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STEERABLE LASER PROBE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This Application claims the benefit of U.S. Provi-
sional Application No. 61/530852, filed Sep. 2, 2011.

FIELD OF THE INVENTION

[0002] The present disclosure relates to a surgical instru-
ment, and, more particularly, to a steerable laser probe.

BACKGROUND OF THE INVENTION

[0003] A wide variety of ophthalmic procedures require a
laser energy source. For example, ophthalmic surgeons may
use laser photocoagulation to treat proliferative retinopathy.
Proliferative retinopathy is a condition characterized by the
development of abnormal blood vessels in the retina that grow
into the vitreous humor. Ophthalmic surgeons may treat this
condition by energizing a laser to cauterize portions of the
retina to prevent the abnormal blood vessels from growing
and hemorrhaging.

[0004] Inorderto increase the chances of a successful laser
photocoagulation procedure, it is important that a surgeon is
able aim the laser at a plurality of targets within the eye, e.g.,
by guiding or moving the laser from a first target to a second
target within the eye. It is also important that the surgeon is
able to easily control a movement of the laser. For example,
the surgeon must be able to easily direct a laser beam by
steering the beam to a first position aimed at a first target,
guide the laser beam from the first position to a second posi-
tion aimed at a second target, and hold the laser beam in the
second position. Accordingly, there is a need for a surgical
laser probe that can be easily guided to a plurality of targets
within the eye.

BRIEF SUMMARY OF THE INVENTION

[0005] The present disclosure provides a steerable laser
probe. In one or more embodiments, a steerable laser probe
may comprise a handle having a handle proximal end and a
handle distal end, an actuation structure of the handle, a
housing sleeve, a shape memory sleeve at least partially dis-
posed within the housing sleeve, and an optic fiber disposed
within the shape memory sleeve and within an inner bore of
the handle. Ilustratively, a compression of the actuation
structure may be configured to gradually curve the optic fiber.
In one or more embodiments, a compression of the actuation
structure may be configured to gradually straighten the optic
fiber. Illustratively, a decompression of the actuation structure
may be configured to gradually curve the optic fiber. In one or
more embodiments, a decompression of the actuation struc-
ture may be configured to gradually straighten the optic fiber.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] The above and further advantages of the present
invention may be better understood by referring to the fol-
lowing description in conjunction with the accompanying
drawings in which like reference numerals indicate identical
or functionally similar elements:

[0007] FIGS. 1A and 1B are schematic diagrams illustrat-
ing a handle;
[0008] FIG. 2 illustrates an exploded view of a steerable

laser probe assembly;
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[0009] FIGS.3A, 3B,and 3C illustrate a gradual curving of
an optic fiber;
[0010] FIGS. 4A, 4B, and 4C illustrate a gradual straight-

ening of an optic fiber;

[0011] FIGS. 5A and 5B are schematic diagrams illustrat-
ing a handle;
[0012] FIG. 6 illustrates an exploded view of a steerable

laser probe assembly;

[0013] FIGS.7A,7B,and 7C illustrate a gradual curving of
an optic fiber;
[0014] FIGS. 8A, 8B, and 8C illustrate a gradual straight-

ening of an optic fiber;

[0015] FIGS. 9A and 9B are schematic diagrams illustrat-
ing a handle;
[0016] FIGS. 10A and 10B are schematic diagrams illus-

trating an actuation nosecone;

[0017] FIG. 11 illustrates an exploded view of a steerable
laser probe assembly;

[0018] FIGS. 12A, 12B, and 12C illustrate a gradual curv-
ing of an optic fiber;

[0019] FIGS. 13A, 13B, and 13C illustrate a gradual
straightening of an optic fiber;

[0020] FIGS. 14A and 14B are schematic diagrams illus-
trating a handle;

[0021] FIG. 15 illustrates an exploded view of a steerable
laser probe assembly;

[0022] FIGS. 16A,16B, and 16C illustrate a gradual curv-
ing of an optic fiber;

[0023] FIGS. 17A, 17B, and 17C illustrate a gradual
straightening of an optic fiber;

[0024] FIGS. 18A and 18B are schematic diagrams illus-
trating a handle;

[0025] FIG. 19 illustrates an exploded view of a steerable
laser probe assembly;

[0026] FIGS. 20A, 20B, and 20C illustrate a gradual curv-
ing of an optic fiber;

[0027] FIGS. 21A, 21B, and 21C illustrate a gradual
straightening of an optic fiber.

DETAILED DESCRIPTION OF AN
ILLUSTRATIVE EMBODIMENT

[0028] FIGS. 1A and 1B are schematic diagrams illustrat-
ing a handle 100. FIG. 1A illustrates a top view of handle 100.
In one or more embodiments, handle 100 may comprise a
handle distal end 101, a handle proximal end 102, an actua-
tion structure 110, and a handle base 120. Illustratively, actua-
tion structure 110 comprises an actuation structure distal end
111 and an actuation structure proximal end 112. In one or
more embodiments, actuation structure 110 may comprise a
plurality of actuation arms 113. [llustratively, each actuation
arm 113 may comprise at least one extension mechanism 114.
In one or more embodiments, actuation structure 110 may
comprise a shape memory material configured to project
actuation structure distal end 111 a first distance from actua-
tion structure proximal end 112 when actuation structure 110
is fully decompressed. Actuation structure 110 may comprise
a shape memory material configured to project actuation
structure distal end 111 a second distance from actuation
structure proximal end 112 when actuation structure 110 is
fully compressed. Illustratively, the second distance may be
greater than the first distance. Actuation structure 110 may be
manufactured from any suitable material, e.g., polymers,
metals, metal alloys, etc., or from any combination of suitable
materials.
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[0029] Illustratively, actuation structure 110 may be com-
pressed by an application of a compressive force to actuation
structure 110. In one or more embodiments, actuation struc-
ture 110 may be compressed by an application of one or more
compressive forces located at one or more locations around
an outer perimeter of actuation structure 110. Illustratively,
the one or more locations may comprise any of a plurality of
locations around the outer perimeter of actuation structure
110. For example, a surgeon may compress actuation struc-
ture 110 by squeezing actuation structure 110. Illustratively,
the surgeon may compress actuation structure 110 by squeez-
ing actuation structure 110 at any particular location of a
plurality of locations around an outer perimeter of actuation
structure 110. For example, a surgeon may rotate handle 100
and compress actuation structure 110 from any rotational
position of a plurality of rotational positions of handle 100.

[0030] In one or more embodiments, actuation structure
110 may be compressed by an application of a compressive
force to any one or more of the plurality of actuation arms
113. Ilustratively, each actuation arm 113 may be configured
to actuate independently. In one or more embodiments, each
actuation arm 113 may be connected to one or more of the
plurality of actuation arms 113 wherein an actuation of a
particular actuation arm 113 may be configured to actuate
every actuation arm 113 of the plurality of actuation arms
113. In one or more embodiments, a compression of actuation
structure 110, e.g., due to an application of a compressive
force to a particular actuation arm 113, may be configured to
actuate the particular actuation arm 113. Illustratively, an
actuation of the particular actuation arm 113 may be config-
ured to actuate every actuation arm 113 of the plurality of
actuation arms 113. In one or more embodiments, an appli-
cation of a compressive force to a particular actuation arm
113 may be configured to extend at least one extension
mechanism 114 of the particular actuation arm 113. Illustra-
tively, a particular actuation arm 113 may extend a first length
from handle base 120. An extension of an extension mecha-
nism 114 of the particular actuation arm 113, e.g., due to an
application of a compressive force to the particular actuation
arm 113, may be configured to extend the particular actuation
arm a second length from handle base 120. Illustratively, the
second length from handle base 120 may be greater than the
first length from handle base 120.

[0031] FIG. 1B illustrates a cross-sectional view of handle
100. In one or more embodiments, handle 100 may comprise
an inner bore 130, a distal bore 140, an inner bore proximal
taper 150, a fixation mechanism chamber 160, and a shape
memory sleeve guide 165. Illustratively, handle 100 may
comprise a fixation lip 115 connected to actuation structure
distal end 111. Handle 100 may be manufactured from any
suitable material, e.g., polymers, metals, metal alloys, etc., or
from any combination of suitable materials.

[0032] FIG. 2 illustrates an exploded view of a steerable
laser probe assembly 200. In one or more embodiments,
steerable laser probe assembly 200 may comprise a handle
100, a proximal fixation mechanism 210, a distal fixation
mechanism 220, an outer nosecone 230 having an outer
nosecone distal end 231 and an outer nosecone proximal end
232, an inner nosecone 240 having an inner nosecone distal
end 241 and an inner nosecone proximal end 242, a housing
sleeve 250 having a housing sleeve distal end 251 and a
housing sleeve proximal end 252, a shape memory sleeve 260
having a shape memory sleeve distal end 261 and a shape
memory sleeve proximal end 262, an optic fiber 270 having
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an optic fiber distal end 271 and an optic fiber proximal end
272, and a light source interface 280. Illustratively, light
source interface 280 may be configured to interface with optic
fiber proximal end 272. In one or more embodiments, light
source interface 280 may comprise a standard light source
connecter, e.g., an SMA connector.

[0033] Illustratively, outer nosecone proximal end 232 may
be fixed actuation structure 110, e.g., outer nosecone 230 may
be fixed to fixation lip 115. In one or more embodiments,
housing tube proximal end 252 may be fixed to inner nosec-
one distal end 241. Illustratively, distal fixation mechanism
220 may be configured to attach outer nosecone 230 and inner
nosecone 240, e.g., outer nosecone distal end 231 may be
fixed to inner nosecone proximal end 242. For example, distal
fixation mechanism 220 may comprise a set screw configured
to firmly attach outer nosecone 230 to inner nosecone 240. In
one or more embodiments, distal fixation mechanism 220
may comprise an adhesive material configured to attach outer
nosecone 230 to inner nosecone 240, or distal fixation mecha-
nism 220 may comprise one or more magnets configured to
attach outer nosecone 230 to inner nosecone.

[0034] Illustratively, optic fiber 270 may be disposed
within shape memory sleeve 260, e.g., optic fiber distal end
271 may be adjacent to shape memory sleeve distal end 261.
Optic fiber 270 may be fixed in a position within shape
memory sleeve 260, e.g., with a biocompatible adhesive or
any suitable fixation means. In one or more embodiments,
shape memory sleeve 260 may comprise a pre-bent angle 265
configured to curve optic fiber 270 towards pre-bent angle
265. llustratively, shape memory sleeve 260 may comprise a
shape memory material, e.g., Nitinol, configured to curve
optic fiber 270 towards one or more surgical targets within an
eye. Shape memory sleeve 260 may be manufactured from
any suitable material, e.g., polymers, metals, metal alloys,
etc., or from any combination of suitable materials.

[0035] Illustratively, optic fiber 270 and shape memory
sleeve 260 may be disposed within inner bore 130, shape
memory sleeve guide 165, fixation mechanism chamber 160,
distal bore 140, outer nosecone 230, inner nosecone 240, and
housing sleeve 250. In one or more embodiments, optic fiber
270 and shape memory sleeve 260 may be fixed in a position
relative to handle 100, e.g., by proximal fixation mechanism
210, wherein a compression of actuation structure 110 may
actuate housing sleeve 250 relative to optic fiber 270 and
shape memory sleeve 260. Illustratively, proximal fixation
mechanism 210 may be configured to fix optic fiber 270 and
shape memory sleeve 260, e.g., at fixation mechanism cham-
ber 160, in a position relative to handle 100, e.g., such that
when actuation structure 110 is fully decompressed, optic
fiber distal end 271 extends from housing sleeve distal end
251 and shape memory sleeve 260 curves optic fiber 270 at
pre-bent angle 265. In one or more embodiments, proximal
fixation mechanism 210 may be configured to fix optic fiber
270 and shape memory sleeve 260, e.g., at fixation mecha-
nism chamber 160, in a position relative to handle 100, e.g.,
such that when actuation structure 110 is fully compressed,
optic fiber distal end 271 is contained within housing sleeve
250, e.g., optic fiber distal end 271 does not extend from
housing sleeve distal end 251, and shape memory sleeve 260
and optic fiber 270 are temporarily straightened by housing
sleeve 250.

[0036] FIGS.3A, 3B,and 3C illustrate a gradual curving of
an optic fiber 270. FIG. 3A illustrates a straightened optic
fiber 300. Illustratively, straightened optic fiber 300 may be
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fully contained within housing sleeve 250. In one or more
embodiments, optic fiber 270 and shape memory sleeve 260
may be fully contained within housing sleeve 250, e.g., when
actuation structure 110 is fully compressed. Illustratively,
when optic fiber 270 and shape memory sleeve 260 are fully
contained within housing sleeve 250, pre-bent angle 265 of
shape memory sleeve 260 may be straightened by housing
sleeve 250. For example, an angle between housing sleeve
250 and a line tangent to optic fiber distal end 271 may be 180
degrees, e.g., when housing sleeve 250 contains a straight-
ened optic fiber 300.

[0037] FIG. 3B illustrates a partially curved optic fiber 310.
In one or more embodiments, a decompression of actuation
structure 110 may be configured to gradually retract housing
sleeve 250 to expose optic fiber 270 and shape memory sleeve
260. Ilustratively, as optic fiber 270 and shape memory
sleeve 260 are gradually exposed by a retraction of housing
sleeve 250, shape memory sleeve 260 may cause optic fiber
270 to curve towards pre-bent angle 265. In one or more
embodiments, a decompression of actuation structure 110
may cause a straightened optic fiber 300 to gradually curve to
apartially curved optic fiber 310. [llustratively, a decompres-
sion of actuation structure 110 may gradually expose optic
fiber 270 and shape memory sleeve 260 causing optic fiber
270 to gradually curve towards pre-bent angle 265. For
example, as an exposed length of optic fiber 270 and shape
memory sleeve 260 is increased, e.g., by a retraction of hous-
ing sleeve 250, an angle between housing sleeve 250 and a
line tangent to optic fiber distal end 271 may be decreased.
Iustratively, optic fiber 270 and shape memory sleeve 260
may be exposed from housing sleeve distal end 251 at a first
length with a first angle between housing sleeve 250 and aline
tangent to optic fiber distal end 271. A retraction of housing
sleeve 250, e.g., due to a decompression of actuation structure
110, may expose optic fiber 270 and shape memory sleeve
260 from housing sleeve distal end 251 at a second length
with a second angle between housing sleeve 250 and a line
tangent to optic fiber distal end 271. Illustratively, the second
length may be greater than the first length and the second
angle may be less than the first angle.

[0038] FIG. 3C illustrates a fully curved optic fiber 320.
Tustratively, when housing sleeve 250 is fully retracted, e.g.,
by a full decompression of actuation structure 110, housing
sleeve 250 may expose a fully curved optic fiber 320. In one
or more embodiments, a decompression of actuation struc-
ture 110 may cause a partially curved optic fiber 310 to
gradually curve to a fully curved optic fiber 320. Illustratively,
when housing sleeve 250 is retracted to expose a partially
curved optic fiber 310, optic fiber 270 and shape memory
sleeve 260 may be exposed from housing sleeve distal end
251 at a partially extended length with a partially extended
angle between housing sleeve 250 and a line tangent to optic
fiber distal end 271. A retraction of housing sleeve 250, e.g.,
due to a full decompression of actuation structure 110, may
expose optic fiber 270 and shape memory sleeve 260 from
housing sleeve distal end 251 at fully extended length with a
fully extended angle between housing sleeve 250 and a line
tangentto optic fiber distal end 271, e.g., when housing sleeve
250 is retracted to expose a fully curved optic fiber 320.
Iustratively, the fully extended length may be greater than
the partially extended length and the fully extended angle
may be less than the partially extended angle.

[0039] Inone or more embodiments, one or more properties
of a steerable laser probe may be adjusted to attain one or
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more desired steerable laser probe features. For example, a
length that housing sleeve 250 extends from inner nosecone
distal end 241 may be adjusted to vary an amount of decom-
pression of actuation structure 110 configured to expose a
particular length of optic fiber 270 and shape memory sleeve
260 from housing sleeve distal end 251. [llustratively, a posi-
tion of fixation mechanism chamber 160 and proximal fixa-
tion mechanism 210 or a length of optic fiber 270 and shape
memory sleeve 260 extending distally from a position of
proximal fixation mechanism 210 may be adjusted to vary an
amount of decompression of actuation structure 110 config-
ured to expose a particular length of optic fiber 270 and shape
memory sleeve 260 from housing sleeve distal end 251. For
example, a distance that inner nosecone 240 extends from
outer nosecone distal end 231 may be adjusted to vary an
amount of decompression of actuation structure 110 config-
ured to expose a particular length of optic fiber 270 and shape
memory sleeve 260 from housing sleeve distal end 251. Inone
or more embodiments, a geometry of actuation structure 110
may be adjusted to vary an amount of decompression of
actuation structure 110 configured to expose a particular
length of optic fiber 270 and shape memory sleeve 260 from
housing sleeve distal end 251. lllustratively, a magnitude of
pre-bent angle 265 may be adjusted to vary a magnitude of an
angle between housing sleeve 250 and a line tangent to optic
fiber distal end 271 when a particular length of optic fiber 270
and shape memory sleeve 260 is exposed from housing sleeve
distal end 251.

[0040] FIGS. 4A, 4B, and 4C illustrate a gradual straight-
ening of an optic fiber 270. FIG. 4A illustrates a refracted
housing sleeve 400. Illustratively, a retracted housing sleeve
400 may expose at least a portion of optic fiber 270 and shape
memory sleeve 260 from housing sleeve distal end 251. Inone
or more embodiments, a full decompression of actuation
structure 110 may be configured to cause housing sleeve 250
to be retracted relative to optic fiber 270 and shape memory
sleeve 260 such that a fully curved optic fiber 320 is exposed
from housing sleeve distal end 251. Illustratively, housing
sleeve 250 may comprise a refracted housing sleeve 400, e.g.,
due to a full decompression of actuation structure 110.
[0041] FIG. 4B illustrates a partially extended housing
sleeve 410. Illustratively, a partially extended housing sleeve
410 may hold a portion of pre-bent angle 265 in a straightened
position within housing sleeve 250. In one or more embodi-
ments, a compression of actuation structure 110 may extend
housing sleeve 250 over optic fiber 270 and shape memory
sleeve 260 causing shape memory sleeve 260 to gradually
straighten optic fiber 270 from a fully curved optic fiber 320
to a partially curved optic fiber 310.

[0042] FIG. 4C illustrates a fully extended housing sleeve
420. Nlustratively, a fully extended housing sleeve 420 may
hold pre-bent angle 265 in a straightened position within
housing sleeve 250. In one or more embodiments, a full
compression of actuation structure 110 may extend housing
sleeve 250 over optic fiber 270 and shape memory sleeve 260
causing shape memory sleeve 260 to gradually straighten
optic fiber 270 from a partially curved optic fiber 310 to a
straightened optic fiber 300.

[0043] Illustratively, a surgeon may aim optic fiber distal
end 271 at any of a plurality of targets within an eye, e.g., to
perform a photocoagulation procedure. In one or more
embodiments, a surgeon may aim optic fiber distal end 271 at
any target within a particular transverse plane of the inner eye
by, e.g., rotating handle 100 to orient shape memory sleeve
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260 in an orientation configured to cause a curvature of optic
fiber 270 within the particular transverse plane of the inner
eye and varying an amount of compression of actuation struc-
ture 110. Illustratively, a surgeon may aim optic fiber distal
end 271 at any target within a particular sagittal plane of the
inner eye by, e.g., rotating handle 100 to orient shape memory
sleeve 260 in an orientation configured to cause a curvature of
optic fiber 270 within the particular sagittal plane of the inner
eye and varying an amount of compression of actuation struc-
ture 110. In one or more embodiments, a surgeon may aim
optic fiber distal end 271 at any target within a particular
frontal plane of the inner eye by, e.g., varying an amount of
compression of actuation structure 110 to orient a line tangent
to optic fiber distal end 271 wherein the line tangent to optic
fiber distal end 271 is within the particular frontal plane of the
inner eye and rotating handle 100. Illustratively, a surgeon
may aim optic fiber distal end 271 at any target located outside
of'the particular transverse plane, the particular sagittal plane,
and the particular frontal plane of the inner eye, e.g., by
varying a rotational orientation of handle 100 and varying an
amount of compression of actuation structure 110.

[0044] FIGS. 5A and 5B are schematic diagrams illustrat-
ing a handle 500. FIG. 5A illustrates a top view of handle 500.
In one or more embodiments, handle 500 may comprise a
handle distal end 501, a handle proximal end 502, an actua-
tion structure 510, and a handle base 520. Illustratively, actua-
tion structure 510 may comprise a plurality of actuation arms
513. In one or more embodiments, each actuation arm 513
may comprise at least one extension mechanism 514.

[0045] Illustratively, actuation structure 510 may be com-
pressed by an application of a compressive force to actuation
structure 510. In one or more embodiments, actuation struc-
ture 510 may be compressed by an application of one or more
compressive forces located at one or more locations around
an outer perimeter of actuation structure 510. Illustratively,
the one or more locations may comprise any of a plurality of
locations around the outer perimeter of actuation structure
510. For example, a surgeon may compress actuation struc-
ture 510 by squeezing actuation structure 510. Illustratively,
the surgeon may compress actuation structure 510 by squeez-
ing actuation structure 510 at any particular location of a
plurality of locations around an outer perimeter of actuation
structure 510. For example, a surgeon may rotate handle 500
and compress actuation structure 510 from any rotational
position of a plurality of rotational positions of handle 500.

[0046] In one or more embodiments, actuation structure
510 may be compressed by an application of a compressive
force to any one or more of the plurality of actuation arms
513. lllustratively, each actuation arm 513 may be configured
to actuate independently. In one or more embodiments, each
actuation arm 513 may be connected to one or more of the
plurality of actuation arms 513 wherein an actuation of a
particular actuation arm 513 may be configured to actuate
every actuation arm 513 of the plurality of actuation arms
513. In one or more embodiments, a compression of actuation
structure 510, e.g., due to an application of a compressive
force to a particular actuation arm 513, may be configured to
actuate the particular actuation arm 513. Illustratively, an
actuation of the particular actuation arm 513 may be config-
ured to actuate every actuation arm 513 of the plurality of
actuation arms 513. In one or more embodiments, an appli-
cation of a compressive force to a particular actuation arm
513 may be configured to extend at least one extension
mechanism 514 of the particular actuation arm 513, e.g.,
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relative to housing sleeve 250. Illustratively, a compression of
aparticular actuation arm 513 may be configured to extend at
least one extension mechanism 514 relative to housing sleeve
250 by retracting housing sleeve 250 relative to handle 500.

[0047] FIG. 5B illustrates a cross-sectional view of handle
500. In one or more embodiments, handle 500 may comprise
an inner bore 530, an inner bore distal cone 540, an inner bore
proximal taper 550, an optic fiber guide 560, a shape memory
sleeve guide 565, a fixation mechanism chamber 570, and a
pressure mechanism housing 580. Handle 500 may be manu-
factured from any suitable material, e.g., polymers, metals,
metal alloys, etc., or from any combination of suitable mate-
rials.

[0048] FIG. 6 illustrates an exploded view of a steerable
laser probe assembly 600. In one or more embodiments,
steerable laser probe assembly 600 may comprise a handle
500, a fixation mechanism 610, a pressure mechanism 630
having a pressure mechanism distal end 631 and a pressure
mechanism proximal end 632, an actuation cone 640 having
an actuation cone distal end 641 and an actuation cone proxi-
mal end 642, a housing sleeve 250 having a housing sleeve
distal end 251 and a housing sleeve proximal end 252, a shape
memory sleeve 260 having a shape memory sleeve distal end
261 and a shape memory sleeve proximal end 262, an optic
fiber 270 having an optic fiber distal end 271 and an optic fiber
proximal end 272, and a light source interface 280. Illustra-
tively, housing sleeve proximal end 252 may be fixed to
actuation cone distal end 641.

[0049] In one or more embodiments, pressure mechanism
630 may be disposed in pressure mechanism housing 580.
Tlustratively, actuation cone 640 may be at least partially
disposed within actuation structure 510, e.g., wherein pres-
sure mechanism distal end 631 abuts actuation cone proximal
end 642. For example, actuation cone proximal end 642 may
always be disposed within actuation structure 510. In one or
more embodiments, a compression of actuation structure 510
may cause actuation cone 640 to be partially retracted into
actuation structure 510. Illustratively, a decompression of
actuation structure 510 may cause actuation cone 640 to be
partially extended from actuation structure 510.

[0050] In one or more embodiments, pressure mechanism
630 may be configured to provide a force. [llustratively, pres-
sure mechanism 630 may be configured to provide a force to
resist a retraction of actuation cone 640 into actuation struc-
ture 510. For example, pressure mechanism 630 may be con-
figured to provide a force to facilitate an extension of actua-
tion cone 640 from actuation structure 510. In one or more
embodiments, pressure mechanism 630 may comprise a
spring. Illustratively, a compression of actuation structure
510 may cause a compression of pressure mechanism 630 and
a decompression of actuation structure 510 may cause a
decompression of pressure mechanism 630. Pressure mecha-
nism 630 may be manufactured from any suitable material,
e.g., polymers, metals, metal alloys, etc., or from any combi-
nation of suitable materials.

[0051] Illustratively, as actuation cone 640 is gradually
retracted into actuation structure 510, e.g., due to a compres-
sion of actuation structure 510, housing sleeve 250 is also
gradually retracted relative to handle 500. In one or more
embodiments, as actuation cone 640 is gradually extended
from actuation structure 510, e.g., due to a decompression of
actuation structure 510, housing sleeve 250 is also gradually
extended relative to handle 500. [llustratively, optic fiber 270
may be disposed within shape memory sleeve 260, e.g., such
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that optic fiber distal end 271 is adjacent to shape memory
sleeve distal end 261. Optic fiber 270 may be fixed in a
position within shape memory sleeve 260, e.g., with a bio-
compatible adhesive or any suitable fixation means. In one or
more embodiments, optic fiber 270 may be disposed within
inner bore 530 and optic fiber guide 560. Illustratively, optic
fiber 270 and shape memory sleeve 260 may be disposed
within shape memory sleeve guide 565, pressure mechanism
housing 580, actuation cone 640, and housing sleeve 250. In
one or more embodiments, optic fiber 270 and shape memory
sleeve 260 may be disposed within pressure mechanism 630.
Iustratively, optic fiber 270 and shape memory sleeve 260
may be held fixed relative to handle 500, e.g., by fixation
mechanism 610, at fixation mechanism housing 570.

[0052] In one or more embodiments, a compression of
actuation structure 510 may be configured to gradually
expose optic fiber 270 and shape memory sleeve 260 from
housing sleeve distal end 251. Illustratively, as actuation
structure 510 is compressed, actuation cone 640 may be
gradually retracted into actuation structure 510 and housing
sleeve 250 may be gradually retracted relative optic fiber 270
and shape memory sleeve 260 to gradually expose optic fiber
270 and shape memory sleeve 260 from housing sleeve distal
end 251. In one or more embodiments, as optic fiber 270 and
shape memory sleeve 260 are gradually exposed by housing
sleeve 250, shape memory sleeve 260 may gradually curve
optic fiber 270 towards pre-bent angle 265.

[0053] In one or more embodiments, a decompression of
actuation structure 510 may be configured to gradually
extend housing sleeve 250 over optic fiber 270 and shape
memory sleeve 260. [lustratively, as actuation structure 510
is decompressed, a portion of actuation cone 640 may be
gradually extended from actuation structure 510 and housing
sleeve 250 may be gradually extended relative to optic fiber
270 and shape memory sleeve 260. In one or more embodi-
ments, as housing sleeve 250 is gradually extended over optic
fiber 270 and shape memory sleeve 260, optic fiber 270 and
shape memory sleeve 260 may be gradually straightened,
e.g., as housing sleeve 250 gradually straightens pre-bent
angle 265.

[0054] FIGS.7A, 7B, and 7C illustrate a gradual curving of
an optic fiber 270. FIG. 7A illustrates a straightened optic
fiber 700. Ilustratively, straightened optic fiber 700 is fully
contained within housing sleeve 250. In one or more embodi-
ments, optic fiber 270 and shape memory sleeve 260 may be
fully contained within housing sleeve 250, e.g., when actua-
tion structure 510 is fully decompressed. For example, when
actuation structure 510 is fully decompressed, pressure
mechanism 630 may extend actuation cone 640 from actua-
tion structure 510. Illustratively, when optic fiber 270 and
shape memory sleeve 260 are fully contained within housing
sleeve 250, pre-bent angle 265 of shape memory sleeve 260
may be straightened by housing sleeve 250. For example, an
angle between housing sleeve 250 and a line tangent to optic
fiber distal end 271 may be, e.g., 180 degrees, when housing
sleeve 250 contains a straightened optic fiber 700.

[0055] FIG. 7B illustrates a partially curved optic fiber 710.
Inone or more embodiments, a compression ofa fully decom-
pressed actuation structure 510 may be configured to gradu-
ally retract housing sleeve 250 relative to optic fiber 270 and
shape memory sleeve 260 causing optic fiber 270 and shape
memory sleeve 260 to be gradually exposed from housing
sleeve distal end 251. For example, as actuation structure 510
is compressed, actuation cone 640 may be partially retracted
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into actuation structure 510. In one or more embodiments,
pressure mechanism 630 may be configured to provide a
resistive force to resist a retraction of actuation cone 640 into
actuation structure 510. Illustratively, as optic fiber 270 and
shape memory sleeve 260 are gradually exposed by a retrac-
tion of housing sleeve 250, shape memory sleeve 260 may
cause optic fiber 270 to curve towards pre-bent angle 265. In
one or more embodiments, a compression of actuation struc-
ture 510 may cause a straightened optic fiber 700 to gradually
curve to a partially curved optic fiber 710.

[0056] Illustratively, a compression of actuation structure
510 may gradually expose optic fiber 270 and shape memory
sleeve 260 from housing sleeve distal end 251 as housing
sleeve 250 is gradually retracted. As housing sleeve 250 is
gradually retracted shape memory sleeve 260 may cause optic
fiber 270 to gradually curve towards pre-bent angle 265. For
example, as an exposed length of optic fiber 270 and shape
memory sleeve 260 is increased, e.g., by a retraction of hous-
ing sleeve 250, an angle between housing sleeve 250 and a
line tangent to optic fiber distal end 271 may be decreased.
[0057] Illustratively, optic fiber 270 and shape memory
sleeve 260 may be exposed from housing sleeve 250 at a first
length with a first angle between housing sleeve 250 and aline
tangent to optic fiber distal end 271. A retraction of housing
sleeve 250, e.g., due to a compression of actuation structure
510, may expose optic fiber 270 and shape memory sleeve
260 from housing sleeve 250 at a second length with a second
angle between housing sleeve 250 and a line tangent to optic
fiber distal end 271. Illustratively, the second length may be
greater than the first length and the second angle may be less
than the first angle.

[0058] FIG. 7C illustrates a fully curved optic fiber 720.
Tlustratively, when housing sleeve 250 is fully retracted, e.g.,
by a full compression of actuation structure 510, housing
sleeve 250 may expose a fully curved optic fiber 720. For
example, as actuation structure 510 is fully compressed,
actuation cone 640 may be fully retracted into actuation struc-
ture 510. In one or more embodiments, pressure mechanism
630 may be configured to provide a resistive force to resist a
retraction of actuation cone 640 into actuation structure 510.
In one or more embodiments, a compression of actuation
structure 510 may cause a partially curved optic fiber 710 to
gradually curve to a fully curved optic fiber 720. Illustratively,
when housing sleeve 250 is retracted to expose a partially
curved optic fiber 710, optic fiber 270 and shape memory
sleeve 260 may be exposed from housing sleeve 250 at a
partially extended length with a partially extended angle
between housing sleeve 250 and a line tangent to optic fiber
distal end 271. A retraction of housing sleeve 250, e.g., due to
a full compression of actuation structure 510, may expose
optic fiber 270 and shape memory sleeve 260 from housing
sleeve 250 at fully extended length with a fully extended
angle between housing sleeve 250 and a line tangent to optic
fiber distal end 271, e.g., when housing sleeve 250 is retracted
to expose a fully curved optic fiber 720. Hlustratively, the
fully extended length may be greater than the partially
extended length and the fully extended angle may be less than
the partially extended angle.

[0059] Inone or more embodiments, one or more properties
of a steerable laser probe may be adjusted to attain one or
more desired steerable laser probe features. For example, a
length that housing sleeve 250 extends from actuation cone
distal end 641 may be adjusted to vary an amount of com-
pression of actuation structure 510 configured to expose a
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particular length of optic fiber 270 and shape memory sleeve
260 from housing sleeve distal end 251. Illustratively, a posi-
tion of fixation mechanism chamber 570 and fixation mecha-
nism 610 or a length of optic fiber 270 and shape memory
sleeve 260 extending distally from a position of fixation
mechanism 610 may be adjusted to vary an amount of com-
pression of actuation structure 510 configured to expose a
particular length of optic fiber 270 and shape memory sleeve
260 from housing sleeve distal end 251. In one or more
embodiments, a geometry of actuation structure 510 or a
geometry of actuation cone 640 may be adjusted to vary an
amount of compression of actuation structure 510 configured
to expose a particular length of optic fiber 270 and shape
memory sleeve 260 from housing sleeve distal end 251. For
example, one or more properties of pressure mechanism 630
may be adjusted to vary an amount of force configured to
compress actuation structure 510. [llustratively, a magnitude
of pre-bent angle 265 may be adjusted to vary a magnitude of
an angle between housing sleeve 250 and a line tangent to
optic fiber distal end 271 when a particular length of optic
fiber 270 and shape memory sleeve 260 is exposed from
housing sleeve distal end 251.

[0060] FIGS. 8A, 8B, and 8C illustrate a gradual straight-
ening of an optic fiber 270. FIG. 8A illustrates a retracted
housing sleeve 800. Illustratively, a retracted housing sleeve
800 may expose at least a portion of optic fiber 270 and shape
memory sleeve 260 from housing sleeve distal end 251. Inone
or more embodiments, a full compression of actuation struc-
ture 510 may cause housing sleeve 250 to actuate relative to
optic fiber 270 and shape memory sleeve 260 such that a fully
curved optic fiber 720 is exposed from housing sleeve distal
end 251. Mlustratively, housing sleeve 250 may comprise a
retracted housing sleeve 800, e.g., due to a full compression
ofactuation structure 510. For example, as actuation structure
510 is fully compressed, actuation cone 640 may be fully
retracted into actuation structure 510.

[0061] FIG. 8B illustrates a partially extended housing
sleeve 810. Illustratively, a partially extended housing sleeve
810 may hold a portion of pre-bent angle 265 in a straightened
position within housing sleeve 250. In one or more embodi-
ments, a decompression of actuation structure 510 may
extend housing sleeve 250 over optic fiber 270 and shape
memory sleeve 260 causing shape memory sleeve 260 to
gradually straighten optic fiber 270 from a fully curved optic
fiber 720 to a partially curved optic fiber 710. For example, as
actuation structure 510 is decompressed, actuation cone 640
may be partially extended from actuation structure 510. In
one or more embodiments, pressure mechanism 630 may be
configured to provide a facilitating force to facilitate an exten-
sion of actuation cone 640 from actuation structure 510.

[0062] FIG. 8C illustrates a fully extended housing sleeve
820. Illustratively, a fully extended housing sleeve 820 may
hold pre-bent angle 265 in a straightened position within
housing sleeve 250. In one or more embodiments, a full
decompression of actuation structure 510 may extend hous-
ing sleeve 250 over optic fiber 270 and shape memory sleeve
260 causing shape memory sleeve 260 to gradually straighten
optic fiber 270 from a partially curved optic fiber 710 to a
straightened optic fiber 700. For example, as actuation struc-
ture 510 is fully decompressed, actuation cone 640 may be
fully extended from actuation structure 510. In one or more
embodiments, pressure mechanism 630 may be configured to
provide a facilitating force to facilitate an extension of actua-
tion cone 640 from actuation structure 510.
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[0063] Illustratively, a surgeon may aim optic fiber distal
end 271 at any of a plurality of targets within an eye, e.g., to
perform a photocoagulation procedure. In one or more
embodiments, a surgeon may aim optic fiber distal end 271 at
any target within a particular transverse plane of the inner eye
by, e.g., rotating handle 500 to orient shape memory sleeve
260 in an orientation configured to cause a curvature of optic
fiber 270 within the particular transverse plane of the inner
eye and varying an amount of compression of actuation struc-
ture 510. [lustratively, a surgeon may aim optic fiber distal
end 271 at any target within a particular sagittal plane of the
inner eye by, e.g., rotating handle 500 to orient shape memory
sleeve 260 in an orientation configured to cause a curvature of
optic fiber 270 within the particular sagittal plane of the inner
eye and varying an amount of compression of actuation struc-
ture 510. In one or more embodiments, a surgeon may aim
optic fiber distal end 271 at any target within a particular
frontal plane of the inner eye by, e.g., varying an amount of
compression of actuation structure 510 to orient a line tangent
to optic fiber distal end 271 wherein the line tangent to optic
fiber distal end 271 is within the particular frontal plane of the
inner eye and rotating handle 500. Illustratively, a surgeon
may aim optic fiber distal end 271 at any target located outside
of'the particular transverse plane, the particular sagittal plane,
and the particular frontal plane of the inner eye, e.g., by
varying a rotational orientation of handle 500 and varying an
amount of compression of actuation structure 510.

[0064] FIGS. 9A and 9B are schematic diagrams illustrat-
ing a handle 900. FIG. 9A illustrates a top view of handle 900.
In one or more embodiments, handle 900 may comprise a
handle distal end 901, a handle proximal end 902, an actua-
tion structure 910, and a handle base 920. Illustratively, actua-
tion structure 910 may comprise a plurality of actuation arms
913. In one or more embodiments, each actuation arm 913
may comprise at least one extension mechanism 914.

[0065] Illustratively, actuation structure 910 may be com-
pressed by an application of a compressive force to actuation
structure 910. In one or more embodiments, actuation struc-
ture 910 may be compressed by an application of one or more
compressive forces located at one or more locations around
an outer perimeter of actuation structure 910. Illustratively,
the one or more locations may comprise any of a plurality of
locations around the outer perimeter of actuation structure
910. For example, a surgeon may compress actuation struc-
ture 910 by squeezing actuation structure 910. Illustratively,
the surgeon may compress actuation structure 910 by squeez-
ing actuation structure 910 at any particular location of a
plurality of locations around an outer perimeter of actuation
structure 910. For example, a surgeon may rotate handle 900
and compress actuation structure 910 from any rotational
position of a plurality of rotational positions of handle 900.

[0066] In one or more embodiments, actuation structure
910 may be compressed by an application of a compressive
force to any one or more of the plurality of actuation arms
913. [llustratively, each actuation arm 913 may be configured
to actuate independently. In one or more embodiments, each
actuation arm 913 may be connected to one or more of the
plurality of actuation arms 913 wherein an actuation of a
particular actuation arm 913 may be configured to actuate
every actuation arm 913 of the plurality of actuation arms
913. In one or more embodiments, a compression of actuation
structure 910, e.g., due to an application of a compressive
force to a particular actuation arm 913, may be configured to
actuate the particular actuation arm 913. Illustratively, an
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actuation of the particular actuation arm 913 may be config-
ured to actuate every actuation arm 913 of the plurality of
actuation arms 913. In one or more embodiments, an appli-
cation of a compressive force to a particular actuation arm
913 may be configured to extend at least one extension
mechanism 914 of the particular actuation arm 913. Illustra-
tively, a particular actuation arm 913 may extend a first length
from handle base 920. An extension of an extension mecha-
nism 914 of the particular actuation arm 913, e.g., due to an
application of a compressive force to the particular actuation
arm 913, may be configured to extend the particular actuation
arm a second length from handle base 920. Illustratively, the
second length from handle base 920 may be greater than the
first length from handle base 920.

[0067] FIG. 9B illustrates a cross-sectional view of handle
900. In one or more embodiments, handle 900 may comprise
an inner bore 930, an inner bore distal cone 940, an inner bore
proximal taper 950, an optic fiber guide 960, a shape memory
sleeve guide 965, a fixation mechanism chamber 970, and a
piston tube proximal housing 980. Handle 900 may be manu-
factured from any suitable material, e.g., polymers, metals,
metal alloys, etc., or from any combination of suitable mate-
rials.

[0068] FIGS. 10A and 10B are schematic diagrams illus-
trating an actuation nosecone 1000. FIG. 10A is a schematic
diagram illustrating a top view of actuation nosecone 1000.
Ilustratively, actuation nosecone 1000 comprises an actua-
tion nosecone distal end 1001 and an actuation nosecone
proximal end 1002. FIG. 10B is a schematic diagram illus-
trating a cross-sectional view of actuation nosecone 1000. In
one or more embodiments, actuation nosecone 1000 may
comprise an actuation structure interface 1010, a piston tube
distal housing 1020, and a shape memory sleeve distal guide
1030.

[0069] FIG. 11 illustrates an exploded view of a steerable
laser probe assembly 1100. In one or more embodiments,
steerable laser probe assembly 1100 may comprise a handle
900, a fixation mechanism 1110, a piston tube 1130 having a
piston tube distal end 1131 and a piston tube proximal end
1132, an actuation nosecone 1000, a housing sleeve 250 hav-
ing a housing sleeve distal end 251 and a housing sleeve
proximal end 252, a shape memory sleeve 260 having a shape
memory sleeve distal end 261 and a shape memory sleeve
proximal end 262, an optic fiber 270 having an optic fiber
distal end 271 and an optic fiber proximal end 272, and a light
source interface 280. Illustratively, housing sleeve proximal
end 252 may be fixed to actuation nosecone distal end 1001.
[0070] Inone or more embodiments, piston tube 1130 may
be disposed between piston tube distal housing 1020 and
piston tube proximal housing 980. Illustratively, piston tube
distal end 1131 may be fixed to actuation nosecone proximal
end 1002. In one or more embodiments, handle distal end 901
may be configured to interface with actuation structure inter-
face 1010 wherein a compression of actuation structure 910
may extend actuation nosecone 1000 relative to handle 900.
Iustratively, handle distal end 901 may be configured to
interface with actuation structure interface 1010 wherein a
decompression of actuation structure 910 may retract actua-
tion nosecone 1000 relative to handle 900.

[0071] Illustratively, optic fiber 270 may be disposed
within shape memory sleeve 260, e.g., such that optic fiber
distal end 271 is adjacent to shape memory sleeve distal end
261. Optic fiber 270 may be fixed in a position within shape
memory sleeve 260, e.g., with a biocompatible adhesive or
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any suitable fixation means. In one or more embodiments,
optic fiber 270 may be disposed within inner bore 930 and
optic fiber guide 960.

[0072] Illustratively, optic fiber 270 and shape memory
sleeve 260 may be disposed within shape memory sleeve
guide 965, piston tube proximal housing 980, piston tube
1130, piston tube distal housing 1020, shape memory sleeve
distal guide 1030, and housing sleeve 250. Illustratively, optic
fiber 270 and shape memory sleeve 260 may be held fixed
relative to handle 900, e.g., by fixation mechanism 1110, at
fixation mechanism housing 970.

[0073] In one or more embodiments, a decompression of
actuation structure 910 may be configured to cause housing
sleeve 250 to be refracted relative to optic fiber 270 and shape
memory sleeve 260. [llustratively, a decompression of actua-
tion structure 910 may be configured to retract actuation
nosecone 1000 and housing sleeve 250 relative to handle 900.
In one or more embodiments, a decompression of actuation
structure 910 may be configured to cause housing sleeve 250
to be gradually retracted relative to optic fiber 270 and shape
memory sleeve 260 wherein optic fiber 270 and shape
memory sleeve 260 may be gradually exposed from housing
sleeve distal end 251. In one or more embodiments, as optic
fiber 270 and shape memory sleeve 260 are gradually exposed
by housing sleeve 250, shape memory sleeve 260 may gradu-
ally curve optic fiber 270 towards pre-bent angle 265.
[0074] In one or more embodiments, a compression of
actuation structure 910 may be configured to cause housing
sleeve 250 to be extended relative to optic fiber 270 and shape
memory sleeve 260. Illustratively, a compression of actuation
structure 910 may be configured to extend actuation nosecone
1000 and housing sleeve 250 relative to handle 900. In one or
more embodiments, a compression of actuation structure 910
may be configured to cause housing sleeve 250 to be gradu-
ally extended relative to optic fiber 270 and shape memory
sleeve 260 wherein optic fiber 270 and shape memory sleeve
260 may be gradually covered by housing sleeve 250. In one
or more embodiments, as housing sleeve 250 is gradually
extended over optic fiber 270 and shape memory sleeve 260,
optic fiber 270 and shape memory sleeve 260 may be gradu-
ally straightened, e.g., as housing sleeve 250 gradually
straightens pre-bent angle 265.

[0075] FIGS. 12A, 12B, and 12C illustrate a gradual curv-
ing of an optic fiber 270. FIG. 12A illustrates a straightened
optic fiber 1200. Illustratively, straightened optic fiber 1200 is
fully contained within housing sleeve 250. In one or more
embodiments, optic fiber 270 and shape memory sleeve 260
may be fully contained within housing sleeve 250, e.g., when
actuation structure 910 is fully compressed. For example,
when actuation structure 910 is fully compressed, actuation
nosecone 1000 may be fully extended relative to handle 900.
Tlustratively, when optic fiber 270 and shape memory sleeve
260 are fully contained within housing sleeve 250, pre-bent
angle 265 of shape memory sleeve 260 may be straightened
by housing sleeve 250. For example, an angle between hous-
ing sleeve 250 and a line tangent to optic fiber distal end 271
may be, e.g., 180 degrees, when housing sleeve 250 contains
a straightened optic fiber 1200.

[0076] FIG. 12B illustrates a partially curved optic fiber
1210. In one or more embodiments, a decompression of a
fully compressed actuation structure 910 may gradually
retract housing sleeve 250 to expose optic fiber 270 and shape
memory sleeve 260. For example, as actuation structure 910
is decompressed, actuation nosecone 1000 may be refracted
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relative to handle 900. Illustratively, as optic fiber 270 and
shape memory sleeve 260 are gradually exposed by a refrac-
tion of housing sleeve 250, shape memory sleeve 260 may
cause optic fiber 270 to curve towards pre-bent angle 265. In
one or more embodiments, a decompression of actuation
structure 910 may cause a straightened optic fiber 1200 to
gradually curve to a partially curved optic fiber 1210. Illus-
tratively, a decompression of actuation structure 910 may
gradually expose optic fiber 270 and shape memory sleeve
260 causing optic fiber 270 to gradually curve towards pre-
bent angle 265. For example, as an exposed length of optic
fiber 270 and shape memory sleeve 260 is increased, e.g., by
a retraction of housing sleeve 250, an angle between housing
sleeve 250 and a line tangent to optic fiber distal end 271 may
be decreased. [llustratively, optic fiber 270 and shape memory
sleeve 260 may be exposed from housing sleeve distal end
251 at a first length with a first angle between housing sleeve
250 and a line tangent to optic fiber distal end 271. A retrac-
tion of housing sleeve 250, e.g., due to a decompression of
actuation structure 910, may expose optic fiber 270 and shape
memory sleeve 260 from housing sleeve distal end 251 at a
second length with a second angle between housing sleeve
250 and a line tangent to optic fiber distal end 271. Illustra-
tively, the second length may be greater than the first length
and the second angle may be less than the first angle.

[0077] FIG. 12C illustrates a fully curved optic fiber 1220.
Tustratively, when housing sleeve 250 is fully retracted, e.g.,
by a full decompression of actuation structure 910, housing
sleeve 250 may expose a fully curved optic fiber 1220. For
example, when actuation structure 910 is fully decompressed,
actuation nosecone 1000 may be fully retracted relative to
handle 900. In one or more embodiments, a decompression of
actuation structure 910 may cause a partially curved optic
fiber 1210 to gradually curve to a fully curved optic fiber
1220. Mlustratively, when housing sleeve 250 is retracted to
expose a partially curved optic fiber 1210, optic fiber 270 and
shape memory sleeve 260 may be exposed from housing
sleeve distal end 251 at a partially extended length with a
partially extended angle between housing sleeve 250 and a
line tangent to optic fiber distal end 271. A retraction of
housing sleeve 250, e.g., due to a full decompression of
actuation structure 910, may expose optic fiber 270 and shape
memory sleeve 260 from housing sleeve distal end 251 at
fully extended length with a fully extended angle between
housing sleeve 250 and a line tangent to optic fiber distal end
271, e.g., when housing sleeve 250 is retracted to expose a
fully curved optic fiber 1220. Illustratively, the fully extended
length may be greater than the partially extended length and
the fully extended angle may be less than the partially
extended angle.

[0078] Inone or more embodiments, one or more properties
of a steerable laser probe may be adjusted to attain one or
more desired steerable laser probe features. For example, a
length that housing sleeve 250 extends from actuation nosec-
one distal end 1001 may be adjusted to vary an amount of
decompression of actuation structure 910 configured to
expose a particular length of optic fiber 270 and shape
memory sleeve 260 from housing sleeve distal end 251. Illus-
tratively, a position of fixation mechanism chamber 970 and
fixation mechanism 1110 or a length of optic fiber 270 and
shape memory sleeve 260 extending distally from a position
of fixation mechanism 1110 may be adjusted to vary an
amount of decompression of actuation structure 910 config-
ured to expose a particular length of optic fiber 270 and shape
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memory sleeve 260 from housing sleeve distal end 251. Inone
or more embodiments, a geometry of actuation structure 910
or a geometry of actuation nosecone 1000 may be adjusted to
vary an amount of decompression of actuation structure 910
configured to expose a particular length of optic fiber 270 and
shape memory sleeve 260 from housing sleeve distal end 251.
Tlustratively, a magnitude of pre-bent angle 265 may be
adjusted to vary a magnitude of an angle between housing
sleeve 250 and a line tangent to optic fiber distal end 271 when
aparticular length of optic fiber 270 and shape memory sleeve
260 is exposed from housing sleeve distal end 251.

[0079] FIGS. 13A, 13B, and 13C illustrate a gradual
straightening of an optic fiber 270. FIG. 13A illustrates a
retracted housing sleeve 1300. Illustratively, a refracted hous-
ing sleeve 1300 may expose at least a portion of optic fiber
270 and shape memory sleeve 260 from housing sleeve distal
end 251. In one or more embodiments, a full decompression
of'actuation structure 910 may be configured to cause housing
sleeve 250 to be retracted relative to optic fiber 270 and shape
memory sleeve 260 such that a fully curved optic fiber 1220 is
exposed from housing sleeve distal end 251. Illustratively,
housing sleeve 250 may comprise a retracted housing sleeve
1300, e.g., due to a full decompression of actuation structure
910. For example, when actuation structure 910 is fully
decompressed, actuation nosecone 1000 may be fully
refracted relative to handle 900.

[0080] FIG. 13B illustrates a partially extended housing
sleeve 1310. Illustratively, a partially extended housing
sleeve 1310 may hold a portion of pre-bent angle 265 in a
straightened position within housing sleeve 250. In one or
more embodiments, a compression of actuation structure 910
may extend housing sleeve 250 over optic fiber 270 and shape
memory sleeve 260 causing shape memory sleeve 260 to
gradually straighten optic fiber 270 from a fully curved optic
fiber 1220 to a partially curved optic fiber 1210. For example,
a compression of a fully decompressed actuation structure
910 may partially extend actuation nosecone 1000 relative to
handle 900.

[0081] FIG. 13C illustrates a fully extended housing sleeve
1320. Illustratively, a fully extended housing sleeve 1320 may
hold pre-bent angle 265 in a straightened position within
housing sleeve 250. In one or more embodiments, a full
compression of actuation structure 910 may extend housing
sleeve 250 over optic fiber 270 and shape memory sleeve 260
causing shape memory sleeve 260 to gradually straighten
optic fiber 270 from a partially curved optic fiber 1210 to a
straightened optic fiber 1200. For example, when actuation
structure 910 is fully compressed, actuation nosecone 1000
may be fully extended relative to handle 900.

[0082] Illustratively, a surgeon may aim optic fiber distal
end 271 at any of a plurality of targets within an eye, e.g., to
perform a photocoagulation procedure. In one or more
embodiments, a surgeon may aim optic fiber distal end 271 at
any target within a particular transverse plane of the inner eye
by, e.g., rotating handle 900 to orient shape memory sleeve
260 in an orientation configured to cause a curvature of optic
fiber 270 within the particular transverse plane of the inner
eye and varying an amount of compression of actuation struc-
ture 910. [lustratively, a surgeon may aim optic fiber distal
end 271 at any target within a particular sagittal plane of the
inner eye by, e.g., rotating handle 900 to orient shape memory
sleeve 260 in an orientation configured to cause a curvature of
optic fiber 270 within the particular sagittal plane of the inner
eye and varying an amount of compression of actuation struc-
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ture 910. In one or more embodiments, a surgeon may aim
optic fiber distal end 271 at any target within a particular
frontal plane of the inner eye by, e.g., varying an amount of
compression of actuation structure 910 to orient a line tangent
to optic fiber distal end 271 wherein the line tangent to optic
fiber distal end 271 is within the particular frontal plane of the
inner eye and rotating handle 900. Ilustratively, a surgeon
may aim optic fiber distal end 271 at any target located outside
of'the particular transverse plane, the particular sagittal plane,
and the particular frontal plane of the inner eye, e.g., by
varying a rotational orientation of handle 900 and varying an
amount of compression of actuation structure 910.

[0083] FIGS. 14A and 14B are schematic diagrams illus-
trating a handle 1400. FIG. 14A illustrates a top view of
handle 1400. In one or more embodiments, handle 1400 may
comprise a handle distal end 1401, a handle proximal end
1402, a handle base 1405, an actuation structure 1410, an
actuation ring 1415, a platform base 1420, an actuation
mechanism guide 1421, and a housing sleeve platform 1425.
Iustratively, actuation structure 1410 may comprise an
actuation structure distal end 1411 and an actuation structure
proximal end 1412. In one or more embodiments, actuation
structure 1410 may comprise a plurality of actuation arms
1413. [llustratively, each actuation arm 1413 may comprise at
least one extension mechanism 1414.

[0084] Illustratively, actuation structure 1410 may be com-
pressed by an application of a compressive force to actuation
structure 1410. In one or more embodiments, actuation struc-
ture 1410 may be compressed by an application of one or
more compressive forces located at one or more locations
around an outer perimeter of actuation structure 1410. Illus-
tratively, the one or more locations may comprise any of a
plurality of locations around the outer perimeter of actuation
structure 1410. For example, a surgeon may compress actua-
tion structure 1410 by squeezing actuation structure 1410.
Iustratively, the surgeon may compress actuation structure
1410 by squeezing actuation structure 1410 at any particular
location of a plurality of locations around an outer perimeter
of actuation structure 1410. For example, a surgeon may
rotate handle 1400 and compress actuation structure 1410
from any rotational position of a plurality of rotational posi-
tions of handle 1400.

[0085] In one or more embodiments, actuation structure
1410 may be compressed by an application of a compressive
force to any one or more of the plurality of actuation arms
1413. Illustratively, each actuation arm 1413 may be config-
ured to actuate independently. In one or more embodiments,
each actuation arm 1413 may be connected to one or more of
the plurality of actuation arms 1413 wherein an actuation of a
particular actuation arm 1413 may be configured to actuate
every actuation arm 1413 of the plurality of actuation arms
1413. In one or more embodiments, a compression of actua-
tion structure 1410, e.g., due to an application of a compres-
sive force to a particular actuation arm 1413, may be config-
ured to actuate the particular actuation arm 1413.
Iustratively, an actuation of the particular actuation arm
1413 may be configured to actuate every actuation arm 1413
of the plurality of actuation arms 1413. In one or more
embodiments, an application of a compressive force to a
particular actuation arm 1413 may be configured to extend at
least one extension mechanism 1414 of the particular actua-
tion arm 1413.

[0086] Illustratively, a particular actuation arm 1413 may
extend a first length from handle base 1405. An extension of
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an extension mechanism 1414 of the particular actuation arm
1413, e.g., due to an application of a compressive force to the
particular actuation arm 1413, may be configured to extend
the particular actuation arm a second length from handle base
1405. Tlustratively, the second length from handle base 1405
may be greater than the first length from handle base 1405.
[0087] FIG. 14B illustrates a cross-sectional view of handle
1400. In one or more embodiments, handle 1400 may com-
prise an inner bore 1430, an inner bore distal cone 1440, an
inner bore proximal taper 1450, an optic fiber guide 1460, a
shape memory sleeve guide 1465, an actuation mechanism
housing 1470, an actuation guide 1480, and a shape memory
sleeve distal guide 1490. Handle 1400 may be manufactured
from any suitable material, e.g., polymers, metals, metal
alloys, etc., or from any combination of suitable materials.
[0088] FIG. 15 illustrates an exploded view of a steerable
laser probe assembly 1500. In one or more embodiments,
steerable laser probe assembly 1500 may comprise a handle
1400, an actuation mechanism 1510, a housing sleeve 250
having a housing sleeve distal end 251 and a housing sleeve
proximal end 252, a shape memory sleeve 260 having a shape
memory sleeve distal end 261 and a shape memory sleeve
proximal end 262, an optic fiber 270 having an optic fiber
distal end 271 and an optic fiber proximal end 272, and a light
source interface 280. Illustratively, housing sleeve proximal
end 252 may be fixed to housing sleeve platform 1425 at
handle distal end 1401.

[0089] In one or more embodiments, actuation ring 1415
may be fixed to actuation structure distal end 1411. Illustra-
tively, a compression of action structure 1410 may be config-
ured to extend actuation ring 1415, e.g., away from handle
proximal end 1402 and towards handle distal end 1401. In one
or more embodiments, a decompression of actuation struc-
ture 1410 may be configured to retract actuation ring 1415,
e.g., away from handle distal end 1401 and towards handle
proximal end 1402. [llustratively, actuation mechanism 1510
may be disposed within actuation mechanism housing 1470.
In one or more embodiments, a compression of actuation
structure 1410 may be configured to actuate actuation mecha-
nism 1510 within actuation mechanism guide 1421, e.g.,
away from handle proximal end 1402 and towards handle
distal end 1401. Illustratively, a decompression of actuation
structure 1410 may be configured to actuate actuation mecha-
nism 1510 within actuation mechanism guide 1421, e.g.,
away from handle distal end 1401 and towards handle proxi-
mal end 1402.

[0090] Illustratively, optic fiber 270 may be disposed
within shape memory sleeve 260, e.g., such that optic fiber
distal end 271 is adjacent to shape memory sleeve distal end
261. Optic fiber 270 may be fixed in a position within shape
memory sleeve 260, e.g., with a biocompatible adhesive or
any suitable fixation means. In one or more embodiments,
optic fiber 270 may be disposed within inner bore 1430 and
optic fiber guide 1460. Illustratively, optic fiber 270 and shape
memory sleeve 260 may be disposed within shape memory
sleeve guide 1465, actuation guide 1480, shape memory
sleeve distal guide 1490, and housing sleeve 250. In one or
more embodiments, optic fiber 270 and shape memory sleeve
260 may be disposed in actuation mechanism housing 1470.
Tlustratively, optic fiber 270 and shape memory sleeve 260
may be attached to actuation mechanism 1510 wherein an
actuation of actuation mechanism 1510 may be configured to
actuate optic fiber 270 and shape memory sleeve 260. For
example, an actuation of actuation mechanism 1510 within
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actuation mechanism guide 1421 may be configured to actu-
ate optic fiber 270 and shape memory sleeve 260 relative to
housing sleeve 250.

[0091] Illustratively, platform base 1420, housing sleeve
platform 1425, and housing sleeve 250 may be fixed in a
position relative to handle base 1405. In one or more embodi-
ments, an actuation of actuation mechanism 1510 within
actuation mechanism guide 1421, i.e., away from handle
proximal end 1402 and towards handle distal end 1401, may
be configured to extend optic fiber 270 and shape memory
sleeve 260 out of housing sleeve 250. Illustratively, an actua-
tion of actuation mechanism 1510 within actuation mecha-
nism guide 1421, i.e., away from handle distal end 1401 and
towards handle proximal end 1402, may be configured to
retract optic fiber 270 and shape memory sleeve 260 into
housing sleeve 250.

[0092] In one or more embodiments, a compression of
actuation structure 1410 may be configured to actuate optic
fiber 270 and shape memory sleeve 260 relative to housing
sleeve 250 wherein optic fiber 270 and shape memory sleeve
260 may be gradually extended from housing sleeve distal
end 251. Illustratively, as optic fiber 270 and shape memory
sleeve 260 are gradually extended from housing sleeve 250,
e.g., due to a compression of actuation structure 1410, shape
memory sleeve 260 may gradually curve optic fiber 270
towards pre-bent angle 265. In one or more embodiments, a
decompression of actuation structure 1410 may be configured
actuate optic fiber 270 and shape memory sleeve 260 relative
to housing sleeve 250 wherein optic fiber 270 and shape
memory sleeve 260 are gradually retracted into housing
sleeve distal end 251. Illustratively, as optic fiber 270 and
shape memory sleeve 260 are gradually retracted into housing
sleeve 250, e.g., due to a decompression of actuation structure
1410, shape memory sleeve 260 may gradually straighten
optic fiber 270 as housing sleeve 250 straightens pre-bent
angle 265. In one or more embodiments, an interior portion of
housing sleeve 250 may be coated with a lubrication material
configured to facilitate actuation of shape memory sleeve 260
and optic fiber 270 relative to housing sleeve 250. Illustra-
tively, the lubrication material may comprise any suitable
material, e.g., Tetlon.

[0093] FIGS. 16A, 16B, and 16C illustrate a gradual curv-
ing of an optic fiber 270. FIG. 16A illustrates a straightened
optic fiber 1600. Illustratively, straightened optic fiber 1600 is
fully contained within housing sleeve 250. In one or more
embodiments, optic fiber 270 and shape memory sleeve 260
may be fully contained within housing sleeve 250, e.g., when
actuation structure 1410 is fully decompressed. For example,
when actuation structure 1410 is fully decompressed, actua-
tion mechanism 1510 may be fully retracted within actuation
mechanism guide 1421 and actuation ring 1415 may be fully
retracted relative to housing sleeve platform 1425. Illustra-
tively, when optic fiber 270 and shape memory sleeve 260 are
fully contained within housing sleeve 250, pre-bent angle 265
of shape memory sleeve 260 may be straightened by housing
sleeve 250. For example, an angle between housing sleeve
250 and a line tangent to optic fiber distal end 271 may be,
e.g., 180 degrees, when housing sleeve 250 contains a
straightened optic fiber 1600.

[0094] FIG. 16B illustrates a partially curved optic fiber
1610. In one or more embodiments, a compression of a fully
decompressed actuation structure 1410 may be configured to
gradually extend optic fiber 270 and shape memory sleeve
260 from housing sleeve distal end 251. For example, as
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actuation structure 1410 is compressed, actuation ring 1415
and actuation mechanism 1510 may be gradually extended
relative to handle base 1405. Illustratively, as optic fiber 270
and shape memory sleeve 260 are gradually extended from
housing sleeve distal end 251, e.g., by an extension of actua-
tion ring 1415 and actuation mechanism 1510 relative to
handle base 1405, shape memory sleeve 260 may cause optic
fiber 270 to gradually curve towards pre-bent angle 265. In
one or more embodiments, a compression of actuation struc-
ture 1410 may be configured to cause a straightened optic
fiber 1600 to gradually curve to a partially curved optic fiber
1610. Ilustratively, a compression of actuation structure
1410 may gradually extend optic fiber 270 and shape memory
sleeve 260 from housing sleeve distal end 251 as actuation
ring 1415 and actuation mechanism 1510 are extended rela-
tive to handle base 1405. For example, as an extended length
of optic fiber 270 and shape memory sleeve 260 is increased,
e.g., by a compression of actuation structure 1410, an angle
between housing sleeve 250 and a line tangent to optic fiber
distal end 271 may be decreased. [llustratively, optic fiber 270
and shape memory sleeve 260 may be extended from housing
sleeve distal end 251 at a first length with a first angle between
housing sleeve 250 and a line tangent to optic fiber distal end
271. A compression of actuation structure 1410 may be con-
figured to extend optic fiber 270 and shape memory sleeve
260 from housing sleeve distal end 251 at a second length
with a second angle between housing sleeve 250 and a line
tangent to optic fiber distal end 271. Illustratively, the second
length may be greater than the first length and the second
angle may be less than the first angle.

[0095] FIG. 16C illustrates a fully curved optic fiber 1620.
Tlustratively, a full compression of actuation structure 1410
may be configured to extend a fully curved optic fiber 1620
from housing sleeve distal end 251. For example, as actuation
structure 1410 is fully compressed, actuation ring 1415 and
actuation mechanism 1510 may be fully extended relative to
handle base 1405. In one or more embodiments, a compres-
sion of actuation structure 1410 may be configured to cause a
partially curved optic fiber 1610 to gradually curve to a fully
curved optic fiber 1620. Illustratively, optic fiber 270 and
shape memory sleeve 260 may be extended from housing
sleeve distal end 251 at a partially extended length with a
partially extended angle between housing sleeve 250 and a
line tangent to optic fiber distal end 271. A full compression
of actuation structure 1410 may be configured to extend optic
fiber 270 and shape memory sleeve 260 from housing sleeve
distal end 251 at fully extended length with a fully extended
angle between housing sleeve 250 and a line tangent to optic
fiber distal end 271. Illustratively, the fully extended length
may be greater than the partially extended length and the fully
extended angle may be less than the partially extended angle.

[0096] Inone ormoreembodiments, one or more properties
of a steerable laser probe may be adjusted to attain one or
more desired steerable laser probe features. For example, a
length that housing sleeve 250 extends from handle distal end
1401 may be adjusted to vary an amount of compression of
actuation structure 1410 configured to extend a particular
length of optic fiber 270 and shape memory sleeve 260 from
housing sleeve distal end 251. Illustratively, a position of
actuation mechanism housing 1470 and actuation mechanism
1510 or a length of optic fiber 270 and shape memory sleeve
260 extending distally from a position of actuation mecha-
nism 1510 may be adjusted to vary an amount of compression
of actuation structure 1410 configured to extend a particular
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length of optic fiber 270 and shape memory sleeve 260 from
housing sleeve distal end 251. For example, one or more
dimensions of platform base 1420 may be adjusted to vary an
amount of compression of actuation structure 1410 config-
ured to extend a particular length of optic fiber 270 and shape
memory sleeve 260 from housing sleeve distal end 251. Inone
ormore embodiments, a geometry of actuation structure 1410
or a geometry of actuation ring 1415 may be adjusted to vary
an amount of compression of actuation structure 1410 con-
figured to extend a particular length of optic fiber 270 and
shape memory sleeve 260 from housing sleeve distal end 251.
Iustratively, a magnitude of pre-bent angle 265 may be
adjusted to vary a magnitude of an angle between housing
sleeve 250 and a line tangent to optic fiber distal end 271 when
aparticular length of optic fiber 270 and shape memory sleeve
260 is extended from housing sleeve distal end 251.

[0097] FIGS. 17A, 17B, and 17C illustrate a gradual
straightening of an optic fiber 270. FIG. 17A illustrates an
extended optic fiber 1700. In one or more embodiments, a full
compression of actuation structure 1410 may be configured to
extend optic fiber 270 and shape memory sleeve 260 from
housing sleeve distal end 251 such that optic fiber 270 com-
prises an extended optic fiber 1700. Illustratively, shape
memory sleeve 260 may be configured to curve an extended
optic fiber 1700 at pre-bent angle 265. For example, when
extended optic fiber 1700 extends from housing sleeve distal
end 251, actuation ring 1415 and actuation mechanism 1510
may be fully extended relative to handle base 1405.

[0098] FIG. 17B illustrates a partially refracted optic fiber
1710. Tlustratively, a partially refracted optic fiber 1710 may
be partially contained within housing sleeve 250 wherein
housing sleeve 250 may be configured to straighten a portion
of'pre-bent angle 265. In one or more embodiments, a decom-
pression of actuation structure 1410 may be configured to
retract optic fiber 270 and shape memory sleeve 260 into
housing sleeve 250 causing shape memory sleeve 260 to
gradually straighten optic fiber 270 from a fully curved optic
fiber 1620 to a partially curved optic fiber 1610. For example,
a decompression of actuation structure 1410 may be config-
ured to partially retract actuation ring 1415 and actuation
mechanism 1510 relative to handle distal end 1401.

[0099] FIG. 17C illustrates a fully retracted optic fiber
1720. Ilustratively, a fully retracted optic fiber 1720 may be
fully contained within housing sleeve 250 wherein housing
sleeve 250 may be configured to straighten pre-bent angle
265. In one or more embodiments, a full decompression of
actuation structure 1410 may be configured to retract optic
fiber 270 and shape memory sleeve 260 into housing sleeve
250 causing shape memory sleeve 260 to gradually straighten
optic fiber 270 from a partially curved optic fiber 1610 to a
straightened optic fiber 1600. For example, a full decompres-
sion of actuation structure 1410 may be configured to fully
retract actuation ring 1415 and actuation mechanism 1510
relative to handle distal end 1401.

[0100] Illustratively, a surgeon may aim optic fiber distal
end 271 at any of a plurality of targets within an eye, e.g., to
perform a photocoagulation procedure. In one or more
embodiments, a surgeon may aim optic fiber distal end 271 at
any target within a particular transverse plane of the inner eye
by, e.g., rotating handle 1400 to orient shape memory sleeve
260 in an orientation configured to cause a curvature of optic
fiber 270 within the particular transverse plane of the inner
eye and varying an amount of compression of actuation struc-
ture 1410. Illustratively, a surgeon may aim optic fiber distal
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end 271 at any target within a particular sagittal plane of the
inner eye by, e.g., rotating handle 1400 to orient shape
memory sleeve 260 in an orientation configured to cause a
curvature of optic fiber 270 within the particular sagittal plane
of the inner eye and varying an amount of compression of
actuation structure 1410. In one or more embodiments, a
surgeon may aim optic fiber distal end 271 at any target within
a particular frontal plane of the inner eye by, e.g., varying an
amount of compression of actuation structure 1410 to orient a
line tangent to optic fiber distal end 271 wherein the line
tangent to optic fiber distal end 271 is within the particular
frontal plane of the inner eye and rotating handle 1400. Illus-
tratively, a surgeon may aim optic fiber distal end 271 at any
target located outside of the particular transverse plane, the
particular sagittal plane, and the particular frontal plane of the
inner eye, e.g., by varying a rotational orientation of handle
1400 and varying an amount of compression of actuation
structure 1410.

[0101] FIGS. 18A and 18B are schematic diagrams illus-
trating a handle 1800. FIG. 18A illustrates a top view of
handle 1800. In one or more embodiments, handle 1800 may
comprise a handle distal end 1801, a handle proximal end
1802, a handle base 1805, an actuation structure 1810, an
actuation platform 1820, and a housing sleeve platform 1825.
Tlustratively, actuation platform 1820 may comprise an
actuation platform distal end 1821 and an actuation platform
proximal end 1822. In one or more embodiments, actuation
structure 1810 may comprise a plurality of actuation arms
1813. Illustratively, each actuation arm 1813 may comprise at
least one extension mechanism 1814. In one or more embodi-
ments, each actuation arm 1813 may comprise an inverted
actuation joint 1815.

[0102] Illustratively, actuation structure 1810 may be com-
pressed by an application of a compressive force to actuation
structure 1810. In one or more embodiments, actuation struc-
ture 1810 may be compressed by an application of one or
more compressive forces located at one or more locations
around an outer perimeter of actuation structure 1810. Illus-
tratively, the one or more locations may comprise any of a
plurality of locations around the outer perimeter of actuation
structure 1810. For example, a surgeon may compress actua-
tion structure 1810 by squeezing actuation structure 1810.
Tlustratively, the surgeon may compress actuation structure
1810 by squeezing actuation structure 1810 at any particular
location of a plurality of locations around an outer perimeter
of actuation structure 1810. For example, a surgeon may
rotate handle 1800 and compress actuation structure 1810
from any rotational position of a plurality of rotational posi-
tions of handle 1800.

[0103] In one or more embodiments, actuation structure
1810 may be compressed by an application of a compressive
force to any one or more of the plurality of actuation arms
1813. Illustratively, each actuation arm 1813 may be config-
ured to actuate independently. In one or more embodiments,
each actuation arm 1813 may be connected to one or more of
the plurality of actuation arms 1813 wherein an actuation of a
particular actuation arm 1813 may be configured to actuate
every actuation arm 1813 of the plurality of actuation arms
1813. In one or more embodiments, a compression of actua-
tion structure 1810, e.g., due to an application of a compres-
sive force to a particular actuation arm 1813, may be config-
ured to actuate the particular actuation arm 1813.
Tlustratively, an actuation of the particular actuation arm
1813 may be configured to actuate every actuation arm 1813
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of the plurality of actuation arms 1813. In one or more
embodiments, an application of a compressive force to a
particular actuation arm 1813 may be configured to extend at
least one extension mechanism 1814 of the particular actua-
tion arm 1813.

[0104] Illustratively, an application of a compressive force
to a particular actuation arm 1813 may be configured to
retract actuation platform 1820 relative to handle base 1805.
In one or more embodiments, as a particular actuation arm
1813 is compressed, e.g., due to an application of a compres-
sive force to the particular actuation arm 1813, an inverted
actuation joint 1815 of the particular actuation arm 1813 may
be configured to gradually retract actuation platform 1820
relative to handle base 1805. For example, when a compres-
sive force is applied to a particular actuation arm 1813, e.g.,
and the particular actuation arm 1813 is extended by at least
one extension mechanism 1815 of the particular actuation
arm 1813, an inverted actuation joint 1815 of the particular
actuation arm 1813 may be configured to retract actuation
platform 1820 relative to handle base 1805.

[0105] FIG.18B illustrates a cross-sectional view of handle
1800. In one or more embodiments, handle 1800 may com-
prise an inner bore 1830, an inner bore proximal taper 1850,
an actuation mechanism housing 1870, an inner bore distal
chamber 1880, and a shape memory sleeve guide 1890.
Handle 1800 may be manufactured from any suitable mate-
rial, e.g., polymers, metals, metal alloys, etc., or from any
combination of suitable materials.

[0106] FIG. 19 illustrates an exploded view of a steerable
laser probe assembly 1900. In one or more embodiments,
steerable laser probe assembly 1900 may comprise a handle
1800, an actuation mechanism 1910, a housing sleeve 250
having a housing sleeve distal end 251 and a housing sleeve
proximal end 252, a shape memory sleeve 260 having a shape
memory sleeve distal end 261 and a shape memory sleeve
proximal end 262, an optic fiber 270 having an optic fiber
distal end 271 and an optic fiber proximal end 272, and a light
source interface 280. Illustratively, housing sleeve proximal
end 252 may be fixed to housing sleeve platform 1825 at
handle distal end 1801.

[0107] Illustratively, a compression of action structure
1810 may be configured to retract actuation platform 1820,
e.g., towards handle proximal end 1802 and away from
handle distal end 1801. In one or more embodiments, a
decompression of actuation structure 1810 may be configured
to extend actuation platform 1820, e.g., towards handle distal
end 1801 and away from handle proximal end 1802. Illustra-
tively, actuation mechanism 1910 may be disposed within
actuation mechanism housing 1870. In one or more embodi-
ments, a compression of actuation structure 1810 may be
configured to actuate actuation mechanism 1910 and actua-
tion platform 1820, e.g., towards handle proximal end 1802
and away from handle distal end 1801. Illustratively, a
decompression of actuation structure 1810 may be configured
to actuate actuation mechanism 1910 and actuation platform
1820, e.g., towards handle distal end 1801 and away from
handle proximal end 1802.

[0108] Illustratively, optic fiber 270 may be disposed
within shape memory sleeve 260, e.g., such that optic fiber
distal end 271 is adjacent to shape memory sleeve distal end
261. Optic fiber 270 may be fixed in a position within shape
memory sleeve 260, e.g., with a biocompatible adhesive or
any suitable fixation means. In one or more embodiments,
optic fiber 270 may be disposed within inner bore 1830 and
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inner bore distal chamber 1880. Illustratively, optic fiber 270
and shape memory sleeve 260 may be disposed within shape
memory sleeve guide 1890 and housing sleeve 250. In one or
more embodiments, optic fiber 270 and shape memory sleeve
260 may be disposed in actuation mechanism housing 1870.
Tlustratively, optic fiber 270 and shape memory sleeve 260
may be attached to actuation mechanism 1910 wherein an
actuation of actuation mechanism 1910 may be configured to
actuate optic fiber 270 and shape memory sleeve 260. For
example, an actuation of actuation mechanism 1910 and
actuation platform 1820 may be configured to actuate optic
fiber 270 and shape memory sleeve 260 relative to housing
sleeve 250.

[0109] Illustratively, housing sleeve platform 1825 and
housing sleeve 250 may be fixed in a position relative to
handle base 1805. In one or more embodiments, an actuation
of actuation mechanism 1910 and actuation platform 1820,
i.e., away from handle proximal end 1802 and towards handle
distal end 1801, may be configured to extend optic fiber 270
and shape memory sleeve 260 out of housing sleeve 250.
Tlustratively, an actuation of actuation mechanism 1910 and
actuation platform 1820, i.e., away from handle distal end
1801 and towards handle proximal end 1802, may be config-
ured to retract optic fiber 270 and shape memory sleeve 260
into housing sleeve 250.

[0110] In one or more embodiments, a decompression of
actuation structure 1810 may be configured to actuate optic
fiber 270 and shape memory sleeve 260 relative to housing
sleeve 250 wherein optic fiber 270 and shape memory sleeve
260 may be gradually extended from housing sleeve distal
end 251. Illustratively, as optic fiber 270 and shape memory
sleeve 260 are gradually extended from housing sleeve 250,
e.g., due to a decompression of actuation structure 1810,
shape memory sleeve 260 may gradually curve optic fiber 270
towards pre-bent angle 265. In one or more embodiments, a
compression of actuation structure 1810 may be configured
actuate optic fiber 270 and shape memory sleeve 260 relative
to housing sleeve 250 wherein optic fiber 270 and shape
memory sleeve 260 are gradually retracted into housing
sleeve distal end 251. Illustratively, as optic fiber 270 and
shape memory sleeve 260 are gradually refracted into hous-
ing sleeve 250, e.g., due to a compression of actuation struc-
ture 1810, shape memory sleeve 260 may gradually
straighten optic fiber 270 as housing sleeve 250 straightens
pre-bent angle 265. In one or more embodiments, an interior
portion of housing sleeve 250 may be coated with a lubrica-
tion material configured to facilitate actuation of shape
memory sleeve 260 and optic fiber 270 relative to housing
sleeve 250. Illustratively, the lubrication material may com-
prise any suitable material, e.g., Teflon.

[0111] FIGS. 20A, 20B, and 20C illustrate a gradual curv-
ing of an optic fiber 270. FIG. 20A illustrates a straightened
optic fiber 2000. Illustratively, straightened optic fiber 2000 is
fully contained within housing sleeve 250. In one or more
embodiments, optic fiber 270 and shape memory sleeve 260
may be fully contained within housing sleeve 250, e.g., when
actuation structure 1810 is fully compressed. For example,
when actuation structure 1810 is fully compressed, actuation
mechanism 1910 and actuation platform 182 may be fully
retracted relative to housing sleeve platform 1825. Illustra-
tively, when optic fiber 270 and shape memory sleeve 260 are
fully contained within housing sleeve 250, pre-bent angle 265
of shape memory sleeve 260 may be straightened by housing
sleeve 250. For example, an angle between housing sleeve
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250 and a line tangent to optic fiber distal end 271 may be,
e.g., 180 degrees, when housing sleeve 250 contains a
straightened optic fiber 2000.

[0112] FIG. 20B illustrates a partially curved optic fiber
2010. In one or more embodiments, a decompression of a
fully compressed actuation structure 1810 may be configured
to gradually extend optic fiber 270 and shape memory sleeve
260 from housing sleeve distal end 251. For example, as
actuation structure 1810 is decompressed, actuation mecha-
nism 1910 and actuation platform 1820 may be gradually
extended relative to handle base 1805. Illustratively, as optic
fiber 270 and shape memory sleeve 260 are gradually
extended from housing sleeve distal end 251, e.g., by an
extension of actuation mechanism 1910 and actuation plat-
form 1820 relative to handle base 1805, shape memory sleeve
260 may cause optic fiber 270 to gradually curve towards
pre-bent angle 265. In one or more embodiments, a decom-
pression of actuation structure 1810 may be configured to
cause a straightened optic fiber 2000 to gradually curve to a
partially curved optic fiber 2010. Illustratively, a decompres-
sion of actuation structure 1810 may gradually extend optic
fiber 270 and shape memory sleeve 260 from housing sleeve
distal end 251 as actuation mechanism 1910 and actuation
platform 1820 are extended relative to handle base 1805. For
example, as an extended length of optic fiber 270 and shape
memory sleeve 260 is increased, e.g., by a decompression of
actuation structure 1810, an angle between housing sleeve
250 and a line tangent to optic fiber distal end 271 may be
decreased. Illustratively, optic fiber 270 and shape memory
sleeve 260 may be extended from housing sleeve distal end
251 at a first length with a first angle between housing sleeve
250 and a line tangent to optic fiber distal end 271. A decom-
pression of actuation structure 1810 may be configured to
extend optic fiber 270 and shape memory sleeve 260 from
housing sleeve distal end 251 at a second length with a second
angle between housing sleeve 250 and a line tangent to optic
fiber distal end 271. Illustratively, the second length may be
greater than the first length and the second angle may be less
than the first angle.

[0113] FIG. 20C illustrates a fully curved optic fiber 2020.
Iustratively, a full decompression of actuation structure
1810 may be configured to extend a fully curved optic fiber
2020 from housing sleeve distal end 251. For example, as
actuation structure 1810 is fully decompressed, actuation
mechanism 1910 and actuation platform 1820 may be fully
extended relative to handle base 1805. In one or more
embodiments, a decompression of actuation structure 1810
may be configured to cause a partially curved optic fiber 2010
to gradually curve to a fully curved optic fiber 2020. Illustra-
tively, optic fiber 270 and shape memory sleeve 260 may be
extended from housing sleeve distal end 251 at a partially
extended length with a partially extended angle between
housing sleeve 250 and a line tangent to optic fiber distal end
271. A full decompression of actuation structure 1810 may be
configured to extend optic fiber 270 and shape memory sleeve
260 from housing sleeve distal end 251 at fully extended
length with a fully extended angle between housing sleeve
250 and a line tangent to optic fiber distal end 271. Illustra-
tively, the fully extended length may be greater than the
partially extended length and the fully extended angle may be
less than the partially extended angle.

[0114] Inone or more embodiments, one or more properties
of a steerable laser probe may be adjusted to attain one or
more desired steerable laser probe features. For example, a
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length that housing sleeve 250 extends from handle distal end
1801 may be adjusted to vary an amount of decompression of
actuation structure 1810 configured to extend a particular
length of optic fiber 270 and shape memory sleeve 260 from
housing sleeve distal end 251. Illustratively, a position of
actuation mechanism housing 1870 and actuation mechanism
1910 or a length of optic fiber 270 and shape memory sleeve
260 extending distally from a position of actuation mecha-
nism 1910 may be adjusted to vary an amount of decompres-
sion of actuation structure 1810 configured to extend a par-
ticular length of optic fiber 270 and shape memory sleeve 260
from housing sleeve distal end 251. For example, one or more
dimensions of actuation platform 1820 may be adjusted to
vary an amount of decompression of actuation structure 1810
configured to extend a particular length of optic fiber 270 and
shape memory sleeve 260 from housing sleeve distal end 251.
In one or more embodiments, a geometry of actuation struc-
ture 1810 may be adjusted to vary an amount of decompres-
sion of actuation structure 1810 configured to extend a par-
ticular length of optic fiber 270 and shape memory sleeve 260
from housing sleeve distal end 251. Illustratively, a magni-
tude of pre-bent angle 265 may be adjusted to vary a magni-
tude of an angle between housing sleeve 250 and a line
tangent to optic fiber distal end 271 when a particular length
of optic fiber 270 and shape memory sleeve 260 is extended
from housing sleeve distal end 251.

[0115] FIGS. 21A, 21B, and 21C illustrate a gradual
straightening of an optic fiber 270. FIG. 21A illustrates an
extended optic fiber 2100. In one or more embodiments, a full
decompression of actuation structure 1810 may be configured
to extend optic fiber 270 and shape memory sleeve 260 from
housing sleeve distal end 251 such that optic fiber 270 com-
prises an extended optic fiber 2100. Illustratively, shape
memory sleeve 260 may be configured to curve an extended
optic fiber 2100 at pre-bent angle 265. For example, when
extended optic fiber 2100 extends from housing sleeve distal
end 251, actuation mechanism 1910 and actuation platform
1820 may be fully extended relative to handle base 1805.

[0116] FIG. 21B illustrates a partially retracted optic fiber
2110. Nlustratively, a partially refracted optic fiber 2110 may
be partially contained within housing sleeve 250 wherein
housing sleeve 250 may be configured to straighten a portion
of pre-bent angle 265. In one or more embodiments, a com-
pression of actuation structure 1810 may be configured to
retract optic fiber 270 and shape memory sleeve 260 into
housing sleeve 250 causing shape memory sleeve 260 to
gradually straighten optic fiber 270 from a fully curved optic
fiber 2020 to a partially curved optic fiber 2010. For example,
a compression of actuation structure 1810 may be configured
to partially retract actuation mechanism 1910 and actuation
platform 1820 relative to handle distal end 1801.

[0117] FIG. 21C illustrates a fully retracted optic fiber
2120. Nlustratively, a fully retracted optic fiber 2120 may be
fully contained within housing sleeve 250 wherein housing
sleeve 250 may be configured to straighten pre-bent angle
265. In one or more embodiments, a full compression of
actuation structure 1810 may be configured to retract optic
fiber 270 and shape memory sleeve 260 into housing sleeve
250 causing shape memory sleeve 260 to gradually straighten
optic fiber 270 from a partially curved optic fiber 2010 to a
straightened optic fiber 2000. For example, a full compres-
sion of actuation structure 1810 may be configured to fully
retract actuation mechanism 1910 and actuation platform
1820 relative to handle distal end 1801.
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[0118] Illustratively, a surgeon may aim optic fiber distal
end 271 at any of a plurality of targets within an eye, e.g., to
perform a photocoagulation procedure. In one or more
embodiments, a surgeon may aim optic fiber distal end 271 at
any target within a particular transverse plane of the inner eye
by, e.g., rotating handle 1800 to orient shape memory sleeve
260 in an orientation configured to cause a curvature of optic
fiber 270 within the particular transverse plane of the inner
eye and varying an amount of compression of actuation struc-
ture 1810. Illustratively, a surgeon may aim optic fiber distal
end 271 at any target within a particular sagittal plane of the
inner eye by, e.g., rotating handle 1800 to orient shape
memory sleeve 260 in an orientation configured to cause a
curvature of optic fiber 270 within the particular sagittal plane
of the inner eye and varying an amount of compression of
actuation structure 1810. In one or more embodiments, a
surgeon may aim optic fiber distal end 271 at any target within
a particular frontal plane of the inner eye by, e.g., varying an
amount of compression of actuation structure 1810 to orient a
line tangent to optic fiber distal end 271 wherein the line
tangent to optic fiber distal end 271 is within the particular
frontal plane of the inner eye and rotating handle 1800. Illus-
tratively, a surgeon may aim optic fiber distal end 271 at any
target located outside of the particular transverse plane, the
particular sagittal plane, and the particular frontal plane of the
inner eye, e.g., by varying a rotational orientation of handle
1800 and varying an amount of compression of actuation
structure 1810.

[0119] The foregoing description has been directed to par-
ticular embodiments of this invention. It will be apparent;
however, that other variations and modifications may be made
to the described embodiments, with the attainment of some or
all of their advantages. Specifically, it should be noted that the
principles of the present invention may be implemented in
any probe system. Furthermore, while this description has
been written in terms of a surgical instrument handle for
selectively actuating a shape memory sleeve and an optic fiber
relative to a housing sleeve and for selectively actuating a
housing sleeve relative to a shape memory sleeve and an optic
fiber, the teachings of the present invention are equally suit-
able to systems where the functionality of actuation may be
employed. Therefore, it is the object of the appended claims
to cover all such variations and modifications as come within
the true spirit and scope of the invention.

What is claimed is:

1. An instrument comprising:

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

a housing sleeve having a housing sleeve distal end and a
housing sleeve proximal end;

a shape memory sleeve having a shape memory sleeve
distal end and a shape memory sleeve proximal end, the
shape memory sleeve at least partially disposed within
the housing sleeve;

a pre-bent angle of the shape memory sleeve;

an optic fiber having an optic fiber distal end and an optic
fiber proximal end, the optic fiber disposed within an
optic fiber guide of the handle and the shape memory
sleeve;

an actuation structure of the handle having an actuation
structure distal end and an actuation structure proximal
end; and
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aplurality of actuation arms of the actuation structure, each
actuation arm of the plurality of actuation arms having at
least one extension mechanism.

2. The instrument of claim 1 wherein a compression of the
actuation structure is configured to gradually curve the optic
fiber.

3. The instrument of claim 2 wherein the compression of
the actuation structure is configured to gradually retract the
housing sleeve relative to the shape memory sleeve and the
optic fiber.

4. The instrument of claim 2 wherein the compression of
the actuation structure is configured to gradually extend the
shape memory sleeve and the optic fiber relative to the hous-
ing sleeve.

5. The instrument of claim 1 wherein a decompression of
the actuation structure is configured to gradually curve the
optic fiber.

6. The instrument of claim 5 wherein the decompression of
the actuation structure is configured to gradually retract the
housing sleeve relative to the shape memory sleeve and the
optic fiber.

7. The instrument of claim 1 wherein a compression of the
actuation structure is configured to gradually straighten the
optic fiber.

8. The instrument of claim 7 wherein the compression of
the actuation structure is configured to gradually extend the
housing sleeve relative to the shape memory sleeve and the
optic fiber.

9. The instrument of claim 1 wherein a decompression of
the actuation structure is configured to gradually straighten
the optic fiber.

10. The instrument of claim 9 wherein the decompression
of'the actuation structure is configured to gradually extend the
housing sleeve relative to the shape memory sleeve and the
optic fiber.

11. The instrument of claim 9 wherein the decompression
of'the actuation structure is configured to gradually retract the
shape memory sleeve and the optic fiber relative to the hous-
ing sleeve.

12. The instrument of claim 1 further comprising:

a fixation lip fixed to the actuation structure distal end; and

a nosecone fixed to the fixation lip wherein the housing
sleeve proximal end is fixed to a portion of the nosecone.

13. The instrument of claim 1 further comprising:

a pressure mechanism disposed within a pressure mecha-
nism housing of the handle, the pressure mechanism
configured to provide a force; and

an actuation cone having an actuation cone distal end and
an actuation cone proximal end, the actuation cone
proximal end disposed within the actuation structure.

14. The instrument of claim 1 further comprising:

an actuation nosecone having an actuation nosecone distal
end and an actuation nosecone proximal end;

an actuation structure interface of the actuation nosecone,
the actuation structure interface configured to interface
with the handle distal end; and

a shape memory sleeve guide of the actuation nosecone.

15. The instrument of claim 14 further comprising:

a piston tube housing of the actuation nosecone; and

a piston tube having a piston tube having a piston tube
distal end and a piston tube proximal end, the piston tube
distal end disposed within the piston tube housing.
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16. The instrument of claim 1 further comprising:

an actuation ring fixed to the actuation structure distal end;

a platform base of the handle; and

a housing sleeve platform fixed to the platform base, the
housing sleeve proximal end fixed to a portion of the
housing sleeve platform.

17. The instrument of claim 17 further comprising:

an actuation mechanism housing of the actuation ring;

an actuation mechanism guide of the platform base; and

an actuation mechanism disposed in the actuation mecha-
nism housing and the actuation mechanism guide.

18. A method comprising:

inserting a distal end of an optic fiber into an eye;

identifying a first photocoagulation target tissue within the
eye;

cauterizing the first photocoagulation target tissue within
the eye;
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identifying a second photocoagulation target tissue within
the eye;

adjusting an amount of a force applied to at least one
actuation arm of an actuation structure of an instrument
handle;

curving the optic fiber; and

cauterizing the second photocoagulation target tissue
within the eye.

19. The method of claim 18 further comprising:

increasing the amount of the force applied to the at least
one actuation arm of the actuation structure of the instru-
ment handle.

20. The method of claim 18 further comprising:

decreasing the amount of the force applied to the at least
one actuation arm of the actuation structure of the instru-
ment handle.



	Page 1 - Bibliography/Abstract
	Page 2 - Drawings
	Page 3 - Drawings
	Page 4 - Drawings
	Page 5 - Drawings
	Page 6 - Drawings
	Page 7 - Drawings
	Page 8 - Drawings
	Page 9 - Drawings
	Page 10 - Drawings
	Page 11 - Drawings
	Page 12 - Drawings
	Page 13 - Drawings
	Page 14 - Drawings
	Page 15 - Drawings
	Page 16 - Drawings
	Page 17 - Drawings
	Page 18 - Drawings
	Page 19 - Drawings
	Page 20 - Drawings
	Page 21 - Drawings
	Page 22 - Drawings
	Page 23 - Drawings
	Page 24 - Drawings
	Page 25 - Drawings
	Page 26 - Drawings
	Page 27 - Drawings
	Page 28 - Drawings
	Page 29 - Drawings
	Page 30 - Drawings
	Page 31 - Drawings
	Page 32 - Drawings
	Page 33 - Drawings
	Page 34 - Drawings
	Page 35 - Drawings
	Page 36 - Drawings
	Page 37 - Drawings
	Page 38 - Drawings
	Page 39 - Drawings
	Page 40 - Drawings
	Page 41 - Drawings
	Page 42 - Drawings
	Page 43 - Description
	Page 44 - Description
	Page 45 - Description
	Page 46 - Description
	Page 47 - Description
	Page 48 - Description
	Page 49 - Description
	Page 50 - Description
	Page 51 - Description
	Page 52 - Description
	Page 53 - Description
	Page 54 - Description
	Page 55 - Description
	Page 56 - Description/Claims
	Page 57 - Claims

