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SYSTEMS AND METHODS USING A VITREOUS VISUALIZATION TOOL

TECHNICAL FIELD
The present disclosure relates to ophthalmic surgery and surgical equipment, and more
specifically, to a vitreous visualization tool and systems and methods using the tool for vitreous

visualization during ophthalmic surgery.

BACKGROUND

Ophthalmic surgery saves and improves the vision of tens of thousands of patients every
year. However, given the sensitivity of vision to even small changes in the eye and the minute
and delicate nature of many eye structures, ophthalmic surgery is difficult to perform and the
reduction of even minor or uncommon surgical errors or modest improvements in accuracy of
surgical techniques can make an enormous difference in the patient’s vision after the surgery.

Ophthalmic surgery is surgery performed on the eye or any part of the eye. Ophthalmic
surgery is regularly performed to repair retinal defects, repair eye muscles, remove cataracts or
cancer, or to restore or improve vision. During ophthalmic surgery, it is often useful to visualize
the vitreous, either to allow its removal or for other reasons. The vitreous is a gel-like substance
located in the eye, behind the lens and in front of the retina, which is portion of the eye that
contains photoreceptors sensitive to light. The vitreous is thus very transparent and colorless
to allow light to pass largely unimpeded to the retina. The vitreous is mostly composed of
water and normally contains no blood vessels, allowing it to be transparent and colorless.
Although these properties are excellent for the normal functions of the vitreous, they make it
very hard to see during ophthalmic surgery.

SUMMARY

The present disclosure provides a vitreous visualization system including a general light
source, a general conduit that transmits light from the general light source through a conduit
portion of a general illumination optical fiber, and a combined vitreous visualization and
general illumination tool that receives light from the general conduit. The combined vitreous
visualization tool includes a vitreous visualization light source, a controller for the vitreous
visualization light source, a vitreous visualization optical fiber, a tool portion of the general
illumination optical fiber, and a probe tip through which at least parts of both the vitreous
visualization optical fiber and the tool portion of the general illumination optical fiber pass.

The vitreous visualization system and methods of using it may be combined with the

following additional features, which may be combined with one another unless clearly mutually
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exclusive: 1) the general conduit may include a cable that includes the conduit portion of the
general illumination optical fiber and a connector at one end of the cable that may be plugged
into the general light source; i1) the controller may turn the vitreous visualization light source
on and off; iii) the controller may control the luminous flux of light for vitreous visualization;
iv) the vitreous visualization light source may include a laser; v) the vitreous visualization tool
may include an internal power source for the laser; vi) the vitreous visualization tool may
include an additional optical component through which light from the laser passes before
entering the vitreous visualization optical fiber; vii) the laser may produce light with a
wavelength in the range of 480-530 nanometers; viii) the laser may have a luminous flux of 6
mW or lower; ix) the controller may turn the laser on and off, and a separate additional
controller may adjust the luminous flux of the laser; x) the controller may turn the laser on and
of and adjust the luminous flux of the laser; xi) the laser may be configured to turn on at its
lowest luminous flux; xii) the general light source may generate white light; xiii) the vitreous
visualization optical fiber may transmit light into an eye at an angle of illumination A that is
less than 45 degrees; xiv) the vitreous visualization optical fiber may have a numeric aperture
of less than 0.30; xv) the general illumination optical fiber may transmit light into an eye at an
angle of illumination C, which is at least 75 degrees; xvi) the general illumination optical fiber
may have a numeric aperture of 0.50 to 0.63; xvii) the luminous flux of at a tip of the vitreous
visualization optical fiber may be at least five times higher than the luminous flux at a tip of
the general illumination optical fiber; xviii) the vitreous visualization light source may supply
a pulsing light; xvix) the probe tip may be 20 gauge or smaller.
BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present invention and its features and
advantages, reference is now made to the following description, taken in conjunction with the
accompanying drawings, which are not to scale, in which like numerals refer to like features,
and in which:

FIGURE 1 is a schematic representation of a vitreous visualization system with surgical
instruments inserted in an eye to allow visualization of the vitreous during ophthalmic surgery;

FIGURE 2 is a schematic representation of a vitreous visualization system, including a
separate vitreous visualization tool and general illumination tool both inserted in an eye to
allow visualization of the vitreous during ophthalmic surgery;

FIGURE 3 is a schematic representation of surgical instruments of another vitreous

visualization system, including a separate curved vitreous visualization tool and general
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illumination tool both inserted in an eye to allow visualization of the vitreous during ophthalmic
surgery;

FIGURE 4 is a schematic representation of a vitreous visualization system, including a
combined vitreous visualization tool and surgical tool a general illumination tool inserted in an
eye to allow visualization of the vitreous during ophthalmic surgery;

FIGURE 5 is a schematic representation of a vitreous visualization system, including a
vitreous visualization tool and no general illumination tool inserted in an eye to allow
visualization of the vitreous during ophthalmic surgery;

FIGURE 6 is a schematic representation of light from a combined vitreous visualization
tool and general illumination tool inserted in an eye to allow visualization of the vitreous during
ophthalmic surgery;

FIGURE 7 is a schematic representation of a vitreous visualization system including a
combined vitreous visualization and general illumination tool, with surgical instruments
inserted in an eye to allow visualization of the vitreous during ophthalmic surgery;

FIGURE 8 is a schematic representation of a portion of a vitreous visualization system
including a cross-section schematic representation of a combined vitreous visualization tool
and general illumination tool;

FIGURE 9 is a schematic representation of light cones produced by the tool of FIGURE

DETAILED DESCRIPTION

In the following description, details are set forth by way of example to facilitate

discussion of the disclosed subject matter. It should be apparent to a person of ordinary skill
in the field, however, that the disclosed embodiments are exemplary and not exhaustive of all
possible embodiments.

The present disclosure provides systems and methods for visualizing the vitreous during
ophthalmic surgery. In particular, these systems and methods may be used during vitreoretinal
surgery and they may be especially useful during a vitrectomy, in which all or a part of the
vitreous is removed from the eye. Systems and methods of the present disclosure improve the
ability to see the vitreous as compared to current systems and methods by including a vitreous
illuminator. Current systems and methods for visualizing the vitreous do not include a specific
vitreous illuminator. Instead, they rely on a general illuminator, such as a system including an
endoilluminator, that is typically designed to illuminate the retina or other eye structures and

not the vitreous. Such general illuminators typically provide a broad angle of illumination,
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whereas a vitreous illuminator as described herein provides a focused light source, with a low
angle of illumination. In addition, a vitreous illuminator as described herein may provide light
having other properties that facilitate visualizing the vitreous during ophthalmic surgery, such
as a particular color, a lower angle of illumination, or with greater luminous flux than is
typically provided by a general illuminator. Overall, the use of a separate vitreous visualization
system may allow the normally clear vitreous to have a smoky appearance, similar to normally
invisible dust particles in a laser beam or bright, focused flashlight beam.

Referring now to FIGURE 1, vitreous visualization system 100 includes vitreous
illuminator 110, which includes vitreous visualization light source 120, vitreous conduit 130,
such as an optical fiber, and vitreous visualization tool 140. Vitreous visualization light source
120 generates light, which is transmitted through vitreous conduit 130 to vitreous visualization
tool 140, which may be inserted into and transmit the light into eye 300. Vitreous visualization
light source 120 may include any of a variety of light sources, but in particular it may include
a supercontinuum laser that is able to provide enough light to vitreous conduit 130 to illuminate
the vitreous of eye 300. Vitreous visualization light source may include a white light source.
If the light is a particular color, such as yellow, blue or green, vitreous visualization light source
120 may include a monochromatic light source, such as a monochromatic laser. If vitreous
visualization light source 120 includes a laser, it may be any type of laser suitable to produce
the selected type of light. For example, a supercontinuum laser may be used for white light.
Yellow, green, and blue lasers may also be used as these colors render the vitreous readily
visible against the retina and their respective wavelengths are scattered well by the vitreous,
also rendering it more visible. Lasers that produce colors that are more similar to the retina or
at wavelengths that are not scattered well by the vitreous, such as red or orange lasers, may still
be used, but their use may be limited to particular situations in which the color of light confers
a different advantage.

Vitreous conduit 130 may include any material that substantially transmits light, but it
particular, it may be an optical fiber, such as a 25 um core fiber. Typically, if a laser and an
optical fiber are used, the optical fiber is not part of the laser, which may incorporate a different
fiber, such as a photonic crystal fiber.

Vitreous illuminator 110 may be a particularly designed instrument, but it may also be
a repurposed instrument already in existence, such as a laser probe commonly used for
coagulation after a vitrectomy has been performed. Such an instrument may be used as a

vitreous illuminator 110 by turning down its power.



10

15

20

25

30

WO 2018/091992 PCT/IB2017/056632

Although vitreous visualization system 100 as illustrated in FIGURE 1, has a vitreous
visualization light source 120 that is separate from vitreous visualization tool 140, it is also
possible for vitreous visualization light source 120 to be located in vitreous visualization tool
140, in which case vitreous conduit 130 may be unnecessary. One such configuration is
illustrated in FIGURES 7-9.

Vitreous visualization system 100 may include a number of optional additional
components as well, some of which are also illustrated in FIGURE 1. For instance, vitreous
visualization system 100 may include general illuminator 150, which includes general light
source 160, general conduit 170, such as an optical fiber, and general illumination tool 180,
such as an endoilluminator. General light source 160 generates light, which is transmitted by
general conduit 170 to general illumination tool 180, which may be inserted into and transmit
the light into eye 300. General illumination light source 160 may include a laser, a white light
source, or any other suitable light source.

Although vitreous visualization system 100 as illustrated in FIGURE 1, has a general
light source 160 that is separate from general illumination tool 180, it is also possible for
general light source 160 to be located in general illumination tool 140, in which case general
conduit 170 may be unnecessary.

Vitreous visualization system 100 is depicted in FIGURE 1 with separate vitreous
visualization and general light sources and separate vitreous and general conduits. However,
a combined light source and a partially combined conduit with a splitter may be used instead,
particularly if vitreous visualization tool 140 is able to focus the light and provide a narrower
angle of illumination than general illumination tool 180, or if vitreous visualization is achieved
by a difference in the angles between vitreous visualization tool 140 and general illumination
tool 180 and the vitreous-pupil axis of eye 300 (as illustrated in FIGURES 2-5).

The portions of vitreous visualization tool 140 and general illumination tool 180 that
actually enter eye 300 may be small to avoid trauma to the eye and to allow their use with
existing surgical equipment. For instance, they may be 20 gauge or smaller, 23 gauge or
smaller, or 25 gauge or smaller.

Vitreous visualization system 100 may further include a processor 190 that may be in
communication with and may control one or both of vitreous illuminator 110 and general
illuminator 150. For instance, processor 190 may control whether one or both of vitreous
visualization light source 120 or general light source 160 are on or the luminous flux or

wavelengths of light one or both provide. Processor 190 may vary the on/off status or luminous
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flux or wavelengths of light, for example in response to input from controller 200, to improve
visibility of the vitreous of eye 300 or to avoid phototoxicity or other negative effects.

Processor 190 may include, for example a microprocessor, microcontroller, digital
signal processor (DSP), application specific integrated circuit (ASIC), or any other digital or
analog circuitry configured to interpret and/or execute program instructions and/or process
data. Processor 190 may interpret and/or execute program instructions and/or process data
stored in a memory. The memory may be configured in part or whole as application memory,
system memory, or both. The memory may include any system, device, or apparatus configured
to hold and/or house one or more memory modules. Each memory module may include any
system, device or apparatus configured to retain program instructions and/or data for a period
of time (e.g., computer-readable media). The various servers, electronic devices, or other
machines described may contain one or more similar such processors or memories for storing
and executing program instructions for carrying out the functionality of the associated machine.

Vitreous visualization system 100 may also includes a surgical microscope 210, a
display 220, such as a screen or head up display, or both. Surgical microscope 210 may allow
the user to view eye 300 directly, or it may display an image of eye 300, such as a digital image
generated by processor 190 or another processor. In either case, surgical microscope 210 may
display other information in addition to an image of eye 300. Such other information may be
generated by processor 190 or another processor and may include graphic or textual
information, such as warnings, graphs, color coding, or augmented reality information. Display
220 may similarly display an image of eye 300 generated by processor 190 or another processor
and other information generated by processor 190 or another processor. Such information may
include graphic or textual information, such as warnings, graphs, color coding or augmented
reality information. The information displayed on display 220 may not match that displayed
on or seen using surgical microscope 210. Controller 200 may be used to control the
information displayed on display 220 and surgical microscope 210.

Although one controller 200 is depicted as working through processor 190, one or more
controllers 200 may be directly located in vitreous illuminator 110 or general illuminator 150.
For instance, a controller 200 may be integrated into vitreous visualization tool 140 or general
illumination tool 180 or a combined tool as described below, where it may control the on/off
status, luminous flux, wavelength, or other properties of light for vitreous visualization or
general illumination. A controller 200 might also be integrated into vitreous visualization light

source 120 or general light source 160. A controller 200, even if not integrated into vitreous
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illuminator 110 or general illuminator 150, may control one of both of these without the
assistance of processor 190.

Processor 190 may also perform other functions relating to other components of the
surgery and other instruments, or relating to vitreous visualization system 100. For example,
processor 190 may track the total amount of light output by vitreous illuminator 110 or general
illuminator 150, or both, and may provide this information to the surgeon or even automatically
adjust light output so as to not exceed preset thresholds for total light output during a procedure
or part of a procedure or on a portion of the eye.

The brightness of the vitreous of eye 300 depends on at least five factors; 1) the luminous
flux of vitreous illuminator 110, 11) the relative luminous flux of vitreous illuminator 110 and
general illuminator 150, iii) the distance between vitreous visualization source 120 and the
vitreous of eye 300, iv) the angle of illumination of vitreous visualization tool 140, and v) the
angle formed between the center of the angle of illumination of vitreous visualization tool 140
and the vitreous-pupil axis of eye 300.

The luminous flux of vitreous illuminator 110 is largely determined by the luminous
flux of vitreous visualization light source 120, which may be controlled by processor 190 or
another processor, optionally with input from controller 200, or directly via a controller, such
as controllers 450 and 460 in FIGURES 8 and 9. Luminous flux may be decreased by vitreous
conduit 130 and vitreous visualization tool 140, but these components are generally designed
to avoid a decrease in luminous flux. The luminous flux of vitreous illuminator 110, as
measured at the tip of vitreous visualization tool 140 may be less than 10 lumens. It may also
be at least 0.5 lumens, at least 1 lumen, or at least 2 lumens. The luminous flux may also be
between 0.5 lumens and 10 lumens, between 1 lumen and 10 lumens, or between 2 lumens and
10 lumens. Light exiting the tip of vitreous illuminator 110 will typically diverge less rapidly
than light exiting the tip of general illuminator 150. This leads to increased light intensity (light
per unit area).

The visibility of the vitreous is directly related to the ratio of brightness of the vitreous
to brightness of retina. If the ratio is higher, the vitreous is more visible. In systems with both
a vitreous illuminator 110 and a general illuminator 150, the relative luminous flux of these
components largely determines the ratio of brightness of the vitreous to brightness of the retina.
The relative luminous flux of vitreous illuminator 110 as compared to general illuminator 150
is largely determined by the relative luminous flux of vitreous visualization light source 120

and general light source 160, one or both of which may be controlled by processor 190 or
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another processor, optionally with input from controller 200, or directly via a controller, such
as controllers 450 and 460 in FIGURES 8 and 9. Luminous flux may be decreased by vitreous
conduit 130, vitreous visualization tool 140, general conduit 170, and general illumination tool
180, but these components are generally designed to avoid a decrease in luminous flux.

The luminous flux of vitreous illuminator 110, as measured at the tip of vitreous
visualization tool 140, may be at least 5 times higher, at least 10 times higher, or at least 20
times higher than the luminous flux of general illuminator 150, as measured at the tip of general
illumination tool 180. For a combined tool, the flux from vitreous illuminator components and
general illuminator components may be measured at the tip of the combined tool and compared.
Regardless of whether separate or combined tools are used, the general illuminator components
may have a larger tip diameter, typically a fiber diameter, than the vitreous visualization
components and the general illumination light may have a higher divergence than the vitreous
visualization light. The ratio of the areas illuminated by the general illumination light as
compared to the vitreous visualization light will increase as distance from the tool tips
increases. These differences in area affect the light intensity at any region in the eye, which
may be calculated or estimated in order to ensure that vitreous visualization is actually
improved and to avoid phototoxicity damage.

In systems with only a vitreous illuminator 110 and no general illuminator 150, the ratio
of brightness of the vitreous to brightness of the retina may be determined by ambient light
entering the eye as well as the amount of light that reaches the retina from vitreous illuminator
110, which may be affected by a number of factors including the luminous flux of vitreous
illuminator 110, its angle of illumination, and its position within eye 300.

The distance between vitreous visualization light source 120 and the vitreous of eye
300 is determined largely by the length of vitreous conduit 130. Lower distances result in
better visualization, so the length of vitreous conduit 130 may be the shortest distance
acceptable to allow the ophthalmic surgery to be safely performed, given the configuration of
other equipment and surgeon preferences and parameters. Vitreous conduit 130 may be
provided in different lengths. Information regarding the length of vitreous conduit 130 may be
provided to processor 190 or another processor controlling vitreous visualization light source
120 so that appropriate adjustments may be made. In general vitreous conduit 130 may be less
than three meters in length, two meters in length, or one and a half meters in length, or between
any of these endpoints.

Vitreous conduit 130 may be absent entirely in some vitreous visualization systems,
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such as that described in FIGURE 7-9. In such systems, where vitreous visualization light
source 120 is located within vitreous visualization tool 130, the distance between vitreous
visualization light source 120 and the vitreous of eye 300 is determined largely by the length
of vitreous visualization tool 140 and the position of vitreous visualization light source 120
within it.

The angle of illumination of vitreous visualization tool 140, indicted by angle A in
FIGURES 2-5, may be less than 45 degrees, less than 35 degrees, less than 30 degrees, less
than 25 degrees, or less than 20 degrees. In general, vitreous visualization light source 140
may focus light and achieve a low angle of illumination A by having a numeric aperture of less
than 0.30, less than 0.25 less than 0.15, less than 0.12, or less than 0.10 as measured in air. A
small numeric aperture may be achieved in a variety of ways. For instance, the end of a optical
fiber in vitreous visualization light source 140 may be tapered. This may achieve a small
numeric aperture even when using an optical fiber otherwise usable in a general illumination
tool. In addition an optical fiber otherwise usable in a general illumination tool, such as one
having a numeric aperture of 0.50 to 0.63, may be used to produce a low angle of illumination
by illuminating the optical fiber with a light source, such as a laser beam, that has a low numeric
aperture, such as less than 0.15, less than 0.14, or less than 0.12. The light source may be
focused axially well within the optical fiber and not at the entrance face of the fiber. If the
optical fiber has a tapered end proximate the light source, then the light source may be focused
past the tapered end within the optical fiber.

The angle between the center of angle of illumination A and the vitreous-pupil axis of
eye 300, indicated as angle B in FIGURES 2-5, also affects visibility of the vitreous. The
vitreous is also more visible if angel B is lower. If angle B is lower, then light from vitreous
visualization tool 140 is directed more towards the exterior of eye 300 and less towards the
retina. This helps avoid light from vitreous visualization tool 140 also illuminating the retina
and thereby deceasing the ratio of brightness of the vitreous to brightness of the retina. Angle
B may be less than 100 degrees, less than 90 degrees, less than 80 degrees, or less than 60
degrees.

Angles B and D as well as the luminous flux of both vitreous illuminator 110 and
general illuminator 150 may change during the course of an ophthalmic surgery.

If present, as shown in FIGURES 2-4, general illuminator 150 may provide light from
general illumination tool 180 with a broad angle of illumination, C, which may be at least 75

degrees, at least 80 degrees, at least 90 degrees, at least 120 degrees, at least 150 degrees, or
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at least 30 degrees greater than angle A. In addition, the angle between the center of angle of
illumination C and the vitreous-pupil axis of eye 300, indicated as angle D, may be at least 90
degrees, at least 120 degrees, at least 150 degrees, at least 180 degrees, or at least 30 degrees
greater than angle B. Angle D may vary widely depending on the surgical procedure. When
access to peripheral areas of the eye is needed, the eye may be rotated significantly a general
illumination tool 180 may be moved to a large angle D.

In addition to the factors discussed above, visibility of the vitreous may be improved
by differences in the wavelengths of light provided by vitreous visualization light source 120
and general light source 160. For instance general light source 160 may provide white light,
while vitreous visualization light source 120 may provide green light, such as described in
further detail in FIGURES 7-10. In general, light having shorter wavelengths, such as green
or blue, scatters better in the vitreous than light having longer wavelengths, such as red.
Accordingly, shorter wavelength light may better facilitate vitreous visualization. In addition,
red and orange light, due to their similarities to retina color, may not improve vitreous
visualization as much as colors less similar to retina color. However, shorter wavelengths of
light may be more likely to cause accidental damage to the eye, such as a, hakic hazard such
that very short wavelengths may not be used, even if they provide more improvements in
vitreous visualization. In general, light from vitreous visualization light source may have a
wavelength in the range of 480-530 nm (aqua to green-yellow). Wavelengths in the range of
510-530 nm may be used to take advantage of readily available green diodes, such as green
diodes that produce light in the 510-520 nm range.

Further, vitreous illuminator 110 may provide light in a flashing or pulsing pattern to
further enhance visibility of the vitreous, particularly when general illuminator 150 provides
white light. The flashing or pulsing pattern may be controlled by processor 190 or another
processor and may be started or stopped or otherwise controlled by controller 200.

Referring now to FIGURE 2, a portion of vitreous visualization system 100a is shown
inserted in eye 300 during ophthalmic surgery. Both vitreous visualization tool 140a and
general illumination tool 180 are inserted into vitreous 310 of eye 300. Eye 300 has a vitreous-
pupil axis 320, that is determined with respect to pupil 330.

Vitreous visualization tool 140 provides light with a low angle of illumination, A, the
center of which forms angle B with vitreous-pupil axis 320. General illumination tool 180
provides light with a broad angle of illumination, C, the center of which forms angle D with

vitreous-pupil axis 320. Angles B and D are such that general illumination tool 180 tends to

10
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illuminate the retina 340, while vitreous visualization tool 140a tends to illuminate the vitreous
310.

One or more additional surgical tools, such as vitrectomy probe 350, may also be
inserted into eye 300. Improved visualization of vitreous 310 may allow such additional
surgical tools to be used more safely or efficiently.

In order to further increase angle B, vitreous visualization system 100b may include
vitreous visualization tool 140b, which is curved as shown in FIGURE 3 so that its tip may be
oriented more in the direction of pupil 330 and less in the direction of retina 340 when it is
inserted in eye 300. The angle and dimensions of the curve of vitreous visualization tool 140b
may be determined by the optical properties of its component materials, such as an optical
fiber, as well as the need to be able to insert it into eye 300 without undue damage. For instance,
the curve may have a bend angle of between 35 and 45 degrees.

As shown in FIGURE 4, vitreous visualization system 100c may include a combined
vitreous visualization tool/surgical tool 140c¢. In the example shown, the surgical tool portion
of combined vitreous visualization tool/surgical tool 140c is a vitrectomy probe, but
combinations with other surgical tools, such as an infusion cannula, are also possible.
Depending on the surgical tool, vitreous visualization tool/surgical tool 140¢c may remain
largely in place or it may be moved frequently during the ophthalmic surgery. Due to the
combination with a surgical tool, vitreous visualization tool/surgical tool 140c may reduce
trauma to eye 300 by allowing one fewer incision in the eye. The same is true for other
combined tools 140.

As described above with respect to FIGURE 1, some vitreous visualization systems,
such as vitreous visualization system 100d of FIGURE 5, may include only vitreous illuminator
110, such that only vitreous visualization tool 140d is inserted in eye 300, with no general
illumination tool. This configuration may provide a very high ratio of brightness of the vitreous
310 to brightness of the retina 340. In addition, when separate vitreous visualization is no
longer needed, for example after completion of a vitrectomy, vitreous visualization tool 140d
may then instead be used as a general illumination tool. Adjustments to the light provided, its
angle with the vitreous-retina axis, and other parameters may be performed at that time.

Although FIGURES 2-5 illustrate one vitreous illuminator 110 with one vitreous
visualization tool 140 and one general illuminator 150 with one general illumination tool 180,
if present, multiple instances of illuminators and tools maybe used. In addition, features of the

various figures may be combined or duplicated without departing from the principles of this
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disclosure. For example, a combination vitreous visualization tool/surgical tool 140c¢ such as
that illustrated in FIGURE 4 may be used as the sole vitreous visualization tool 140d in
FIGURE 5, or in combination with an additional straight or curved vitreous visualization tool
140a or 140b from FIGURES 2 and 3, respectively. Similarly, both straight and curved vitreous
visualization tools 140a and 140b from FIGURES 2 and 3, respectively, may be used in
combination. Although vitreous illuminator 110 is shown with one vitreous visualization tool
140 in FIGURE 1, multiple vitreous visualization tools 140 may actually be combined with the
same vitreous illuminator 110.

When more than one vitreous visualization tool 140 is present in eye 300, they may be
used in different ways, such as at different angels B with the vitreous-pupil axis 320, with
different angles of illumination A, or to provide different wavelengths of light or luminous
flux.

Furthermore, vitreous visualization system 100 may have a single combined vitreous
visualization and general illumination tool 140e, which may be inserted in eye 300 in a manner
similar to combined vitreous visualization tool/surgical tool 140c of FIGURE 4. As illustrated
in FIGURE 6, such a combined tool may provide a low angle of illumination A of more intense
or different wavelengths of light for vitreous visualization and a broad angle of illumination C
of less intense or white light for general illumination.

Such combined vitreous visualization and general illumination tools 140e may have a
dual-fiber configuration, such as the use of two optical fibers in the same tool, or the use of a
multi-core optical fiber. Light for vitreous visualization may be supplied to one optical fiber,
such as the core optical fiber of a multi-core optical fiber, while light for general illumination
may be supplied to another optical fiber such as an exterior optical fiber of a multi-core optical
fiber.

For instance, combined vitreous visualization and general illumination tool 140e may
include a core fiber that is single mode and has a diameter of between 15 um and 25 um, such
as 20 um. The core fiber may be surrounded by an exterior fiber with a diameter of between
100 pm and 500 um, such as 400 um. The numeric aperture of such a multi-core fiber may be
determined by cladding surrounding it, an external medium, or both.

Another multi-core fiber might use a high-index core fiber, such a fiber with an index
ofupto 1.7, or between 1.40 and 1.55, such as between 1.45 and 1.52 in the visible light range
with a slightly lower-index external fiber. The index difference between the fibers controls the

numeric aperture of the fiber, with a smaller different resulting in lower numeric aperture. The
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high-index core fiber may have a small numeric aperture, such as less than 1 or less than 0.12
while the lower-index external fiber may have a higher numeric aperture, such as greater than
0.20 or greater than 0.25. Such an optical fiber may be used with a single light source. The
ratio of light delivered to the core fiber versus the external fiber may be controlled by the ratio
of numeric apertures, by the spot and spot size of where the light enters the core, or any
combination thereof.

A combined vitreous visualization and general illumination tool 140¢ may also include
a single optical fiber, such as a standard general illumination fiber, that transmits light for
vitreous visualization and light for general illumination. For instance, a laser may provide light
for vitreous visualization while a white light source may provide light for general illumination.
A dichroic filter may combine the laser light with the white light to form a collimated beam,
which may then pass through a condensor, so that both light from the laser and light from the
white light source for general illumination are coaxial and focused into the optical fiber of the
combined vitreous visualization and general illumination tool 140e.

In a specific vitreous visualization system 100¢, depicted in FIGURE 7, a combined
vitreous visualization and general illumination tool 140f is provided. Tool 140f includes
vitreous visualization light source 120. Tool 140f is also a component of general illuminator
150, which also includes general light source 160 and general conduit 170, that transmits light
from general light source 160 to tool 140f. Optional components 190, 200, 210, and 220 of
vitreous visualization system 100¢ may be as described with respect to FIGURE 1.

As illustrated in FIGURE 9, general conduit 170 may include cable 400, which includes
a conduit portion of a general illumination optical fiber, with connector 410 at one end, which
may be plugged into general light source 160 to allow transmission of light through general
conduit 170. Connector 410 may be a fiber optic ACMI connector.

The other end of cable 400 attaches to combined vitreous visualization and general
illumination tool 140f at conduit attachment 420 so that light transmitted through cable 400
may enter tool 140f. As described further with respect to FIGURE 9, the general illumination
optical fiber 500 in cable 400 may have a tool portion that passes through conduit attachment
420, tool housing 430, and probe tip 440, where it may enter the eye if probe tip 440 is inserted
in the eye.

Light for vitreous visualization is generated within tool 140f and may also pass through
probe tip 440 and into the eye, if probe tip 440 is inserted in the eye. Light for vitreous

visualization may be turned on or off with control 450, which may be a simple on/off switch

13



10

15

20

25

30

WO 2018/091992 PCT/IB2017/056632

(not shown) or a combined on/off and luminous flux control switch, such as the switch depicted
in which and up/down movement turns light for vitreous visualization on or off, while rolling
the wheel controls luminous flux. Levers and pressure sensors may also be used in a combined
or separate luminous flux control (not shown).

Control 450 may be clectrically connected to laser 460 via circuit 470, such as the
flexible circuit depicted. Laser 460 may include a diode laser or other laser. It may further
include a circuit board and a microprocessor, as shown. Alternatively, laser 460 may be
controlled by an external processor which may be connected to control 450 or another control.

Combined vitreous visualization and general illumination tool 140f may include an
internal power source, such as a battery 480, which may provide a 6V direct current or a direct
current less than 6V. The internal power source may provide energy to laser 460 as well as
any component circuit board or microprocessor. Power may alternatively be provided by an
external source.

Laser 460 may produce light having a particular wavelength, such as wavelengths in
the green spectrum of visible light, or tool 140f may contain a dichoric filter so that only a
particular wavelength of enters vitreous visualization optical fiber 480. Laser 460 may, in
particular, be a Class 2 green diode laser that produces light with a wavelength in the range of
510-520 nm. In order to avoid phototoxicity or other negative effects, laser 460 may have a
luminous flux of 6 mW or lower. Further, laser 460 may regulate its luminous flux using
photodiodes and hardware loops. These features may be arranged such that laser 460 always
turns on at its lowest luminous flux, further avoiding phototoxicity or other negative effects.

A light beam from laser 460 is transmitted to vitreous visualization optical fiber 480,
which transmits the light through probe tip 440 so it may exit combined vitreous visualization
and general illumination tool 140f. After leaving laser 460 and prior to entering optical fiber
480, the light beam may pass through one or more additional optical components, which may
alter the light beam. As illustrated in FIGURE 9, the light beam first passes through collimator
490, then through condenser 510 before entering optical fiber 480.

General illumination optical fiber 500 runs from conduit attachment 420, through
housing 430, and joins vitreous visualization optical fiber 480 in probe tip 440. Probe tip 440
may include a thin tube, such as a metal tube, that surrounds general illumination optical fiber
500 and vitreous visualization optical fiber 480.

The relative size and numeric aperture of general illumination optical fiber 500 and

vitreous visualization optical fiber 480 control their angles of illumination, A and C, which
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determine the light cone projected from the fibers. As shown in FIGURE 9, when viewed at
an axial distance of 10 mm, angle of illumination A may produce light cone 600, while angle
of illumination C may produce light cone 610. Light cone 610 may have a diameter two to
three times larger than that of light cone 600. In addition, light cone 610 may be white, while
light cone 600 may be green or another color produced by laser 460 or resulting from a dichoric
filter in tool 140f.

Combined vitreous visualization tool 140f and vitreous visualization system 100e and
components thereof may be combined with other elements of vitreous visualization tools and
systems described herein unless clearly mutually exclusive. For instance the laser and general
illumination light sources in vitreous visualization system 100e may be used with other vitreous
visualization systems described herein.

The present disclosure further includes a method of illuminating the vitreous of the eye,
for instance during ophthalmic surgery such as vitreoretinal surgery and particularly during a
vitrectomy. In the method, a vitreous illuminator such as described herein is used as described
herein to illuminate to the vitreous of the eye to allow its visualization. In particular, the
vitreous illuminator may provide light with an angle of illumination, at an angle with the
vitreous-pupil axis, with a luminous flux, in a pulsed pattern, or at a wavelength that facilitates
vitreous visualization. The vitreous, thus rendered visible, may then be removed using a
vitrectomy probe. Alternatively, it may be avoided and not removed if desired during the
surgery. Once the need to visualize the vitreous has passed, the vitreous illuminator may be
switched off or used for another purpose or removed from the eye to protect against
phototoxicity or to allow the insertion of other instruments.

The above disclosed subject matter is to be considered illustrative, and not
restrictive, and the appended claims are intended to cover all such modifications,
enhancements, and other embodiments which fall within the true spirit and scope of the present
disclosure. For example, although vitreous visualization is most commonly needed during
ophthalmic surgery, if it were useful in another procedure, such as a purely diagnostic
procedure not otherwise considered to be surgery, the systems and methods described herein

may be employed.
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CLAIMS
1. A vitreous visualization system comprising:
a general light source;
a general conduit that transmits light from the general light source through a conduit
portion of a general illumination optical fiber; and
a combined vitreous visualization and general illumination tool that receives light from
the general conduit and that comprises:
a vitreous visualization light source;
a controller for the vitreous visualization light source;
a vitreous visualization optical fiber;
a tool portion of the general illumination optical fiber; and
a probe tip through which at least parts of both the vitreous visualization optical

fiber and the tool portion of the general illumination optical fiber pass.

2. The vitreous visualization system of claim 1, wherein the general conduit
comprises:
a cable that includes the conduit portion of the general illumination optical fiber; and

a connector at one end of the cable that may be plugged into the general light source.

3. The vitreous visualization system of claim 1, wherein the controller turns the

vitreous visualization light source on and off.

4. The vitreous visualization system of claim 1, wherein the controller controls the

luminous flux of light for vitreous visualization.

5. The vitreous visualization system of claim 1, wherein the vitreous visualization

light source comprises a laser.

6. The vitreous visualization system of claim 5, wherein the vitreous visualization tool

further comprises an internal power source for the laser.

7. The vitreous visualization system of claim 5, wherein the vitreous visualization tool

further comprises an additional optical component through which light from the laser passes
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before entering the vitreous visualization optical fiber.

8. The vitreous visualization system of claim 5, wherein the laser produces light with

a wavelength in the range of 480-530 nanometers.

9. The vitreous visualization system of claim 5, wherein the laser has a luminous flux

of 6 mW or lower.

10. The vitreous visualization system of claim 5, wherein the controller turns the laser

on and off, and a separate additional controller adjusts the luminous flux of the laser.

11. The vitreous visualization system of claim 5, wherein the controller turns the laser

on and of and adjusst the luminous flux of the laser.

12. The vitreous visualization system of claim 5, wherein the laser is configured to turn

on at its lowest luminous flux.

13. The vitreous visualization system of claim 1, wherein the general light source

generates white light.

14. The vitreous visualization system of claim 1, wherein the vitreous visualization

optical fiber transmits light into an eye at an angle of illumination A that is less than 45 degrees.

15. The vitreous visualization system of claim 1, wherein the vitreous visualization

optical fiber has a numeric aperture of less than 0.30.
16. The vitreous visualization system of claim 1, wherein the general illumination
optical fiber transmits light into an eye at an angle of illumination C, which is at least 75

degrees.

17. The vitreous visualization system of claim 1, wherein the general illumination

optical fiber has a numeric aperture of 0.50 to 0.63.
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18. The vitreous visualization system of claim 1, wherein the luminous flux of at a tip
of the vitreous visualization optical fiber is at least five times higher than the luminous flux at

a tip of the general illumination optical fiber.

5 19. The vitreous visualization system of claim 1, wherein the vitreous visualization

light source supplies a pulsing light.

20. The vitreous visualization system of claim 1, wherein the probe tip is 20 gauge or
smaller.
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