rings 1020 may be rotated {e g, in the
direction of arrows 1030) relative to each other such that rimgs 1020 encapsulate and
substantially surround sample 1024, FIG 10D shows a top view of rings 1020 following

rotation of the rings in directions as indicated by arrows 1030 to an encapsulated configuration.

{06134 Following encapsulation of the sample, a mesh cover or bag 1050 as discussed
herein may be extended over rings 1020 {e.g, using guides stmuilar to guides 160 above} to
substantially surround and encapsulate the sample 1024 within bag 1050, In some embodiments,
once sample 1024 s encapsulated within rings 1020 and bag 1050, rings 1020 may be pulled
back nto lumen 1012 As rings 1020 are withdrawn info lumen 1012, rings 1020 may cut
sample 1024 into fragments to aid in withdrawing the sample nto lumen 1012 After cutting of
sarople 1024 with rings 1020, bag {(or cover) 1050 may be withdrawn nto lumen 1012 to retrieve

and extract the sample.

{66131} According to some embodiments, for example as shown in FIGS. 11A and 11B,
an extraction device 1100 can include a shaft 1110 having an mnner eylindrical shaft strocture
1114 with a lumen 1112 and an outer shaft structure 1111 with a sharp cuttiing edge 1115 ata
distalmost end thereof. As shown mn FIG 1B, cutting edge 1115 of outer shaft structure 1111
can be extended beyvond the distalmost end of inner shaft structure 1114 to excise tissue. Suction
can be provided that draws tissue excised by cutting edge 1115 mnto tumen 1112 as mdicated by

arrows 1118
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{60132} According to some embodiments, for example as shown in FIGK, 124 and 128,
an extraction device 1200 can include a shaft 1210 incloding an outer shaft structure 1211 with a
sharp cutting edge 1115 at a distalmost end thereof. As shown in FIG. 124, gripping structures
such as forceps 1218 may be extended from within shaft 1210 to grip tissue to be excised. As
shown i FIG. 128, as forceps 1218 are withdrawn into shaft 1210 in direction 1220, the tissue
held by forceps 1218 can be cut free by cutting edge 1213 The forceps 1218 and/or suction can
be provided that draws tissue excised by cutting edge 1215 into shaft 1210 for removal of the

tissue.

{00133 According o some embodiments, for example as shown 1in FIGS. 13A and 13B,
an extraction device 1300 can include a shaft 1310 having a lumen 1311 and an excision mermber
that extends therefrom. The excision member may include a control shaft 1312 and one or more
lavered cutting and encapsulation leaves 1314, In the lavered configuration of FIG. 13A, the
excision member may have a concave scoop shape with a reduced profile for sertion through
an mcision. Layered cutting and encapsulation leaves 1314 may be reticulated relative to each
other about an axis as mdicated by arrows 1316 to create an enclosure for a lens or portion

thereof as shown in the encapsulation configuration of FIG. 13B.

[00134) I some embodiments, one or more of leaves 1314 may have a cutting edge 1318
thereon that, when that leaf 1314 s rotated about the axis of, for example, shaft 1312, cuts
through and excises the tissue to be encapsulated. In other embodiments, edges of leaves 1314
may be blunt edges that slide between the lens and us surrounding tissue to encapsulate
substantially the entire lens prior to removal. In some ernbodiments, a cutting and/or suction
rechanism can be apphed within the encapsulated region formed by leaves 1314 (e.g., via an
mner lumen of shatt 1312 mio the encapsulated region to break up the encapsulated lens and
suction out the broken up lens before re-stacking or re~layering leaves 1314 for withdrawal of

device 1300

{H6135] According to some embodiments, for example as shown in FIGS. 14A-14C, an
extraction device 1400 can mclude a shaft 1410 having a lumen 1413 with a partial hd structure
1414 for the lumen. Partial hd stracture 1414 may mclude a sharp cuiting edge 1413, Inthe

example of FI(G. 14A, partial lid 1414 extends perpendicularly to the axas of shaft 1410 to cover
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a portion of fumen 1413, However, this 1s merely tlustrative, and partial id 1414 {and cutiing
edge 14135} can be positioned at angles other than 90 degrees with respect to the axas of shaft

1410

{80136} As shown i FIG. 144, forceps 1418 may be movably disposed within lumen
1413 for grasping or gripping of tissue. In the embodiment of FIGK. 14A-14C, a twisting action
may be performed to excise tissue using an axis that s off-center to the cutting edge 1415, For
example, as shown i FIG 148, forceps 1418 may be extended cut of lumen 1413 by inner shaft
1412 to grasp tissue to be excised. The tissue may be grabbed, suctioned, and/or drawn into
fumen 1413 (as indicated by arrow 1420 of FIG. 4C) and moved relative to the cutting edge 1415
to cause an excision. The tissue can be moved by fixing the cutting edge and rotating forceps
1418 {e. g, as indicated by arrow 1416 of FIGS. 4A and 4C) and/or by rotating shaft 1410 to
rotate cutting edge 1415 relative to the tissue that is held by forceps 1418 (e g, to reduce the
potential of lens movement or rotation during excision that can damage the capsule). Grasping,
suctioning, and/or rotating of tissue relative to cutting edge 1415 can be repeated to excise

portions of a lens or other tissue untdl all of the desired tissue 18 removed.

{60137} According to some embodiments, for example as shown in FIGS. 15A and 158,
an extraction device 1500 can include a shaft 1510 having a lumen 1512 and a wire 1513 having
a helical wire section 1520, Wire 1513 may be extendible from within the lumen 1512 at the
distaimost end thereof. Shaft 1510 may include a sharp cutting edge 1515 at the distalmost end
thereof. Wire 1513 may have a sharp prercing tip 1522 so that hehical wire section 1520 can be
rotated into a sample i a manner sitodar to a corkscrew to penetrate and grip the sarople to be

removed.

{80138} As shown, a mesh cover ot bag 1350 may be deploved from shatt 1510 (ina
manner similar to the cover extension operations as discussed above in accordance with one or
more embodimenis) to encapsulate the sample to be removed. FIG. 158 shows a cross-sectional
view of shaft 1510 showing how cutting edge 1515 may include an angled surface at the end of

shaft 1510 relative to the axus of shaft 1510

{80139} In the example of FIGS. 15A and 15SB, shaft 1510, having cutting edge 1515, may

be mserted o the anterior chamber of a patient’s eve to deploy wire 1513 {e.g., a metallic wire



WO 2017/143272 PCT/US2017/018490

as described herein) having piercing tip 1522 and a helical section 1520, Asthe wire 1513 15
deployed, the wire tip 1522 prerces a specimen t¢ be removed and may be rotated as indicated by
arrow 1517 to envelop into the specimen. Bag 1350 {e.g., a silicone bag or other cover) may be
deploved around the specimen and pulled back into shaft 1510, This extraction {e.g., the pull-
back of bag 1550} may cause edge 1515 to cut through the specimen to allow the specimen to

enter into lumen 1512,

[00148] According to some embodiments, for example as shown 1o FIGS. 16A-16E, an
extraction device 1600 may include a shatt 1610 having an mner lumen from which a wire 1630
extends. Wire 1630 may be a deplovable wire that 1s extendible from the distalmost end of shaft
1610 or may be permanently deployved. Wire 1630 may have a sliding side 1632 and a fixed side

1634

{06141} FIGS. 16A and 168 show device 1600 with a tip 1601 1n a fully closed state (F1G.
16A), and an open state (FIG. 16B). Device 1600 may be a device for cataract extraction which
is configured to enter the eve of a patient through a small incision in a somewhat cylindrical
shape as in the configuration of FIG. 16A. As shown, device 1600 may have a tubular shaft
1610 which houses the cataract capturing components {labeled as segments 1630A, 16308, and
1630F). Segments 1630A, 16308, and 1630F may be fully retractable nto tubular shaft 1610

{e g., to make entering the eye easier), or may remain outside tubular shaft 1610 as depicted in

FIG. 16A. Segments 16304, 16308, and 1630F may be joined at a hinge pomnt 1639,

(0861421 Once in the eve, tip 1601 of device 1600 may be forced to change shape by
sliding segment 1630A 1o make 1t deform nto a bow shape. This deformation may open the
roouth of a basket formed to scoop up the lens. Segment 1630F may be fixed from moving
relation to segment 1630A. In addition to opening the routh of the basket by deforming
segment 16304, the length of the basket may extended by shiding segment 16308 (see, e g,
FIGS 16C-16E) 1n the same manner as segment 1630A, but m a different direction {e.g., 90
degrees ditferent) from that of segment 16304, causing segment 1630B to deform nto a long

bow shape.

[080143] As segment 16008 1s deformed, segrent 16008 may stretch open a bag or net-

iike cover structure 1650 as shown in FIGS. 16D and 16E. With segments 1630A and 1630B
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fully extended as in the configuration of FIG. 16E, device 1600 may look somewhat like a
buiterfly net, which can be used to capture the lens to be removed. After capturing the lens, the
entire assembly may be pulled down mnto tubular shatt 1610 to crush the lens enough to reduce

the size, such that it can be withdrawn through the small incision 1n the eve.

{00144} The top view of FIG. 160 shows device 1600 1n a fully closed state, as seen in
FIG. 16A from the side view. In the top view of FI{G 16D, segment 1630A has been forced to
deforn such that the mouth 1640 of the basket opens. The configuration of FIG 16D
corresponds to that of FIG. 168 which shows, from the side, the bowed shape of segment 1630A,
and how segment 1630A was shid up the tubular shaft while segment 1600F was held fixed in
position. In the configuration of FIG. 16E, segments 1630A and B have been forced to deform
such that the length 1642 of the basket 1644 1s formed and the bag or net structure 1650 was

deploved.

[00145] According o some embodiments, for example as shown 1n FIGS. 17A and 178,
an extraction device 1700 may include a first ring 1730 and a second ring 1740 that are
extendible from a shaft 1710, Ring 1730 (e g.. a metal ring such as a NiTi ring} may be provided
with a film such as a PTFE film 1745 that spans the ring. Second ring 1740 {e g., a metal ring

such as a NiTi ring} may be an open ring having an opening 1746 that 1s free of any film.

{80146} In the embodiment of FIGS. 17A and 178, shaft 1710 may form an inserter that
can be inserted info an incision {e.g., a 2.75mm mcision}. For example, in some embodiments,
the internal diameter of shaft 1710 may be 2.2 mm and the outer diameter of shaft 1710 may be
2.4 mun. Rangs 1730 and 1740 may be deployed from the mserter behind a hydrodissected lens.
Rings 1730 and 1740 may be opened up and separated from each other shghtly {eg., toa
distance of 2imm apart). Rings 1730 and 1740 may be bridged by a filio 1747 {e g, PTFE film)
with ring 1730 covered with, for example, PTFE 1745 and ring 1740 open {1.e., not covered by
PTFE or other filmas). The lens may then be guided through the open ring 1740 to sit against the
film 1745 that bridges the other ring 1730 {e.g., so that the natural lens 1s sitting in an open
basket 1748 formed by rings 1730 and 1740 and films 1745 and 1747} Once the cataract/lens s
i place i the basket 1748, the two rings can then be separated apart from each other by ancther

2 so that the entire lens 13 10 the “basket” 1748, Once the cataract 13 in the basket 1748, a
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“Lid” (not shown) to the basket may be shid over the open space 1746 in ring 1740, The lid{e.g.,
formed by an additional ring with, e.g., PTFE covering} can siide in on small slots within ring
1740 for a smooth and controlled deployment of the lid. In some embodiments, one or more
additional rings (e.g., 50 micron rings) may be deployable into and/or out of the basket 1748 for

further cutting of a sample/lens therein.

{86147} in the example of FIGS. 17A and 178, film 1745 15 shows as a substantially
planar film. However, in some embodiments, a multi-ring scoop extraction device may be
provided with a ring having a film that forms a basket shape. An example embodiment of a

multi-ring scoop extraction device 1800 1s shown 1n FIGS. 18-23.

{60148} According to some embodiments, for example as shown in FIGS, 18-23, an
extraction device 1800 may include ring frames that are extendible from a lumen 1812 of a shaft
1810, In the example of FIGS. 18-23, extraction device 1800 includes a first {e.g., nitinol} frame

1802 that has a polymer or mesh bag 1804 attached thereto.

{80149} Device 1800 may also include an additional {e.g., mitinol} frame 2002 {see, e.g.,
FIGS. 20 and 21} that can be deployed inte and out of lumen 1812 independently of the first
frame 1802, Imtially, frame 2002 may be deployed when the imnitial bag/frame 1804/1802
component is deployed so that second frame 2002 sits just below frame 1802 as shown 1n the

cross-sectional views of FIGS 20 and 22.

[00150) Device 1800 may also include a third frame 1900 (e g, a nitinol frame) with a
covering 1902 that forms a lid 1806 for basket 1804 when third frame 1900 1s deploved.
Covering 1902 may be a polymer or mesh covering o1, it some embodiments, may contamn
relatively more rigid or sohid matenal to provide additional strength and structure to frame 1900
for cutting of lens tissue as discussed in further detail heremafter. In use, one or more of the

following tasks mayv be performed.

{00151} I & first task, after a capsulorhexis has been performed and a lens of a patient’s
eye has been hydrodissected out of the natural position {e.g., so that the lens is siiting on the
equator and partially in the ris plane), an introducer such as shaft 1810 may be inserted into the

patient’s eye {e.g, via an mncision}. In a second task, frame 1802 with bag 1804 and frame 2002

26
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may be deploved into the anterior chamber of the eye. In a third task, the lens may be
approached and guided partially into the bag 1804 so that, for example, haif the lens 15 in this
artificial bag 1804, In a fourth task, lid 1806 on frame 1900 may then be introduced such that lid
1806 and frame 1900 transect {e.g., bisect} the lens so that a portion {e.g., substantially half) of
the lens i5 1 encapsulated within a cavity defined by the bag 1804 and lid 1806 and a remaining
portion (e g., a remaining halt) s outside of the cavity. In a fifth task, frame 2002 that was
mtroduced into the eye along with frame 1802 may be withdrawn or retracted from within the
cavity inio the lumen 1812 of the introducer 1810 to further segment the portion of the lens that
15 sifting in the cavity between artificial bag 1804 and lid 1806. In a sixth task, the entire
complex of all pieces i bag 1804 {e.g., i the cavity defined by bag 1804 and hid 1806} may then
be retracted into the introducer 1810 to remove the portion of lens that 1s encapsulated therein.
Introducer 1810 may then be removed from the eve and the segmented pieces are removed from
the bag. The first through sixth tasks may be repeated tor, for example, the other half lens that
remains it the eye. Although the example tasks above have been described with a portion of the
lens being encapsulated i the cavity defined by bag 1804 and hid 1806, in some scenarios, the
entirety of a lens may be encapsulated withun the cavity, transected by one or more frames 2002,
and removed by withdrawing frames 1802 and 1900 nto wntroducer 1810 {e.g., without

transecting the lens with lid frame 1900 while extending the hid frame 1900}

[B0182] As shown in the cross-sectional view of FIG. 20, id frame 1900 may ride on an
mside ratling formed by a recess 2000 of the first frame 1802 {e.g, 4 recess in an wmmner portion
1802A of frame 1802 disposed mterior to an outer frame portion 18028} that contains the bag
1804, The leading end of the hid frame 1900 may be sharp so that frame 1900 can transect (e g,
bisect) the lens easily.  Tn some embodiments, lid frame 1900 may be formed from two or more
frame segments to facilitate advancement of the id. For example, a segmented frame 1900 may
be provided to allow for the lid frame 1900 to ride along the structure of the first frame 1802
with more precision {e.g., a bisected frame 1900 may ride on the rails of the first frame 1302

more eastly than a monolithic frame).

{B0183] In some embodiments, frame 2002 that 1s retracted after bagging the lens might be
one of many such intermediate frames that are deployable and retractable such that the half lens

that 18 bagged can be segmented multiple times with the moltiple intermediate frames. For
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example, a plurabity of frames 2002 may be stacked on top or next to each other for independent
deployment and retraction for cutting actions. Although nitinol 15 often mentioned heremn as an
example material for frames and/or other components, frames 1802, 1900, and/or 2000 may be
formed from nitinol or other metals or polymers in various embodiments. FHG. 23 shows a full
cross-sectional perspective view of the cavity 2300 that is defined by and enclosed between bag
1804 and id 1806 when deployed. Cavity 2300 may hold substantially half of a lens of a

patient’s eye as described herein for further dissection and removal

{B6154] Bag 1804 and/or lid 1806 can contain elastic or inelastic polymer or mesh
materials. Shaft 1810 (sometimes referred to as an introducer or an injector) may be composed
of metal, polymer or glass materials. The distal end of the mtroducer, in one or more
embodiments, may contain flexible materials that expand when the bag s retracted back into the
mtroducer. Shafts such as shaft 110 etc. described herein may be formed from sections of

hypodermic tubing, sometimes referred to as a hypotube, according to some embodiments.

{B0155] Although bag 1804 and lid 1806 are shown 1n various examples as continuous
sheets of material attached to their respective frames, this i1s merely illustrative. In some
mmplementations, bag 1804 and/or lid 1806 may be provided with one or more openings (not
explicitly shown). The openings may be cutouts from a continuous sheet implemented bag or id
or may be openings in mesh sheets attached to the respective frames that form bag 1804 and/or

iid 1806

{86156] In configurations in which bag 1804 and/or hid 1806 are provided with one or
more openings, after some or all of a lens of'a patient’s eve has been secured between bag 1804
and hid 1806 within the anterior chamber of the patient’s eve, frames 1802 and/or 1900 may be
withdrawn mto delivery shaft 1810 such that parts of the secured lens {or portion thereot) are
forced to exit the bag and/or hid through the openings nto the anterior chamber as the bag and/or
1id 13 being withdrawn nto the distal end of the tube. Inthis way, bag 1804 and/or hid 1306 may
be configured to act as a strainer for the lens (or portion thereof) that, upon withdrawal of frames
1802 and/or 1900 nto the distal end of delivery shaft 1810, cause some or all of the lens come
out through the openings as a ground or strained matenal that can be later removed (e.g., via

suction) from the anterior chamber.

P
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{80157} In configurations in which bag 1804 and/or hd 1806 are provided with one or
more openings, a method of removing some or all of the lens of a patient’s eye may include
extending a first frame {e.g., frame 1802} having an attached flexible bag structure (e.g, bag
1804) with a plurality of openings from a distal end of a delivery shaft (e g , shaft 1810} into an
anterior chamber of an eve of a patient such that the flexible bag structure at least partially
surrounds at least a portion of a lens of the eye of the patient; extending a second frame {e g,
frame 1900} having an attached hid structure (e.g., lid 1806} along the first frame to secure the at
ieast the portion of the lens between the flexible bag structure and the lid structure; and
withdrawing the first and second frames into the distal end of the delivery shaft to strain the at
ieast the portion of the lens through the plurality of openungs in the flexible bag structure nto the

anterior chamber,

{60158 The method may also include extending a third frame (2. g., frame 2002} into the
eye of the patient together with the first frame; and, prior to withdrawing the first and second
frames, withdrawing the third frame to transect the secured at least the portion of the lens, i one

or more embodunents,

{00159 The method may also include suctioning the strained at least the portion of the

lens from the anterior chamber, in one or more embodiments.

{60160} According to some embodiments, for example as shown in FIG. 24, an extraction
device 2400 can include a delivery shaft 2410 having a lumen 2413 and a distal end 2415 from
which one or more wires can extend. For example, as shown in FIG. 24, extraction device 2400
may be implemented as a three-wire snare having first wire 2420, second wire 2430, and third
wire 2440, First wire 2420, second wire 2430, and thard wire 2440 may each be a wire loop

formed from metal {e.g., nitinol}, plastic, and/or a shape memory matenial.

{86161} First wire 2420, second wire 2430, and third wire 2440 may be extended from
distal end 2415 of debivery shaft 2410 and positioned to lasso or surround lens 2424 (e g., within
the eve followmng hydrodissection or hydrodelineation of the lens) Once first wire 2420, second
wire 2430, and third wire 2440 are positioned around the lens as shown in FIG. 24, first wue
2420, second wire 2430, and thurd wire 2440 can be retracted back into humen 2413 of delivery

shaft 2410 {e.g , i duection 2442} As fust wire 2420, second wire 2430, and third wire 2440

iy 2eN
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are retracted into lomen 2413, first wire 2420, second wire 2430, and third wire 2440 may be
pulled through lens 2424 to sphit lens 2424 nio four pieces 2426, 2428, 2430, and 2432, The four
pieces 2426, 2428, 2432, and 2434 of lens 2424 may then each be removed from the eve {e.g.,

with a forceps that grabs and/or crushes the lens piece).

{80162] As shown in FIG. 24, when first wire 2420, second wire 2430, and third wire
2440 are 1n an extended position with respect to distal end 2415 of debivery shaft 2410, first wire
2420, second wire 2430, and third wire 2440 may be positioned such that the distance between
each wire increases with increasing distance from distal end 2415 {e g., from a first distance DM
near distal end 2215 of shatt 2410 to a second distance D2 that 1s greater than D1 neara
distalmost end of the wire loops). First wire 2420, second wire 2430, and third wire 2440 may
be positioned together within lumen 2413 and then separated during or after extension from

fumen 2413,

{00163} For example, in one implementation, delivery shatt 2410 may include one or more
features such as feature 2450 {e g, an integral or attached extension from the inner surface of
delivery shaft 2410 m fumen 2413) that causes first wire 24290, second wire 2430, and third wire
2440 1o separate from each other as they are extended from distal end 2415 (e g, as adjacent
wires siide along opposing sides of feature 2450}, Feature 2450 may be a protrusion extending
from an inner surface of the delivery shaft in the lumen that causes the first, second, and third

wire loops 1o separate upon extension from within the lumen.

{60164 As another example, after extension of first wire 2420, second wire 2430, and
third wire 2440 together {e g., n contact with each other 10 a substantially Hlattened
configuration) from lumen 2413, one or more slidable separators 2451 may be actuated within or
extended from lumen 2413 between adjacent wires to cause the adjacent wires to separate 1nto
the position shown in FIG. 24, Shidable separator 2451 may be moved between at least two of
the first, second, and third wire loops to separate the at least two of the first, second, and thud

wire loops.

[B0165] As another example, first wire 2420, second wire 2430, and third wire 2440 may
be heat set wires such as rutinol heat set wires that are conditioned to separate after being

extended a predetermined distance from within lumen 2413, For example, {fust, second, and

-30-
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third wire loops 2420, 2430, and 2430 may be heat set wire loops configured to self separate

upon extension to a predetermined distance from the distal end of the delivery shaft.

{80166} In various implementations, first wire 2420, second wire 2430, and third wire
2440 may be extended from lumen 2413 at the same time or at different times {e.g., using a
common extension mechanism or separate extension mechanisms to push the wires out of the
fumen). FIG. 25 shows a stde view of device 2400 with the wires extending around lens 2424, 1t
should be appreciated that, although wires 2420, 2430, and 2440 have been referred to as a first
wire, a second wire, and a third wire, this 1s merely for convenience and any of wires 2420,

2430, and 2440 can be referred to as a first wire, a second wire, or a third wire {or wire loop).

{60167} FI( 26 shows a broader view of extraction device 2400 1 which delivery shaft
2410 can be seen extending from a handle 2500 of device 2400, As shown, delivery shaft 2410
may be a substantially cvlindrical tube attached at a proxamal end to handle 2500, Handle 2500
may inchude a shider tab 2502, moveable by a user within a groove 2504, for deployment and
retraction of wires 2420, 2430, and 2440 from delivery shaft 2410, In the configuration shown
mn FIG. 26, shider tab 2502 15 in a forwardmost position and wires 2420, 2430, and 2440 are fully
extended from shaft 2410, Shider tab 2502 may be coupled to wires 2420, 2430, and 2440 such
that sliding slider tab 2502 away from shaft 2410 pulls wires 2420, 2430, and 2440 back mnto
shaft 2410

[00168] Although a single slider tab 2502 1s shown m FIG. 26, 1t should be appreciated
that two, three, or more shiders may be provided that shide in parallel within groove 2504 to move
wires 2420, 2430, and 2440 and/or one or more separators or encapsulating bags mdwvidually or
in groups. Actuation of shiders such as shder tab 2502 can control, together or separately, wires
2420, 2430, and 2440 and/or other components to deploy, retract, and/or rotate the wires and/or
components attached thereto. According to some embodiments, the cross section of the slider
mechanism within groove 2504 (and coupled to shider tab 2502} can be various shapes mncluding
circular {e g., one tube within another which allows for rotational rootion in addition to

translational motion, see FIGS. 28 and 29 as examples)

{06169] QOune or more shider tabs such as slider tab 2502 may each be attached to one or

both ends of the wire loops that form wires 2420, 2430, and 2440. For example, one end of each
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wire loop may be fixed within shaft 2410 and an opposing end attached to a slider tab so that
extending the wire from lumen 2413 1s performed by moving one side of the wire out of the
fumen while the other side remains fixed. As another example, both ends of each wire loop may
be attached to a shder tab so that extending the wire from lumen 2413 1s performed by moving
the entire loop. Wires 2420, 2430, and 2440 may be mamnipulated around lens 2424 together,

prior to separation, or may be sequentially manipulated around lens 2424 after separation.

[006178) FIG. 27 shows a perspective view of extraction device 2400 in which a control
mechanism 2700 is provided at an end of handle 2500 oppostte to the end at which delivery shaft
2410 1s attached. In the example of FIG. 27, control mechanism 2700 includes a handle 2704
coupled to a threaded shatt 2702, In this implementation, handle 2704 may be rotated to move
shaft 2410 (coupled to delivery shaft 2410 within handle 2500} to control the distance to which
shaft 2410 extends from handle 2500, In some implementations, control mechanisim 2700 may
also allow for wires 2420, 2430, and 2440 to be removed from shaft 2410 and handle 2500 so
that another tool such as a forceps can be inserted to remove cut portions of lens 2424 from the
patient’s eye via lumen 2413 In other implementations, a forceps may be mcluded within
delivery shaft 2410 and separately operable from wires 2420, 2430, and 2440, Yo still other
wuplementations, forceps separate from extraction device 2400 may be used to extract lens
pieces from the eve after the lens has been cut by wires 2420, 2430, and 2440, In other
woplementations, as discussed in further details herenafter, additional elements such as a mesh
or stent, and an encapsulation bag may be used n combination with wire loops 2420, 2430, and

2440 for extraction of lens pieces.

{06171} It should be appreciated that, although wires 2420, 2430, and 2440 are shown 1o
be linearly separated in the vuplementation shown in FIGS. 24-27, this 15 merely iflustrative and
other implementations of wires 2420, 2430, and 2440 are possible. For example, FIGS. 28 and
29 show an implementation of extraction device 2400 i which wires 2420, 2430, and 2440 are
rotatable relative to one another to surround and dissect lens 2424, FIGS. 28 and 29 show

extraction device 2400 without delivery shaft 2410 for clarity.

{80172] As shown 1 FIG. 28, wires 2420, 2430, and 2440 may be extended around lens

2424 together n a flattened, substantially planar common loop. In the implementation of FIGS,
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28 and 29, device 2400 1s provided with wire-guide structures 2800, 2802, and 2804 {e.g.,
substantially cylindrical nested wire guide structures that are slidable and/or rotatable within
delivery shaft 2410} configured to rotate wires 2420, 2430, and 2440 relative to each other to

substantially surround lens 2424 {e.g., as in the configuration of FIG. 29}

{06173} Wirg-guide structure 2800 may include a eyhindrical main body 2806 (e g, a
portion of shaft 2410} and one or more protrusions 2808 {¢.g., on the inner surface of shaft 2410
or on an outer surface of structure 2810} that guide the position of wire 2420, For example, a
portion of wire 2420 may be positioned between two of protrusions 2808 and between the outer
surface of evlindrical main body 2810 and the nner surface of delivery shaft 2410 so that the

position of wire 2420 can be controlled by protrusions 2808,

{00174} Wirg-guide structure 2802 may include a cyhindrical main body 2810 that s at
ieast partially nested within cylindrical main body 2806 of wire-guide structure 2800, Wire-
guide structure 2802 may inchude a notch 2812 that allows wire 2440 {o pass into an internal
recess within wire-guide structure 28072 so that the rotational position of wire 2440 can be
controlled by rotation of wire-guide structure 2802 {e.g., relative to wire-guide structures 2800

and 2804).

[00175) Wire-guide structure 2804 may include a cylindrical main body 2814 that 1s at
ieast partially nested within cylindrical main body 2810 of wire-guide structure 2802, Wire-
guide structure 2804 may inchude a notch 2816 that allows wire 2430 {o pass into an internal
recess within wire-guide structure 2804 so that the rotational position of wire 2430 can be
controlled by rotation of wire-guide structure 2804 {e.g., relative to wire-guide structures 2800

and 2802).

{00176} s the implementations of FIGS. 28 and 29, first, second, and third wire loops
2420, 2440, and 2430 are configured to separate by a rotation of second and third wire loops
2440 and 2430 relative to first wire loop 2420, Wire-guide structures 2800, 2802, and 2804 may
include first, second, and third nested wire-guide structures and configured to control a rotational
posttion of first, second, and third wire loops 2420, 2440, and 2430, First wire-guide structure
2800 may melude a cylindrical marm body 2806 (e.g., a portion of shaft 2410} and a plurality of

protrusions 2808 on an outer surface of the cyhindrical main body 2810 or on an inner surface of
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shaft 2410, Second wire-guide structure 2802 may include a cyhindrical main body 2810 at least
partially nested within the cylindrical main body 2806 of first wire-guide structure 2800 (e.g,
within shaft 2410) and at least one slot 2812 for the second wire loop 2440, Third wire-guide
structure 2804 may include a cvlindrical main body 2814 at least partially nested within the
cylindrical main body 2810 of the second wire-guide structure and at least one slot 2816 for the
third wire loop 2430, Second and third wire-guide structures 2802 and 2804 are rotatable
relative to first wire-guide structure 2800, First, second, and third wire-guide structures 2800,
2802, and 2804 are shidable within delivery shaft 2410 for extension and retraction of the first,
second, and third wire loops 2420, 2440, and 2430

{06177} As shown 1o FIG. 29, after wires 2420, 2430, and 2440 have been deploved as a
flat, somewhat curcular, group of multiple wire loops (see, FIG. 28) wire~guide structures 2802
and 2804 may be rotated relative to wire-guide structure 2800 so that one or more wire loops
2420, 2430, and 2440 are rotated to surround the lens. Once in the configuration shown m FIG.
29, wires 2420, 2430, and 2440 can be retracted oto delivery shaft 2410 to dissect the lens nto
multiple pieces as the wires are retracted. The dissected lens pieces can then be removed from

the eye using forceps.

{80178} Tt should be appreciated that, although three wires are shown i the
implementations of FIGS. 24-29, more or less than three wires may be provided that can be
extended, separated, rotated, and/or retracted to divide lens 2424 1oto a desired number and size
of preces when the wires are retracted mto humen 2413, For example, FIGS. 30 and 31 show an
maplementation of extraction device 2400 in which two wires 2420 and 2430 are provided with
mterconnecting wires 3000 and 3002 that couple wires 2420 and 2430 at various locations
around the respective wire loops. In the implementation of FIGS. 30 and 31, two relatively
shorter mterconnecting wires 3000 extend between wire loops 2420 and 2430 near a distal end of
the loops and two relatively longer interconnecting wires 3002 extend between wire loops 2420
and 2430 nearer the distal end of delivery shaft 2410, By rotating wite loops 2420 and 2430
relative to one another, interconnecting wires 3000 and 3002 may be extended from a relaxed
shape {as shown in FIG. 30} to a more straight and tensioned shape {as shown m FIG. 31), and
thereby form a net-like structure which may surround lens 2424, Firstand second wire loops
2420 and 2430 in the implementation of FIGS. 30 and 31 are configured (o separate by a rotation

of first and/or second wire loops.
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{06179} Wirg-guide structures such as wire-ginde structares 2800 and 2802 may be
provided within delivery shaft 2410 to control the relative rotation of wire loops 2420 and 2430
Once in the configuration shown in FIG 29, wires 2420 and 2430 and interconnecting wires
3000 and 3002 can be retracted into delivery shaft 2410 to dissect the lens into multiple pieces as
the wires are retracted and wires 2420 and 2430 and interconnecting wires 3000 and 3002 cut
through lens 2424, The dissected lens pieces can then be removed from the eye using forceps or

other structures such as a wire mesh or stent and/or an encapsulation bag.

{06184 It should be appreciated that, although wires 2420 and 2430 are rotated in the
wnplementation of FIGS. 30 and 31, 1t should be appreciated that one or more wire loops with
mterconnecting wires may be provided that separate to surround and dissect lens 2424, For
example, FIGS. 32 and 33 show an implementation of extraction device 2400 in which two
finearly separable wires 2420 and 2430 are provided with interconnecting wires 3000 that couple
wires 2420 and 2430 at various locations around the respective wire foops. In the
implementation of FIGS. 32 and 33, interconnecting wires 3000 of substantially equal length
extend between wire loops 2420 and 2430 at various locations around the loops. By separating
wire loops 2420 and 2430 afier extension, interconnecting wires 3000 may be extended froma
relaxed shape (as shown s FIG. 32) to a more straight and tensioned shape {as shown n FIG.
33), and thereby form a net-hike structure which may surround lens 2424, First and second wire
ioops 2420 and 2430 in the configuration of FIGS. 31 and 32 may be configured to linearly
separate to a separated configuration in which first wire foop 2420 15 substantially parallel to
second wire loop 2430 or in which wire toops 2420 and 2430 are separated by an increasing

distance with mcreasing distance from shaft 2410 (see, e g, FIG 24),

[BO181] Onee 1 the configuration shown 1o FIG. 33, wires 2420 and 2430 and
mterconnecting wires 3000 can be retracted into dehivery shaft 2410 to dissect the lens mto
multiple pieces as the wires are retracted and wires 2420 and 2430 and interconnecting wires
3000 cut through lens 2424, The dissected lens pieces can then be removed from the eyve using

forceps or other components such as a wire mesh and/or an encapsulation bag,

{00183] As another example, FIGS. 34 and 35 show an inplementation of extraction

device 2400 m which three hinearly separable wires 2420, 2430, and 2440 are provided with
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mterconnecting wires 3400 that couple wires 2420, 2430, and 2440 at various locations around
the respective wire loops. In the implementation of FIGK. 34 and 35, interconnecting wires 3400
of substantially equal length extend between wire loops 2420, 2430, and 2440 at various
locations arcund the loops. Fach interconnecting wire includes a first portion 3402 that extends
from wire 2420 to wire 2430 and a second portion 3404 that extends from wire 2430 to wire
2440 In the example of FIGS. 34, and 35, portions 34072 and 3404 are located at the same
iocation on the loops. However, portions 3402 and 3404 may be located at different locations

around the loops in some implementations.

{00183 FIG. 35 shows a side view of the implementation of device 2400 of FIG. 34 in
which it can be seen that, prior to separation of wire loops 2420, 2430, and 2440, muddle loop
2430 1s mitially deployed from delivery shaft 2410 with a smaller diameter than the top and
bottom loops 2420 and 2430, which causes the group of loops 2420, 2430, and 2440 to lay flat
by tensioning the interconnecting wires 3400, and thus pulling the top and bottom loops 2420
and 2440 toward the muddle loop 2430, Middle loop 2430 can then be pushed outward from
delivery shaft 2410, such that the diameter of muddle loop 2430 15 increased 1o the same diameter
as that of top and bottom loops 2420 and 2430, causing 1nterconnecting wires 3400 to straighten,
pushimg wire loops 2420 and 2440 apart {e.g., as indicated by arrows 35300} In the flattened
configuration of FIGS. 34 and 35, wire loops 2420, 2430, and 2440 can be moved to surround
lens 2424, Wire loops 2420, 2430, and 2440 can then be expanded or separated by extending
middie loop 2430 as described, such that interconnecting wires 3400 stand roughly perpendicular
to the main loops 2420, 2430, and 2440, Wire loops 2420, 2430, and 2440 can then be retracted
mto delivery shaft 2410 to cut the lens into multiple pieces as wires 2420, 2430, and 2440 and
mterconnecting wires 3400 pass through the lens. The dissected lens preces can then be removed
from the eve using forceps or other components such as a wire mesh and/or an encapsulation

bag.

{00184] For further clarity, face-on views of various muplementations of extraction device
2400 {e.g. views facimg the distalmost end of device 2400 along the central longitudinal axas of
device 2400) are shown mn FIGS. 36-40. More specifically, FIGS. 36 and 37 show face-on views

of device 2400 1 the implementation of FIGS. 30 and 31, FIGS. 38 and 39 show face-on views

36
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of device 2400 in the implementation of FIGS. 32 and 33, and FIG. 40 shows a face-on view of
p

device 2400 in the implementation of FIGS. 34 and 35,

{80185} FIG. 36 shows a face-on view of device 2400 in the implementation and in the
flattened configuraiion of FIG. 30, and shows how interconnecting wires 3002 may be curved
shghtly out of a plane defined by non-rotated wires 2420 and 2430 in the flattened configuration.
FI(. 37 shows a face-on view of device 2400 in the implementation and rotated configuration of
FI(G:. 31 and shows how interconnecting wires 3000 and 3002 may be straightened by rotated

wires 2420 and 2430 that form an x-pattern in the rotated configuration.

{00186} FIG. 38 shows a face-on view of device 2400 in the implementation and flattened-
configuration of FIG. 32, By separating wires 2420 and 2430 as indicated by arrows 3800,
mterconnecting wires 3200 may be straightened so that, as shown in FIG 39, wires 2420 and
2430 may be substantially parallel with substantially perpendicular mnterconnecting wires 3200

interposed between.

{80187} FIG 40 shows a face-on view of device 2400 in the implementation and flattened-
configuration of FIGS. 34 and 35, By separating wires 2420, 2430, and 2440 {e.g., by extending
middle wire 2430 as described above in connection with FIGS. 34 and 35) as indicated by arrows
4000, interconnecting wires 3400 may be straightened wires 2420, 2430, and 2440 may be
substantially parallel with substantially perpendicular interconnecting wires 3400 interposed

between.

{86188] The various implementations of extraction device 2400 described in connection
with FIGS. 24-40 may be used to dissect lens 2424 mto pieces {e.g, roughly equal sized pieces
m the example of FIGS. 34, 35, and 40} that mmdividually are sized to fit down delivery shaft
2410 for extraction. However, it should also be appreciated that extraction device 2400 may
mclude one or more other components, in addition to one, two, three, or more cutting wires, such
as a wire mesh or stent {e.g , to further dissect the cut lens pieces) and/or an encapsulation bag,
extendible over the wires and/or the stent to encapsulate the cut/dissected lens for exiraction
through delivery shaft 2410, In some imoplementations, the wire mesh or stent can be used n
place of, or 10 addition to, the cutting wires as described i connection with the tnplementations

shown FIGS. 24-40,

~3
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{00189} FIG. 41 shows an exemplary implementation of extraction device 2400 in which
a stent 4100 and an encapsulation bag 4102 are provided in addition to wire foops 2420, 2430,
and 2440. As shown in FIG. 41, after extension of wires 2420, 2430, and 2440, a wire mesh or
stent such as stent 4100 may be extended around wire loops 2420, 2430, and 2440
Encapsulation bag 4102 may be extended around stent 4100 {e g., as described above in
connection with various implementations). An opening 4104 may be provided {e g, an opening
formed by coaligned openings in bag 4102 and stent 4100) through which lens 2424 can be
mserted into a cavity formed and defined by stent 4100 and bag 4102. For example, by moving
extraction device 2400 toward lens 2424 so that lens 2424 {while remaining substantially
stationary within the patient’s eve) 1s moved in direction 4106 relative to device 2400, lens 2424
can be inserted through opening 4104 into the cavity and substantially surrounded by wires 2420,

2430, and 2440, stent 4100, and bag 4102

[00198] FIG. 42 shows a side view of extraction device 2400 mn the configuration of FIG.
41 after msertion of lens 2424 into the cavity formed by wires 2420, 2430, and 2440, stent 4100,
and bag 4102, Following msertion of the lens wnto the cavity formed by wires 2420, 2430, and
2440, stent 4100, and bag 4102, wires 2420, 2430, and 2440 may be retracted mto lumen 2413 1o
cut lens 2424 {e.g , as described above i connection with FIGS . 24 and 23), and then stent 4100

may be retracted to further cut and/or cube the lens into smaller, softer preces.

{80191} Device 2400 may also melude a spiral compaction wire 4108 wrapped in spiral
windings around bag 4102, After wires 2420, 2430, and 2440 and stent 4100 have been retracted
to cut and cube lens 2424 within bag 4102, spiral compaction wire 4108 may be retracted to
further compact the pieces of lens 2424 within encapsulation bag 4102 for extraction from the
eve{e.g., by extracting bag 4102 and wire 4108 nto lumen 2413 or by withdrawing device 2400

from the eve without extracting bag 4102 back nto lumen 2413).

{60192} FEG. 43 shows wires 2420, 2430, and 2440 of device 2400 of FIG. 41 with other
components of device 2400 removed for clanity. Wires 2420, 2430, and 2440 may be formed,
for example, from nitinol, may have a cross-sectional width of, for example, 0.004”, and may be
extended and/or withdrawn from humen 2413 as described above 1o connection with, for example

FIGK. 24-27. FIG. 44 shows an iHustrative example of a lens 2424 that has been cut info pieces
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2426, 2428, 2432, and 2434 by retraction of wires 2420, 2430, and 2440 through lens 2424 o

fumen 2413,

{00183} FIG. 45 shows stent 4100 of device 2400 of FIG. 41 with other components of
device 2400 removed for clanty. Stent 4100 may include a plurality of intersecting wirg
elemenis 4502 extending from a shaft 4500 that form and define a cavity 4503, Stent 4100 may
be formed from a wire mesh braid or may be a laser-cut structure. Intersecting wire elements
4502 may be formed from metal and/or plastic and may have a cross-sectional width of between
0.0017 and 0.005” {e g., 0.003 inches} in some implementations. Intersecting wire elements
4502 may be configured to return to a natural expanded shape, as shown 1n FIG. 45, when
extended from within lumen 2413 {e. g, from a compressed shape within lumen 2413) to form a
cavity 4503, accessible by lens 2424 through an opening 4504, FIG. 46 shows an illustrative
example of a lens 2424 in which pieces 2426, 2428, 2432 and 2434 have been cut/cubed into
simaller pieces 4600 by retraction and resulting compression of stent 4100 through lens 2424 wnto

fumen 2413,

[00194] FIG. 47 shows encapsulation bag 4102 and spiral compaction wire 4108 of device
2400 of FIG. 41 with other components of device 2400 removed for clarity. Encapsulation bag
4102 may be formed from an elastic material such as an expanded polytetrafluoroethylene
{ePTFE) material.  Encapsulation bag 4102 may include an opening 4704, Opening 4704 may
be configured to be coaligned with opening 4504 of stent 4100, when stent 4100 and bag 4102
are 10 an extended configuration, to form opening 4104 of FIG. 41, Spual compaction wire 4108
may be formed from a metal such as nitmol and may have a cross-sectional width of, for
example, between, 0.0017 and 0.0057 (e g, 0.0037). Spiral compaction wire 4108 may be
extracted to radially compress encapsulation bag 4102, in a cueular motion, nto the
configuration of FIG. 48, to collect and compress pieces 4600 of lens 2424 for extraction from
the eye. Encapsulation bag 4102 can be removed from the patient’s eye by retraction into humen
2413 or by extraction of the entire device 2400 from the eve without pulling bag 4102 back mnto

fumen 2413,

{008195] FIG. 49 shows a cross-sectional view of delivery shaft 2410 with wires 2420,

2430, and 2440, stent 4100, and spiral compaction wire 4108 disposed within humen 2413 (e g,
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priot 1o extension from, or after retraction into lumen 24133 For clanty, encapsulation bag
4102 1s not shown m FIG. 49, but would occupy the empty space visible in lumen 2413, As
shown i FIG. 49, 1n some implementations delivery shaft 2410 may have a cross-sectional
shape other than a circular cross-sectional shape (e.g., a rectangular cross-sectional shape with
rounded corners). After retraction of wires 2420, 2430, and 2440 and stent 4100 through lens
2424 into lumen 2413, some pieces of lens 2424 may also occupy some of the space within

fumen 2413 {e.g., by being pulied into delivery shaft 2410 during the retraction).

{06196} FIGS. 50-52 iilustrate extraction device 2400 of FIG. 41 at various stages during
cataract extraction operations. In the example of FIG. 50, lens 2424 is disposed within the cavity
formed by wires 2420, 2430, and 2440, stent 4100, and encapsulation bag 4102 and wires 2420,
2430, and 2440 have been partially retracted into lumen 2413 and have partially passed into lens
2424, In the example of FIG. 31, lens 2424 has been cut into pieces 2426, 2428, 2432, and 2434
and wires 2420, 2430, and 2440 have been retracted into lumen 2413, Stent 4100 and bag 4102
remain surrounding lens 2424, In the example of FIG. 52, stent 4100 has been retracted into
fumen 2413 and spiral compaction wire has been retracted to radwally compress bag 4102 to
encapsulate, capture, and contain any remanung pieces of lens 2424, 1o the configuration of
FIG. 52, bag 4102 can be retracted mto humen 2413 or device 2400 can be entirely removed from

the patient’s eye without retracting bag 4102,

{80197} One or moore features of any one of the exiraction devices 100, 200, 300, 400, 600,
705, BGS, 905, 1000, 1100, 1200, 13006, 1400, 1500, 1600, 1700, 1800, and 2400 can be
combined with one or mwore features of any other one of the extraction devices 100, 200, 300,
400, 600, 705, 805, 9035, 1000, 1100, 1200, 1300, 1400, 1500, 1600, 1700, 1800, and 2400, One
or more features of any one of the covers and/or bags discussed herem can apply to any other one

of the covers and/or bags and the deployment mechamsms such as gwides associated therewsth,

{80198} The subject technology is tlustrated, for exarople, according to various aspects
described above. Various exaroples of these aspects are described as numbered concepts or
clauses {1, 2, 3, etc.) for converuence, These concepts or clauses are provided as examples and
do not bt the subject techoology. 1t 18 noted that any of the dependent concepts may be

combined 10 any combination with each other or one or more other ndependent concepts, to
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form an independent concept. The following 15 a non-hmiting summary of some concepts

presented herein:

Concept 1. An extraction device, comprising:

a delivery shafi having a lumen and a distal end;

a first wire forming a first arc and being positionable distal to the distal end of the
delivery shaft while ends of the first arc are at a distalmost end of the delivery shaft; and

a second wire forming a second arc and being positionable distal to the distal end of the
delivery shaft while ends of the second arc are at the distalmost end of the delivery shaft,

wherein a distalmost extent of the first wire is distal to a distalmost extent of the second
wire, wherein the first wire and the second wire are separately retractable relative to the delivery

shaft

Concept 2. The extraction device of Concept | or any other Concept, further

COMPrisIng’

a first guide and a second guide moveable along the first wire toward the distalmost
extent of the first wire from a first position to a second position more distal than the first
position; and

a cover attached to the first gude and the second guide, wherem, while i the second
position, the cover encompasses an outer cross-sectional dimension of each of (1} the first wire

and (11} the second wire.

Concept 3. The extraction device of Concept 1 or any other Concept, further
COmprising:

a first ning extending about the first wire and the second wirg;

a first cover extending from the first ring to the delivery shafi;

a second ring extending about the first wire and the second wirg; and

a second cover extending from the second ring to the distalmost end of the first wire.

Concept 4, An extraction device, COMPrisng.
a delivery shaft having a lumen and a distal end;

a dissection tool distal to the distal end of the delivery shafy;
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a first capture portion positionable on a first side of an axis of the delivery shaft and
comprising a first cover; and

a second capiure portion positionable on a second side of the axis, opposite the first side,
and comprising a second cover,

wherein the first capture portion and the second capture portion are configured to move
toward the axis upon actuation and define an enclosed space between the first cover and the

second cover.

Concept 5. An extraction device, comprising:

a delivery shaft having a distal end;

an irrigation port at the distal end;

a loop having a flud permeable cover; and

a blade being moveable from a retracted position 1o an actuated position across at least a

portion of the loop.

Concept 6. An extiraction device, comprising:
a delivery shaft having:
an inner cyhndrnical shaft structure with a distal end; and
an outer cylindrical shaft structure having a distal end with a sharp cutting edge,
wheremn the sharp cutting edge of the outer cyhindrical shaft structure 15 deplovable bevond the

distal end of the nner cvlindrical shaft structure.

Concept 7. An extraction device, COMPrisng.

a delivery shaft having a distal end with a sharp cutting edge; and

a gripping apparatus that 15 extendible from within a lumen of the delivery shafi and
operable to grip and pull tissue against the sharp cuiting edge.

Concept 3. An extraction device, comprising:

a delivery shaft having a distal end; and

42



WO 2017/143272 PCT/US2017/018490

an excision member that 1s extendible from within a lumen of the delivery shaft, wherein
the excision member comprises a control shaft and a phurality of layered cutting and

encapsulation leaves.

Concept 9. The extraction device of Concept 8 or any other Concept, wherein, the
lavered cutting and encapsulation leaves are configured to be reticulated relative to each

other about an axis to create an enclosure for a lens or portion thereof.

Concept 10, An extraction device, comprising:

a delivery shaft having a distal end;

a first frame extendible from the distal end of the delivery shaft and having a flexable bag
structure attached thersto; and

a second frame extendible from the distal end of the debivery shaft and having a hd
structure attached thereto, wherein, 1 an extended configuration for the fust frame and the
second frame, the flexible bag structure and the hid structure are configured to define and enclose

a cavity within which at least a portion of a lens of a patient’s eve 1 encapsulated.

Concept 11, The extraction device of Concept 10 or any other Concept, wherein the
second frame 1s configured, upon extension from the distal end of the delivery shaft, to

fransect the encapsulated at least the portion of the lens of the patient’s eve.

Concept 12, The extraction device of Concept 11 or any other Concept, further
comprising one or more additional frames, each extendible from the distal end of the
delivery shaft with the first frame and retractable from within the cavity into the distal
end of the delivery shaft to dissect the at least the portion of the lens of the patient’s eve

held therem.

Concept 13, A method, comprising:
extending a first frame, having an attached flexible bag structure, and a second frame into
an eve of a patient such that the flexible bag structure at least partially surrounds at least a

portion of a lens of the eye of the patient;
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extending a third frame having an attached hd structure along the first frame 1o
encapsuiate the at least the portion of the lens between the flexible bag stracture and the hid
structure; and

withdrawing the second frame to transect the encapsulated at least the portion of the lens.

Concept 14.  The method of Concept 13 or anv other Concept, further comprising, prior
to extending the first frame with the attached flexible bag structure and the second frame
mto the eye of the patient, performing a hydrodissection and/or a hydrodelineation
procedure to change a posttion of the lens from being entirely within a natural capsular

hag of the lens to being partially or completely displaced from the natural capsular bag.

Concept 1S, The method of Concept 13 or any other Concept, further comprising
withdrawing the first frame and the third frame from the eye of the patient to remove the

transected, encapsulated at least the portion of the lens from the eye.

Concept 16, An extraction device, comprising:

a delivery shaft having a distal end;

a first frame extendible from the distal end of the delivery shaft and having a flexible bag
structure attached thereto, wheremn the flexible bag structure includes a plurality of openmgs; and

a second frame extendible from the distal end of the dehvery shaft and having a hid
structure attached thereto, wheremn, m an extended configuration for the first frame and the
second frame, the flexible bag structure and the hid structure are configured to secure at lgast a
portion of a lens of a patient’s eve therebetween.

Concept 17, The extraction device of Concept 16 or any other Concept, wherein, upon

withdrawal of the first frame and the second frame into the distal end of the delivery shaft

while the at least the portion of the lens 15 secured between the flexible bag structure and

the lid structure, the flexible bag siructure is configured to strain the at least the portion of

the lens through the plurality of openings.

~Ad-



WO 2017/143272 PCT/US2017/018490

Concept 18, The extraction device of Concept 16 or any other Concept, wherein the
second frame 1s configured, upon extension from the distal end of the delivery shaft, to

transect the lens.

Concept 19, The extraction device of Concept 16 or any other Concept, further
comprising one or more additional frames, each extendible from the distal end of the
delivery shatt with the first frame and retractable into the distal end of the debivery shaft

to dissect the at least the portion of the lens of the patient’s eye held therein.

Concept 20, The extraction device of Concept 16 or any other Concept, wherein the lid

structure comprises a plurality of openings.

Concept 21, A method, comprising’

extending a furst frare having an attached flexible bag structure with a plurality of
openings from a distal end of a dehvery shaft into an anterior chamber of an eye of a patient such
that the flexible bag structure at least partially surrounds at least a portion of a lens of the eve of
the patient,

extending a second frame having an attached hid structure along the first frame to secure
the at least the portion of the lens between the flexible bag structure and the Iid structure; and

withdrawing the first and second frames mito the distal end of the delivery shaft to strain
the at least the portion of the lens through the plurality of openings m the flexible bag structure

into the anterior chamber.

Concept 22, The method of Concept 21 or any other Concept, further comprising:
extending a third frame into the eve of the patient together with the first frame; and
prior to withdrawing the first and second frames, withdrawing the third frame to transect

the secured at least the portion of the lens.

Concept 23.  The method of Concept 22 or any other Concept, further comprising

suctioning the strained at least the portion of the lens from the anterior chamber.
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Concept 24, An extraction device, comprising:

a delivery shafi having a lumen and a distal end; and

first, second, and third wire loops extendible from within the lumen at the distal end,
wherein the first, second, and third wire loops are configured to separate upon extension from
within the lumen to at least partially surround a lens of a patient’s eye, and wherein the separated
first, second, and third wire loops are configured to be withdrawn into the lumen to pass through

and dissect the lens.

Concept 25, The extraction device of Concept 24 or any other Concept, further
COMPrising:
a handle, wherein a proxamal end of the delivery shaft is attached to the handle;
and
a shder tab o the handle and attached to the first, second, and third wire loops,

wherein the shder tab 1s shidable to extend and withdraw the first, second, and third wire loops.

Concept 26, The extraction device of Concept 24 or any other Concept, wherein the
second wire loop comprises a middle wire loop disposed between the first and third foops, and
wherein the first, second, and third wire loops are configured to linearly separate in a direction

substantially perpendicular to a plane defined by the muddle wire loop.

Concept 27, The extraction device of Concept 26 or any other Concept, further
comprising a plurality of mterconnecting wires that extend from the first wire loop to the nuddle

wire foop and from the muddle wire loop to the third wire loop.

Concept 28 The extraction device of Concept 24 or any other Concept, wherein the
first, second, and third wire loops are configured to separate by a rotation of the second and third

wire foops relative to the first wire loop.

Concept 29, The extraction device of Concept 28 or any other Concept, further
comprising first, second, and third nested wire-guide structures within the delivery shaft and

configured to control a rotational position of the first, second, and third wire loops.
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Concept 30, The extraction device of Concept 29 or any other Concept, wherein the
first wire-guide structure comprises:
a cyhindrical main body; and

a plurality of protrusions on an outer surface of the cvhindrical main body.

Concept 31, The extraction device of Concept 30 or any other Concept, wherein the
second wire-guide structure comprises:
a cvlindrical mam body at least partially nested within the cviindrical main body
of the fust wire-guide structure; and

at least one slot for the second wire loop.

Concept 32, The extraction device of Concept 31 or any other Concept, wherein the
third wire-guide structure comprises:
a cyhindrical mamn body at least partially nested within the cylindrical mamn body
of the second wire-gude structure; and

at teast one slot for the third wire loop.

Concept 33, The extraction device of Concept 32 or any other Concept, wherein the

second and third wire~guide structures are rotatable relative to the first wire-guide structure.

Concept 34, The extraction device of Concept 33 or any other Concept, wherein the
first, second, and third wire-gutde structures are shidable within the delivery shafi for extension

and retraction of the first, second, and third wire loops.

Concept 35, An extraction device, comprising:

a delivery shafi having a lumen and a distal end;

first and second wire loops extendible from within the lumen at the distal end; and

a plurality of interconnecting wires that extend from the first wire loop to the second wire
ioop, wherein the first and second wire loops are configured to separate upon extension from

within the lumen to at least partially surround a lens of a patient’s eve, and wherein the separated
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first and second wire loops and the plurality of interconnecting wires are configured to be
withdrawn into the fumen to pass through and dissect the lens.

Concept 306,  The extraction device of Concept 35 or any other Concept, wherein the
first and second wire loops are configured to linearly separate to a separated configuration in
which the first wire loop 1s substantially parallel to the second wire loop.

Concept 37.  The extraction device of Concept 35 or any other Concept, wherein the
first and second wire loops are configured to separate by a rotation of the first or second wire

foop.

Concept 38, The extraction device of Concept 37 or any other Concept, wherein the
plurality of muerconnecting wires comprises two relatively shorter interconnecting wires that
extend between the first and second wire loops near a distal end of the loops and two relatively
longer interconnecting wires that extend between the first and second wire loops nearer the distal

end of the delivery shaft than the two relatively shorter interconnecting wires,

Concept 39, An extraction device, comprising’

a delivery shaft having a lumen and a distal end;

first, second, and third wire loops extendible from withm the lumen at the distal end,
wherein the first, second, and thud wire loops are configured to separate upon extension from
within the fumen and are maneuverable to at least partially surround a lens of a patient’s eye;

a stent extendible from within the lumen around the exiended first, second, and third wire
loops,; and

an encapsulation bag extendible from within the lumen around the extended stent and the

extended firsi, second, and third wire loops.

Concept 40, The extraction device of Concept 32 or any other Concept, wherein the
stent comprises an opening and the encapsulation bag comprises an opening configured to be
coaligned with the operung in the stent in an extended configuration for the stent and the

encapsulation bag.
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Concept 41, The extraction device of Concept 39 or any other Concept, further

comprising a spiral compaction wire configured to radially compress the encapsulation bag.

Concept 42.  The extraction device of Concept 41 or any other Concept, wherein the
first, second, and third wire loops are configured to be retracted nto the lumen to pass through

and cut the lens mto pieces.

Concept 43.  The extraction device of Concept 42 or any other Concept, wherein the
stent 15 configured to be retracted nto the lumen following retraction of the first, second, and

third wire loops to cut the pieces nto smaller preces within the encapsulation bag.

Concept 44, The extraction device of Concept 43 or any other Concept, wherein the
spiral compaction wire is configured to radially compress the encapsulation bag following

retraction of the first, second, and thurd wire loops and the stent.

{80199} The foregoing description 18 provided 1o enable a person skilled in the ant o
practice the various configurations described herein. While the subject technology has been
particularly described with reference to the various figures and configurations, it should be
understood that these are for dlustration purposes only and should not be taken as limiting the

scope of the subject technology.

{06266] There may be many other ways to implement the subject techuology. Various
functions and elements described herein may be partitioned differently from those shown without
departing from the scope of the subject technology. Varicus modifications to these
configurations will be readily apparent to those skilled in the art, and generie principles defined
hereim may be apphied to other configurations. Thas, many changes and modifications may be
made to the subject technology, by one having ordinary skili in the art, without departing {from

the scope of the subject technology.

{00201 It 18 understood that the specific order or huerarchy of steps m the processes

disclosed is an llustration of exemplary approaches. Based upon design preferences, it is
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understood that the specific order or hierarchy of steps in the processes may be rearranged.
Some of the steps may be performed simulianeously. The accompanying method claims present
elements of the various steps in a sample order, and are not meant o be limited to the specific

order or hierarchy presented.

{00262} A phrase such as “an aspect” does not imply that such aspect 15 essential to the
subject technology or that such aspect applies to all configurations of the subject technology. A
disclosure relating to an aspect may apply to all configurations, or one or more

configurations. An aspect may provide one or more examples of the disclosure. A phrase such
as "an aspect” may refer to one or more aspects and vice versa. A phrase such as "an
embodiment” does not imply that such embodiment is essential to the subject technology or that
such embodiment applies to all configurations of the subject technology. A disclosure relating to
an embodiment may apply to all embodiments, or one or more embodiments. An embodiment
may provide one or more examples of the disclosure. A phrase such "an embodiment” may refer
to one or more embodiments and vice versa. A phrase such as "a configuration” does not imply
that such configuration is essential to the subject technology or that such configuration applies to
all configurations of the subject technology. A disclosure relating to a configuration may apply
to all configurations, or one or more configurations. A configuration may provide one or more
examples of the disclosure. A phrase such as "a configuration” may refer to one or more

configurations and vice versa.

{B0203] As used herein, the phrase “at least one of” preceding a series of items, with the
term “and” or “or” to separate any of the tems, modifies the list as a whole, rather than each
rember of the list (1.e, each item) The phrase “at least one of” does not require selection of at
least one of each tem listed; rather, the phrase allows a meaning that includes at least one of any
one of the tems, and/or at least one of any combination of the tems, and/or at least one of each
of the iterns. By way of example, the phrases “at least one of A, B, and €7 or “at least one of A,
B, or {7 each refer to only A, only B, or only C; any combination of A, B, and C; and/or at feast

oneofeachof AL B, and C

N

{80204] Terms such as “top,

M 6¢

“hottom,” “front.)” “rear” and the hke as used i thus

disclosure should be understood as referring to an arbitrary frame of reference, rather than to the
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ordinary gravitational frame of reference. Thus, a top surface, a botiom surface, a front surface,
and a rear surface may extend upwardly, downwardly, diagonally, or horizontally ina

gravitational frame of reference.

2% <6

{80205] Furthermore, 1o the extent that the term “inchude,” “have,” or the like 15 used in
the description or the claims, such term s intended to be inclusive in a manner simifar to the

term “comprise” as “comprise” is mterpreted when employed as a transitional word m a claim.

{00206} The word “exemplary” 1s used herein to mean “serving as an example, instance,
or ilustration.” Any embodiment described herein as “exemplary” is not necessanly o be

construed as preferred or advantageous over other embodimentis.

(8062071 A reference to an element in the singular 15 not intended to mean “one and only
one” unless specifically stated, but rather “one or more.” Pronouns in the masculine {e.g., his)
mclude the feminine and neuter gender (e g, her and 15} and vice versa. The term “some” refers
to one or more. Underlined and/or iahicized headings and subheadings are used for convenience
only, do not limit the subject technology, and are not referred to i connection with the
interpretation of the description of the subject technology. Al structural and functional
equivalents to the elements of the various configurations described throughout this disclosure
that are known or later come to be known to those of ordinary skill in the art are expressly
meorporated herein by reference and intended to be encompassed by the subject technology.
Moreover, nothing disclosed herein is mtended to be dedicated to the public regardless of

whether such disclosure is explicitly recited in the above description

{00208] While certain aspects and embodiments of the subject technology have been
described, these have been presented by way of example only, and are not intended to linut the
scope of the subject technology. Indeed, the novel methods and svstems described herein may
be embodied in a variety of other forms without departing from the spirit thereof The
accompanying claums and thetr equivalents are mtended o cover such forms or modifications as

would fall withun the scope and spirit of the subject technology.
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Claims
WHATIS CLAIMED IS:

i An extraction device, comprising:

a delivery shaft having a lumen and a distal end;

a first wire forming a first arc and being positionable distal to the distal end of the
delivery shaft while ends of the first arc are at a distalmost end of the delivery shaft; and

a second wire forming a second arc and bemng positionable distal to the distal end of the
delivery shaft while ends of the second arc are at the distalmost end of the delivery shaft,

wherein a distalmost extent of the first wire 15 distal 1o a distalmost extent of the second
wire, wheretn the first wire and the second wire are separately retractable refative to the dehivery

shaft

2. The extraction device of Claim 1, further comprising:

a first guide and a second guide moveable along the first wire toward the distalmost
extent of the first wire from a first position to a second position more distal than the first
position; and

a cover attached to the first guide and the second guide, wherein, while in the second
position, the cover encompasses an outer cross-sectional dimension of each of () the first wure

and (1} the second wire,

3. The extraction device of Claim 1, further comprising

a first ring extending about the first wire and the second wire;

a first cover extending from the first ring to the delivery shafi;

a second ring extending about the first wire and the second wire; and

a second cover extending from the second ring to the distalmost end of the first wire.

4. An extraction device, comprising,
a delivery shaft having a lumen and a distal end;

a dissection tool distal to the distal end of the delivery shaft;
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a first capture portion positionable on a first side of an axis of the delivery shaft and
comprising a first cover; and

a second capiure portion positionable on a second side of the axis, opposite the first side,
and comprising a second cover,

wherein the first capture portion and the second capture portion are configured to move

toward the axis upon actuation and define an enclosed space between the first cover and the

second cover.

5. An extraction device, comprising:

a delivery shaft having a distal end;

an irrigation port at the distal end;

a loop having a flud permeable cover; and

a blade being moveable from a retracted position 1o an actuated position across at least a

portion of the loop.

&. An exiraction device, comprising’
a delivery shaft having:
an mner cyhndrical shaft structure with a distal end; and
an outer cylindrical shaft structure having a distal end with a sharp cutting edge,
wheremn the sharp cutting edge of the outer cyhindrical shaft structure 15 deplovable bevond the

distal end of the nner cvlindrical shaft structure.

7. An extraction device, comprising:
a delivery shaft having a distal end with a sharp cutting edge; and
a gripping apparatus that 15 extendible from within a lumen of the delivery shafi and

operable to grip and pull tissue against the sharp cutting edge.

8. An extraction device, comprising:

a delivery shaft having a distal end; and
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an excision member that 1s extendible from within a lumen of the delivery shaft, wherein
the excision member comprises a control shaft and a phurality of layered cutting and

encapsulation leaves.

o The extraction device of claim 8, wherein, the layered cutting and encapsulation
leaves are configured to be reticulated relative to each other about an axis to create an

enclosure for a lens or portion thereof

10. An extraction device, comprising:

a delivery shaft having a distal end;

a first frame extendible from the distal end of the delivery shaft and having a flexable bag
structure attached thersto; and

a second frame extendible from the distal end of the debivery shaft and having a hd
structure attached thereto, wherein, 1 an extended configuration for the fust frame and the
second frame, the flexible bag structure and the hid structure are configured to define and enclose

a cavity within which at least a portion of a lens of a patient’s eve 1 encapsulated.

i1 The extraction device of Claim 10, wherein the second frame 13 configured, upon
extension from the distal end of the delivery shaft, to transect the encapsulated at least the

portion of the lens of the patient’s gve.

12 The extraction device of Claim 11, further comprising one or more additional
frames, each extendible from the distal end of the delivery shaft with the first frame and
retractable from within the cavity mnto the distal end of the debivery shaft to dissect the at

feast the portion of the fens of the patient’s eve held therein.

13. A method, comprising;
extending a first frame, having an attached flexible bag structure, and a second frame mto
an eve of a patient such that the flexible bag structure at least partially surrounds at least a

portion of a lens of the eve of the patient;
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extending a third frame having an attached hd structure along the first frame 1o
encapsuiate the at least the portion of the lens between the flexible bag stracture and the hid
structure; and

withdrawing the second frame to transect the encapsulated at least the portion of the lens.

14 The method of Claim 13, further comprising, prior to extending the first frame
with the attached flexible bag structure and the second frame into the eye of the patient,
performing a hydrodissection and/or a hydrodelineation procedure to change a position of
the lens from being entirely within a natural capsular bag of the lens to being partially or

completely displaced from the natural capsular bag.

iS5, The method of Claim 13, further comprising withdrawing the first frame and the
third frame from the eye of the patient to remove the transected, encapsulated at least the

portion of the lens from the eye.

16, An exiraction device, comprising’

a delivery shaft having a distal end;

a first frame extendible from the distal end of the delivery shaft and having a flexible bag
structure attached thereto, wheremn the flexible bag structure includes a plurality of openmgs; and

a second frame extendible from the distal end of the dehvery shaft and having a hid
structure attached thereto, wheremn, m an extended configuration for the first frame and the
second frame, the flexible bag structure and the hid structure are configured to secure at lgast a

portion of a lens of a patient’s eye therebetween.

17. The extraction device of Claim 16, wherein, upon withdrawal of the first frame
and the second frame into the distal end of the delivery shaft while the at least the portion
of the lens is secured between the flexible bag structure and the hid structure, the flexible
bag structure 1s configured to strain the at least the portion of the lens through the

plurality of openings.
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18 The extraction device of Claim 16, wherein the second frame 15 configured, upon

extension from the distal end of the delivery shaft, to transect the lens.

19, The extraction device of Claim 16, further comprising one or more additional
frames, each extendible from the distal end of the delivery shaft with the first frame and
retractable into the distal end of the delivery shaft to dissect the at least the portion of the

lens of the patient’s eye held therein.

20, The extraction device of Claim 16, wherein the hid structure comprises a plurality
of openings.
21 A method, comprising:

extending a first frame having an attached flexible bag structure with a plurahity of
opentngs from a distal end of a debivery shaft into an anterior charber of an eyve of a patient such
that the flexible bag structure at least partially surrounds at least a portion of a lens of the eve of
the patient;

extending a second frame having an attached lid structure along the first frame o secure
the at least the portion of the lens between the flexible bag structure and the hid structure; and

withdrawing the first and second frames mto the distal end of the delivery shaft to stramn
the at least the portion of the lens through the phirality of openmgs in the flexsble bag structure

o the anterior chamber,

22. The method of Claim 21, further comprising:
extending a third frame into the eye of the patient together with the first frame; and
prior to withdrawing the first and second frames, withdrawing the third frame to transect

the secured at least the portion of the lens.

23 The method of Claim 22, further comprising suctioning the sirained at least the

portion of the lens from the anterior chamber,
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24 An extraction device, comprising:

a delivery shafi having a lumen and a distal end; and

first, second, and third wire loops extendible from within the lumen at the distal end,
wherein the first, second, and third wire loops are configured to separate upon extension from
within the lumen to at least partially surround a lens of a patient’s eye, and wherein the separated
first, second, and third wire loops are configured to be withdrawn into the lumen to pass through

and dissect the lens.

25 The extraction device of Claim 24, further comprising:
a handle, wherein a proximal end of the delivery shatt s attached to the handle;
and
a slider tab in the handle and attached to the first, second, and thid wire loops,

wherein the shider tab 15 shidable to extend and withdraw the first, second, and thud wire loops.

26. The extraction device of Claim 24, wherein the second wire loop comprises a
maiddle wire loop disposed between the first and third loops, and wherein the first, second, and
third wire loops are configured to linearly separate n a direction substantially perpendicular to a

plane defined by the mddle wire loop.

27, The extraction device of Claim 26, further comprismg a phurality of
mierconnecting wires that extend from the first wire loop to the muddle wire loop and from the

nmiddle wire loop to the third wire loop.

28. The extraciion device of Claim 24, wherem the first, second, and third wire loops
are configured to separate by a rotation of the second and third wire loops relative to the first
wire 1oop.

29 The extraction device of Claim 28, further comprising first, second, and third
nested wire-guide structures within the delivery shaft and configured to control a rotational

position of the first, second, and third wire loops.
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30 The extraction device of Claim 29, wheremn the first wire-guide struciore
COMPrises:

a plurality of protrusions on an inner surface of the delivery shaft.

3t The extraction device of Claim 30, wherein the second wire-guide structure
COMprises:
a cyvhindrical main body at least partially nested within the delivery shaft; and
at least one slot for the second wire loop.
32 The extraction device of Clawn 31, wherein the third wire-guide structure
COMPrises:

a cylindrical main body at least partially nested within the cvlindrical main body
of the second wire-guide structure; and

at least one slot for the third wire loop.

33, The extraction device of Claim 32, wherein the second and third wire-gude

structures are rotatable relative to the first wire-guide structure.

34 The extraction device of Claum 33, wherein the second, and third wire-gunde
structures are shdable within the delivery shaft for extension and retraction of the first, second,

and third wire loops.

35 An extraction device, comprising:

a delivery shaft having a lumen and a distal end;

first and second wire loops extendible from within the fumen at the distal end; and

a plurality of interconnecting wires that extend from the first wire loop to the second wire
ioop, whereint the first and second wire loops are configured to separate upon extension from
within the lumen to at least parttally surround a lens of a patient’s eye, and wherein the separated

first and second wire loops and the plurality of interconnecting wires are configured to be

withdrawn mto the lumen to pass through and dissect the lens.
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36 The extraction device of Claim 35, wherein the first and second wire loops are

configured to lingarly separate to a separated configuration in which the first wirg loop 8

substantially paraliel to the second wire loop.

37 The extraction device of Claim 35, wherein the first and second wire loops are

configured to separate by a rotation of the first or second wire loop.

38 The extraction device of Claim 37, wheremn the plurality of interconnecting wires
comprises fwo relatively shorter interconnecting wires that extend between the first and second
wire loops near a distal end of the loops and two relatively longer interconnecting wires that
extend between the first and second wire loops nearer the distal end of the delivery shaft than the

two relatively shorter interconnecting wires.

39 An exiraction device, comprising’

a delivery shaft baving a lumen and a distal end;

first, second, and third wire loops extendible from within the lumen at the distal end,
wherein the first, second, and thud wire loops are configured to separate upon extension from
within the fumen and are maneuverable to at least partially surround a lens of a patient’s eve;

a stent extendible from within the lumen around the extended first, second, and third wire
foops; and

an encapsulation bag extendible from within the umen around the extended stent and the

extended firsi, second, and third wire loops.

40. The extraction device of Claim 39, wherein the stent comprises an opening and
the encapsulation bag comprises an opening configured to be coaligned with the opening n the

stent, in an extended configuration for the stent and the encapsulation bag.

41 The extraction device of Clamm 39, further comprising a spiral compaction wire

configured to radially compress the encapsulation bag.
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42, The extraciion device of Clamm 41, wherem the first, second, and third wire loops

are configured to be retracied into the lumen to pass through the lens and cut the lens into preces.

43 The extraction device of Claim 42, wherein the stent is configured to be retracted
mnto the lumen following retraction of the first, second, and third wire loops to cut the pieces mto

smaller pieces within the encapsulation bag.
44, The extraction device of Claim 43, wherein the spiral compaction wire is

configured to radially compress the encapsulation bag following retraction of the first, second,

and third wire loops and the stent,

-60-
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