Innovation, Sciences et Innovation, Science and
I*I Développement economique Canada Economic Development Canada
Office de la Propriété Intellectuelle du Canada Canadian Intellectual Property Office (11)(2

CA 2842435 C 2019/09/03

n 2 842 435

(12 BREVET CANADIEN
CANADIAN PATENT

13) C

(86) Date de déepot PCT/PCT Filing Date: 2012/08/09

(87) Date publication PCT/PCT Publication Date: 2013/02/14
(45) Date de délivrance/lssue Date: 2019/09/03

(85) Entree phase nationale/National Entry: 2014/01/20

(86) N° demande PCT/PCT Application No.: US 2012/050130
(87) N° publication PCT/PCT Publication No.: 2013/023080
(30) Priorité/Priority: 2011/08/09 (US61/521,450)

(51) Cl.Int./Int.Cl. A675 1/07(2006.01),

A61F 9/007(2006.01)

(72) Inventeurs/Inventors:
YADLOWSKY, MICHAEL J., US;
PAPAC, MICHAEL, US

(73) Proprietaire/Owner:
ALCON RESEARCH, LTD., US

(74) Agent. KIRBY EADES GALE BAK

(54) Titre : ENDO-ECLAIRAGE UTILISANT UN LANCEMENT DE FIBRE DECENTRE
(54) Title: ENDOILLUMINATION USING DECENTERED FIBER LAUNCH

102
N\

108

106

(57) Abréegée/Abstract:

An endollluminator system includes an endollluminator probe and an illumination source. The endoillum
nano-scale optical fiber and a probe fiber connector, and the illumination source includes a source fiber cor
source Is configured to produce an illumination spot at the source fiber connector having a diameter smal
fiber core of the nano-scale optical fiber. The probe fiber connector and the source connector are configured when connected to
align the illumination spot off-center relative to the nano-scale optical fiber such that the angular distribution of light emitted by the
nano-scale optical fiber Is Increased relative to aligning the illumination spot at a center of the nano-scale optical fiber.
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(57) Abstract: An endoilluminator system includes an en-
doilluminator probe and an illumination source. The endoillu-
minator probe includes a nano-scale optical fiber and a probe
fiber connector, and the 1llumination source includes a source
fiber connector. The 1llumination source 1s configured to pro-
duce an illumination spot at the source fiber connector having
a diameter smaller than a diameter of a fiber core of the nano-
scale optical fiber. The probe fiber connector and the source
connector are configured when connected to align the illu-
mination spot off-center relative to the nano-scale optical
fiber such that the angular distribution of light emitted by the
nano-scale optical fiber 1s increased relative to aligning the 1l-
lumination spot at a center of the nano-scale optical fiber.



ENDOILLUMINATION USING DECENTERED FIBER LAUNCH

1. Field of the Invention

[0001] Embodiments described herein relate to the field of microsurgical probes.

More particularly, embodiments described herein are related to the field of

endoillumination using decentered fiber launch.

2. Background
[0002] The field of microsurgical procedures is evolving rapidly. Typically,

these procedures involve the use of probes that are capable of reaching the tissue that is
bemg treated or diagnosed. Such procedures make use of endoscopic surgical
instruments having a probe coupled to a controller device in a remote console. Current
state of the art probes are quite complex in operation, often times requiring moving parts
that are operated using complex mechanical systems. In many cases, an electrical motor
1s included in the design of the probe. Most of the prior art devices have a cost that
makes them difficult to discard after one or only a few surgical procedures. Furthermore,
the complexity of prior art devices leads generally to probes having cross sections of
several millimeters. These probes are of little practical use for ophthalmic microsurgical
techniques. In ophthalmic surgery, dimensions of one (1) mm or less are preferred, to
access areas typically involved without damaging unrelated tissue.

[0003] Because of the relatively small aperture, endoilluminators for the interior
of the eye face additional challenges. First, the endoilluminator must couple efficiently
to the probe to provide enough light energy to reach the interior of the eye. Second,
because the probe tip is so small, the light must be able to spread over a wide solid angle
to illuminate the surgical field (ideally corresponding to an in-plane angle of seventy

degrees or greater). Both of these considerations have made it difficult to produce small

gauge endoilluminators.
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Summary

[0004] Certain exemplary embodiments can provide an endoilluminator system,
comprising: an endoilluminator probe comprising: a cannula; a nano-scale optical fiber
extending at least partially through the cannula and configured to emit light from a distal
end of the cannula; and a probe fiber connector; an illumination source comprising a
source fiber connector, the illumination source configured to produce an illumination
spot at the source fiber connector, the illumination spot having a diameter equal to or
less than 1 pm, the diameter of the illumination spot being smaller than a diameter of a
fiber core of the nano-scale optical fiber, wherein the probe fiber connector and the
source connector are configured when connected to align a center of the illumination
spot off-center relative to a center of the nano-scale optical fiber such that an angular
distribution of light emitted by the nano-scale optical fiber is increased relative to
aligning a center of the illumination spot with the center of the nano-scale optical fiber,
the center of the illumination spot being spaced from a center of the fiber core by a
distance in a range of 5 um to 20 um.

[0005] In other embodiments, an endoilluminator system includes an
endoilluminator probe and an illumination source. The endoilluminator probe includes a
nano-scale optical fiber and a probe fiber connector, and the illumination source includes
a source fiber connector. The illumination source is configured to produce an
tllumination spot at the source fiber connector having a diameter smaller than a diameter

of a fiber core of the nano-scale optical fiber. The probe fiber connector and the source

connector are configured when connected to align the illumination spot off-center
relative to the nano-scale optical fiber such that the angular distribution of light emitted
by the nano-scale optical fiber is increased relative to aligning the illumination spot at a

center of the nano-scale optical fiber.

[0006)] These and other embodiments of the present invention will be described

in further detail below with reference to the following drawings.
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Brief Description of the Drawings
[0007] FIG 1 shows a schematic of an ophthalmic endoilluminator system
according to a particular embodiment of the present invention:
{0008] FIGs. 2A and 2B illustrate end views of complementary fiber connectors
according to a particular embodiment of the present invention;
[0009] F1Gs. 3A and 3B illustrate end views of complementary fiber connectors
according to an alternative embodiment of the present invention:
[0010] FIG 4 is a graph illustrating the in-plane illumination angle corresponding
to full-width at half maximum intensity for various amounts of decentration for a probe
according 1o a particular embodiment of the present invention; and
[0011] FIG. 5 1s a graph illustrating coupling efficiency for various amounts of
decentration for a probe according to a particular embodiment of the present invention.
[0012] In the figures, elements having the same reference number have the same

or similar functions.
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Detailed Description

10013] Various embodiments of the present invention provide a fiber connector
system with a decentered launch of light beams into the probe optical fiber. Certain
embodiments include a source fiber connector and a probe fiber connector, wherein
an 1llumination spot emitted from the source fiber connector is offset from a center of
the probe fiber. For example, the connectors can hold the central axes of the source
emitter and the probe fiber offset relative to one another. In another example, the
source emitter can be configured to emit an illumination spot off center relative to the
probe fiber. Additional features of various embodiments of the present invention are
described in the following explanation of the FIGs.

(0014] Various embodiments of the present invention provide improve
endotllumination by increasing the angular distribution of the illuminated area using a
decentered launch while providing equivalent or greater coupling efficiency for the
lumination source to the probe. Previous systems have centered the illumination
spot on the probe fiber in order to avoid significant drops in coupling efficiency,
therefore making less light available for illumination. However, when using
sufficiently small illumination spots and, in particular, when using illumination spots
that can be decentered and still fall within the fiber cross-section, the spot can be
decentered without significant illumination loss. The decentration does, however,
significantly increase the angular distribution of the illumination, thus allowing a
wider area to be illuminated with substantially equal brightness.

[0015] In previous systems, particularly xenon lamp assemblies, the illumination
spot produced by the illumination source can be relatively large, meaning that
decentering the spot produces significantly less illumination. By contrast, when
lluminator systems using a tightly focused spot according to various embodiments of
the present invention are used, decentration can be exploited for a larger angular
distribution without such losses. Thus, various embodiments of the present invention
may be particularly useful for illumination sources that produce tightly focused
illumination spots, such as supercontinuum lasers.

[0016] In general, the following description relates to ophthalmic surgical
endoprobes including a handle suitable for being held in one hand and a cannula that

1s at least partially rigid that is suitable for insertion into a small incision. Such a
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system 1s schematically illustrated in FIG. 1, which includes an endoprobe 10 with a
handle 12 having a length L1 suitable for being held in a single hand and cannula 14
having a diameter D and length L2. The endoprobe 10 is optically coupled to an
Ilumination source 16 by a probe fiber connector 104 connected to a source fiber
connector 102. The diameter D of the cannula 14 is typically measured in according
to the gauge system for needles and similar medical devices; for ophthalmic
applications, this 1s typically 20 Ga (0.84 mm) or less. While the discussion relates to
ophthalmic endoilluminators, it could also apply to similar endoillumination devices
that are inserted through small incisions to produce wide-angle illumination. For
purposes of this specification, “small gauge” will be used to refer to endoilluminators
of 20 Ga diameter or less, and “nano-scale” will be used to refer to optical fibers
' having an outer diameter of 100 um or less.
10017] FIGs 2A and 2B illustrate end views of complementary fiber connectors
102 and 104 according to a particular embodiment of the present invention. In the
depicted embodiment, the source connector 102 includes a bulkhead 106 for holding a
probe fiber connector 104 in alignment with the illumination spot 108 produced by
the 1llumination source 20. The location of the illumination spot 108 is focused off-
center relative to the bulkhead 106, so that when the probe fiber connector 104 is
centered by the bulkhead, the illumination spot 108 will enter a fiber core 110 of a
probe optical tiber (including core 110 and cladding 112) decentered.
[0018] An alternative embodiment is illustrated in FIGs. 3A and 3B. In
FIGs. 3A and 3B, the probe fiber is positioned off-center in the probe fiber connector
104.  When the probe fiber connector 104 is inserted into the bulkhead, it is
automatically aligned so that a centered illumination spot 108 from the illumination
source 20 will be off-center relative to the fiber core 110 of the probe fiber, as shown
in F1G. 4B. Thus, the alignment of the source fiber connector 102 and the probe fiber
connector 104 produces a decentered launch of illumination light into the probe fiber.
10019] F1G. 4 illustrates the in-plane angular distribution to full-width at half
maximum (FWHM) of light intensity as measured from an example probe fiber into
which an illumination spot is aligned for a decentered launch into the fiber. For
purposes of this specification, light emitted from an endoilluminator will be
considered as having an “angular distribution” of a certain angle if the in-plane

angular distribution to FWHM spans that angle. In the example provided, the
5
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illumination spot size is about 1 um into a fiber having a numerical aperture of 0.22.
The plot illustrates that for decentration of up to 20 um, the angular distribution out to
which the FWHM extends rises from about 70 degrees to nearly 90 degrees.

[0020] FIG. 5 tllustrates the coupling efficiency for the same optical fiber as a
function of decentration. As shown in the plot of FIG. 5, decentration of the
tlumination spot coupled into the fiber can actually increase slightly as long as the
tHlumination spot still falls onto the fiber core, falling off only when the spot moves
off of the fiber core. Given the higher coupling efficiency and angular distribution,
the decentered alignment of the endoilluminator system may provide a larger angular
distribution without even needing to make the relatively minor tradeoff between
brightness and angular intensity.

10021] Various embodiments of the present invention provide an endoilluminator
system ncluding fiber connectors providing a decentered alignment between an
illumination spot and a probe optical fiber. Embodiments of the invention described
above are exemplary only. One skilled in the art may recognize various alternative
embodiments from those specifically disclosed. Those alternative embodiments are
also intended to be within the scope of this disclosure. As such, the invention is

limited only by the following claims.



CLAIMS:

. An endoilluminator system, comprising:
an endoilluminator probe comprising:

a cannula;

a nano-scale optical fiber extending at least partially through the cannula and
configured to emit light from a distal end of the cannula; and
a probe fiber connector;
an 1illumination source comprising a source fiber connector, the illumination source
configured to produce an illumination spot at the source fiber connector, the illumination spot
having a diameter equal to or less than 1 um, the diameter of the illumination spot being smaller
than a diameter of a fiber core of the nano-scale optical fiber, wherein the probe fiber connector
and the source connector are configured when connected to align a center of the illumination
spot off-center relative to a center of the nano-scale optical fiber such that an angular
distribution of light emitted by the nano-scale optical fiber is increased relative to aligning a
center of the illumination spot with the center of the nano-scale optical fiber, the center of the
illumination spot being spaced from a center of the fiber core by a distance in a range of 5 um

to 20 pm.

2. I'he endoilluminator system of claim 1, wherein a distance between the center of the

illumination spot and the center of the fiber core is at least 10 percent of the diameter of the

fiber core of the nano-scale optical fiber.

3. The endoilluminator system of claim 1, wherein the illumination source is a

supercontinuum laser.

4. The endoilluminator system of claim 1, wherein the nano-scale optical fiber is aligned

off-center within the probe fiber connector.
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5. The endoilluminator system of claim 1, wherein the illumination spot is produced at the

source fiber connector off-center relative to a bulkhead of the source fiber connector.

6. The endoilluminator system of claim 1, wherein an angular distribution of the

endoilluminator probe is at least eighty degrees.
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