wo 2013/126838 A2 || R A A

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

29 August 2013 (29.08.2013)

WIPOIPCT

(10) International Publication Number

WO 2013/126838 A2

(51) International Patent Classification:

AG1B 19/00 (2006.01)
AGIF 9/008 (2006.01)

AG61F 9/007 (2006.01)

(21) International Application Number:

PCT/US2013/027509

(22) International Filing Date:

22 February 2013 (22.02.2013)

(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:

61/603,281 25 February 2012 (25.02.2012) US

(71) Applicant: THRUFOCUS OPTICS, INC. [US/US]; 145

Thrush Court, Hercules, CA 94547 (US).

(72) Inventor; and
(71) Applicant : HICKENBOTHAM, Adam, L. [US/US];

5040 Creely Avenue, Richmond, CA 94804 (US).

(74

(8D

(84)

Agents: LOVEJOY, Brett A. ct al.; Morgan, Lewis &
Bockius, LLP, One Market, Spear Street Tower, San Fran-
cisco, CA 94105 (US).

Designated States (uniess otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU,
RW, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ,
™™, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
IM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,

[Continued on next page]

(54) Title: DEVICES AND METHODS FOR IMPROVING VISION USING LASER PHOTOMIOSIS

opntnamic (57) Abstract: Systems and methods of improving vision using an ophthalmological laser

Systern 100

system are provided. A predetermined pattern characterized by a plurality of positions

along a plurality of spatially distributed iris tissues of an eye of a patient is obtained. A
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Figure 1

laser illumination light beam is aligned in accordance with one or more of the plurality of
positions along the plurality of spatially distributed iris tissues. The laser illumination
light beam is delivered in the predetermined pattern to the plurality of spatially distributed
iris tissues of the patient. At least a subset of the spatially distributed iris tissues is cauter-
ized by the delivery of the laser illumination light beam in the predetermined pattern,
| thereby resulting in a permanent decrease in diameter of the pupil of the eye.
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Devices and Methods for Improving Vision Using Laser

Photomiosis

RELATED APPLICATION

{6081 This application claimed priority to U.S. Provisional Application No.
61/603281, filed February 25, 2012, which application 1s incorporated by reference hercin in

its entirety.

TECHNICAL FIELD

166021 The disclosed embodiments relate generally to systems and methods for
treating disorders of the human eve, and specifically to a systern method for improving vision

using laser photomiosis.

BACKGROUND

{6083 Before the onset of presbyopia, the natural optical lens in the human eve has
the ability to alter its focal length (c.g., to vary depth of ficld and focal plane) so as to focus
objects at varying distances from the observer onto the observer’s retina for visual
interpretation by the observer's brain.  With icreasing age and the resulting onset of
presbyopia, the eye lens progressively loses us ability to change focus and view with clarity
objects that are outside a limited range of focus distances. This inability of the eye lens to
change s focal length with age results in poor visual guality outside of a fixed focus
distance. Additionally, lower and higher order aberrations (a common side effect of various
tvpes of refractive surgery) in the eye can lead to reduced visual quality, particularly in low

ithumination, which can present as symptors of glare, halos, or reduced contrast sensitivity.

{6004] Current treatment mcthods for ameliorating the adverse effects of these losses
in visual quality include short-term pharmacological treatment (e.g., the use of miotic ageuts)
for losses in low light vision due to higher order aberrations as well as vision corrective
surgerics that attempt to alter the focal distances of the huruan cye lens in order to improve
the range of clear vision. The use of medical miotic agents is generally used only as a short-

term sohlution due to decreasing etficacy and the potential for adverse side effects. Vision
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corrective surgerics have generally been found to be inadequate in reversing the effects of

preshyopia that occur with age,

SUMMARY

{8005} Dsclosed are methods and systems for improving near visual acuity by
reducing defocus biur in patients with presbyopia and also improving visual performance
individoals with visual symptoms caused by aberrations (including higher order aberrations),
particularly those caused by refractive surgery. The methods and systems described realize
these improvements without altering the natural focusing capability of the human eye through
surgical intervention (such as by treatments to the lens or ciliary muscle} and without the
need for long-term medical treatment.  As such, the disclosed embodiments address the need
for improving visual acuity in patients with presbyopia by permanently decreasing the
diameter of the patient’s pupils by cauterizing (¢.g., heating and/or treating using a laser light
beam) specific wris tissues n specific predeterrained patterns 50 as to reduce the ability of the
iris to dilate the pupil. The disclosed approaches of reducing the pupil’s diameter result in a
reduction of defocus blur and visual aberrations without the hmitations of conventional

approaches.

HERL in accordance with some embodiments, a method of improving vision i8
performed by an ophthalmic laser system. The method includes obiaining a predetermined
pattern characterized by a plurality of positions along a plurality of spatially distributed iris
tissues of au eye of a patient. The method further includes aligning a laser tlumination hight
beam in accordance with one or more of the plurality of positions along the plurality of
spatially distributed ris tissues. The method also mcludes delivering the laser lummation
light beam in the predetermined pattern to the desired location in the eye of the patient. The
method further includes cauterizing (e.g., heating and/or treating) at least a subsct of the
spatially distributed iris tissues, by the delivery of the laser illumination hight beam in the
predetermined pattern, thereby resulting in a permanent decrease in diameter of the pupil of

the eye.

BRIEF DESCRIPTION OF THE DRAWINGS

166071 Figure 1 inchudes a block diagram of an ophthalmic laser system, in

accordance with some embodiments of this disclosure.

.
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HEHIT Figure 2A illustrates a cross-sectional anatomical view of a human oye in

accordance with the prior art.

166091 Figure 2B illustrates cross-sectional views of a human iris with various lengths
{e.g., cxtents of contraction of iris muscles), thereby causing various extents of pupil dilation

in accordance with the prior art,

{6618} Figure 2C illustrates frontal views of a human iris with various extents of
contraction of iris muscles, thereby causing various extenis of pupil dilation {e.g., 1n response

to intensity of ambient light) in accordance with the prior art.

Y Figure 3 is a block diagram illustrating an ophthalmic laser system, in

accordance with some embodiments of the present disclosure,

16012} Figure 4A~4B illustrate substantially radial predetermined paticrns of positions
for delivering the laser light beam on onc or more of the iris tissues of a patient’s eye, in

accordance with some embodiments of the present disclosure,

18013} Figure 5A-5B illastrate substantially circumferential predetermived patterus of
positions for delivering the laser light beam on one or more of the iris tissues of a patient’s

eve, in accordance with some embodiments of the present disclosure.

{6014} Figure 6A-6B illustrate substantially circumferential predetermined patierns
{e.g., in dual concentric arrangements) of positions for delivering the laser light beam on one
or more of the s tissues of a patient’s eye, w accordance with some embodiments of the

present disclosure.

10015] Figure 7 illusirates a combination of substantially radial and substantially
circurnferential patterns of positious for delivering the laser light beam ou oue or more of the

iris tissues of a patient’s ¢ye, in accordance with some embodiments of the present disclosure.

{6016} Figure 8 tllustrates a substantially circnlar predetermined spot pattern of
positions for delivering the laser light beam on one or more of the iris tissues of a patient’s

eve, in accordance with some embodiments of the present disclosure.

10017} Figure 9 illustrates a combination of substantially radial, substantially
circumferential, and substantially circular spot patterns of positions for delivering the laser
light beam on oune or more of the iris tissucs of a patient’s ove, in accordance with some

embodiments of the present disclosure.
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{6018] Figure 10 1s a flowchart illustrating a method for improving vision performed

at an ophthalmic laser system, in accordance with some embodiments of the present

disclosure.

10001] Like reference numerals refer to corresponding parts throughout the drawings.
DESCRIPTION OF EMBODIMENTS

[0619] It will also be understood that, although the ferms “first,” “second,” ete. may

be used herein to describe various elements, these elements should not be limited by these
terms. These terms are only used to distinguish one element from another. For example, a
first position could be termed a secound position, and, similarly, a second position could be
termed a first position, without changing the meaning of the description, so long as all
occurrences of the “first position” are renamed consistently and all occurrences of the second
position are renamed consistently, The first position and the sccond position are both

position, but they are not the same position,

100261 The terminology used herewn is for the purpose of describing particalar
embodiments only and is not intended to be limiting of the claims. As used in the description
of the embodiments and the appended claims, the singular forms “a”, “an” and “the” are
intended to inchude the plural forms as well, unless the context clearly indicates otherwise. It
will also be understood that the terro “and/or” as used herewn refers to and encompasses any
and all possible combinations of one or more of the associated listed ttems. It will be further
understood that the terms “comprises” and/or “comprising,” when used in this specification,
specify the presence of stated features, integers, steps, operations, elements, and/or
components, but do not preclude the presence or addition of one or more other features,

ntegers, steps, operations, cleruents, components, and/or groups thereof.

16021} As used herein, the term “if” may be construed to mean “when” or “upon” or
“in response to determining” or “in accordance with a determmmation” or “in response to
detecting,” that a stated condition precedent is true, depending on the coutext. Similarly, the
phirase “if it is determined [that a stated condition precedent is true]” or “if [a stated condition
precedent is true]” or “when [a stated condition precedent is true]” may be construed to mean

“upon determining” or “in response to determining” or “in accordance with a determination”
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or "“upon detecting” or “in response to detecting” that the stated condition precedent is true,

depending ou the context.

166221 Reference will now be made in detail to various embodiments, examples of
which arc illustrated m the accompanying drawings. In the following detailed description,
numerous specific details are set forth in ovder to provide a thorough understanding of the
invention and the described embodiments. However, the invention may be practiced without
these specific details, In other instances, well-known methods, procedures, components, and
circuits have not been described in detail so as not to unnecessarily obscure aspects of the

embodiments.

{6023} Figure 1 includes a block diagram of an ophthalmological laser system 100,

accordance with some embodiments of this disclosure.

{0024} As shown in Figure 1, ophthalmeological laser system 100 comprises a laser
fight source 102, a laser alignment and control module 104, and optionally a light sensing and
conditioning module 106. The radiation of laser light source 102 is focusable as a laser

iHurmination light beam 108,

{6025] Ophthalmological laser system 100 includes at least one processor {e.g., i
iaser alignment and control module 104, in light sensing and conditioning module 106, or
separately frova both or within both}; meraory {e.g., in laser alignment and control module
104, i light sensing and conditioning module 106, separately from both or within both); and
at least oune program stored in the raemory and executable by the at least one processor, the at
icast one program comprising instructions to perform one or more operations for improving

vision at ophthalmological laser system 100,

18026} The one or more operations nclude obtaining a predeterniped pattern
characterized by a plurality of positions along a plurality of spatially distributed iris tissues of
an eye of a patient. Accordingly, in some embodiments, the ophthalmological laser system
100 {(e.g., the laser alignment and control module 104) retrieves {¢.g., stored in memory} or
generates a predetermined pattern including a plurality of positions along which the laser
light beam from laser light source 102 is targeted on the patient’s irts {for example, as
explained with reference to Figures 4A-4B, 5A-5B, 6A-6B, 7, §, and 9 below). The plurality
of positions occurs along spatially distributed iris tissues of the eye of the patient {e.g., the

plurality of positions and the predetermined pattern).

-5
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{60271 The one or more operations include aligning the laser tllumination light beam
in accordance with one or roore of the plurahity of positions along a plurality of spatially
distributed iris tissues, In some embodiments, the optional light sensing and conditioning
module 106 determives parameters specific to the patient that determoine or guide the
alignment of the laser light beam onto the patient’s irts tissues. In such embodiments, the
light sensing and conditioning module 106 determines (¢.g., measures and/or estimates) an
individual patient’s eye size, iris diameter, tissue transparency, extent of pupil dilation,
distance or the eve and/or iris tissue to laser light source and the like. The light sensing and
conditioning module 106 optionally provides a feedback signal to the laser alignment and
control module 104 so as to guide the alignment of the laser illumination light beam in
accordance with one or more of the plurality of posiions along a plurality of spatially
distributed iris tissucs on the patient’s irts based on the patient-specific parameters
deterruined by the light sensing and conditioning module 106, The light scusing and
conditioning module 106 optionally focuses and guides the optical path of the laser light
beam 108 onto one or more of the plurality of positions along a plurality of spatially

distributed iris tissues,

16028] The one or more operations further include delivering the laser illumination
light beam 108 in the predetermined pattern on a surface of the cye of the patient; and
cauterize (e.g., treating and/or heating to a predetermined temperatare} at least a subset of the
spatially distributed iris tissues, by the delivery of the laser lumination light beam 108 in the
predetermined pattern, causing the subset of iris tissues to scarify thereby resulting in a
permanent decrease in diameter of the pupil of the eve. In some embodiments, by weakening
or scarifying specific muscles (e.g., the dilator muscles) i the patient’s ins, the capacity or
ability of the respective muscles to contract is reduced causing the nwscles to be himited in

their ability to shorten 1n length {or contract),

10029} In some embodiments, the laser hight source 102 1s a pulse laser and the laser
ilflumination hight beam 108 comprises a sequence of light pulses of average time duration

between 100 femioseconds and 108 mulliseconds,

{6038] In some embodiments, the laser light source 102 is a pulse laser and the laser
ithumination light beam 108 comprises a sequence of a plurality of light pulses with an

average repetition rate between cousecutive light pulses in the plurality of light pulses that s

-6 -
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between 2 Hertz and 100 kiloHertz. In some embodiments, a slower laser (e.g., a laser with a
iower pulse repetition rate} i3 used to target the inner iris or the strowal tissue and heat the
tissuc to cause contraction of the collagen in the stroma; when targeted on the dilator
muscles, the slower laser causes weakening of the dilator muscles. In some embodiments, a
faster laser (e.g., a laser with a higher pulse repetition rate, for example, used in conjunction
with the predetermined pattern shown i Figures 4A-4B) 1s used to target a substantial

portion of the length of the wis to cut (e.g., to scarify) the collagen in the stromal tissue.

16031 in some embodiments, the laser illumination light beam 0¥ comprises laser

light of wavelength between 530 nanometers and 1700 nanometers,

{06321 In some embodiments, one or wmore laser parameilers are obtained in
accordance with the obtained predetermined pattern. In some embodiments, for one or more
of a wavelength of laser light beam, a pulse repetition rate of pulses of the laser light beam, a
pulse duration of the pulses of the laser light beam, a duration of treatment of the spatially
distributed iris tissucs is different for the substantially radial predetermined patiern {(e.g., as
described further with reference to Figures 4A-4B) compared to the substantially
circumferential predetermined pattern (¢.g., as described further with reforence to Figures
SA-53B), aud s different for the sabstantially circular predetervmned spot treatroent patiern
{e.g., as described further with reference to Figure &), In some embodiments, a combination
of laser pararuciers are used to achieve a predetermoined pattern characterized by a respective
combination of one or more of a substantially radial predetermined pattern, a substantially
ciweamferential predetermined pattern, and a substantially civcular predeterromned  spot
treatment pattern (e.g., as described with reference to Figure 7 and Figure 9). ln some
embodiments, the predetermined pattern s a closed shape around the irs. Exaraples, of such
closed shapes inchade, but are not Hmited to, a respective combination of one or more of a
substantially radial predetermined patiern, a substantially circumforential predetermined
pattern, and a substantially circular predetermined spot treatment pattern.  However, the
present disclosure is not so limited. In some embodiments, the predetermined pattern is an
open shape around the iris, meaniug that, 1o such ewbodiments, the predetermined pattern
does not reach all the way around the eye with respect to the iris. In fact, in some
embodiments, the shape traverses less than 90 percent, less than 80 pereent, less than 70
percent, less than 60 percent, less than 50 percent, or less than 40 percent around the eve with

respect to the pupil. In such crubodiments, the predetermained pattern 18 a substantially radial

-7 -
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predetormined pattern, a substantially circumferential predetermined pattern, and a
substantially civcular predetermined spot treatment pattern that traverses less than 90 percent,
less than 80 percent, less than 70 percent, less than 60 percent, less than 50 percent, or less
than 40 percent around the eye with respect fo the pupil.  In some embodiments, the
predeternmuned pattern, while being a respective combination of one or more of a substantially
radial predetermined pattern, a substantially circumaferential predetermined pattern, and a
substantially circular predetermined spot treatment pattern, does not cover oue, two, three,
four, five, six, seven, or ¢ight or more portions of the eye radiating from the pupil. Figure 2.

ilustrates a cross-sectioval anatomical view of a human eye. As shown in Figure 2A, the
human eye has three layers: the sclera and cornea; the iris {on the anterior side) and the
choroid {(posterior); and the retina. The wris 1s the colored annular portion of the eye visible in
the frontal view. The pupil is the dark opening in the center of the iris that permits light to
enter the posterior regions of the eye, The size of the pupil opening determines the intensity
of light entering the eye. The size of the pupil opening is governed by the extent of
contraction of the iris muscles as explained below with reference to Figures 2B-2C, The eye
lens focuses the light eutering through the pupil through a process known as
“accommodation” by way of changing the focal length of the lens via the ciliary museles.
Vision defects {e.g., near-sightedness or myopia; or {ar-sightedness or hypermetropia; or
presbyopia) are frequently corrected by the use of one or more external lenses for angmenting
the eye’s natural ability to focus the incormng hight onto the retina or by altering or modifying
the eye’s natural “accommodation” function by targeting the ciliary muscles or the eye’s

natural lens.,

{6033} Alternatively, viston umprovement wethods  that  do  not  affect
“accommodation” presented here are targeted toward reducing the pupil’s ability to dilate, by
atfecting the iris tissues that impact the extent of pupil opeming.  Such methods of vision
correction prevent peripheral and stray hight from entering the pupil thereby reducing optical
aberrations  and improving visual acuity without impacting the eye’s natural
“accommodation.”  The disclosed methods would help increase the depth of focus for
patient’s presenting with presbyopia without impacting the functioning of the natural cye lens
{e.g., without fmpacting the eye’s natural “accommodation” process).  As a result, the
disclosed embodiments would help improve visual acuity at necar distances in patients

presenting with presbyvopia.
=] o
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{6034] in some embodiments an ophthalmological laser system comprises a laser, the
radiation of which is focusable as a laser illumination Hight beam forming a predetermined
pattern characterized by a plurality of positions along a plurality of spatially distributed iris
tissues of an eye of a patient. The ophthalmological laser systern further comprises an
alignment mechanism for aligning said laser illumination light beam in accordance with one
or more of the plurality of positions along the plurality of spatially distributed inis tissues. The
ophthalmological laser systens also comprises a delivery mechanism for delivering said laser
ilurnination hight beam in the predetermined pattern on a surface of the eye of the patient
thereby cauterizing at least a subset of the spatially distributed iris tissues, by the delivery of
the laser itllumunation light beam in the predetermined pattern, thereby resulting in a
permanent decrease in diameter of the pupil of the eye. In somwe embodiments, the laser is a
vertical-cavity emitting surface-emitting laser. In some embodiments, the laser is a

contiruous wave laser that is pulsed.

{6035] In some embodiments, an optical amplification system comprises an optical
amplifier, the emission of which is focusable as an emussion beam forming a predetermined
pattern characterized by a plurality of positions along a plurahity of spatially distributed ivis
tissues of an eye of a patient. The optical amplification system further comprises an
alignment mechanism for aligning said emission beam in accordance with one or more of the
plurality of positions along the plurality of spatially distributed iris tissues. The optical
amplification system further comyprises a delivery mechanmism for delivering said emission
beam in the predetermined pattern on a surface of the eye of the patient thereby cauterizing at
least a subset of the spatially distributed iris tissues, by the delivery of the emission beam in
the predetermined pattern, thereby resulting 1n a permanent decrease 1o diameter of the pupil

of the eye. In some embodiments, the optical amplifier is a laser or photon generator.

{06036} In some embodiments, an optical amplification system comprises an optical
amplifier, the enussion of which is focusable as an emission beam. The optical amplification
systemn further comprises at east one processor, memory, and at least one program stored in
the memory and executable by the at least one processor, the at least one prograrg comprising
instructions to: obtain a predetermined pattern characterized by a plarality of positions along
a phlurality of spatially distributed iris tissues of an cye of a patient; align said cmission beam
in accordance with one or more of the plurality of positions along the pharality of spatially

distributed ris tissues; deliver said cmission beam in the predetermined pattern on a surface

-9 -
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of the eye of the patient; and cauterize at least a subset of the spatially distributed iris tissues,
by the delivery of the emission beam in the predetermined pattern, thereby resulting o a

permanent decrease in diameter of the pupil of the eye.

{60371 In some embodiments, an acoustic amplification systern comprises an acoustic
amplifier, the emussion of which s focusable as an emission beam forming a predetermined
pattern characterized by a plurality of positions along a plurality of spatially distributed iris
tissues of an cye of a patient. The acoustic amplification system further comprises an
alignment mechanism for aligning said emission beam in accordance with one or more of the
plurality of positions along the plurality of spatially distributed iris tissues; and a delivery
mechanism for delivering said emission beam in the predetermined pattern on a surface of the
cye of the patient thereby caunterizing at least a subset of the spatially distributed s tissues,
by the delivery of the emission bean in the predetermined pattern, thereby resulting tn a
permanent decrease in diameter of the pupil of the eye. In some embodiments, the acoustic

amplifier is an ultrasound energy generator,

{6038] In some embodiments, an acoustic amplification systems comprises an acoustic
amplifier, the emission of which 1s focusable as an ermission beam; at least one processor;
raemory; at least one program stored in the memory and executable by the at least one
processor, the at least one program comprising instructions to: obtain a predetermined pattern
characterized by a plurality of positions along a plurality of spatially distributed iris tissues of
an ¢ye of a patient; align said emission beam in accordance with one or more of the plurality
of positions along the plurality of spatially distributed ins tissues; deliver said emission beam
in the predetermined pattern on a surface of the eye of the patient; and cauterize at least a
subset of the spatially distributed inis tissues, by the delivery of the cmission beam in the
predetermined pattern, thereby resulting in a permanent decrease in diameter of the pupil of

the eye,

106039} 1t will be understood that one or more of the systems disclosed herein (e.g., the
ophthalmic laser system, the ophthalmological laser system, the optical amiplification system,
the acoustic amplification system, and the hike) are optionally tabricated to include one or
more of the predetermined patterns (e.g., rather than obtaining the predetermined patterns

from memory). Alternatively, or in addition, one or more of the systems described herein are

- 10 -
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configured to retrieve one or more of the predetermined patterns from memory or gencrate

one ot more of the predetermined patterns.

10640} Figure 2B illustrates cross-sectional views of a human iris through various
iengths and extents of contraction of iris muscles, therchy causing various extents of pupil
didation. Figure 20 illustrates froutal views of a human ins through various lengths and
extents of contraction of iris muscles, thereby causing various extents of pupil dilation {(¢.g.,

in response to ambient ight conditions),

{0041} As explained in Figure 1, ophthalmological systems 100 focuses laser light
beam 108 (Figure 1) onto a plurality of spatially distributed iris tissues of the patients eye. In
some embodiments, the plurality of spatially distriibuted iris tissues mncludes one of the wis
stromal tissue (as shown in Figure 2B}, the iris dilator muscle tissue (Figure 2B-2C), the s

iimbus tissue (Figure 2B), or any combiuation thereof,

100421 In some embodiments, the predetermined pattern {(e.g., of the one or ruore of
the plurality of positions along a plurality of spatially distributed iris tissues) includes a
substantially radial pattern. In such embodiments, the laser hght beaw is focused on and
cauterizes {e.g., heats, scarifies and/or cuts) the iris stromal tissuc and/or the iris dilator
muscle tissue. In some embodiments, to produce contraction of the collagen i the strorua,
the stroma is targeted with the laser light beam. In some embodiments, to cause a weakening

of the dilator muscle, the dilator muscle 18 cut with or atfected by the laser hight beam.

16043} In some embodiments, the predetermuned patiern {e.g., of the one or more of
the plurality of positions along a plurality of spatially distributed iris tissues) includes a
substantially circumferential patiern.  In some embodimnents, the circumfcrential patiern s
defined or formed along (e.g., proximal to} the inner circumference of the iris {e.g., external
and adjacent to the sphincter muscle, for example targeting the iris stromal tissue and the iris
dilator muscles). In such ewbodiments, the laser light beam is focused on, and canterizes
{e.g., heats, cuts, and/or scarifies) the iris tissue (e.g., near the iris limbus or the tissue
external and adjacent to the sphincter muscle, for example targeting the iris stromal tissue and
the iris dilator muscles). In some embodiments, the circumferential pattern s defined or
formued along (e.g., proximal to} the outer circuniference of the iris {e.g., near the wis root).
in such embodiments, the laser light beam 1s focused on, and cauterizes {¢.g., heats, cuts

and/or scarifies) the iris dilator muscle tissue. In some embodiments, the circumferential

44 -
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pattern is any closed form pattern, or substantially closed form pattern, that includes an
arcuate edge and defines two or more, three or more, four or more, five or more, or six or
more positions about the pattern where a cut is to be made by a laser or other cutting

instrument, such as a surgical tool.

{0044 In some embodiments, the predetermuned pattern {e.g., of the one or more of
the plurality of positions along a plurality of spatially distributed iris tissues) includes a
substantially circular spot pattern.  In some ersbodituents, the sobstantially circular spot
pattern is formed along (e.g., proximal to) the inner circumference of the iris (e.g., external
and adjacent to the sphincter muscle, for example targeting the iris stromal tissue and the iris
dilator muscles). In such ewbodiments, the laser light beam is focused on, and cauterizes
{e.g., heats, cuts, and/or scarifies) the s tissue {e.g., near the s limbus or the tissue
external and adjacent to the sphincter muscle, for example targeting the iris stromal tissue and

the iris dilator muscles).

{0045] In some embodiments, the predetermined pattern {e.g., of the one or more of
the plurality of positions along a plurality of spatially distributed iris tissues) includes a
combination of two or more of a substantially radial pattern, a substantially circumferential
pattern, and a substantially circular spot pattern. v such embodiments, the laser light beam is
focused on, and cauterizes {e.g., heats, cuts, and/or scarifies) onc or more of’ the ris dilator
muscle tissue, the ins hmbus tissue (e.g., external and adjacent to the sphincter rauscle, for
example targeting the iris stromal tissue and the iris dilator muscles), and the iris stromal

tissue,

{8046} It will be understood that Figure 1 and Figures 2A-2C are merely
representative and illustrative and are not meant to be anatomically accurate representations

of the human eye or parts thereof,

{60471 Figure 3 is a block diagram illustrating an ophthalmic laser system 100 in
accordance with one embodiment of the present invention. The ophthalmic laser system 100
typically mcludes one or more processing wnits (CPU’sy 302 for executing modules,
programs and/or instructions stored in memory 310 and thereby performing processing
operations; one or more network or other communications mterfaces 304, memory 314; and
one or more commupication buses 314 for interconnecting these components. The

communication buses 309 optionally include cirenitry {(somctimes called a chipset) that
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interconnects and controls communications between system components. The ophthaimic
laser systern 100 optionally may ionclude a user interface 305 comprising a display device 306
and an input device 308, Laser 374 includes one or more discrete laser light sources {e.g.,
with one or more wavelengths of pulse laser output) that s used to geverate the laser hight
beam directed onto the surface of the patient’s iris.  Optical conditioning elements 370
optionally include optical assembly and compounents to focus, align, and condition the laser
light beam generated by laser 374, Memory 310 includes bigh-speed random access
memory, such as DRAM, SRAM, DDR RAM or other random access solid state memory
devices; and may include non-volatile mermory, sach as one or more magnetic disk storage
devices, optical disk storage devices, flash memory devices, or other non-volatile solid state
storage devices, Memory 310 roay optionally 1nclude one or more storage devices remotely
located from the CPU(s) 302. Moemory 310, or alternately the non-volatiic memory device(s})
within memory 310, comprises a non-transitory computer readable storage medium. In some
embodiments, memory 310, or the computer readable storage medium of memory 310 stores

the following programs, modules and data structures, or a subset thereof

« an operating system 312 that includes procedures for handiing various basic system

services and for performing hardware dependent tasks;

s anetwork communication module 314 that is used for connecting the ophthalmic laser
system 100 to other computers via the one or more communication network mterfaces
309 (wired or wircless) and onc or more communication networks, such as the
Internet, other wide arca vetworks, local area networks, metropolitan area networks,

and so on:

s a user mterface module 316 that receives commands from the user via one or more
mput devices 308 of user interface 305, generates user interface objects 1 display
device 306, and/or a visual representation of the patient’s iris or other parts of the
patient’s eye, a ropresentation of one or more of the predetermined patterns
superimposed on the visual representation of the patient’s iris.  The user interface
module 316 optionally facilitates the alignment of laser light beam on specific

portions of the patient’s iris;

s a laser alignment module 318 that provides commands to align a laser light beam in

accordance with a selected predetermined pattern and optionally guides the laser light
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cam along the plurality of positions along the spatially distributed iris tissues that

characterize the predetermived pattern;

» a laser delivery module 320 that includes control instructions and commands 1o
operate laser 374 to produce laser hight beam that is optionally directed through

optical conditioning elements 370 to be incident on the patient’s iris;

s predetermined patterns 322 that include multiple sets of predetermined patterns
(stored, for cxample, in a database of predeternuned patterns) that correspond to a
plurality of positions along a plurality of spatially distributed iris tissues along which
the laser beam is aligned {e.gz., by the laser alignment module 318) for vision

treatment or vision iraprovement;

s laser parameters 324 are sets of parameters {e.g., wavelength of laser hight, average
pulse duration, average pulse repetition rate, average treatment time, average
treatruent temperature or range of lemperatare increase of tissue, laser peak power,
laser pulse cnergy, and the like) arc optionally sclected in accordance with the

A

selected predeterruined pattern frown the predetermined patterns 322 for vision

treatment or vision improvement; and

s patient parameters 326 are sets of parameters (e.g., iris dimensions—inner and outer
circamfercuces of the inis and s thickuness, extent of pupil dilation, pupil diameter,
distance of treatment area from the laser source, and the like} that are specific to
mdividual patients and are optionally used to determine the predetermined pattern and

the laser parameter used for vision treatment or vision improvenent,

{6048] Bach of the above identificd elements may be stored in one or more of the
previcusly mentioned roemory devices, and corresponds to a set of instructions for
performing a function described above. The above identified modules or programs {i.e., scts
of instructions) need not be umplerented as separate software programs, procedures or
modules, and thus various subsets of these modules may be combined or otherwise re-
arranged in various embodiments. In some embodiments, memory 310 may store a subsct of
the modules and data structures identified above. Furthermore, memory 310 may store

additional modules and data structures not described above.
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{6049] Although Figure 3 shows an “ophthalmological laser system,” Figure 3 is
intended more as functional description of the various features which may be present 1o a set
of servers than as a structural schematic of the embodiments described herein. In practice,
and as recognized by those of ordinary skall n the art, itermns shown separately could be
combined and some tterns could be separated. For example, some items shown separately in
Figure 3 could be mmplemented on single servers and single itemns could be implemented by
one or more servers. The actual number of servers used to implement an ophthalmological
laser system and how features are allocated among them will vary from one tmplementation

io another,

{6058] Figures 4A-4B illustrate substantially radial predetermined patterns of
positions tor delivering the laser light beam on one or more of the iris tissues of a patient’s

eve , in accordance with some embodiments of the present disclosure.

{0051 Accordingly, in some embodiments, the predetermined pattern s a
substantially radial pattern. The plurality of positions comprises N positions {(e.g., positions
402-1, 402-b, 402-c, and the like where N = § as shown in Figure 4A; positions 404-1, 404-b,
404-c, and the like where N = 16 as shown Figure 4B}, cach of the N positions oriented
radially from the inner circamference {e.g., from the iris limbus; external and adjacent to the
sphincter muscle, for example targeting the inis stromal tissue and/or the iris dilator muscles,
as explained with reference to Figare 2B) of the ins proximal to the pupil to the outer
circumference (e.g., the iris root, as explained with reference to Figure 2B) of the iris distal to
the pupil. The N positions include a first position (e.g., position 402-a, Figure 44; position
404-a, Figure 4B) and a second position {e.g., position 402-b, Figure 4A; position 404-b,
Figure 4B) adjacent to the first position and separated from the first position by a predefined
angular separation {e.g., positions 402-a and 402-b are separated by the predefined angular
separation oy of approximately 45° as shown i Figure 4A; positions 404-a and 404-b are
separated by the predefived angular separation op of approximately 22.5° as shown 1n Figure
4B). In some embodiments, cach position of the plurality of positions corresponds to a

ireatment zone {e.g., 4 cul) on the patient’s ins using the laser light beam,

{6052] In some embodiments, the predefined angular separation has a value between
10° and 50° and N is a positive integer of value between 4 and 36, In some embodiments, an

average length of the plurality of positions {e.g., or cuts or treatment zones) has a value
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between I mm and 3 mm. In some embodiments, an average thickness of the plurality of

positions {e.g., or cuts or treatruent zones) has a value between 10 mucrouns and 200 mucrons.

in some embodiments, the laser light beam is focused on the plurality of positions, thercby
2 el !

causing scarification of the wris stromal tissue,

{6053} Figures SA-SB dlustrate substantially circomfercutial predetermined patierns
of positions for delivering the laser light beam on one or more of the iris tissues of a patient’s

eve, wn accordance with some emabodivuents of the preseut disclosure.

15054 As shown in Figure 5A, the substantially circumferential pattern is formed
proximal to the inner circumference of the ins. In some cmbodiments, the predetermined
pattern is a substantially circumferential pattern.  The plurality of positions comprises N
positions {e.g., positions 502-1, 502-b, 502-¢, and the like where N = 16 as shown in Figure
SAY, each of the N positions occurring at a first predetermined distance (e.g., distance d; as
shown in Figure 5A} along a radius of the iris measured from the inner circumference of the
iris,  The N positions together form the substantially circumforential patiern which is
substantially concentric with and proximal to the nner curcumference of the wis (e.g,
proximal to the iris hmbus; external and adjacent to the sphincter muscle, for example
targeting the iris strowal tissue and/or the iris dilator muscles, as explained with reference to
Figure 2B} The N positions include a first position {¢.g., position 502-a, Figure 5A) and a
second position {e.g., position 502-b, Figure 5B) adjacent to the first position, wherein a
center of the first position is scparated from a center of the second position by a
predetermined  separation {(e.g., separation x; as shown in Figure 54} along the
circumferential pattern.  In some embodiments, cach position of the plurality of positions
corresponds o a treatment zone {e.g., a cut) on the patient’s iris using the laser hight bearn, It
will be appreciated that a certain amount of variation in the distance of cach of the positions
from the iris as measured from the center of the pupil may be incurred when using the
predetermined patterns and that such vanations are within the scope of the present disclosure.
in some instances, such variation is intentional, in some instances such variation i1s due to
imperfections in the symmetry of {eatures of the subject eye, and in some instances such
variation arises due to the precision or accuracy of the apparatus applying cuts to the eyve. In
some instance, such variation arises to any combination of the above-identified factors or for

other reasons.
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{6055] in some cmbodiments, the first predetermined distance has a value between
8.75 millimeters and 1.5 nullimeters, the predetermined separation has a value between 50
micrometers and 300 micrometers, an average length of the first position {(e.g., length | of
position 532-c, Figure 5A) has a value between 25 micrometers and 200 micrometers, and N
is a positive integer of value between 4 and 20, In some embodiments, the [aser light beam is
focused on the plurality of positions, thereby causing weskening of dilator muscle and

scarification of posterior stroma.

16056] in some embodiments, for the predetermined pattern described with reference
to Figures 5A, a wavelength of the laser light beam has a value between 500 nanometers and
1100 nanometers. In some embodiments, a wavelength of the laser light beam has a value

between 532 nanometers and 1064 nanometers.

{80571 In some embodiments, for the predetermined pattern described with reference
to Figures 5A, the laser light source is a pulse laser and an average duration of laser pulses
has a value between 0.1 milliseconds and 20 milliseconds. In some embodiments, an average

duration of laser pulses has a valae between 0.5 milliseconds and 2 nulliseconds.

{6058 in some embodiments, for the predetermined pattern described with reference
to Figures SA, the laser light source 15 a pulse laser and an average repetition rate {e.g.,
frequency of repetition or pulsing) of laser pulses has a value between 0.5 Hertz and 800
Hertz. In some embodiments, an average repetition raie (e.g.. frequency of ropetition or

pulsing} of laser pulses has a value between 20 Hertz and 60 Hertz.

{6059) in some embodiments, for the predetermined pattern described with reference
to Figures SA, the laser light source 1s a pulse laser and the laser peak power has a value
between 5 milliWatts and1000 milliWatts, In some embodiments, the laser peak power has
value of between 100 mulliWatts and 300 muliiWatts,

{6060} In some erabodivuents, for the predetermined pattern described with reference
to Figures 5A, the laser light source is a pulse laser with an average laser pulse energy having
a value between 5 microfoules and 7500 microloules, In some embodiments, the average

laser pulse energy has a value between 200 microJoules and 1000 microloules.
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{6061 in some embodiments, for the predetermined pattern described with reference
to Figures 5A, an average laser power has a value between 1 milhiWatt and 500 nulliWatis.

in some cmbodiments, the average laser power is between 10 milliWatts and 50 milliWatts.

{0062} Additional examples of laser parameters and operating conditions and ranges,

that are used in some embodiments of the present disclosure are as described below:

# Number of laser-machined features between 100 and 25,000, (c.g., between 1000-
5600y,
s Diameter of posterior iris individual laser feature between 30 micrometers and 300

micrometers {e.gz., diamcter between 25 micrometers and 100 micrometers);

® Feature thickness between 50 micrometers and 200 micrometers (e.g., between 75

micrometers and 125 micrometers);

# Fraction of iris area treated between 1% and 20% (e.g., about 5%});
# Clinical laser exposure time between 20 seconds and 100 seconds {e.g., between 30-

60 seconds); and/or

e Focusing condition {€.g., spot size} between 0.3 and 8.6 NA {(e.g., between 6.4-0.5
NAJ.
{0063] As shown 1n Figure 5B, the substantially circumferential pattern 18 formed

proximal to the outer circumference of the irts. In some embodiments, the predetermined
pattern 1s a substantially circumferential pattern.  The plurality of positions comprises N
positions {e.g., positions 502-1, 502-b, 502-¢, and the like where N = 16 as shown in Figure
3A), cach of the N positions occurring at a second predeternuned distance {¢.g., distance d; as
shown wn Figure 5B) along a radius of the iris measured from the outer circumference of the
iris.  The N positions together form the substantially circumferential pattern which is
substantially concentric with and proxivual to the outer circumifercuce of the iris {e.g., the mis
root, as explained with reference to Figure 2B). The N positions inchude a first position {e.g.,
position 504-a, Figure 5B) and a second position {e.g., position 504-b, Figure 5B} adjacent to
the first position, wherein a center of the first position is separated from a center of the
second position by a predetermined separation (e.g., separation x; as shown in Figure 5B)

along the circumferential pattern. In some embodiments, sach position of the plarality of

- 18 -



WO 2013/126838 PCT/US2013/027509

positions corresponds to a treatment zone (e.¢., a cut) on the patient’s iris using the laser light

beam.

{0064 in some embodiments, the second predetermined distance has a value between
0 and 1.5 millimeters, the predetermined separation has a value between 50 micrometers and
I millumeter, an average length of the f{irst position {e.g., length 1 of position 504-¢, Figure
5B} has a valuc between 25 micrometers and 500 micrometers, and N is a positive integer of
value between 4 and 20. In sowe embodimeunts, the laser light beam is focused on the
plurality of positions, thereby causing weakening of dilator muscle and scarification of

posterior stroma.

{6065] In some erabodivuents, for the predetermined pattern described with reference
to Figures 5B, a wavelength of the laser light beam has a value between 770 nanometers and
1700 vanowmeters. In some erobodiruents, a wavelength of the laser light beam has a value

between 1000 nanometers and 1350 nanometers,

160646] in some embodiments, the laser light beam is used for a first portion of the N
positions of the predetermived pattern during a first session, and for a second portion of the N
positions of the predetermined pattern during a second session at a time after the first session,
where the time between the first session and the second session is more than five minuies,

more than one hour more than one day, or more than one week.

16067] in some embodiments, the laser light beam is used for cach of the N positions
of the predetermined pattern during a fivst session, and for all or a portion of the N positions
of the predetermined pattern during a second session at a time after the first session, where
the time between the first session and the second session 18 more than five minutes, more than

one hour more than one day, or more than one week.

16068] in some cmbodiments, the laser light beam is used for a portion of the N
positions of the predeterrmned pattern during a first session, and for all or a portion of the N
positions of the predetermined pattern during a second session at a time after the first session,
where the time between the first session and the second session is more than five minuies,

more than one hour more than one day, or more than one week.

16669} in some embodiments, for the predetermined pattern described with reference

to Figures 5B, the laser light source 18 a pulse laser and an average duration of laser pulses
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has a value between 100 femtoseconds and 1000 fomtoscconds. In some embodiments, an

average duration of laser pulses has a value between 130 ferutoseconds and 600

fomtoseconds.
10070} In some ernbodiruents, for the predetermined pattern described with reference

to Figures 5B, the laser light source 1s a pulse laser and an average repetition rate {e.g.,
frequency of repetition or pulsing) of laser pulses has a value between 1 kiloHertz and 100
kiloHertzs, In some emwbodiments, an average repetition rate {e.g., frequency of repetition or

pulsing} of laser pulses has a value between 10 kiloHertzs and 25 kiloHertzs.

16071 in some embodiments, for the predetermined pattern described with reference
to Figures 5B, the laser hight source is a pulse laser and an average laser peak power has a
value between 10 MegaWatts and 1000 MegaWatts. In some embodiments, the average laser

peak power has value of 100MWs,

180721 In some embodiments, for the predetermined pattern described with reference
to Figures 5B, the laser light source is a pulse laser and an average laser pulse energy has a
value between S microJoules and 100 microloules. Iun some embodiments, an average laser

prulse energy has a value between 10 microjoules and 50 microjoules.

{6G73) in some embodiments, for the predetermined pattern described with reference
to Figures 5B, an average laser power has a value between 100 milliWatls and 5000

milliWatts. In some embodiments, an average laser power has a value of 1000 milliWatts.

16074} In some ernbodiruents, for the predetermined pattern described with reference
to Figures 5B, an average number of laser shots delivered on the patient’s iris lies between
160,000 to 20 million, In some embodiments, an average number of laser shots delivered on
the patient’s iris 18 between 500,000 to 2 vallion.

{B075] Additional examples of laser parameters and operating conditions and ranges
are as described below:

* Nuraber of laser-machined posierior features 50-300, (e.g., in some embodiments, a

number of laser-machined posterior features is 100);
® Size of posterior iris laser-machined mdividual feature 50-200 micrometers diameter

featares {e.g., 100 micrometers in diameter);
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® Depth of iris tissuc treated: 50-200 micrometer deep features (e.g., 100 micrometer

deep features);

s Fraction of iris area treated: 1-20%;

e Chnical laser exposure time: 30-120 seconds {e.g., 60 seconds);

& Focusing condition {¢.g., spot size) 8.3-0.6 NA (e.g., 0.4-0.5 NA); and/or

e Separation of consecutive laser shots in scanning pattern: 1-10 micrometer, preferably

3-6 micrometer.

{6076} Figures 6A-68 illustrate substantially circumferential predetermined patterns
{e.g., in dual concentric arrangements) of positions for delivering the laser light beam on one
or more of the iris tissues of a patient’s eye, 1 accordance with some embodiments of the

present disclosure.

{6077} In some embodimeunts, the predetermined patlern is a  substantially
circumferential pattern. The plarality of positions comprises a (1) first set of M positions
{e.g., posttions 602-a, 602-b and the like where M = 16, as shown in Figure 6A; positions
606-a, 600-b and the like where M = 8, as shown in Figure 6B} and (1) a second set of P
positions {e.g., positions 604-a, 604-b and the like where P = 16, as shown in Figure 6A;

positions 608-a, 608-b and the like where P = 8, as shown n Figure 6B).

{6078] Each position of the first set of M positions occurs at a first predetermined
distance (e.g., distance d; as shown in Figure 6A) along the radius of the iris measured from
the inner circumference of the iris and the first set of M positions forms a first portion of the
substantially circurnferential pattern which s substantially concentric with and proximal to
the inuer circumberence of the s {e.g., proximal to the iris Hmbus; external and adjacent to
the sphincter muscle, for cxample targeting the iris stromal tissue and/or the iris dilator

rauscles, as explained with reference to Figure 28).

{6079} Fach position of the second set of P positions occurs at a second
predetermined distance {e.g., distance d, as shown in Figure 6A) along the radius of the iris
measured from the outer circumiference of the iris and the first set of P positions forming a
second portion of the substantially circumferential pattern which is substantially concentric
with and proximal to the outer circumference of the ins (e.g., proximal to the iris root, as

explained with reference to Figure 2B}, In some embodiments, each position of the plurality
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of positions corresponds to a treatment zone (e.g., a cut) on the patient’s iris using the laser

iight beam,

16086 in some embodiments, the first predetermined distance has a value between
0.75 mullirocters and 1.5 maillimeters, the sccond predetermined distance has a value between

(¢ and 1.5 nullivneters, and M and P are positive integers of valaes between 4 and 20,

{6081} Figure 6A illustrates a substantially circumferential predetermined pattern of
positions {¢.g., in 4 dual concentric arrangernent, with the positions placed in both concentric
arrangements along the same radial vectorsy for delivering the laser light beam on one or
more of the iris tissucs of a patient’s eye, in accordance with some embodiments of the

present disclosure.

{6082] In some embodiments, the first set of M posttions inclades (1) a first position
{e.g., position 602-a, Figure 6A) with a center located along a first radial vector (vector vy,
Figure 6A) rucasured from the center of the pupil toward the outer circurnference of the ris
and (i1} a second position {e.g., position 602-b, Figure 6A), adjacent to the first position
among the {irst set of M positions, located along a second radial vector {vector v,, Figure 6A)
measured from the center of the pupil toward the cuter circumference of the iris. The second
set of P positions includes a third position (e.g., position 604-a, Figure 6A) along the first
radial vector {vector vy, Figure 6A} and a fourth position {(e.g., position 604-b, Figure 0A)}

adjacent to the third position along the second radial vector (vector vy, Figure 6A).

{6083} Figure 68 illustrates a substantially circumferential predetermined pattern of
positions {¢.g., 1n a dual concentric arrangement, with the positions placed in the two
concentric arrangements along mierleaved radial vectors) for delivering the laser light beam
on one or more of the iris tissues of a patient’s eye, in accordance with some embodiments of

the present disclosure,

{0684} In some embodiments, the first set of M positions includes (1) a {irst position
{e.g., position 606-a, Figure 6B) with a center located along a first radial vector {vector vy,
Figure 6B) measured from the center of the pupil toward the outer circurnference of the inis
and (i) a second position {e.g., position 606-b, Figure 6B}, adiacent to the first position
among the {irst set of M positions, located along a second radial vector (vector v, Figure 6B)
measured from the center of the pupil toward the outer circumierence of the ins. The second

set of P positions includes (i) a third position {e.g., position 608-a, Figure 6B} along a third
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radial vector {vector v;, Figure 6B} and (i1} a fourth position {¢.g., position 608-b, Figure 68)
adjacent to the third position along the fourth radial vector {vector v4, Figure 6B). The third
radial vector is located between the first radial vector and the second radial vector {e.g., v3 is
located between vy and v,, Figure 6B}, and the second radial vector is located between the
third radial vector and the fourth radial vector {e.g., v2 1s located between vs and vy, Figure
6B).

{BO85] Figure 7 illustrates a combination of substantially radial (e.g., as explamed
with reference to Figures 4A-4B) and substantially circumferential patterns {e.g., as explained
with reference to Figures SA-5B) of positions for delivering the laser light beam on one or
more of the iris tissues of a patient’s eye, in accordance with some embodiments of the

present disclosure,

{3086} Figure R illustrates a substantially cuwenlar predeternuined spot pattern of
positions for delivering the laser light beam on one or more of the iris tissues of a patient’s

eve, in accordance with some embodiments of the present disclosure.

{6087} In some embodiments, the predetermined pattern is a substantially circular
spot pattern. The plurality of positions comprises N positions (e.g., positions 802-1, 802-b,
502-¢, and the like where N = 16 as shown n Figure 8}, cach of the N positions occurring at a
third predetermined distance {e.g., distance ds as shown in Figure 8) along a radius of the iris
measured from the inner circurnforence of the iris. The N positions together form the
substantially circular spot pattern which i3 substantially concentric with and proximal to the
inner circumfercnce of the inis {e.g., proximal to the iris Hmbus; external and adjacent to the
sphincter muscle, for example targeting the wris stromal tissue and/or the iris dilator muscles,
as explained with reference to Figure 2B). The N positions include a first spot position {¢.g.,
position 802-a, Figure &) and a second spot position {¢.g., position 802-b, Figure 8) adjacent
to the first spot position, wherein a center of the first spot position is separated from a center
of the sccond spot position by a predetermined separation {e.g., separation x; as shown in
Figure 8} along the circumferential pattern.  In some embodiments, cach position of the
plurality of positions corresponds to a treatment zone {e.g., a cut} on the patient’s iris using

the laser light beam.

{6088} In some embodiments, the third predetermined distance has a value between

0.75 milhmeters and 1.5 millimeters, the predetermined separation has a value between 0
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micrometers and 300 micrometers, an average diameter of the first spot position has a value
between 10 micrometers to 300 micrornelers, and N is a positive nteger of value between 4
and 20. In some cmbodiments, the laser light beam is focused on the plurality of positions,
thereby causing contraction of collagen in stroma and weakening of didator muscle on the

posterior iris.

{G089) in some embodiments, for the predetermined pattern described with reference
to Figures 8, a wavelength of the laser light beam has a value between 532 nanometers and
1100 nanometers. In some cmbodiments, a wavelength of the laser light beam has a value

between 900 nanometers and 1064 nanomeiers.

{6090} In some erabodivuents, for the predetermined pattern described with reference
to Figures 8, the laser light source is a pulse laser and an average duration of laser pulses has
a value between 10 milliseconds and 100 milliseconds. In some embodiments, an average

duration of laser pulses has a value between 40 milliseconds and 60 milliseconds.

16091 in some embodiments, for the predetermined pattern described with reference
to Figures 8, the laser hight source s a pulse laser and an average repetition rate {e.g.,
frequency of repetition or pulsing) of laser pulses has a value between 2 Hertz and 40 Hertz.
In some ernbodimuents, an average repetition rate {¢.g., frequency of repetition or pulsing) of

laser pulses has a value between 5 Hertz and 15 Hertz.

160921 in some embodiments, for the predetermined pattern described with reference
to Figures 8, the laser light source 18 a pulse laser and a laser peak power has a value between
0.5 Watt and 6 Watts. In some embodiments, the laser peak power has value of between 4

Watts and 6 Watts.

16093} In some embodiments, for the predetermined pattern described with reference
to Figures 8, the laser light source is a pulse iaser and an average laser pulse encrgy has a
value between 5§ mullidoules and 250 millldoules. In some embodiments, an average laser

pulse energy has a value between 80 milliJoules and 120 millijoules.

{6G94] in some embodiments, for the predetermined pattern described with reference
to Figures 8§, an average laser power has a value between 4.2 Watt and | Watt, In some

embodiments, an average laser power has a value between 0.4 Watt to 0.6 Watt.
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{6G95] in some embodiments, for the predetermined pattern described with reference
to Figures &, an average number of laser shots delivered on the patient’s iris hes between 100
and 1000, In some embodiments, an average number of laser shots delivered on the patient’s

iris 1s between 200 and 300,

{6096] Additional examples of laser parameters and operating conditions and ranges

arc as described below:

s Fraction of Iris to be treated: 1%-20% (e.g., 5-10%);
s Total Clinical treatment time: 15-120 seconds {e.g., 40-6{ seconds};
s Target Increase in Tissue Temperature: 10-60 degrees Celstus {e.g., target increase

35-45 degrees Celsius); and/or

® Spot Size of Treatment Zone: 40-350 raicrometers {e.g., 150-260 microrueters);
{60971 Figure 9 ilustrates a combination of substantially radial (e.g., as explained

with reference to Figures 4A-4B), substantially circumferential (e.g., as explained with
reference to Figures SA-5B), and substantially civcular spot patterns {e.g., as explained with
reference to Figure 8) of positions for delivering the laser light beam on one or more of the

iris tissues of a patient’s eve, in accordance with some embodiments of the present disclosure.
o 5

{6098] Figure 10 1s a flowchart representing a method 1000 for improving vision
performed at an ophthalmological laser system, according to certain embodiments of the
invention.  Method 1000 may be goversed by instructions that are stored i a computer
readable storage medium and that are executed by one or more processors of one or more
servers. Each of the operations shown in Figure 10 may correspond to structions stored in a
computer memory or computer readable storage medium. The computer readable storage
medium may include a magnetic or optical disk storage device, solid state storage devices
such as Flash memory, or other non-volatile memory device or devices. The computer
readable instructions stored on the computer rcadable storage modium are in source code,
assembly language code, object code, or other nstruction format that 1s witerpreted by oue or

MOTC ProCessors,

106099} The ophthalmic laser system 100 obtains (e.g., retrieves and/or generates)
(1002} a predetermined pattern characterized by a plurality of positions along a plurality of

spatially distributed iris tissues of an oye of a patient. For example the ophthalmic laser
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system obtains a substantially radial pattern as described with reference to Figures 4A-4B, a
substantially circomfercutial pattern as described with reference to Figures SA-3B and 6A-
6B, a combination of substantially radial and substantially circumferential patterns as
described with reference to Figure 7, a substantially circular spot pattern as described with
reference to Figure §, a combination of substantially radial, substantially circumferential, or
substantially circular spot patterns as described with reference to Figure 9. The
predetermined patterns are characterized by a corresponding plurality of positions {e.g., as
described with reference to Figures 4A-4B, SA-5B, 6A-6B, and 7-9) along a plurality of
spatially distributed fris tissues {e.g., the ris hmbus fissue, the iris stromal Hssue, and/or the

iris dilator muscle tissue; as described with reference to Figure 2B}

{60100] Ophthalmic laser system 100 aligns (1004} a laser illumination light beam in
accordance with one or more of the plurality of positions along a plurality of spatially
distributed iris tissues. In some embodiments, ophthalmic laser system 100 obtains (1006)
one or more laser parameters {e.g., wavelength of laser light, average duration of laser pulses,
average pulse repetition rate of laser pulses, time of treatment or delivery of laser pulses, and
the hike: as explained with reference to Figure 1, Figares 5A-5B, and Figure 8) in accordance
with the obtained predetermined pattern. In other words, in some embodiments, one or more
of the laser parameters are selected n accordance with the predetermined pattern; differcunt
sets of laser parameters are selected for different corresponding predetermined patterns, Ha
combination of predetermined patterns is used {e.g., a combination of substantially radial and
substantially circumferential patterns as shown i Figure 7; or a combination of radial,
substantially circumferential, and substantially circular spot patterns as shown in Figure %),
then a corresponding combination of laser parameters are used in accordance with the

selected combination of predetermined patterns.

{00101} Ophthalmic laser systern 100 delivers (1008) the laser tllununation light beam

in the predetermined pattern on a surface of the eye of the patient.

{801062] {Ophthalmic laser systemy 100 cauterizes (1010} (e.g., heats to a predefined
teraperature and/or treats) at least a subset of the spatially distributed iris tissues, by the
delivery of the laser illumination light beam in the predetermined pattern {e.g., causing the
subset of iris tissues to heat, contract, be cut, or scarify), thereby resulting in a decrease in

diameter of the pupil of the eye.
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{60103} The foregoing description, for purpose of explanation, has been described with
reference to specific embodiments.  However, the illustrative discussions above are not
intended to be exhaustive or to limit the invention to the precise forms disclosed. Many
modifications and vanations are possible in view of the above teachings, The embodiments
were chosen and described in order to best explain the principles of the inveution and its
practical applications, to thereby enable others skilled 1n the art to best utilize the mnvention
and various embodiments with various modifications as are suited to the particular use

conternplated.
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What is claimed is;

i. An ophthaimological laser system comprising:

a laser, the radiation of which is focusable as a faser illumination light beamy

at least one processor;

MErory;

at least one program stored in the memory and executable by the at least one

processor, the at least one program comprising mstructions (o]

obtain a predetermined pattern characterized by a plurality of positions
along a plurality of spatially distributed iris tissues of an eye of a
paticnt;
align said laser illumination light beam in accordance with one or more
of the plurality of positious along the plurality of spatially distributed
iris tissues;
deliver said laser lurmination light beam 1o the predeterruined pattern
on a surface of the eye of the patient; and
cauterize at least a subset of the spatially distributed iris tissues, by the
delivery of the laser Hlurnination light beam in the predeterrmned
pattern, thereby resulting in a permanent decrease in diameter of the

pupil of the eye.

~5

2. The ophthalmological system of clawm 1, wherein the laser 18 a pulse laser and the
iaser illumination light beam comprises a sequence of light pulses of average time duration

between 100 femtoseconds and 100 mulliseconds.

3. The ophthalmological system of claim 1, wherein the laser 18 a pulse laser and the
laser illumination light beam comprises a sequence of a plurality of Hight pulses with an
average repetition rate between two consccutive light pulses of the plurality of light pulses

between 0.5 Heriz and 100 kiloHerte,

4. The ophthalmological system of any one of claums 1-3, wherein said laser
ithumination light beam comprises laser light of wavelength between 500 nanometers and

1700 nanometers,
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3. The ophthalmological system of any one of claims 1-4, wherein the obtained
predetermined pattern further defines one or more laser parameters and wherein the
instructions to deliver said laser iHlumination light deliver the laser illumination light in

accordance with the one or more laser parareters,

6. The ophthalmological system of any one of claims 1-5, wherein the plurality of
spatially distributed iris tissues comprises one or more of: the iris stromal tissue, the iris

dilator muscle tissue, the wis limbus tissue, or any combination thercof.

7. The ophthalmological systern of any one of claims 1-6, wherein the predetermined
pattern includes one or more of: a substantially radial patiern, a substantially circumferential

pattern, a substantially circular spot pattern, or any combination thereof.

8. The ophthalmological system of any one of claims 1-6, wherein:
the predeterrmned pattern is a substantially radial patiern;
the plurality of positions comprise N positions, each of the N positions oriented
radially from the inner circurnference of the wris proximal to the pupil to the
outer ctrcumference of the iris distal to the pupil; and
the N positions include a first position and a sccond postiion, the second position
being adjacent to the {first posttion and separated trom the first posttion by a

predefined angular separation.

9. The ophthalmological system of claim 8, wherein the predefined angular separation

has a value between 10 and 50° aud N is a positive 1oteger of value between 4 and 36,

19,  The ophthalmological system of any oue of claivus 1-6, wherein:
the predetermined pattern is a substantially circumferential pattern;
the plurality of positions comprises N positions, cach of the N positions occurring at a
first predetermined distance along a radius of the iris measured from inner
circumference of the iris;
the N positions together form the substantially circumferential patiern which 1s
substantially concentric with and proximal to the inner circumference of the

irts; and
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the N positions include a first position and a second position adjacent to the first
position, wherein a center of the first position is separated from a center of the
second position by a predetermined separation along the circumferential

patiern.

It The ophthalmological system of claim 10, wherein the first predetermined distance
has a value between 0.75 millimeters and 1.5 millimeters, the predetermined separation has a
valuc between 50 micrometers and 300 micrometers, an average length of the first position
has a value between 25 micrometers and 200 micrometers, and N is a positive integer of

value between 4 and 20.

12, The ophthalmological system of any one of claims 1-6, wherein:

the predetermined pattern is a substantially civcumiferential pattern;

the plurality of positions comprises N positions, each of the N positions occurring ata
second predetermined distance along a radius of the iris measured from the
the outer circumference of the iris;

the N positions together form the substantially circumfercutial pattern which 1s
substantially concentric with and proximal to the cuter circumference of the
irts; and

the N positions include a first position and a second position adjacent to the first
position, wherein a center of the first position is separated from a center of the
second position by a predetermuned separation along the civcumiferential

pattern.

13, The ophthalmological system of claim 12, wherein the second predetermined distance
has a value between 0 and 1.5 millimeters, the predetermined separation has a value between
50 micrometers and | millimeter, an average length of the first posttion has a value between

25 micrometers and 500 micrometers, and N 1s a positive integer of value between 4 and 20,

14, The ophthalmological system of any one of claims 1-6, wherein:
the predetermined pattern is a substantially circular spot pattern

the plurality of positions comprises N positions, each of the N positions occurring ata

third predetermuned distance along a radius of the fris measured from the funer

circumference of the iris;
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the N positions together form the substantially circular spot pattern which is
substantially concentiric with and proximal to the mner circumference of the
iris; and

the N positions include a first spot position and a second spot position, the second
spot position being adjacent to the first spot position, wherein a center of the
first spot position s separated frorn a center of the second spot position by a

predeternined separation along the circumferential pattern.

15.  The ophthalmological systems of claim 14, wherein the third predetermined distance
has a value between (.75 millimeters and 1.5 millimeters, the predetermined separation has a
vahie between § micrometers and 300 micrometers, an average radius of the first spot
position has a value between 10 micrometers to 300 micrometers, and N is a positive integer

of value between 4 and 20,

6. The ophthalmological system of any one of claims 1-6, wherein:
the predetermined pattern is a substantially circumferential pattern; and
the plurality of positions comprises a (1) first st of M positions and (i1} a second set
of P positions wherein:
each position of the first set of M positions occurs at a first predetermined
distance along the radius of the wis measured from the inner
circumference of the iris and the first set of M positions forms a first
portion of the substantially circurnferential pattern which is
substantially concentric with and proximal to the inner circumference
of the iris; and
each position of the second set of P positions occurs at a second predetermined
distance along the radius of the inis measured from the outer
circamference of the iris and the first set of P positions forms a second
portion of the substantially circumierential pattern which is
substantially concentric with and proximal to the outer circurnference

of the iris,

17 The ophthalmological system of claim 16, wherein:

‘s
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the first set of M positions includes (i} a first position with a center located along a
first radial vector measured from the center of the pupil toward the cuter
circumference of the iris and (i) a second position, adjacent to the first
position among the furst set of M positions, located along a secoud radial
vector measured from the center of the pupil toward the outer circumference
of the iris; and

the second set of P positions inchudes a third position along the first radial vector and

a fourth posttion adjacent to the third position along the secound radial vector,

The ophthalmological system of claim 16, wherein:

the first set of M positions includes (1) a first position with a ceunter located along a
first radial vector measured from the center of the pupil toward the outer
circurnference of the wis and (1) a second position, adjacent to the first
position among the first set of M positions, located along a second radial
vector measured frora the center of the puptl toward the outer circuraterence
of the iris;

the second set of P posttions includes (1} a third position along a third radial vector
and (11} a fourth position adjacent to the third position along the fourth radial
vector;

the third radial vector 1s located between the first radial vector and the second radial
vector; and

the second radial vector is located between the third radial vector and the fourth radial

vecior.

The ophthalmological system of claim 16, wherein the first predetermined distance

has a value between 0.75 milhmeters and 1.5 millimeters, the second predetermined distance

has a value between 0 and 1.5 nuillimeters, and M and P are positive integers of values

between 4 and 20,

26,

A non-transitory computer readable storage medium storing one or more programs

configured for execution by a computer, the one or more programs comprising wstructions

o0
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obtain a predetermined pattern characterized by a plurality of positions along a
plurality of spatially distributed inis tissues of an eye of a patient;

align a laser illumination light beam in accordance with one or more of the plurality
of positions along the plurality of spatially distributed iris tissues;

deltver said laser illumination light beam in the predetermined pattern on a surface of
the eye of the patient; and

canterize at least a subset of the spatially distributed iris tissues, by the delivery of the
laser illumination light beam in the predetermined patiern, thereby resulting in

a permanently decrease m diameter of the pupil of the eve.

21 A method of improving vision performed at an ophthalmological laser system, the
method comprising:
obtaining a predetermined pattern characterized by a plurality of positions along a
plurality of spatially distributed iris tissues of an eye of a patient;
aligning a laser ilumination light beam in accordance with one or more of the
plurality of positions along the plurality of spatially distributed iris tissues;
delivering said laser lumination light beam in the predetermined pattern on a surface
of the eye of the patient; and
cauterizing at least a subset of the spatially distributed iris tissues, by the delivery of
the laser Ulunnnation light beam wn the predetermined pattern, thereby

resulting in a permanent decrease in diameter of the pupil of the eye.

b2
b

An ophthaimological laser system comprising:
a laser, the radiation of which is focusable as a laser illumination light beam {orming a
predetermined pattern characterized by a plurality of positions along a plurality of spatially
distributed 1ris tissucs of an eye of a patient;

an alignment mechanism for aligning said laser iHumination light beam in accordance
with one or more of the plurality of positions along the phurality of spatially distributed iris
tissues;

a delivery mechanism for delivering said laser illumination light bean in the
predeterrained pattern on a surface of the eye of the patient thereby caulerizing at least a

subset of the spatially distributed iris tissues, by the delivery of the laser llumination light
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beam in the predetermined pattern, thereby resulting in a permanent decrease in diameter of

the pupil of the eve.

23, The ophthalmological laser system of claim 22 wherein the laser is a vertical-cavity

emitting surface-cmitting laser.

24, The ophthalmological laser system of claim 22 wherein the laser is a continuous wave

laser that is pulsed.

25, Aun optical amplification system comprising:

an optical amplifier, the emission of which is focusable as an emission beam forming
a predetermined pattern characterized by a plurality of positions along a phurality of spatially
distributed iris tissues of an eye of a patient;

an alignment mechanism for aligning said cmission beam in accordance with one or
more of the plurality of positions along the plurahity of spatially distributed wris tissues; and

a delivery mechanism for delivering said emission beam in the predetermined pattern
on a surtace of the cye of the patient thereby cauterizing at least a subset of the spatially
distributed iris tissues, by the delivery of the emission beam in the predetermined pattern,

thereby resulting in a perruanent decrease 1n diameter of the pupil of the eye.

26.  The optical amplification system of claim 25 wherein the optical amplifier is a laser or

photon generator.
=)

27, The optical araplification system of claim 25, wherein the optical amplifier is a pulse
iaser and the emission beam comprises a sequence of light pulses of average time duration

between 100 femtoseconds and 108 milliseconds.

28, The optical amplification systern of claim 25, wherein the optical amplifier 1s a pulse
laser and the emission beam comprises a sequence of a phurality of light pulses with an
average repetition rate between two consccutive light pulses of the plurality of light pulses

between 0.5 Heriz and 100 kiloHertz,

29, The optical arplification system of claim 25, wherein said emission beam comprises

iaser light of wavelength between 500 nanometers and 1700 nanometers.
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38, The optical amplification system of any one of claims 25-29, wherein the
predeternuned pattern is further defined by one or more laser parameters that determined the

characteristics of the emission beam.

31, The optical amplification system of claim 25-30, wherein the plurality of spatially
distributed wis tissues comprises one or more of! the s stromal tissue, the iris dilator muscle

tissue, the ins limbus tissue, or any combination thereof.

32.  The optical amiplification system of any one of claims 25-31, wherein the
predetermined pattern includes one or more oft a substantially radial pattern, a substantially

circamiferential pattern, a substantially circular spot pattern, or any corbivation thereofl

33, The optical amplification syster of any oune of claims 25-31, wherein:
the predetermined pattern is a substantially radial pattern;
the plurality of positions coraprise N positions, each of the N positions oriented
radially from the inner circumference of the iris proximal to the pupil to the
outer circumference of the iris distal to the pupil; and
the N positions include a first position and a second position, the second position
being adjacent to the first posttion and separated from the first position by a

predetined angular separation,

34, The optical amplification system of claim 33, wherein the predefined angular
separation has a value between 10° and 50° and N is a positive integer of value between 4 and

36.

35.  The optical amplification syster of any oune of claims 25-31, wherein:
the predetermined pattern is a substantially circumferential pattern;
the plurality of positions comprises N positions, cach of the N positions occurring at a
first predetermined distance along a radius of the iris measured from inner
circumference of the iris;
the N positions together form the substantially circumferential patiern which 1s
substantially concentric with and proximal to the inner circumference of the

irts; and
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the N positions include a first position and a second position adjacent to the first
position, wherein a center of the first position is separated from a center of the
second position by a predetermined separation along the circumferential

patiern.

36, The optical araplification system of claim 35, wherein the first predetermined distance
has a value between 0.75 millimeters and 1.5 millimeters, the predetermined separation has a
valuc between 50 micrometers and 300 micrometers, an average length of the first position
has a value between 25 micrometers and 200 micrometers, and N is a positive integer of

value between 4 and 20.

(%)
~d

The optical amplification system of any one of claims 25-31, wherein:

the predetermined pattern is a substantially civcumiferential pattern;

the plurality of positions comprises N positions, each of the N positions occurring ata
second predetermined distance along a radius of the iris measured from the
the outer circumference of the iris;

the N positions together form the substantially circumfercutial pattern which 1s
substantially concentric with and proximal to the cuter circumference of the
irts; and

the N positions include a first position and a second position adjacent to the first
position, wherein a center of the first position is separated from a center of the
second position by a predetermuned separation along the civcumiferential

pattern.

2

38.  The optical amiplification system of claim 37, wherein the second predetermined
distance has a value between 0 and 1.5 millimeters, the predetermined separation has a value
between 50 micrometers and 1 millimeter, an average length of the first position has a value
between 25 micrometers and SO0 micrometers, and N is a positive integer of value between 4

and 20,

39, The optical arnplification system of any one of claims 23-31, wherein:

the predetermined pattern is a substantially circular spot pattern;
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the plurality of positions comprises N positions, each of the N positions occurring ata
third predetermuned distance along a radius of the fris measured from the funer
circumterence of the iris;

the N positions together form the substantially circular spot pattern which is
substantially concentric with and proximal to the inner circumference of the
iris; and

the N posttions include a first spot position and a second spot position, the second
spot posttion being adjacent to the first spot position, wherein a center of the
first spot position 18 separated from a center of the second spot position by a

predetermined separation along the circumferential pattern.

46.  The optical amplification system of claim 39, wherein the third predetermined
distance has a value between 0.75 millimeters and 1.5 millimeters, the predetermined
separation has a value between 0 micrometers and 300 micrometers, an average radius of the
first spot posttion has a value between 10 micrometers to 300 micromucters, and N is a

yositive inieger of value between 4 and 20.
fa)

41, The optical amplification system of any one of claims 23-31, wherein:
the predetermined pattern is a substantially circumferential pattern; and
the plurality of positions comprises a (1) first set of M positions and (11} a second set
of P positions wherein:
sach position of the first set of M positions occurs at a fivst predetermined
distance along the radius of the iris measured from the inner
circumterence of the 1ris and the first set of M positions forms a first
portion of the substantially circumferential pattern which is
substantially concentric with and proximal to the inner circumference
of the ins: and
each position of the second set of P positions occurs at a second predetermined
distance along the radius of the wis measured from the outer
circumference of the iris and the first set of P positions forms a second
portion of the substantially circurnferential pattern which is
substantially concentric with and proximal to the outer circumference

of the iris.
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42.  The optical amplification system of claim 41, wherein:

the first set of M positions mmcludes (i) a {irst position with a center located along a
first radial vector measured from the center of the pupil toward the outer
cireamiference of the iris and (11} a second position, adjacent to the first
position among the first set of M positions, located along a second radial
vector measured from the center of the pupil toward the outer circumference
of the iris; and

the second set of P posttions includes a third position along the first radial vector and

a fourth posttion adjacent to the third position along the secound radial vector.

43, The ophthalmological system of claim 41, wherein:

the first set of M positions includes (i} a first position with a center located along a
first radial vector measured from the center of the pupil toward the cuter
circumference of the iris and (i) a second position, adjacent to the first
position among the first set of M positions, located along s sccond radial
vector measured from the center of the pupil toward the outer circumference
of the iris;

the second set of P positions includes (1) a third position along a third radial vector
and (it} a fourth position adjacent to the third position along the fourth radial
veolor,

the third radial vector is located between the first radial vector and the second radial
vector; and

the second radial vector is located between the third radial vector and the fourth radial

vecior.

44, The ophthalmological system of claim 41, wherein the first predetermined distance
has a value between 0.75 millimeters and 1.5 miliimeters, the second predetermined distance
has a value between 0 and 1.5 millimeters, and M and P arc positive mtegers of values

between 4 and 20,

45.  An optical amplification systern comprising:
an optical amplifier, the cruission of which is focusable as an emission beam;

at least one Processor;
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Memory;
at least one program stored 1o the memory and executable by the at least one
processor, the at least one program comprising instructions to:

obtain a predetermined patiern characterized by a plurality of positions
along a plurality of spatially distributed iris tissues of an eye of a
patient;
align said emission beam in accordance with one or more of the
plurality of positions along the plurality of spatially distributed ris
{issues;
deliver said emission beam in the predetermined pattern on a surface of
the eye of the patient; and
cauterize at least a subset of the spatially distributed iris tissues, by the
delivery of the emission beam in the predetermined patiern, thercby

resulting in 8 permanent decrease in diameter of the pupil of the eye.

46. Aun acoustic amplification systen comprising:

an acoustic amplifier, the emussion of which s focusable as an emission beam
formung a predetermined pattern characterized by a plurality of positions along a plurality of
spatially distributed iris tissues of an eye of a patient;

an alignment mechanisw for aligning said emission beam n accordance with one or
more of the plurality of positions along the plarality of spatially distributed iris tissues; and

a delivery mechanism for delivering said enussion bearu in the predetermined pattern
on a surface of the eye of the patient thereby cauterizing at least a subset of the spatially
distributed 1ris tissues, by the delivery of the emission beam in the predetermined pattern,

thereby resulting in a permanent decrease in diameter of the pupii of the eye.

47.  The acoustic amplification system of claim 46 wherein the acoustic amplifier is an

ultrasound energy generator.

48.  An acoustic amplification system comprising:
an acoustic amplifier, the emission of which is focusable as an emission beam;
at least one processor;

TMETIory;
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at least one program stored in the memory and executable by the at least one
processor, the at [east one program comprising instructions o

obtain a predetermined pattern characterized by a plurality of positions
along a plurality of spatially distributed s tissues of an eye of a
patient;
align said cmission beam in accordance with one or more of the
plurality of positions along the plurality of spatially distributed iris
{1ssues;
deliver sard enssion beam 1o the predetermined pattern on a surface of
the eye of the patient; and  cauterize at least a subset of the spatially
distributed wris tissues, by the delivery of the emission beam n the
predeternined pattern, thereby resulting in a permanent decrease in

diameter of the pupil of the eye.

- 40 -



WO 2013/126838

1710

Laser Light

PCT/US2013/027509

Cphthalmic
System 100

e

Laser Alignment
and Control

source

[ ]
Light
Sensing and
Conditioning
Module

—— — —

&

Figure 1

Module

T

]



WO 2013/126838 PCT/US2013/027509

2/10
Human Eye
Scleral =
Sinus

Posterior

Chambei

Ciliary
/ ( Processes
Anterior / \
Chamber “}h\\ Zonular i
/ Ligaments Optic Nerve
Cornea
Pupil ‘ Lens Vitreous Gel
fris
Retina
Ciliary .
7 Choroid
Body Ora
Serrata
Sclers

Figure 24
{Prior art}



WO 2013/126838 PCT/US2013/027509

3/10

iris Limbus .
/ Anterior Surface Iris Root

)

|

/
/ Dilator )

Sphincler Posterior Surface

1

2
Sphincter

Stroma

Dilator

Chamber
Angle

Sphincter

( Dilator
Posterior

Figmented Epithelium

Figure 28
{Prior art)



WO 2013/126838 PCT/US2013/027509

4/10
Sphincter Muscles Radial {Dilator) Muscles
Contract To Contract To

Constrict Pupil Pupil Dilate the Pupil

}

h
¥
N

Bright Average Dim
Light Light Light
1 2 5

Figure 20

{Prior art)



WO 2013/126838 PCT/US2013/027509
510
Cphithalmic
System \V
100
: 370
r 374 \
Optical
Conditioning
Laser Elements
302
N Memory 310 \
CPU(s) 249
Operating System S
Comrmunications Module 314
305 309 = 316
User Interface Module -
User interface Laser Alignment Module 318
Dispiay 306
Laser Delivery Module 320
fnput Devices [~NLags 299
Pradstermined Pattemns -
304~ Laser Parameters |~ 324
Communication Patient Parameters |~ 326
Interface(s)

Figure 3




WO 2013/126838 PCT/US2013/027509

6/10

Figure 44

Figure 4B



WO 2013/126838 PCT/US2013/027509

710

Figure 54

Figure 5B



WO 2013/126838 PCT/US2013/027509

8/10

Figure 8A

Figure 6B



WO 2013/126838 PCT/US2013/027509

910

Figure 7

Figure 8

Figure 9



WO 2013/126838 PCT/US2013/027509

10/10

{Ubtan a predetermined pattem characterized by a plurality of positions
along a plurality of spatially distributed wris tissues of an eye of a patient
| 1002

Align a laser illumination light beam in accordance with one or more of
the plurality of positions along the plurality of spatially distributed iris

e 1304
tissues
r-H--—--=-——-—m—--m------mm-"-="--"-"-""-"-"-"-=-=- A
I Obtain one or more laser parameters in accordance with the I
| obtained predetermined pattern —\_L 1006

Deliver said laser illumination light beam n the predetermined pattern on
a surface of the eye of the patient —~L 1008

'

Cauterize at least a subset of the spatially distributed 1ris tissues, by the
delivery of the laser ithumination light beam m the predetermined pattern,
thereby resulting in a decrease in diameter of the pupil of the eye

Figure 10



	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - claims
	Page 31 - claims
	Page 32 - claims
	Page 33 - claims
	Page 34 - claims
	Page 35 - claims
	Page 36 - claims
	Page 37 - claims
	Page 38 - claims
	Page 39 - claims
	Page 40 - claims
	Page 41 - claims
	Page 42 - claims
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - drawings
	Page 50 - drawings
	Page 51 - drawings
	Page 52 - drawings

