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(57) Abstract: An illuminated microsurgical probe may include a handle, a diffuser, an aspiration conduit, and an optic fiber bundle.
The diftuser may include a diffuser distal end, a diffuser proximal end, and a diffuser inner bore. The handle may include a handle
distal end, a handle proximal end, and a handle inner bore. The aspiration conduit may include an aspiration conduit distal end and
an aspiration conduit proximal end. The aspiration conduit distal end may be disposed in the diffuser inner bore and the aspiration
conduit proximal end may be disposed in the handle inner bore. The optic fiber bundle may include an optic tiber bundle distal end
and an optic fiber bundle proximal end. The optic fiber bundle distal end may be disposed in the diffuser inner bore.
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ILLUMINATED MICROSURGICAL PROBE

CROSS-REFERENCE TO RELATED APPLICATIONS

This Application claims the benefit of U.S. Provisional Application No.
62/189,508, filed July 7, 2015.

FIELD OF THE INVENTION

The present disclosure relates to a microsurgical probe, and, more particularly, to

an illuminated microsurgical probe.

BACKGROUND OF THE INVENTION

A variety of surgical procedures require removal of debris from a surgical site,
e.g., blood, irrigation fluid, tissue, bone, etc., may require removal from a surgical site
during a surgical procedure. Many microsurgical procedures require illumination of a
surgical site to allow a surgeon to adequately visualize the surgical site during a surgical
procedure. Some microsurgical procedures may require removal of debris from a surgi-
cal site and illumination of the surgical site. For example, a neurosurgical procedure for
a cavernous malformation and a spinal surgical procedure for a laminectomy may require
both removal of debris from a surgical site and illumination of the surgical site. Accord-
ingly, there is a need for a microsurgical probe having both aspiration and illumination

functionality.

BRIEF SUMMARY OF THE INVENTION

In one or more embodiments, an illuminated microsurgical probe may comprise a
handle, a diffuser, an aspiration conduit, and an optic fiber bundle. Tllustratively, the dif-
fuser may comprise a diffuser distal end, a diffuser proximal end, and a diffuser inner

bore. In one or more embodiments, the handle may comprise a handle distal end, a han-
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dle proximal end, and a handle inner bore. Illustratively, the aspiration conduit may
comprise an aspiration conduit distal end and an aspiration conduit proximal end. In one
or more embodiments, the aspiration conduit distal end may be disposed in the diffuser
inner bore and the aspiration conduit proximal end may be disposed in the handle inner
bore. Illustratively, the optic fiber bundle may comprise an optic fiber bundle distal end
and an optic fiber bundle proximal end. In one or more embodiments, the optic fiber

bundle distal end may be disposed in the diffuser inner bore.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and further advantages of the present invention may be better under-
stood by referring to the following description in conjunction with the accompanying
drawings in which like reference numerals indicate identical or functionally similar ele-
ments:

FIGs. 1A, 1B, 1C, 1D, 1E, and 1F are schematic diagrams illustrating a handle;

FIGs. 2A and 2B are schematic diagrams illustrating a swivel,

FIGs. 3A, 3B, 3C, 3D, 3E, and 3F are schematic diagrams illustrating a diffuser;

FIGs. 4A and 4B are schematic diagrams illustrating an aspiration conduit;

FIGs. 5A, 5B, and 5C are schematic diagrams illustrating an assembled hand-
piece;

FIGs. 6A and 6B are schematic diagrams illustrating a distal retainer;

FIGs. 7A and 7B are schematic diagrams illustrating a proximal retainer;

FIG. 8 is a schematic diagram illustrating an exploded view of an illuminated mi-
crosurgical probe assembly;

FIG. 9 is a schematic diagram illustrating an assembled illuminated microsurgical

probe.

DETAILED DESCRIPTION OF AN ILLUSTRATIVE
EMBODIMENT

FIGs. 1A, 1B, 1C, 1D, 1E, and 1F are schematic diagrams illustrating a handle
100. FIG. 1A illustrates an isometric view of handle 100. Illustratively, handle 100 may
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comprise a handle distal end 101, a handle proximal end 102, a barb 103, a distal sleeve
interface 104, a vent 105, an optic fiber bundle jacketing housing 110, and a handle distal
chamber 115. In one or more embodiments, optic fiber bundle jacketing housing 110
may comprise an optic fiber bundle jacketing housing distal end 111 and an optic fiber
jacketing housing proximal end 112. Illustratively, optic fiber bundle jacketing housing
distal end 111 may be adjacent to handle distal end 101. In one or more embodiments,
optic fiber bundle jacketing housing proximal end 112 may be adjacent to distal sleeve
interface 104. FIG. 1B illustrates a top view of handle 100. Tlustratively, vent 105 may
comprise a vent distal end 106 and a vent proximal end 107. In one or more embodi-
ments, vent 105 may have a variable width, e.g., vent 105 may have a first width at vent
distal end 106 and vent 105 may have a second width at vent proximal end 107. Ilustra-
tively, the second width may be greater than the first width. In one or more embodi-
ments, the first width may be greater than the second width. FIG. 1C illustrates a cross-
sectional view in a transverse plane of handle 100. FIG. 1D illustrates a cross-sectional
view in a sagittal plane of handle 100. In one or more embodiments, handle 100 may
comprise a handle distal chamber 115, a handle focused taper 116, a handle inner bore
117, and a handle proximal chamber 118. FIG. 1E illustrates a front view of handle 100.
FIG. 1F illustrates a back view of handle 100. In one or more embodiments, handle 100
may be may be manufactured from any suitable material, e.g., polymers, metals, metal

alloys, etc., or from any combination of suitable materials.

FIGs. 2A and 2B are schematic diagrams illustrating a swivel 200. FIG. 2A illus-
trates an isometric view of swivel 200. In one or more embodiments, swivel 200 may
comprise a swivel distal end 201, swivel proximal end 202, an outer swivel component
210, and an inner swivel component 220. FIG. 2B illustrates a cross-sectional view in a
sagittal plane of swivel 200. Illustratively, outer swivel component 210 may comprise an
outer swivel component distal end 211, an outer swivel component proximal end 212,
and an outer swivel component inner bore 215. In one or more embodiments, inner
swivel component 220 may comprise an inner swivel component distal end 221, an inner
swivel component proximal end 222, and an inner swivel component inner bore 225. 1I-
lustratively, a portion of inner swivel component 220 may be disposed within a portion of

outer swivel component 210, e.g., inner swivel component distal end 221 may be dis-
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posed within a portion of outer swivel component 210. In one or more embodiments, a
portion of inner swivel component 220 may be disposed within a portion of outer swivel
component 210 wherein inner swivel component proximal end 222 is swivel proximal

end 202 and outer swivel component distal end 211 is swivel distal end 201.

Mustratively, a portion of inner swivel component 220 may be disposed within a
portion of outer swivel component 210 wherein inner swivel component distal end 221 is
disposed between outer swivel component distal end 211 and outer swivel component
proximal end 212. In one or more embodiments, a portion of inner swivel component
220 may be disposed within a portion of outer swivel component 210 wherein outer
swivel component proximal end 212 is disposed between inner swivel component distal
end 221 and inner swivel component proximal end 222. Illustratively, a portion of inner
swivel component 220 may be fixed within a portion of outer swivel component 210
wherein inner swivel component 220 is configured to rotate relative to outer swivel com-
ponent 210. In one or more embodiments, a portion of inner swivel component 220 may
be fixed within a portion of outer swivel component 210 wherein outer swivel component
210 is configured to rotate relative to inner swivel component 220. Illustratively, a por-
tion of inner swivel component 220 may be disposed in a portion of outer swivel compo-
nent 210 wherein inner swivel component inner bore 225 is aligned with outer swivel
component inner bore 215, e.g., a portion of inner swivel component 220 may be dis-
posed in a portion of outer swivel component 210 wherein inner swivel component inner
bore 225 and outer swivel component inner bore 215 comprise a single inner bore of
swivel 200. In one or more embodiments, swivel 200 may be may be manufactured from
any suitable material, e.g., polymers, metals, metal alloys, etc., or from any combination

of suitable materials.

FIGs. 3A, 3B, 3C, 3D, 3E, and 3F are schematic diagrams illustrating a diffuser
300. FIG. 3A illustrates an isometric view of diffuser 300. In one or more embodiments,
diffuser 300 may comprise a diffuser distal end 301, a diffuser proximal end 302, a first
distal taper 311 and a diffuser inner bore 315. FIG. 3B illustrates a cross-sectional view
in a sagittal plane of diffuser 300. Tllustratively, diffuser 300 may comprise a first atrau-
matic offset 303 and a first diffusion notch 321. In one or more embodiments, first at-

raumatic offset 303 may be configured to reduce a risk of unintentional trauma during a
4
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surgical procedure. For example, first distal taper 311 may be configured to reduce a sur-
face area of diffuser distal end 301 which may increase a risk of unintentional trauma
during a surgical procedure, e.g., reducing a surface area of diffuser distal end 301 may
increase a risk of cutting a tissue during an aspiration of a surgical site. In one or more
embodiments, first atraumatic offset 303 may be configured to decrease a risk of cutting a
tissue during an aspiration of a surgical site, e.g., first atraumatic offset 303 may be con-
figured to decrease a risk of cutting a tissue during an aspiration of a surgical site by in-
creasing a surface area of diffuser distal end 301. Ilustratively, first atraumatic offset
303 may have a length in a range of 0.02 to 0.04 inches, e.g., first atraumatic offset 303
may have a length of 0.03 inches. In one or more embodiments, first atraumatic offset

303 may have a length of less than 0.02 inches or greater than 0.04 inches.

ustratively, diffuser 300 may be configured to diffuse light, e.g., diffuser 300
may be configured to diffuse light to illuminate a surgical site. In one or more embodi-
ments, diffuser 300 may be configured to diffuse light by diffuse reflection. Ilustrative-
ly, diffuser 300 may be may be manufactured from any suitable material, e.g., polymers,
metals, metal alloys, etc., or from any combination of suitable materials. In one or more
embodiments, diffuser 300 may be manufactured from a material configured to increase
an efficiency of diffuse reflection. Illustratively, diffuser 300 may be manufactured from
an optically transparent material, e.g., diffuser 300 may be manufactured from polycar-
bonate, acrylic, etc. In one or more embodiments, diffuser 300 may be manufactured
from a material having an index of refraction that is similar to an index of refraction of
optic fiber bundle 850, e.g., diffuser 300 may be manufactured from a material having an
index of refraction that is not more than 10.0 to 30.0 percent less than an index of refrac-
tion of optic fiber bundle 850. Illustratively, diffuser 300 may be manufactured from a
material having an index of refraction that is not more than 10.0 to 30.0 percent greater
than an index of refraction of optic fiber bundle 850. In one or more embodiments, dif-
fuser 300 may be manufactured from a material having an index of refraction that is not
more than 10.0 percent less than an index of refraction of optic fiber bundle 850, e.g., dif-
fuser 300 may be manufactured from a material having an index of refraction that is not
more than 10.0 percent greater than an index of refraction of optic fiber bundle 850. 1I-

lustratively, first diffusion notch 321 may be configured to diffuse light, e.g., first diffu-
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sion notch 321 may be configured to diffuse light by diffuse reflection. In one or more
embodiments, diffuser 300 may comprise a plurality of first diffusion notches 321, e.g.,
diffuser 300 may comprise a plurality of first diffusion notches 321 wherein each first
diffusion notch 321 of the plurality of first diffusion notches 321 is configured to diffuse
light. For example, a first particular first diffusion notch 321 of the plurality of first dif-
fusion notches 321 may be configured to diffuse an incident ray of light at a first plurality
of angles creating a plurality of first non-incident rays of light and a second particular
first diffusion notch 321 of the plurality of first diffusion notches 321 may be configured
to diffuse a first non-incident ray of light of the plurality of first non-incident rays of light

at a second plurality of angles creating a plurality of second non-incident rays of light.

FIG. 3C illustrates an isometric view of diffuser 300. In one or more embodi-
ments, diffuser 300 may comprise a diffuser distal end 301, a diffuser proximal end 302,
a second distal taper 312, a diffuser inner bore 315, and a diffusion indentation 330. II-
lustratively, diffusion indentation 330 may comprise a diffusion indentation distal end
331, a diffusion indentation proximal end 332, a diffusion indentation distal gradient in-
crease 333, and a diffusion indentation proximal gradient increase 334. FIG. 3D illus-
trates a cross-sectional view in a sagittal plane of diffuser 300. Illustratively, diffuser 300
may comprise a second atraumatic offset 304 and a second diffusion notch 322. In one or
more embodiments, second atraumatic offset 304 may be configured to reduce a risk of
unintentional trauma during a surgical procedure. For example, second distal taper 312
may be configured to reduce a surface area of diffuser distal end 301 which may increase
a risk of unintentional trauma during a surgical procedure, e.g., reducing a surface area of
diffuser distal end 301 may increase a risk of cutting a tissue during an aspiration of a
surgical site. In one or more embodiments, second atraumatic offset 304 may be config-
ured to decrease a risk of cutting a tissue during an aspiration of a surgical site, e.g., sec-
ond atraumatic offset 304 may be configured to decrease a risk of cutting a tissue during
an aspiration of a surgical site by increasing a surface area of diffuser distal end 301. II-
lustratively, second atraumatic offset 304 may have a length in a range of 0.02 to 0.04
inches, e.g., second atraumatic offset 304 may have a length of 0.03 inches. In one or
more embodiments, second atraumatic offset 304 may have a length of less than 0.02

inches or greater than 0.04 inches.
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ustratively, diffuser 300 may be configured to diffuse light, e.g., diffuser 300
may be configured to diffuse light to illuminate a surgical site. In one or more embodi-
ments, diffuser 300 may be configured to diffuse light by diffuse reflection. lllustrative-
ly, diffuser 300 may be may be manufactured from any suitable material, e.g., polymers,
metals, metal alloys, etc., or from any combination of suitable materials. In one or more
embodiments, diffuser 300 may be manufactured from a material configured to increase
an efficiency of diffuse reflection. Illustratively, diffuser 300 may be manufactured from
an optically transparent material, e.g., diffuser 300 may be manufactured from polycar-
bonate, acrylic, etc. In one or more embodiments, diffuser 300 may be manufactured
from a material having an index of refraction that is similar to an index of refraction of
optic fiber bundle 850, e.g., diffuser 300 may be manufactured from a material having an
index of refraction that is not more than 10.0 to 30.0 percent less than an index of refrac-
tion of optic fiber bundle 850. Illustratively, diffuser 300 may be manufactured from a
material having an index of refraction that is not more than 10.0 to 30.0 percent greater
than an index of refraction of optic fiber bundle 850. In one or more embodiments, dif-
fuser 300 may be manufactured from a material having an index of refraction that is not
more than 10.0 percent less than an index of refraction of optic fiber bundle 850, e.g., dif-
fuser 300 may be manufactured from a material having an index of refraction that is not
more than 10.0 percent greater than an index of refraction of optic fiber bundle 850. 1I-
lustratively, second diffusion notch 322 may be configured to diffuse light, e.g., second
diffusion notch 322 may be configured to diffuse light by diffuse reflection. In one or
more embodiments, diffuser 300 may comprise a plurality of second diffusion notches
322, e.g., diffuser 300 may comprise a plurality of second diffusion notches 322 wherein
each second diffusion notch 322 of the plurality of second diffusion notches 322 is con-
figured to diffuse light. For example, a first particular second diffusion notch 322 of the
plurality of second diffusion notches 322 may be configured to diffuse an incident ray of
light at a first plurality of angles creating a plurality of first non-incident rays of light and
a second particular second diffusion notch 322 of the plurality of second diffusion notch-
es 322 may be configured to diffuse a first non-incident ray of light of the plurality of
first non-incident rays of light at a second plurality of angles creating a plurality of sec-

ond non-incident rays of light.
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ustratively, diffusion indentation 330 may be configured to diffuse light, e.g.,
diffusion indentation 330 may be configured to diffuse light by diffuse reflection. For
example, diffusion indentation 330 may be configured to diffuse an incident ray of light
at a first plurality of angles creating a plurality of first non-incident rays of light and sec-
ond diffusion notch 322 may be configured to diffuse a first non-incident ray of light of
the plurality of first non-incident rays of light at a second plurality of angles creating a
plurality of second non-incident rays of light. In one or more embodiments, diffusion
indentation distal gradient increase 333 may be configured to diffuse light, e.g., diffusion
indentation distal gradient increase 333 may be configured to diffuse light by diffuse re-
flection. For example, diffusion indentation distal gradient increase 333 may be config-
ured to diffuse an incident ray of light at a first plurality of angles creating a plurality of
first non-incident rays of light and second diffusion notch 322 may be configured to dif-
fuse a first non-incident ray of light of the plurality of first non-incident rays of light at a
second plurality of angles creating a plurality of second non-incident rays of light. Illus-
tratively, diffusion indentation proximal gradient increase 334 may be configured to dif-
fuse light, e.g., diffusion indentation proximal gradient increase 334 may be configured to
diffuse light by diffuse reflection. For example, diffusion indentation proximal gradient
increase 334 may be configured to diffuse an incident ray of light at a first plurality of
angles creating a plurality of first non-incident rays of light and second diffusion notch
322 may be configured to diffuse a first non-incident ray of light of the plurality of first
non-incident rays of light at a second plurality of angles creating a plurality of second

non-incident rays of light.

FIG. 3E illustrates an isometric view of diffuser 300. In one or more embodi-

ments, diffuser 300 may comprise a diffuser distal end 301, a diffuser proximal end 302,
a third distal taper 313, a diffuser inner bore 315, and a diffusion taper 340. Illustratively,
diffusion taper 340 may comprise a diffusion taper distal end 341 and a diffusion taper
proximal end 342. FIG. 3F illustrates a cross-sectional view in a sagittal plane of diffuser
300. IHlustratively, diffuser 300 may comprise a third atraumatic offset 305 and a third
diffusion notch 323. In one or more embodiments, third atraumatic offset 305 may be
configured to reduce a risk of unintentional trauma during a surgical procedure. For ex-

ample, third distal taper 312 may be configured to reduce a surface area of diffuser distal

8



10

15

20

25

30

WO 2017/007578 PCT/US2016/037378

end 301 which may increase a risk of unintentional trauma during a surgical procedure,
e.g., reducing a surface area of diffuser distal end 301 may increase a risk of cutting a tis-
sue during an aspiration of a surgical site. In one or more embodiments, third atraumatic
offset 305 may be configured to decrease a risk of cutting a tissue during an aspiration of
a surgical site, e.g., third atraumatic offset 305 may be configured to decrease a risk of
cutting a tissue during an aspiration of a surgical site by increasing a surface area of dif-
fuser distal end 301. Illustratively, third atraumatic offset 305 may have a length in a
range of 0.02 to 0.04 inches, e.g., third atraumatic offset 305 may have a length of 0.03
inches. In one or more embodiments, third atraumatic offset 305 may have a length of

less than 0.02 inches or greater than 0.04 inches.

ustratively, diffuser 300 may be configured to diffuse light, e.g., diffuser 300
may be configured to diffuse light to illuminate a surgical site. In one or more embodi-
ments, diffuser 300 may be configured to diffuse light by diffuse reflection. Illustrative-
ly, diffuser 300 may be may be manufactured from any suitable material, e.g., polymers,
metals, metal alloys, etc., or from any combination of suitable materials. In one or more
embodiments, diffuser 300 may be manufactured from a material configured to increase
an efficiency of diffuse reflection. Illustratively, diffuser 300 may be manufactured from
an optically transparent material, e.g., diffuser 300 may be manufactured from polycar-
bonate, acrylic, etc. In one or more embodiments, diffuser 300 may be manufactured
from a material having an index of refraction that is similar to an index of refraction of
optic fiber bundle 850, e.g., diffuser 300 may be manufactured from a material having an
index of refraction that is not more than 10.0 to 30.0 percent less than an index of refrac-
tion of optic fiber bundle 850. Illustratively, diffuser 300 may be manufactured from a
material having an index of refraction that is not more than 10.0 to 30.0 percent greater
than an index of refraction of optic fiber bundle 850. In one or more embodiments, dif-
fuser 300 may be manufactured from a material having an index of refraction that is not
more than 10.0 percent less than an index of refraction of optic fiber bundle 850, e.g., dif-
fuser 300 may be manufactured from a material having an index of refraction that is not
more than 10.0 percent greater than an index of refraction of optic fiber bundle 850. 1II-
lustratively, third diffusion notch 323 may be configured to diffuse light, e.g., third diffu-

sion notch 323 may be configured to diffuse light by diffuse reflection. In one or more
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embodiments, diffuser 300 may comprise a plurality of third diffusion notches 323, e.g.,
diffuser 300 may comprise a plurality of third diffusion notches 323 wherein each third
diffusion notch 323 of the plurality of third diffusion notches 323 is configured to diffuse
light. For example, a first particular third diffusion notch 323 of the plurality of third dif-
fusion notches 323 may be configured to diffuse an incident ray of light at a first plurality
of angles creating a plurality of first non-incident rays of light and a second particular
third diffusion notch 323 of the plurality of third diffusion notches 323 may be config-
ured to diffuse a first non-incident ray of light of the plurality of first non-incident rays of
light at a second plurality of angles creating a plurality of second non-incident rays of
light. Tllustratively, diffusion taper 340 may be configured to diffuse light, e.g., diffusion
taper 340 may be configured to diffuse light by diffuse reflection. For example, diffusion
taper 340 may be configured to diffuse an incident ray of light at a first plurality of angles
creating a plurality of first non-incident rays of light and third diffusion notch 323 may be
configured to diffuse a first non-incident ray of light of the plurality of first non-incident
rays of light at a second plurality of angles creating a plurality of second non-incident

rays of light.

FIGs. 4A and 4B are schematic diagrams illustrating an aspiration conduit 400.
FIG. 4A illustrates an isometric view of aspiration conduit 400. In one or more embodi-
ments, aspiration conduit 400 may comprise an aspiration conduit distal end 401, an aspi-
ration conduit proximal end 402, an outer tube 410, and an inner tube 420. FIG. 4B illus-
trates a cross-sectional view in a sagittal plane of aspiration conduit 400. In one or more
embodiments, outer tube 410 may comprise an outer tube distal end 411 and an outer
tube proximal end 412. Illustratively, inner tube 420 may comprise an inner tube distal
end 421 and an inner tube proximal end 422. In one or more embodiments, a portion of
inner tube 420 may be disposed within a portion of outer tube 410, e.g., inner tube prox-
imal end 422 may be disposed within a portion of outer tube 410 where in inner tube
proximal end 422 is disposed between outer tube distal end 411 and outer tube proximal
end 412. Tllustratively, inner tube 420 may have an outer diameter in a range of 2.0 to
10.0 Fr, e.g., inner tube 420 may have an outer diameter of 3.0 Fr. In one or more em-
bodiments, inner tube 420 may have an outer diameter less than 2.0 Fr or greater than

10.0 Fr. Ilustratively, a portion of inner tube 420 may be fixed with in a portion of outer
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tube 410, e.g., a portion of inner tube 420 may be fixed with in a portion of outer tube
410 by a friction fit, an adhesive, a weld, etc. In one or more embodiments, a portion of
inner tube 420 may be disposed within a portion of outer tube 410 wherein inner tube dis-
tal end 421 is aspiration conduit distal end 401 and outer tube proximal end 412 is aspira-
tion conduit proximal end 402. Tllustratively, aspiration conduit 400 may be may be
manufactured from any suitable material, e.g., polymers, metals, metal alloys, etc., or

from any combination of suitable materials.

FIGs. 5A, 5B, and 5C are schematic diagrams illustrating an assembled handpiece
500. FIG. 5A illustrates a top view of assembled handpiece 500. In one or more embod-
iments, assembled handpiece 500 may comprise an aspiration conduit 400 and a handle
100. FIG. 5B illustrates a side view of assembled handpiece 500. Illustratively, aspira-
tion conduit 400 may be curved wherein aspiration conduit distal end 401 is disposed in-
ferior to aspiration conduit proximal end 402. In one or more embodiments, aspiration
conduit 400 may be configured for use as a surgical retractor, e.g., aspiration conduit 400
may have a rigidity configured to retract and manipulate tissue during a surgical proce-
dure. FIG. 5C illustrates a cross-sectional view in a sagittal plane of assembled hand-
piece 500. In one or more embodiments, a portion of aspiration conduit 400 may be dis-
posed within a portion of handle 100, e.g., aspiration conduit proximal end 402 may be
disposed within handle distal chamber 115. Illustratively, a portion of aspiration conduit
400 may be disposed within a portion of handle 100 wherein aspiration conduit proximal
end 402 is adjacent to handle focused taper 116. In one or more embodiments, a portion
of aspiration conduit 400 may be fixed within a portion of handle 100, e.g., a portion of
aspiration conduit 400 may be fixed within a portion of handle 100 by a friction fit, an

adhesive, a weld, etc.

FIGs. 6A and 6B are schematic diagrams illustrating a distal retainer 600. FIG.
6A illustrates an isometric view of distal retainer 600. In one or more embodiments, dis-
tal retainer 600 may comprise a distal retainer distal end 601, a distal retainer proximal
end 602, and a retaining bevel 620. FIG. 6B illustrates a front view of distal retainer 600.
ustratively, distal retainer 600 may comprise a medial bore 610, a first distal optic fiber
housing 611, a second distal optic fiber housing 612, a third distal optic fiber housing

613, and a fourth distal optic fiber housing 614. In one or more embodiments, distal re-
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tainer 600 may be configured to house a portion of optic fiber bundle 850, e.g., distal re-
tainer 600 may be configured to house optic fiber bundle distal end 851. For example,
optic fiber bundle distal end 851 may be fixed within distal retainer 600, e.g., optic fiber
bundle distal end 851 may be fixed within distal retainer 600 by a friction fit, an adhe-
sive, a weld, etc. Illustratively, retaining bevel 620 may be configured to house an optic
fiber as a distal end of the optic fiber expands, e.g., an optic fiber may be cleaved with a
heated knife causing a distal end of the optic fiber to expand due to an application of
thermal energy and retaining bevel 620 may be configured to house the optic fiber as the
distal end of the optic fiber expands. In one or more embodiments, medial bore 610 may
be configured to facilitate an aspiration flow, e.g., aspiration targets may be configured to
flow through medial bore 610 after being aspirated out of a surgical site. In one or more
embodiments, distal retainer 600 may be may be manufactured from any suitable materi-
al, e.g., polymers, metals, metal alloys, etc., or from any combination of suitable materi-

als.

FIGs. 7A and 7B are schematic diagrams illustrating a proximal retainer 700.
FIG. 7A illustrates an isometric view of proximal retainer 700. In one or more embodi-
ments, proximal retainer 700 may comprise a proximal container distal end 701 and a
proximal container proximal end 702. FIG. 7B illustrates a front view of proximal re-
tainer 700. In one or more embodiments, proximal retainer 700 may comprise a first
proximal optic fiber housing 711, a second proximal optic fiber housing 712, a third
proximal optic fiber housing 713, and a fourth proximal optic fiber housing 714. Illustra-
tively, proximal retainer 700 may be configured to house a portion of optic fiber bundle
850, e.g., proximal retainer 700 may be configured to house optic fiber bundle proximal
end 852. In one or more embodiments, optic fiber bundle proximal end 852 may be fixed
within proximal retainer 700, e.g., optic fiber bundle proximal end 852 may be fixed
within proximal retainer 700 by a friction fit, an adhesive, a weld, etc. Illustratively,
proximal retainer 700 may be may be manufactured from any suitable material, e.g., pol-

ymers, metals, metal alloys, etc., or from any combination of suitable materials.

FIG. 8 is a schematic diagram illustrating an exploded view of an illuminated mi-
crosurgical probe assembly 800. In one or more embodiments, an illuminated microsur-

gical probe assembly 800 may comprise a proximal retainer 700, a light source interface
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860, a proximal sleeve 830, a vacuum interface 880, an optic fiber bundle 850, an optic
fiber bundle jacketing 840, an aspiration tube 820, a swivel 200, a distal sleeve 810, a
handle 100, an aspiration conduit 400, a housing sleeve 870, a distal retainer 600, a dif-
fuser 300, and a stylet 890. Illustratively, light source interface 860 may comprise a light
source interface distal end 861 and a light source interface proximal end 862. In one or
more embodiments, light source interface 860 may be configured to interface with a sur-
gical illumination machine to transmit light from the surgical illumination machine
through optic fiber bundle 850. Tllustratively, light source interface 860 may be may be
manufactured from any suitable material, e.g., polymers, metals, metal alloys, etc., or
from any combination of suitable materials. In one or more embodiments, proximal
sleeve 830 may comprise a proximal sleeve distal end 831 and a proximal sleeve proxi-
mal end 832. Tllustratively, proximal sleeve 830 may be configured to house a portion of
light source interface 860 and a portion of optic fiber bundle jacketing 840. In one or
more embodiments, proximal sleeve 830 may be configured to thermally insulate a por-
tion of light source interface 860, e.g., proximal sleeve 830 may be configured thermally
insulate a user from a portion of light source interface 860. In one or more embodiments,
proximal sleeve 830 may be may be manufactured from any suitable material, e.g., poly-
mers, metals, metal alloys, etc., or from any combination of suitable materials. Illustra-
tively, vacuum interface 880 may comprise a vacuum interface distal end 881 and a vac-
uum interface proximal end 882. In one or more embodiments, vacuum interface 880
may be configured to interface with a surgical vacuum machine to facilitate an aspiration
of a surgical site. Illustratively, vacuum interface 880 may be may be manufactured from
any suitable material, e.g., polymers, metals, metal alloys, etc., or from any combination

of suitable materials.

In one or more embodiments, optic fiber bundle 850 may comprise an optic fiber
bundle distal end 851 and an optic fiber bundle proximal end 852. Illustratively, optic
fiber bundle 850 may be configured to transmit light from a surgical illumination ma-
chine to a surgical site, e.g., light from a surgical illumination machine may ingress optic
fiber bundle 850 at optic fiber bundle distal end 852 and light from a surgical illumina-
tion machine may egress optic fiber bundle 850 at optic fiber bundle distal end 851. In

one or more embodiments, optic fiber bundle 850 may comprise a single optic fiber. II-
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lustratively, optic fiber bundle 850 may comprise a plurality of optic fibers. In one or
more embodiments, optic fiber bundle 850 may comprise a number of optic fibers in a
range of 2 to 20, e.g., optic fiber bundle 850 may comprise 4 optic fibers. Illustratively,
optic fiber bundle 850 may comprise less than 2 optic fibers or greater than 20 optic fi-
bers. In one or more embodiments, optic fiber bundle 850 may comprise at least 2 optic
fibers but less than 20 optic fibers. For example, optic fiber bundle 850 may comprise 3
optic fibers. In one or more embodiments, optic fiber bundle 850 may comprise one or
more optic fibers manufactured from glass, e.g., optic fiber bundle 850 may comprise one
or more optic fibers manufactured from silica. Illustratively, optic fiber bundle 850 may
comprise one or more optic fibers manufactured from plastic, e.g., optic fiber bundle 850
may comprise one or more optic fibers manufactured from Polymethyl Methacrylate Res-
in, Polystyrene, etc. In one or more embodiments, optic fiber bundle 850 may comprise
one or more optic fibers having a cladding material, e.g., optic fiber bundle 850 may
comprise one or more optic fibers having a cladding material manufactured from a fluor-
inated polymer, a silicone resin, etc. Illustratively, optic fiber bundle 850 may comprise
one or more optic fibers having a step index refractive index profile. In one or more em-
bodiments, optic fiber bundle 850 may comprise one or more multi-mode optic fibers,
one or more single-mode optic fibers, etc. In one or more embodiments, optic fiber bun-
dle 850 may comprise one or more optic fibers having a core refractive index in a range
of 1.3to 1.8, e.g., optic fiber bundle 850 may comprise one or more optic fibers having a
core refractive index of 1.49. Illustratively, optic fiber bundle 850 may comprise one or
more optic fibers having a core refractive index of less than 1.3 or greater than 1.8. In
one or more embodiments, optic fiber bundle 850 may comprise one or more optic fibers
having a numerical aperture in a range of 0.3 to 0.8, e.g., optic fiber bundle 850 may
comprise one or more optic fibers having a numerical aperture of 0.5. In one or more
embodiments, optic fiber bundle 850 may comprise one or more optic fibers having a
numerical aperture of less than 0.3 or greater than 0.8. Tlustratively, optic fiber bundle
850 may comprise one or more optic fibers having a core diameter in a range of 185 to
785 micrometers, e.g., optic fiber bundle 850 may comprise one or more optic fibers hav-
ing a core diameter of 485 micrometers. In one or more embodiments, optic fiber bundle

850 may comprise one or more optic fibers having a core diameter of less than 185 mi-
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crometers or greater than 785 micrometers. Illustratively, optic fiber bundle 850 may
comprise one or more optic fibers having an overall diameter in a range of 200 to 800
micrometers, e.g., optic fiber bundle 850 may comprise one or more optic fiber having an
overall diameter of 500 micrometers. In one or more embodiments, optic fiber bundle
850 may comprise one or more optic fibers having an overall diameter of less than 200 or

greater than 800 micrometers.

In one or more embodiments, optic fiber bundle jacketing 840 may comprise an
optic fiber bundle jacketing distal end 841 and an optic fiber bundle jacketing proximal
end 842. Illustratively, optic fiber bundle jacketing 840 may be configured to house optic
fiber bundle 850, e.g., optic fiber bundle jacketing 840 may be configured to protect optic
fiber bundle 850 from external forces during a surgical procedure. In one or more em-
bodiments, optic fiber bundle jacketing 840 may be may be manufactured from any suit-
able material, e.g., polymers, metals, metal alloys, etc., or from any combination of suita-
ble materials. Illustratively, aspiration tube 820 may comprise an aspiration tube distal
end 821 and an aspiration tube proximal end 822. In one or more embodiments, aspira-
tion tube 820 may be configured to facilitate an aspiration of a surgical site. Illustrative-
ly, aspiration tube 820 may be may be manufactured from any suitable material, e.g.,
polymers, metals, metal alloys, etc., or from any combination of suitable materials. In
one or more embodiments, distal sleeve 810 may comprise a distal sleeve distal end 811
and a distal sleeve proximal end 812. Illustratively, distal sleeve 810 may be configured
to interface with a portion of handle 100 and a portion of swivel 200, e.g., distal sleeve
810 may be configured to interface with handle proximal end 102 and swivel distal end
201. In one or more embodiments, distal sleeve 810 may be configured to facilitate an
aspiration of a surgical site. Illustratively, distal sleeve 810 may be may be manufactured
from any suitable material, e.g., polymers, metals, metal alloys, etc., or from any combi-

nation of suitable materials.

In one or more embodiments, housing sleeve 870 may comprise a housing sleeve
distal end 871 and a housing sleeve proximal end 872. Illustratively, housing sleeve 870
may be configured to house optic fiber bundle 850, optic fiber bundle jacketing 840, aspi-
ration conduit 400, distal retainer 600, and diffuser 300. In one or more embodiments, a

portion of housing sleeve 870 may be configured to facilitate an aspiration of a surgical
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site. Illustratively, housing sleeve 870 may be may be manufactured from any suitable
material, e.g., polymers, metals, metal alloys, etc., or from any combination of suitable
materials. In one or more embodiments, stylet 890 may comprise a stylet distal end 891
and a stylet proximal end 892. Illustratively, a portion of stylet 890 may comprise a loop,
e.g., stylet distal end 891 may comprise a loop. In one or more embodiments, stylet 890
may be configured to remove debris obstructing an aspiration flow within aspiration con-
duit 400. For example, aspiration conduit 400 may be configured to aspirate blood, sur-
gical irrigation fluids, and tissue from a surgical site. Illustratively, blood clots and tissue
may accumulate within aspiration conduit 400 reducing an aspiration flow rate at a surgi-
cal site. In one or more embodiments, stylet 890 may be configured to breakup accumu-
lated debris within aspiration conduit 400, e.g., stylet proximal end 892 may be config-
ured to breakup accumulated blood clots and tissue within aspiration conduit 400. Tlus-
tratively, stylet 890 may be manufactured from any suitable material, e.g., polymers,

metals, metal alloys, etc., or from any combination of suitable materials.

FIG. 9 is a schematic diagram illustrating an assembled illuminated microsurgical
probe 900. In one or more embodiments, an assembled illuminated microsurgical probe
900 may comprise a proximal retainer 700, a light source interface 860, a proximal sleeve
830, a vacuum interface 880, an optic fiber bundle 850, an optic fiber bundle jacketing
840, an aspiration tube 820, a swivel 200, a distal sleeve 810, a handle 100, an aspiration
conduit 400, a housing sleeve 870, a distal retainer 600, a diffuser 300, and a stylet 890.
ustratively, a portion of proximal retainer 700 may be disposed within a portion of light
source interface 860, e.g., a portion of proximal retainer 700 may be disposed within light
source interface proximal end 862. In one or more embodiments, a portion of proximal
retainer 700 may be fixed within a portion of light source interface 860, e.g., a portion of
proximal retainer 700 may be fixed within a portion of light source interface 860 by a
friction fit, an adhesive, a weld, etc. In one or more embodiments, a first portion of prox-
imal retainer 700 may be fixed within a portion of light source interface 860 wherein a
second portion of proximal retainer 700 extends from light source interface proximal end
862. Illustratively, a portion of distal retainer 600 may be disposed within a portion of
diffuser 300, e.g., a portion of distal retainer 600 may be disposed within diffuser proxi-

mal end 302. In one or more embodiments, a portion of distal retainer 600 may be dis-
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posed within a portion of diffuser 300 wherein distal retainer distal end 601 is disposed
between diffuser distal end 301 and diffuser proximal end 302, e.g., a portion of distal
retainer 600 may be disposed within diffuser 300 wherein distal retainer proximal end
602 is proximal to diffuser proximal end 302. Illustratively, distal retainer 600 may be
disposed within diffuser 300 wherein distal retainer distal end 601 is disposed between
diffuser distal end 301 and diffuser proximal end 302, e.g., distal retainer 600 may be
disposed within diffuser 300 wherein distal retainer proximal end 602 is disposed be-
tween diffuser distal end 301 and diffuser proximal end 302. In one or more embodi-
ments, a portion of distal retainer 600 may be fixed within a portion of diffuser 300, e.g.,
a portion of distal retainer 600 may be fixed within a portion of diffuser 300 by a friction
fit, an adhesive, a weld, etc. Illustratively, proximal sleeve 830 may be disposed over a
portion of light source interface 860, e.g., proximal sleeve 830 may be disposed over light
source interface distal end 861. In one or more embodiments, proximal sleeve 830 may
be fixed to a portion of light source interface 860, e.g., proximal sleeve 830 may be fixed

to a portion of light source interface 860 by a force of friction, an adhesive, etc.

ustratively, optic fiber bundle 850 may be disposed in proximal retainer 700,
light source interface 860, optic fiber bundle jacketing 840, optic fiber bundle jacketing
housing 110, housing sleeve 870, distal retainer 600, and diffuser 300. In one or more
embodiments, optic fiber bundle 850 may be disposed in optic fiber bundle jacketing 840
wherein a portion of optic fiber bundle 850 extends a distance from optic fiber bundle
jacketing proximal end 842, e.g., optic fiber bundle 850 may be disposed in optic fiber
bundle jacketing 840 wherein optic fiber bundle proximal end 852 extends a distance
from optic fiber bundle jacketing proximal end 842. Tllustratively, optic fiber bundle 850
may be disposed in optic fiber bundle jacketing 840 wherein a portion of optic fiber bun-
dle 850 extends a distance from optic fiber bundle jacketing distal end 841, e.g., optic
fiber bundle 850 may be disposed in optic fiber bundle jacketing 840 wherein optic fiber
bundle distal end 851 extends a distance from optic fiber bundle jacketing distal end 841.

In one or more embodiments, optic fiber bundle 850 may be disposed in optic fi-
ber bundle jacketing 840 wherein a portion of optic fiber bundle 850 is disposed in optic
fiber bundle jacketing housing 110, e.g., a portion of optic fiber bundle jacketing 840

may be disposed in optic fiber bundle jacketing housing 110. Illustratively, optic fiber
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bundle jacketing 840 may be disposed within optic fiber bundle jacketing housing 110
wherein a portion of optic fiber jacketing 840 extends out from optic fiber bundle jacket-
ing housing distal end 111, e.g., optic fiber bundle jacketing 840 may be disposed within
optic fiber bundle jacketing housing 110 wherein optic fiber jacketing distal end 841 ex-
tends out from optic fiber bundle jacketing housing distal end 111. In one or more em-
bodiments, optic fiber bundle jacketing 840 may be disposed within optic fiber bundle
jacketing housing 110 wherein a portion of optic fiber jacketing 840 extends out from
optic fiber bundle jacketing housing proximal end 112, e.g., optic fiber bundle jacketing
840 may be disposed within optic fiber bundle jacketing housing 110 wherein optic fiber
jacketing proximal end 842 extends out from optic fiber bundle jacketing housing proxi-

mal end 112.

In one or more embodiments, optic fiber bundle 850 may be disposed in light
source interface 860 wherein a portion of optic fiber bundle 850 is disposed in proximal
retainer 700, e.g., optic fiber bundle 850 may be disposed in light source interface 860
wherein optic fiber bundle proximal end 852 is disposed in proximal retainer 700. Illus-
tratively, optic fiber bundle 850 may be disposed in light source interface 860 wherein
one or more optic fibers of optic fiber bundle 850 may be disposed in first proximal optic
fiber housing 711. In one or more embodiments, optic fiber bundle 850 may be disposed
in light source interface 860 wherein one or more optic fibers of optic fiber bundle 850
may be fixed within first proximal optic fiber housing 711, e.g., one or more optic fibers
of optic fiber bundle 850 may be fixed within first proximal optic fiber housing 711 by a
force of friction, an adhesive, a crimp, etc. Illustratively, optic fiber bundle 850 may be
disposed in light source interface 860 wherein one or more optic fibers of optic fiber
bundle 850 may be disposed in second proximal optic fiber housing 712. In one or more
embodiments, optic fiber bundle 850 may be disposed in light source interface 860
wherein one or more optic fibers of optic fiber bundle 850 may be fixed within second
proximal optic fiber housing 712, e.g., one or more optic fibers of optic fiber bundle 850
may be fixed within second proximal optic fiber housing 712 by a force of friction, an
adhesive, a crimp, etc. Illustratively, optic fiber bundle 850 may be disposed in light
source interface 860 wherein one or more optic fibers of optic fiber bundle 850 may be

disposed in third proximal optic fiber housing 713. In one or more embodiments, optic
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fiber bundle 850 may be disposed in light source interface 860 wherein one or more optic
fibers of optic fiber bundle 850 may be fixed within third proximal optic fiber housing
713, e.g., one or more optic fibers of optic fiber bundle 850 may be fixed within third
proximal optic fiber housing 713 by a force of friction, an adhesive, a crimp, etc. Illustra-
tively, optic fiber bundle 850 may be disposed in light source interface 860 wherein one
or more optic fibers of optic fiber bundle 850 may be disposed in fourth proximal optic
fiber housing 714. In one or more embodiments, optic fiber bundle 850 may be disposed
in light source interface 860 wherein one or more optic fibers of optic fiber bundle 850
may be fixed within fourth proximal optic fiber housing 714, e.g., one or more optic fi-
bers of optic fiber bundle 850 may be fixed within fourth proximal optic fiber housing

714 by a force of friction, an adhesive, a crimp, etc.

[ustratively, optic fiber bundle 850 may be disposed in housing sleeve 870, e.g.,
optic fiber bundle 850 may ingress housing sleeve 870 at housing sleeve opening 910. In
one or more embodiments, optic fiber bundle 850 may be disposed in housing sleeve 870
wherein a portion of optic fiber bundle 850 is disposed in distal retainer 600, e.g., optic
fiber bundle 850 may be disposed in housing sleeve 870 wherein optic fiber bundle distal
end 851 is disposed in distal retainer 600. Illustratively, optic fiber bundle 850 may be
disposed in housing sleeve 870 wherein one or more optic fibers of optic fiber bundle 850
may be disposed in first distal optic fiber housing 611. In one or more embodiments, op-
tic fiber bundle 850 may be disposed in housing sleeve 870 wherein one or more optic
fibers of optic fiber bundle 850 may be fixed within first distal optic fiber housing 611,
e.g., one or more optic fibers of optic fiber bundle 850 may be fixed within first distal
optic fiber housing 611 by a force of friction, an adhesive, a crimp, etc. Illustratively,
optic fiber bundle 850 may be disposed in housing sleeve 870 wherein one or more optic
fibers of optic fiber bundle 850 may be disposed in second distal optic fiber housing 612.
In one or more embodiments, optic fiber bundle 850 may be disposed in housing sleeve
870 wherein one or more optic fibers of optic fiber bundle 850 may be fixed within sec-
ond distal optic fiber housing 612, e.g., one or more optic fibers of optic fiber bundle 850
may be fixed within second distal optic fiber housing 612 by a force of friction, an adhe-
sive, a crimp, etc. Illustratively, optic fiber bundle 850 may be disposed in housing

sleeve 870 wherein one or more optic fibers of optic fiber bundle 850 may be disposed in
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third distal optic fiber housing 613. In one or more embodiments, optic fiber bundle 850
may be disposed in housing sleeve 870 wherein one or more optic fibers of optic fiber
bundle 850 may be fixed within third distal optic fiber housing 613, e.g., one or more op-
tic fibers of optic fiber bundle 850 may be fixed within third distal optic fiber housing
613 by a force of friction, an adhesive, a crimp, etc. Illustratively, optic fiber bundle 850
may be disposed in housing sleeve 870 wherein one or more optic fibers of optic fiber
bundle 850 may be disposed in fourth distal optic fiber housing 614. In one or more em-
bodiments, optic fiber bundle 850 may be disposed in housing sleeve 870 wherein one or
more optic fibers of optic fiber bundle 850 may be fixed within fourth distal optic fiber
housing 614, e.g., one or more optic fibers of optic fiber bundle 850 may be fixed within

fourth distal optic fiber housing 614 by a force of friction, an adhesive, a crimp, etc.

ustratively, aspiration conduit 400 may be disposed in handle 100 and in hous-
ing sleeve 870. In one or more embodiments, aspiration conduit 400 may be disposed in
housing sleeve 870 wherein a portion of aspiration conduit 400 is disposed in distal re-
tainer 600, e.g., aspiration conduit 400 may be disposed in housing sleeve 870 wherein
aspiration conduit distal end 401 is disposed in medial bore 610. Illustratively, aspiration
conduit 400 may be disposed in housing sleeve 870 wherein a portion of aspiration con-
duit is fixed within a portion of distal retainer 600, e.g., , aspiration conduit 400 may be
disposed in housing sleeve 870 wherein aspiration conduit distal end 401 is fixed within
medial bore 610 by a friction fit, an adhesive, a weld, etc. In one or more embodiments,
aspiration conduit 400 may be disposed in housing sleeve 870 wherein a portion of aspi-
ration conduit is disposed in diffuser 300, e.g., aspiration conduit 400 may be disposed in
housing sleeve 870 wherein aspiration conduit distal end 401 is disposed in diffuser inner
bore 315. Illustratively, aspiration conduit 400 may be disposed in diffuser 300 wherein
aspiration conduit distal end 401 is disposed between diffuser distal end 301 and distal
proximal end 302. In one or more embodiments, aspiration conduit 400 may be disposed
in diffuser 300 wherein aspiration conduit distal end 401 is adjacent to first atraumatic
offset 303. Illustratively, aspiration conduit 400 may be disposed in diffuser 300 wherein
aspiration conduit distal end 401 is adjacent to second atraumatic offset 304. In one or
more embodiments, aspiration conduit 400 may be disposed in diffuser 300 wherein aspi-

ration conduit distal end 401 is adjacent to third atraumatic offset 305. Illustratively, as-
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piration conduit 400 may be disposed in housing sleeve 870 wherein a portion of aspira-
tion conduit 400 may be fixed within a portion of diffuser 300, e.g., aspiration conduit
400 may be disposed in housing sleeve 870 wherein aspiration conduit distal end 401 is
fixed within diffuser inner bore 315 by a friction fit, an adhesive, a weld, etc. In one or
more embodiments, optic fiber bundle 850 may be disposed in aspiration conduit 400,
e.g., optic fiber bundle 850 may be disposed in aspiration conduit 400 wherein optic fiber
bundle distal end 850 extends a distance from conduit distal end 401. Illustratively, optic
fiber bundle 850 may be disposed in housing sleeve 870 and not disposed in aspiration
conduit 400, e.g., optic fiber bundle 850 may be disposed in housing sleeve 870 wherein

a portion of optic fiber bundle 850 is adjacent to a portion of aspiration conduit 400.

In one or more embodiments, a portion of handle 100 may be disposed in a por-
tion of distal sleeve 810, e.g., a portion of handle 100 may be disposed in in a portion of
distal sleeve 810 wherein handle proximal end 102 is disposed in distal sleeve distal end
811. Tllustratively, a portion of handle 100 may be disposed in a portion of distal sleeve
810 wherein barb 103 is disposed in distal sleeve distal end 811. For example, barb 103
may comprise a luer fitting and a portion of distal sleeve 810 may be configured to attach
by barb 103 by a luer lock. In one or more embodiments, a portion of handle 100 may be
fixed within distal sleeve 810, e.g., handle proximal end 102 may be fixed within distal
sleeve 810 by a force of friction, a tie, a crimp, an adhesive, etc. Illustratively, a portion
of handle 100 may be disposed in a portion of distal sleeve 810 wherein distal sleeve dis-
tal end 811 is adjacent to distal sleeve interface 104, e.g., a portion of handle 100 may be
disposed in a portion of distal sleeve 810 wherein distal sleeve distal end 811 is fixed to
distal sleeve interface 104 by an adhesive, a weld, etc. In one or more embodiments, a
portion of handle 100 may be disposed in a portion of distal sleeve 810 wherein a portion
of handle proximal chamber 118 is disposed in distal sleeve 810, e.g., a portion of handle
100 may be disposed in a portion of distal sleeve 810 wherein a portion of handle proxi-

mal chamber 118 is disposed in distal sleeve distal end 811.

[ustratively, a portion of swivel 200 may be disposed in a portion of distal sleeve
810, e.g., swivel distal end 201 may be disposed in distal sleeve proximal end 812. In
one or more embodiments, a portion of swivel 200 may be disposed in a portion of distal

sleeve 810 wherein a portion of outer swivel component 210 is disposed in a portion of
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distal sleeve 810, e.g., a portion of swivel 200 may be disposed in a portion of distal
sleeve 810 wherein outer swivel component distal end 211 is disposed in distal sleeve
proximal end 812. Tllustratively, a portion of swivel 200 may be fixed within a portion of
distal sleeve 810, e.g., a portion of swivel 200 may be fixed within a portion of distal
sleeve 810 by a force of friction, an adhesive, a crimp, etc. In one or more embodiments,
a portion of swivel 200 may be disposed in a portion of distal sleeve 810 wherein a por-
tion of outer swivel component inner bore 215 1s disposed in a portion of distal sleeve
810. Tlustratively, a portion of swivel 200 may be disposed in a portion of aspiration
tube 820, e.g., swivel proximal end 202 may be disposed in aspiration tube distal end
821. In one or more embodiments, a portion of swivel 200 may be disposed in a portion
of aspiration tube 820 wherein a portion of inner swivel component 220 is disposed in a
portion of aspiration tube 820, e.g., a portion of swivel 200 may be disposed in a portion
of aspiration tube 820 wherein inner swivel component proximal end 222 is disposed in
aspiration tube distal end 821. Illustratively, a portion of swivel 200 may be fixed within
a portion of aspiration tube 820, e.g., a portion of swivel 200 may be fixed within a por-
tion of aspiration tube 820 by a force of friction, an adhesive, a crimp, etc. In one or
more embodiments, a portion of swivel 200 may be disposed in a portion of aspiration
tube 820 wherein a portion of inner swivel component inner bore 225 is disposed in a

portion of aspiration tube 820.

ustratively, a portion of vacuum interface 880 may be disposed in a portion of
aspiration tube 820, e.g., vacuum interface distal end 881 may be disposed in aspiration
tube proximal end 822. In one or more embodiments, a portion of vacuum interface 880
may be fixed within a portion of aspiration tube 820, e.g., a portion of vacuum interface
880 may be fixed within a portion of aspiration tube 820 by a force of friction, an adhe-
sive, a crimp, etc. Illustratively, a portion of aspiration conduit 400 may be disposed in a
portion of diffuser 300, e.g., aspiration conduit distal end 401 may be disposed in diffuser
proximal end 302. In one or more embodiments, aspiration conduit 400 may be disposed
in diffuser 300 and in distal retainer 600, e.g., aspiration conduit 400 may be disposed in
diffuser inner bore 315 and medial bore 610. Illustratively, a portion of aspiration con-
duit 400 may be fixed within a portion of diffuser 300, e.g., a portion of aspiration con-

duit 400 may be fixed within a portion of diffuser 300 by an adhesive, a friction fit, a set-
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screw, etc. In one or more embodiments, a portion of aspiration conduit 400 may be
fixed within a portion of distal retainer 600, e.g., a portion of aspiration conduit 400 may
be fixed within a portion of distal retainer 600 by an adhesive, a friction fit, a setscrew,
etc. Illustratively, a portion of stylet 890 may be disposed in diffuser 300, distal retainer
600, and aspiration conduit 400, e.g., a portion of stylet 890 may be disposed in diffuser
inner bore 315, medial bore 610, and aspiration conduit distal end 401. In one or more
embodiments, stylet 890 may not be fixed within diffuser 300, distal retainer 600, or aspi-
ration conduit 400, e.g., stylet 890 may be removable from diffuser inner bore 315, medi-

al bore 610, and aspiration conduit 400.

In one or more embodiments, assembled illuminated microsurgical probe 900
may be configured to remove an aspiration target, e.g., blood, irrigation fluid, bone, tis-
sue, etc., from a surgical site. Illustratively, vacuum interface 880 may be configured to
interface with a surgical vacuum machine to decrease a pressure within aspiration tube
820. In one or more embodiments, decreasing a pressure within aspiration tube 820 may
be configured to decrease a pressure within swivel 200. Illustratively, decreasing a pres-
sure within swivel 200 may be configured to decrease a pressure within distal sleeve 810.
In one or more embodiments, decreasing a pressure within distal sleeve 810 may be con-
figured to decrease a pressure within handle 100. Tllustratively, decreasing a pressure
within handle 100 may be configured to decrease a pressure within aspiration conduit
400. In one or more embodiments, decreasing a pressure within aspiration conduit 400
may be configured to decrease a pressure within diffuser 300. Illustratively, decreasing a
pressure within diffuser 300 may be configured to remove an aspiration target from a

surgical site.

In one or more embodiments, a surgeon may manipulate assembled illuminated
microsurgical probe 900 to actuate diffuser distal end 301 towards an aspiration target
during a surgical procedure. Illustratively, vacuum interface 880 may be configured to
interface with a surgical vacuum machine to decrease a pressure within diffuser 300
wherein the pressure within diffuser 300 is less than an ambient pressure in a surgical
site. In one or more embodiments, a pressure within diffuser 300 may be configured to
cause the aspiration target to egress the surgical site and ingress diffuser inner bore 315.

In one or more embodiments, a pressure within aspiration conduit 400 may be configured
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to cause the aspiration target to egress diffuser inner bore 315 and ingress aspiration con-
duit 400. Illustratively, a pressure within handle 100 may be configured to cause the as-
piration target to egress aspiration conduit 400 and ingress handle distal chamber 115. In
one or more embodiments, a pressure within handle inner bore 117 may be configured to
cause the aspiration target to egress handle distal chamber 115 and ingress handle inner
bore 117. Illustratively, a pressure within handle proximal chamber 118 may be config-
ured to cause the aspiration target to egress handle inner bore 117 and ingress handle
proximal chamber 118. In one or more embodiments, a pressure within distal sleeve 810
may be configured to cause the aspiration target to egress handle proximal chamber 118
and ingress distal sleeve 810. Illustratively, a pressure within swivel 200 may be config-
ured to cause the aspiration target to egress distal sleeve 810 and ingress outer swivel
component inner bore 215. In one or more embodiments, a pressure within inner swivel
component inner bore 225 may be configured to cause the aspiration target to egress out-
er swivel component inner bore 215 and ingress inner swivel component inner bore 225.
ustratively, a pressure within aspiration tube 820 may be configured to cause the aspi-
ration target to egress inner swivel component inner bore 225 and ingress aspiration tube

820.

In one or more embodiments, swivel 200 may be configured to prevent a torque-
ing of aspiration tube 820, e.g., a surgeon may rotate handle 100 about a medial axis of
handle 100 without torqueing aspiration tube 820. Illustratively, swivel 200 may be con-
figured to rotate outer swivel component 210 relative to inner swivel component 220 in
response to a rotation of handle 100 about a medial axis of handle 100, e.g., swivel 200
may be configured to rotate inner swivel component 220 relative to outer swivel compo-
nent 210 in response to a rotation of handle 100 about a medial axis of handle 100. In
one or more embodiments, swivel 200 may be configured to prevent a torqueing of aspi-
ration tube 820 without decreasing an aspiration flow rate between handle 100 and aspi-
ration tube 820, e.g., swivel 200 may be configured to prevent a torqueing of aspiration
tube 820 without increasing an aspiration flow rate between handle 100 and aspiration

tube 820.

Mustratively, a surgeon may manipulate an aspiration flow rate of assembled il-

luminated microsurgical probe 900, e.g., a surgeon may manipulate an aspiration flow
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rate of assembled illuminated microsurgical probe 900 by modifying one or more settings
of a surgical vacuum machine. In one or more embodiments, a surgeon may manipulate
an aspiration flow rate of assembled illuminated microsurgical probe 900 by selectively
closing vent 105, e.g., a surgeon may manipulate an aspiration flow rate of assembled
illuminated microsurgical probe 900 by selectively opening vent 105. Tllustratively, vent
105 is normally open. In one or more embodiments, a surgeon may partially close vent
105 by partially covering vent 105, e.g., a surgeon may partially close vent 105 by par-
tially covering vent 105 with the surgeon’s thumb, finger, palm, etc. Illustratively, a sur-
geon my fully close vent 105 by fully covering vent 105, e.g., a surgeon may fully close
vent 105 by fully covering vent 105 with the surgeon’s thumb, finger, palm, etc. In one
or more embodiments, vacuum interface 880 may be configured to interface with a surgi-
cal vacuum machine to decrease a pressure within handle 100 wherein the pressure with-
in handle 100 is less than an ambient pressure in a surgical site. Illustratively, a surgeon
may increase a pressure within handle 100 by opening vent 105, e.g., a surgeon my in-
crease a pressure within handle 100 by uncovering a covered portion of vent 105. In one
or more embodiments, increasing a pressure within handle 100 may be configured to de-
crease an aspiration flow rate of assembled illuminated microsurgical probe 900, e.g., a
surgeon may decrease an aspiration flow rate of assembled illuminated microsurgical
probe 900 by uncovering a covered portion of vent 105. Illustratively, a surgeon may
decrease a pressure within handle 100 by closing vent 105, e.g., a surgeon may decrease a
pressure within handle 100 by covering an uncovered portion of vent 105. In one or
more embodiments, decreasing a pressure within handle 100 may be configured to in-
crease an aspiration flow rate of assembled illuminated microsurgical probe 900, e.g., a
surgeon may increase an aspiration flow rate of assembled illuminated microsurgical

probe 900 by covering an uncovered portion of vent 105.

In one or more embodiments, assembled illuminated microsurgical probe 900
may be configured to illuminate a surgical site. Illustratively, optic fiber bundle 850 may
be configured to receive light from a surgical illumination machine, e.g., optic fiber bun-
dle proximal end 852 may be configured to receive light from a surgical illumination ma-
chine. In one or more embodiments, optic fiber bundle 850 may be configured to trans-

mit light from a surgical illumination machine to diffuser 300, e.g., optic fiber bundle dis-
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tal end 851 may be configured to deliver light from a surgical illumination machine to
diffuser 300. Illustratively, diffuser 300 may be configured to diffuse light from a surgi-
cal illumination machine to illuminate a surgical site. In one or more embodiments, a
surgical illumination machine may comprise a standard endoscopy light source. For ex-
ample, a surgical illumination machine may comprise a light source intended for use with
an endoscope in endoscopy procedures. In one or more embodiments, an inner portion of
optic fiber bundle jacketing 840 may comprise a reflective surface configured to reflect
light. Illustratively, an inner portion of housing sleeve 870 may comprise a reflective sur-
face configured to reflect light. In one or more embodiments, assembled illuminated mi-
crosurgical probe 900 may be configured to illuminate a surgical site wherein diffuser
300 emits at least 25.0 lumens. Illustratively, assembled illuminated microsurgical probe
900 may be configured to illuminate a surgical site wherein a temperature of diffuser 300
does not exceed 74.0 degrees Fahrenheit. In one or more embodiments, assembled illu-
minated microsurgical probe 900 may be configured to illuminate a surgical site wherein
diffuser 300 emits at least 25.0 lumens and wherein a temperature of diffuser 300 does
not exceed 74.0 degrees Fahrenheit. ITllustratively, assembled illuminated microsurgical
probe 900 may be configured to illuminate a surgical site wherein diffuser 300 emits in a
range of 20.0 to 75.0 lumens, e.g., assembled illuminated microsurgical probe 900 may
be configured to illuminate a surgical site wherein diffuser 300 emits 50.0 lumens. In
one or more embodiments, assembled illuminated microsurgical probe 900 may be con-
figured to illuminate a surgical site wherein diffuser 300 emits less than 20.0 lumens or

greater than 75.0 lumens.

The foregoing description has been directed to particular embodiments of this in-
vention. 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 ad-
vantages. Specifically, it should be noted that the principles of the present invention may
be implemented in any system. Furthermore, while this description has been written in
terms of an illuminated microsurgical probe, the teachings of the present invention are
equally suitable to any systems where the functionality 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.
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CLAIMS

What is claimed is:

1. An instrument comprising;

a handle having a handle distal end and a handle proximal end,

an inner bore of the handle, the inner bore extending from the handle distal end to
the handle proximal end,

a diffuser having a diffuser distal end, a diftuser proximal end, and a diffuser in-
ner bore;

an aspiration conduit having an aspiration conduit distal end and an aspiration
conduit proximal end wherein the aspiration conduit distal end is disposed in the diffuser
inner bore and the aspiration conduit proximal end is disposed in the inner bore of the
handle; and

an optic fiber bundle having an optic fiber bundle distal end and an optic fiber

bundle proximal end, the optic fiber distal end disposed in the diffuser inner bore.

2. The instrument of Claim 1 further comprising:
a vent of the handle having a vent distal end and a vent proximal end, the vent

configured to manipulate a pressure within the handle inner bore.

3. The instrument of Claim 1 further comprising:
a light source interface having a light source interface distal end and a light source
interface proximal end, the light source configured to interface with a surgical illumina-

tion machine.

4. The instrument of Claim 3 further comprising:
a proximal retainer having a proximal retainer distal end and a proximal retainer
proximal end, the proximal retainer disposed in the light source interface wherein the op-

tic fiber bundle proximal end is disposed in the proximal retainer.
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15 The interment of Claim 1 wherein the optic fiber bundle comprises a single optic
2 fiber.
16 The instrument of Claim 1 wherein the optic fiber bundle comprises a plurality of

> optic fibers.

7. The instrument of Claim 6 wherein the optic fiber bundle comprises at least two

2 optic fibers and less than twenty optic fibers.

1 8 The instrument of Claim 1 further comprising:

2 an aspiration tube having an aspiration tube distal end and an aspiration tube

3 proximal end, the aspiration tube configured to facilitate an aspiration of a surgical site;
4 and

5 a swivel having a swivel distal end and a swivel proximal end, the swivel config-

6 ured to prevent a torqueing of the aspiration tube.

19 The instrument of Claim 8 further comprising:
2 an outer swivel component of the swivel having an outer swivel component distal
3 end and an outer swivel component proximal end; and
4 an inner swivel component of the swivel having an inner swivel component distal

5 end and an inner swivel component proximal end.

1 10.  The instrument of Claim 9 wherein the outer swivel component is configured to

> rotate relative to the inner swivel component.

1 11.  Theinstrument of Claim 9 wherein the inner swivel component is configured to

> rotate relative to the outer swivel component.

1 12, The instrument of Claim 1 further comprising:
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2 a distal retainer having a distal retainer distal end and a distal retainer proximal
3 end, the distal retainer disposed in the diffuser inner bore wherein the optic fiber bundle

4  distal end 1s disposed in the distal retainer.

1 13.  Theinstrument of Claim 12 wherein the aspiration conduit is disposed in a medial

2 bore of the distal retainer.

1 14, The instrument of Claim 1 further comprising:
2 an atraumatic offset of the diffuser, the atraumatic offset configured to increase a

3 surface area of a portion of the diffuser.

115,  Theinstrument of Claim 1 further comprising;
2 a diffusion notch of the diffuser, the diffusion notch configured to diffuse light by

3 diffuse reflection.
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