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ILLUMINATED SURGICAL PROBE HAVING MULTIPLE OPTICAL FIBERS

BACKGROUND

[001] In ophthalmic surgery, a surgeon may typically use surgical apparatus

comprising a vitreoretinal system with posterior segment and anterior segment

procedure capabilities. The surgical apparatus may also include various probes, an

ophthalmic microscope, an illuminator, a console with processors and a touch panel

screen, and an embedded laser that is controlled from a system screen on the touch

panel.

[002] The types of probes used may include vitrectomy probes and laser probes.

Vitrectomy probes may be used during vitreoretinal surgery to remove ocular tissues,

such as vitreous humor and membranes covering the retina. These probes have a

port for drawing in and dissecting tissues. A laser probe may have a continuous laser

beam or a pulsed laser beam.

[003] Some probe designs may include illumination that provides a narrow beam

of light over the probe of sufficient intensity to facilitate vitreous visualization.

However, the light beam can be too narrow and/or intense for certain tasks other

than vitreous visualization. For example, the narrow beam may be too intense for

general illumination in vitreous cavity or when the vitrectomy probe has to be

operated very close to the retina for bi-manual surgery or other applications.

BRIEF SUMMARY

[004] The exemplary embodiments provide methods and systems for a surgical

probe system comprising a surgical probe having a probe needle, a first optical fiber

incorporated onto the probe needle, wherein a distal end of the first optical fiber



projects a first beam of illumination light over a tip of the probe needle when

activated; a second optical fiber incorporated onto the probe needle, wherein a distal

end of the second optical fiber projects a second beam of illumination light over a tip

of the probe needle when activated; and a third optical fiber incorporated onto the

probe needle, wherein a distal end of the third optical fiber projects a third beam of

light over a tip of the probe needle to perform a distance measurement between the

probe needle and a patient's retina when activated, wherein the distant

measurement is displayed or audibly presented to aid a user in probe positional

awareness with respect to the patient's retina.

[005] According to the exemplary embodiments disclosed herein, an illuminated

surgical probe is provided that expands the use of probes beyond vitrectomy and

vitreous visualization. The Illuminated surgical probe having multiple optical fibers

facilitates use of vitrectomy probes in bi-manual surgery where the vitrectomy probe

has to operate close to the retina, as well as use for general illumination in a vitreous

cavity.

BRIEF DESCRIPTION OF SEVERAL VIEWS OF THE DRAWINGS

[006] FIGS. 1A and 1B are diagrams illustrating embodiments of a surgical

apparatus comprising an illuminated surgical probe having multiple optical fibers,

where like components have like reference numerals.

[007] FIGS. 2A and 2B are diagrams illustrating multiple optical fibers

incorporated into the surgical probe.

[008] FIGS. 3A and 3B are diagrams illustrating first and second beams

projected from the optical fibers.



[009] FIG. 4 is a flow diagram illustrating a process performed by the processor

to automatically control intensity of illumination light on a surgical probe having

optical fibers proportionally based on a distance measurement.

DETAILED DESCRIPTION

[010] The exemplary embodiment relates to an Illuminated surgical probe having

multiple optical fibers. The following description is presented to enable one of

ordinary skill in the art to make and use the invention and is provided in the context

of a patent application and its requirements. Various modifications to the exemplary

embodiments and the generic principles and features described herein will be readily

apparent. The exemplary embodiments are mainly described in terms of particular

methods and systems provided in particular implementations. However, the methods

and systems will operate effectively in other implementations. Phrases such as

"exemplary embodiment", "one embodiment" and "another embodiment" may refer to

the same or different embodiments. The embodiments will be described with respect

to systems and/or devices having certain components. However, the systems and/or

devices may include more or less components than those shown, and variations in

the arrangement and type of the components may be made without departing from

the scope of the disclosure. The exemplary embodiments will also be described in

the context of particular methods having certain steps. However, the method and

system operate effectively for other methods having different and/or additional steps

and steps in different orders that are not inconsistent with the exemplary

embodiments. Thus, the present invention is not intended to be limited to the

embodiments shown, but is to be accorded the widest scope consistent with the

principles and features described herein.



[01 1] FIGS. 1A and 1B are diagrams illustrating embodiments of a surgical

apparatus comprising an illuminated surgical probe having multiple optical fibers,

where like components have like reference numerals. FIG. 1A shows an

embodiment where the surgical probe system 2a includes a hand-held surgical

probe 10a coupled to console 4 . In one embodiment, the surgical probe system 2a

may represent a vitreoretinal system with posterior segment and anterior segment

procedure capabilities. The console 4 of the surgical probe system 2a may include a

light source (e.g., an illuminator) 5 , a processor (e.g., CPU) 7a, and a touch panel 6a

that may be used to control the console 4 and the surgical probe 10a. In an

alternative embodiment, the light source may be located in the handle of the surgical

probe.

[012] The surgical probe 10a may comprise a vitrectomy probe that includes a

probe needle 12a connected to a handle 14a, which in turn, is connected to fluidics

and drive cables 16a and a signal and power line 18a, both coupled to the console 4 .

FIG. 1B shows an embodiment of a surgical probe system 2b where the surgical

probe 10b comprises a laser probe, and similarly includes a probe needle 12b

connected to a handle 14b, and the handle 14b connected to a laser fiber 16b and a

signal and power line 18b.

[013] According to one aspect of the exemplary embodiments, the surgical

probe system 2a and 2b include multiple optical fibers 13a and 13b incorporated

onto the probe needle 12a and 12b of the surgical probe 10a and 10b, respectively.

Referring to both FIGS. 1A and 1B a proximal end of the optical fibers 13 are

connected to the light source 5 . A distal end of at least a portion of the optical fibers

13 projects illumination light from the light source 5 over a tip of the probe needle 12



when activated.

[014] FIGS. 2A and 2B are diagrams illustrating multiple optical fibers

incorporated into the surgical probe. FIG. 2A is a close-up view of the probe needle

12 showing multiple optical fibers incorporated thereon. An optional guard element

20 may be placed adjacent to the optical fibers 13 to support an optional protective

sleeve 22. The protective sleeve 22 covers the optical fibers 13 and surrounds the

portion of the surgical probe on which the optical fibers 13 lie. The function of the

guard element 20 and the protective sleeve 22 is to provide support and prevent

crushing of the optical fibers 13. In one embodiment, materials comprising one or

both of the guard element 20 and the protective sleeve 22 may comprise any rigid

material that supports and prevents crushing of the optical fibers 13. Example types

of materials include stainless steel, glass, and the like. In one embodiment, the

guard element 20 may be similar in shape to the optical fibers 13, but with a slightly

larger diameter to bear the load from the protective sleeve 22.

[015] FIG. 2B is a cross section of the probe needle and the optical fibers. In

one embodiment, at least two of the optical fibers arranged on the surgical probe 10

function to provide illumination of the probe needle 12. More particularly, the optical

fibers 13 may include a vitreous visualization optical fiber 24 that projects a narrow

beam of illumination light over a tip of the probe needle 12 when activated, and a

general illumination optical fiber 26 that projects a wide beam of illumination light

over the tip of the probe needle 12 when activated.

[016] According to a further aspect of the exemplary embodiment, the optical

fibers 13 may further include a distance optical fiber 28 that projects a third beam of

light over the tip of the probe needle 12 to perform a distance measurement between



the probe needle and a patient's retina when activated, wherein the distant

measurement may be displayed on the touch screen 6b or audibly presented to aid a

user/surgeon in positional awareness of the surgical probe with respect to the

patient's retina. In one embodiment, techniques such as interferometry can be used

for the distance measurement. Thus, a Michelson interferometer or other type of

optical interferometry may be used.

[017] Although only the vitreous visualization optical fiber 24, the general

illumination optical fiber 26, and distance optical fiber 28 are shown, it should be

understood that any number of optical fibers can be incorporated as required per

surgical probe functionality requirements.

[018] According to a further aspect of the exemplary embodiments, the surgical

probe 10 can be toggled between a narrow beam of illumination produced by the

vitreous visualization optical fiber 24 and a wide beam of illumination produced by

the general illumination optical fiber 26 either automatically based on the distance

measurement and/or manually by a user (e.g., a surgeon or nurse/aid).

[019] FIGS. 3A and 3B are diagrams illustrating first and second beams

projected from the optical fibers. FIG. 3A shows activation of the vitreous

visualization optical fiber 24 so that a narrow beam 30a of light with adequate

intensity is delivered into the vitreous cavity for vitreous visualization. In one

embodiment, the numerical aperture of the narrow beam has a low numerical value

of approximately less than or equal to .3, or more specifically . 1 to .3. In one specific

application, the numerical aperture of the narrow beam may be .26.



[020] FIG. 3B shows activation of the general illumination optical fiber 26 so that

a wide beam 20b is delivered into the vitreous cavity for general illumination

(background illumination or task illumination, e.g., such as for membrane peeling). In

one embodiment, the numerical aperture of the wide beam has a relatively high

numerical value of approximately greater than .3, or more specifically .4 to .7. In one

specific application, the numerical aperture of the wide beam may be .56. In one

embodiment, the light launched into both optical fibers 24 and 26 can be white light,

a single wavelength (such as green light centered at 532 nm), RGB (Red Green

Blue), or RGB plus additional wavelengths.

[021] According to one aspect of the exemplary embodiments, the processor

(CPU (Central processing unit)) 7a and 7b (FIGS 1A and 1B, collectively processor

7) may automatically provide background/situational awareness illumination by

toggling activation of the vitreous visualization optical fiber 24 and the general

illumination optical fiber 26.

[022] More specifically, based on the distance measurement, the processor may

automatically toggle the illumination light between the narrow beam 30a having a

first numerical aperture that facilitates vitreous visualization, and the wide beam 30b

having a second numerical aperture that facilitates background illumination, where

the second numerical aperture is larger than the first numerical aperture. For

example, the processor 7 may be configured to compare a current distance

measurement from the distance optical fiber 28 to a predetermined threshold

distance. Responsive to determining that the current distance measurement is

greater than or equal to the predetermined threshold distance, the processor may

activate the vitreous visualization optical fiber 24 to produce the narrow beam 30a for



vitreous visualization. Responsive to determining that the current distance

measurement is less than the predetermined threshold distance, the processor may

activate the general illumination optical fiber 26 to produce the wide beam 30b.

[023] Referring again to FIGS. 1A and 1B, in another embodiment, activation of

the vitreous visualization optical fiber 24 and the general illumination optical fiber 26

may be toggled manually. In one manual approach, the processor (CPU) 7 may be

configured to toggle between activation of the vitreous visualization optical fiber 24

(narrow beam 30a) and the general illumination optical fiber 26 (wide beam 30b)

based on commands entered at the console 4 (e.g., through touch screen 6 or a foot

pedal) to which the surgical probe 10 is connected. In another manual approach, a

switch 19 on the surgical probe 10 may be used by the user to switch between the

two beams 30a and 30b. In one embodiment, the switch 19 may be located on the

handle 14 of the surgical probe 10 and may comprise a two position switch, one

position for the narrow beam 30a and a second position for the wide beam 30b. In

one embodiment, the switch may be coupled to the console 4 by a wire. Other

methods of switching are also contemplated (e.g., by voice from the surgeon, using a

switch on the footpedal, etc.)

[024] In yet another embodiment, activation of the vitreous visualization optical

fiber 24 and the general illumination optical fiber 26 may be toggled manually by a

user, but the processor is configured to automatically control intensity of the

illumination light proportionally based on the distance measurement.

[025] FIG. 4 is a flow diagram illustrating a process performed by the processor

to automatically control intensity of illumination light on a surgical probe

proportionally based on a distance measurement. The process may begin by the



processor 7 determining whether vitreous visualization mode is activated (block

300). If the vitreous visualization mode is activated, the processor 7 activates the

vitreous visualization optical fiber 24 to produce the narrow beam 30a (and

deactivates the general illumination optical fiber 26 if activated) (block 302). The

processor 7 maintains a constant intensity for the narrow beam and ignores or

otherwise deactivates the distance optical fiber 28 (block 304).

[026] If vitreous visualization mode is not activated (block 300) the processor 7

determines whether general illumination mode is activated (block 306). If so, the

processor 7 activates the general illumination optical fiber 26 to produce the wide

beam 30b and activates the distance optical fiber 28 (and deactivates the vitreous

visualization optical fiber 24 if activated) (block 308).

[027] The processor 7 receives the distance measurement from the distance

optical fiber 28 during operation of the surgical probe 12 (block 310). In one

embodiment, the processor 7 may receive distance measurements continuously, or

may receive the distance measurements periodically.

[028] The processor 7 lowers intensity of the wide beam 30b as the probe

needle 12 is moved closer to the retina, as indicated by increasingly smaller distance

measurements (block 312). Similarly, the processor increases the intensity of the

wide beam 30b as the probe needle 12 is moved farther from the retina, as indicated

by increasingly larger distance measurements (block 314). This may be performed,

for example, by a table lookup approach where the lookup table contains distance

and intensity level value pairs. The processor may look up current distance

measurements in the table and adjust the intensity of the wide beam 30 to match the



corresponding intensity level in the table. The process continues with the processor

7 monitoring for a manual change of modes.

[029] In an exemplary embodiment, the processor 7 is located in the console 4 .

However, in another embodiment, the processor used to toggle the activation of the

optical fibers 24 and 26 may be located within the surgical probe 10. In the

embodiment where the processor is located within the surgical probe 10, a memory

may be coupled to both the processor and/or the switch 19 in the surgical probe 10.

The memory may be used to store the software instructions, as well as the distance

measurement data collected from the distance optical fiber 28, and the data

computed by the processor.

[030] The processors 7 may be configured to execute the instructions stored in a

memory to cause and control the process as described in this disclosure. As used

herein, a processor may comprise one or more microprocessors, field-programmable

gate arrays (FPGAs), controllers, or any other suitable computing devices or

resources, and memory may take the form of volatile or non-volatile memory

including, without limitation, magnetic media, optical media, random access memory

(RAM), read-only memory (ROM), removable media, or any other suitable memory

component. Memory may store instructions for programs and algorithms that, when

executed by a processor, implement the functionality described herein with respect

to any such processor, memory, or component that includes processing functionality.

[031] A method and system for an illuminated surgical probe having multiple

optical fibers has been disclosed. The present invention has been described in

accordance with the embodiments shown, and there could be variations to the

embodiments, and any variations would be within the spirit and scope of the present



invention. For example, the exemplary embodiment can be implemented using

hardware, software, a computer readable medium containing program instructions,

or a combination thereof. Accordingly, many modifications may be made by one of

ordinary skill in the art without departing from the spirit and scope of the appended

claims.



CLAIMS

We Claim:

1 . An illuminated surgical probe system, comprising:

a surgical probe having a probe needle;

a first optical fiber incorporated onto the probe needle, wherein a distal end of

the first optical fiber projects a first beam of illumination light over a tip

of the probe needle when activated;

a second optical fiber incorporated onto the probe needle, wherein a distal

end of the second optical fiber projects a second beam of illumination

light over the tip of the probe needle when activated; and

a third optical fiber incorporated onto the probe needle, wherein a distal end of

the third optical fiber projects a third beam of light over the tip of the

probe needle to perform a distance measurement between the probe

needle and a patient's retina when activated, wherein the distance

measurement is displayed or audibly presented to aid a user in

positional awareness of the probe needle with respect to the patient's

retina.

2 . The surgical probe system as in claim 1 , further comprising:

a processor that, based on the distance measurement, automatically toggles

the illumination light between the first beam having a first numerical

aperture that facilitates vitreous visualization and the second beam

having a second numerical aperture that facilitates background

illumination, wherein the second numerical aperture is larger than the

first numerical aperture.



3 . The surgical probe system as in claim 2 , wherein the first numerical aperture

has a numerical value of approximately less than or equal to .3.

4 . The surgical probe system as in claim 2 , wherein the second numerical

aperture has a numerical value of approximately greater than .3.

5 . The surgical probe system as in claim 2 , wherein the processor is configured

to:

compare a current distance measurement to a predetermined threshold

distance;

responsive to determining that the current distance measurement is greater

than or equal to the predetermined threshold distance, activate the first

beam of illumination comprising a narrow beam of illumination; and

responsive to determining that the current distance measurement is less than

the predetermined threshold distance, activate the second beam of

illumination comprising a wide beam of illumination.

6 . The surgical probe system as in claim 1 , wherein activation of the first optical

fiber and the second optical fiber is toggled manually by the user.

7 . The surgical probe system as in claim 6 , further comprising: a processor

configured to toggle between activation of the first optical fiber and the second

optical fiber based on commands entered at one or both of a console to which the

surgical probe is connected and a switch on the surgical probe.

8 . The surgical probe system as in claim 6 , further comprising: a processor

configured to automatically control intensity of the illumination light proportionally

based on the distance measurement.

9 . The surgical probe system as in claim 8 , wherein the processor is configured

to:



responsive to determining a general illumination mode is activated, activate

the second optical fiber to produce a wide beam;

receive the distance measurement from the third optical fiber during operation

of the surgical probe;

lower intensity of the wide beam as a probe needle of the surgical probe is

moved closer to a retina, as indicated by increasingly smaller distance

measurements; and

increase the intensity of the wide beam as the probe needle is moved farther

from the retina, as indicated by increasingly larger distance

measurements.

10. The surgical probe system as in claim 1, wherein the surgical probe

comprises a vitrectomy probe or a laser probe.

11. A computer-implemented method of providing an illuminated surgical probe,

the surgical probe comprising a probe needle, the method comprising:

incorporating a first optical fiber onto the probe needle, wherein a distal end of

the first optical fiber projects a first beam of illumination light over a tip of the probe

needle when activated;

incorporating a second optical fiber incorporated onto the probe needle,

wherein a distal end of the second optical fiber projects a second beam of

illumination light over the tip of the probe needle when activated; and

incorporating a third optical fiber onto the probe needle, wherein a distal end

of the third optical fiber projects a third beam of light over the tip of the probe needle

to perform a distance measurement between the probe needle and a patient's retina

when activated, wherein the distance measurement is displayed or audibly



presented to aid a user in positional awareness of the probe needle with respect to

the patient's retina.

12. The method as in claim 11, further comprising:

based on the distance measurement, automatically toggling by a processor,

the illumination light between the first beam having a first numerical aperture that

facilitates vitreous visualization and the second beam having a second numerical

aperture that facilitates background illumination, wherein the second numerical

aperture is larger than the first numerical aperture.

13. The method as in claim 12, wherein the first numerical aperture has a

numerical value of approximately less than or equal to .3.

14. The method as in claim 12, wherein the second numerical aperture has a

numerical value of approximately greater than .3.

15. The method as in claim 12, further comprising:

comparing, by the processor, a current distance measurement to a

predetermined threshold distance;

responsive to the processor determining that the current distance

measurement is greater than or equal to the predetermined threshold

distance, activating the first beam of illumination comprising a narrow

beam of illumination; and

responsive to the processor determining that the current distance

measurement is less than the predetermined threshold distance,

activating the second beam of illumination comprising a wide beam of

illumination.
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