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(57) Abrege/Abstract:
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characterized by a plurality of positions along a plurality of spatially distributed Iris tissues of an eye of a patient is obtained. A laser
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(57) Abrege(suite)/Abstract(continued):

llumination 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 cauterized by the delivery of the laser
llumination light beam In the predetermined pattern, thereby resulting in a permanent decrease Iin diameter of the pupll of the eye.
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opntnamic (D7) Abstract: Systems and methods of improving vision using an ophthalmological laser
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 1s obtained. A
laser illumination light beam 1s aligned m accordance with one or more of the plurality of
positions along the plurality of spatially distributed iris tissues. The laser illumination
light beam 1s delivered in the predetermined pattern to the plurality of spatially distributed
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Figuire 1

ir1s tissues of the patient. At least a subset of the spatially distributed 11

r1s tissues 18 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

0001 This application claimed priority to U.S. Provisional Application No.
61/603281, filed February 25, 2012, which application 1s mmcorporated by reference herein n

1ts entirety.

TECHNICAL FIELD

{3002 ] The disclosed embodiments relate generally to svstems and methods for
ireating disorders of the human eve, and specifically 1o a system method for improving vision

using laser photomiosis.

BACKGROUND

LHHIRY: Before the onset of presbyopia, the natural optical {ens n the human eye has
the ability to alier s focal length (¢.g., to vary depth of field and focal plane} so as to focus
objects at varying distances from the observer onto the observer’s retina for visual
interpretation by the obscrver’s brain,  With increasing age and the resulting onset of
presbyopia, the eve lens progressively loses ils abiity {0 change focus and view with clanty
objects that are outside a limited range of focus distances. This mability of the eve lens {o
change us tocal length with age results m poor visual guality oulside of a hixed locus
distance. Additionally, iower and higher order aberrations {(a common side effect of various
types of refraciive surgery) n the eve can lead to reduced visual quality, particularly m low

diununation, which can present as symptoms of glare, halos, or reduced conirast sensitivity,

GOO4] Current treatment methods for ameliorating the adverse ctfects of these losses
i visual guahity mciude short-term pharmacological ireatment (¢.g., the use of muolic agents)
for tosses m low light vision due to higher order aberrations as well as vision corrective
surgerics that attempt to alter the focal distances of the human cye lens m order to 1mprove
the range of clear vision. The use of medical muotlic agents 15 generally used only as a short-

term solution due to decrcasing cificacy and the potential for adverse side effects, Vision
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corrective surgerics have generally been found to be inadequate i reversing the effects of

presbyopia thal occur with age,

SUMMARY
LHERY {hsclosed are methods and systems for improving near visual acuily by

reducing defocus blur in patients with presbyopia and also improving visual performance
imdividuals 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 imtervention {(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
{or mmproving visual acuily m patients with presbyopia by permanently decreasing the
diameter of the patient’s pupils by caulerizang (e.g., heating and/or treating using a laser light
beam) specific wis tissues n specific predetermined patterns 30 as to reduce the ability of the
irts to dilate the pupil. The disclosed approaches of reducing the pupil’s diameter result in a
reduction of delocus blur and visual aberrations withoul the hmutations of conventional

approaches.

{3006] in accordance with some embodiments, a method of improving vision is
performed by an ophthalmic laser system. The method mcludes obtaiming a predetermined
pattern characierized by a plurality of positions along a plurality of spatially distributed iris
tssues of an eve of a patient, The method further includes aligming a laser illumanation hight
beam i accordance with one or more of the plurality of positions along the plurality of
spatially distribuied mis tissues. The method also mcludes delivering the laser iHumination
light beam mn the predetermined pattern to the desired location 1n the eye of the patient. The
method further mcludes cauterizing (¢.g., heating and/or treating) at icast a subsect of the
spatially distributed iris tissues, by the dehivery of the laser ilumunation light beam wn the
predeternuned patiern, thereby resulting 1in a permanent decrease i diamcter of the pupi of

the eye.

BRIEF DESCRIPTION OF THE DRAWINGS

G007 Figure 1 includes a block diagramy of an ophthalmuc laser sysiem,

accordance with some embodiments of this disclosure.

LT
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{GGOR] Figure 2A illustrates a cross-sectional anatomiical view of a human ¢ye n

accordance with the prior art,

{6009 Figure 2B illustrates cross-sectional views of a human wis with various lengths
{¢.g., extenis of contraction of 1r1s muscles), thereby causing various extents of pupii didation

in accordance with the prior art,

{HiE) Figure 2C illustrates frontal views of a human iris with various extents of
contraction of ir1s muscies, thereby causing vanous extents of pupil dilation {e.g., 1n response

to intensity of ambient hight) 1 accordance with the prior art.

L gy Figure 3 1s a block diagram illustrating an ophthalmic laser sysiem,

accordance with some embodiments of the present disclosure.

{012} Figure 4A~4B lustrate substantiaily radial predetermined patiermns of posiiions
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,

{B013] Figure 3A-5B illustraie substantially circumiferential predetermuned patterns of
positions for dehivering the laser light beam on one or more of the s tissucs of a patient’s

eve, m accordance with some embodiments of the present disclosure,

{G014] Figure 6A~6B 1llustrate substantially cwcumierential predetermimed patierns
{c.g., in dual concentric arrangements) of positions for delivering the laser light beam on one
or more of the s fissues of a paticnt’s eye, mn accordance with some embodiments of the
present disclosure.

~7

LHU &) Figure 7 ilusirates a combination of substantially radial and substantially
circurnierential patterns of positions [or delivering the laser light beam on one or more of the

iris tissucs of a patient’s eye, 1n accordance with some embodiments of the present disclosure.

{301 6] Figurc & illustrates a substantially circular predetermined spot patiern of
posttions tor delivering the laser hight beam on one or more of the wis tissues of a patient’s

eve, 1 accordance with some ecmbodiments of the present disclosure.

LHi v Figure 9 illustrates a combination of substantially radial, substantially
circumicrential, and substaniially circular spot patierns of positions for delivering the laser
light beam on one or more of the mis tissues of 4 patient’s ¢ye, m accordance with some

cobodiments of the present disclosure.
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{331 8] Figure {0 18 a flowchart tllustrating a method for improving vision performed

al an ophthalmic laser system, m accordance with some oembodiments of the present

disciosure.

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

THHY it will also be understood that, although the terms “first,” “second,” etc. may

be used hercmn (o describe various clements, these clements should not be himited by these
terms. These terms are only used to distinguish one element from another. For example, a
first position could be termed a second position, and, simlarly, a second position could be
termed a first position, without changing the meaning of the description, so long as all
occurrences of the “lirst position” are renamed consistently and all occurrences of the second
position are renamed consistently,  The first position and the sccond position arc both

posttion, but they are not the same posiion.

{3020 The termunology used herein 13 for the purpose of describing particular
embodiments only and is not intended to be hinuting of the claims. As used in the deseription
of the embodiments and the appended clamms, the smgular forms "a”7, “an” and “the” are
intended to mchude the plural forms as well, unless the context clearly indicates otherwise, It
will also be understood that the term “and/or” as used herein refers (0 and encompasses any
and all possible combinations of one or more of the associated listed wtems, It will be further
understood that the terms “comprises” and/or “comprising,” when used in this specification,
specily the presence of stated features, iiegers, sieps, operations, clements, and/or

components, but do not preciude the presence or addition of one or more other features,

integers, steps, operations, clements, components, and/or groups thereof,

{0021} As used herein, the term "7 may be construed to mean “when” or “upon” or
“in response to determining” or “in accordance with a determunation” or “in response {0
detecting,” that a stated condition precedent 18 true, depending on the countext. Sumtlarly, the
phrase “if it 1s determuned [that a stated condition precedent 1s true]” or “if {a stated condition
precedent 1s truei” or “when [a stated condilion precedent 1s 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 oun the context.

{30221 Reference will now be made n detail to various embodiments, examples of
which arc illustrated in the accompanving drawmngs. In the following detailed description,
numerous specilic detals are set forth i order to provide a thorough understanding of the
invention and the described embodiments. However, the invention may be practiced without
these specilic details. In other mstances, well-known methods, procedures, components, and
circuits have not boen described in detail so as not to unnecessarily obscure aspects of the

embodiments.

{OU23] Figure 1 includes a block diagram of an ophihalmological laser system 100,

accordance with some embodiments of this disclosure.

{0024] As shown m Figure 1, ophthalmelogical laser system [0 comprises a laser
light source 102, a laser aligonment and conirol module 104, and optionally a light sensing and

conditioning module 186, The radiation of laser light source 102 1s focusable as a laser

tHummation light beam 103,

B025] Ophthalmological laser svstem 100 mcludes at least one processor {e.g.,
laser alignment and control module 104, 1n light sensing and conditioning moduie 106, or
separately frorn both or within both); mermory {(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 one program stored m the memory and executable by the at least one processor, the at
icast one program comprising instructions {o perform one or more operations for improving

vision at ophthaimological laser system 100,

{3026] The one or more operations mclude obtaiming a predelernuned patiem
characterized by a plurality of positions along a plurality of spatially distributed iris fissues of
an eve of a patient. Accordingly, m some embodiments, the ophthalmological laser system
104 (e.g., the laser alignment and contreol module 104) retrieves {€.g., stored in memory} or
cenerates a predeiermined pattern including a plurality of positions along which the laser
light beam from laser light source 102 1s targeted on the patient’s s (for cxample, as
explained with reference to Figures 4A-4B, 5A-58, 6A-6B, 7, §, and 9 below). The plurality
of positions occurs along spatially distributed ris tissues of the eye of the patient {¢.g., the

plurality of positions and the predetermined pattern}.

- 5.
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{GO27] The one or more operations mciude aligning the laser Hlumination light beam

in accordance with one or wore of the phlurality of positions along a plurality of spatiaily
distributed s fissues. In some cmbodiments, the optional hght sensing and conditionmng
module 106 determines parameters specilic 1o the patient that determmne or gude the
alignment of the laser hight beam onto the patient’s inis tissues. In such embodiments, the
light sensing and condifioning module 106 determunes (¢.g., medsures and/or estimates) an
iwdividual patient’s eye size, s diameter, tissue transparency, extent of pupil ddation,
distance or the ¢ve and/or s tissue to laser hight source and the ike. The light sensing and
conditioning module 106 optionally provides a feedback signal to the laser alignment and
controi module 104 so as to guide the alignment of the laser dlunmination light beam n
accordance with one or more of the plurality of positions along a plurality of spatiaily
distributed 1iris fissues on the patient’s iris based on the patient-specific parameters
determined by the light sensing and conditioning module 106, The light sensing and
conditioning module 100 optionally focuses and guides the optical path of the laser hight
beam 108 onilo one or more of the plurality of positions along a pluraiity of spatially

distributed 1ris tissues.

{0281 The one or more operations {urther mnclude delivering the laser idlunnnation
light beam 108 in the predetermuinced patiern on a surface of the eve of the patient; and
cauterize {e.g., treating and/or heating 10 a predeternmuned teryperature} at least a subset of the
spatially distributed s tissues, by the dehivery of the laser illumination light beam 108 1n the
predetermined pattern, causing the subset of s tissues to scartly thereby resulting in a
permanent decrease wm diameter of the pupil of the eve. in some embodiments, by weakening
or scarifying specific muscles {e¢.g., the dilator muscles) wn the patient’s s, the capacity or
abiiity of the respective muscles to contract 1s reduced causing the muscles to be himited

thewr ability {o shorten 1o length {or contract).

{30291 in some embodiments, the laser hght source 102 18 a pulse iaser and the laser
iiumination light beam 108 comprises a sequence of hight pulses of average time duration

hetween 100 femitoseconds and 100 mulliseconds,

LHIRI: in some embodiments, the laser light source 102 1s a pulse laser and the laser
tiununation hight beam 108 compriscs a sequence of a plurality of light pulses with an

average repetilion rate between consecutive hight 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
lower pulse repetition rale} 15 used to target the mner ir1s or the stromal tissue and heat the
tissuec to cause contraction of the coliagen i the stroma; when targeted on the dilator
muscles, the slower laser causes weakening of the dilator muscles. In some embodiments, a
{aster laser {€.g., a laser with a higher pulse repetstion rate, for exampie, used in conjunction
with the predetermined patiern shown in Figures 4A-4B) 18 used io target a subsiantial

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

LHIRY Y in some cmbodiments, the laser illumination light beam 108 comprises laser

iight of wavelength between 530 nanometers and 1700 nanometers,

{0321 in some cmbodiments, ong or more laser parametiers are obtamed
accordance with the obtained predetermined pattern. In some embodiments, for one or more
of a wavelength of laser hight 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 mris tissues 1s ditferent for the substantially radial predetermuned patiern {e.g., 4s
described further with reference to Figures 4A-4B) compared to the substantiaily
circumicrential predetermined paitern (¢.g., as described further with reference to Figures
SA-3B), and 18 different for the substantially circular predetermined spol treatmuent paticm
{c.g., as described further with reference to Figure ). In some embodiments, a combination
of iaser paramciers are used to achieve a predetermined pattern characterized by a respective
combination of one or more of a substantially radial predetermined pattern, a substantially
ciwrcumicrential predetermmned pattern, and a substantially circular predetermaned  spot
treatment pattern {(e.g., as described with reference to Figure 7 and Figure 9). ln some
embodiments, the predeternuned paticrn 18 a closed shape around the s, Examples, of such
closed shapes include, but are not limited to, a respective combmnation of ong or more of a
substantiaily radial predetermined patiern, a substantially circumierential predetermined
patiern, and a substantially circular predetermined spot {reatment pattern.  However, the
present disclosure 1s not so himited. In some embodiments, the predetermined patiern 18 an
open shape around the wris, meaning that, 1w such embodiments, the predetermuned pattern
does not reach all the way around the eye with respect to the inis.  In fact, 1 some
cmbodiments, the shape traverses less than 90 percent, less than &0 percent, less than 70
percent, {ess than 60 percent, less than 50 percent, or less than 40 percent around the eye with

respect to the pupil., In such embodiments, the predetermined pattern 15 a substantially radial

-7 -
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predeternuned pattern, a substantially circumferential predetermuined pattern, and a
substantiaily circular predetermined spot treatment pattern that traverses less than 90 percent,
iess 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 o the pupil.  In some embodiments, the
predeternuned pattern, while being a respective combination of one or more of a substantially
radial predetermined pattern, a substantially circumiferential predetermined pattern, and a
substantially circular predeternuined spot treatment pattern, does not cover one, two, three,
four, five, six, seven, or cight or more portions of the eye radiating from the pupil. Figure 2:

iiustrates a cross-sectional anatomucal view of a human eye. As shown m Figure ZA, the
human cye has three layers: the sclera and cornea; the s (on the anterior side) and the
choroid (posierior); and the retina. The wis 13 the colored annular portion of the eye visible m
the frontal view. The puptl 1s the dark opening in the center of the s that permuits light to
enter the posterior regions of the eve. The size of the pupil opening determines the mitensity
of hight entening the eye. The size of the pupi opening 18 governed by the extent of
contraction of the iris muscles as explained below with reference to Figures 2B-2C, The eve
lens focuses the light euntering through the pupil through a process known as
“accommodation’ by way of changing the focal length of the lens via the ciliary muscles.
Yision defecls (e.g., near-sighiedness or myopia; or lar-sightedness or hypermetropia; or
presbyopia) are frequently corrected by the use of one or more external lenses for augmenting
the eye’s natural ability {0 focus the mcormng hight onio the retina or by aliening or moditying
the cyc’s natural “accommodation” function by targeting the ciliary muscies or the eye’s

natyural lens.

{GU33] Alternatively, wviston wmprovement mcethods  that  do  not  affect
“accommodation’ presented here are targeted toward reducing the pupil’s ability to dilate, by
atfecting the s tissues that mpact the extent of pupi opeming. Such methods of vision
correction prevent peripheral and stray hight from entering the pupd thereby reducing optical
aberrations and wmproving  visual acuily  without impacting the eve’s natural
“accommodation.”  The disclosed methods would help increase the depth of {ocus for
patient’s presenting with presbyopia without impacting the functioning of the natural cye lens
(c.g., without mmpacting the eve’s natural “accommodation” process).  As a result, the
disciosed embodiments would help improve visual acuity at near distances m patients

presenting with presbyopia.
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{30341 in some embodiments an ophthalmological laser system comprises a laser, the
radiation of which 1s focusable as a laser illummation hight beam {orming a predetermined
paticrn characterized by a plurality of positions along a plurality of spatially distributed iris
tssugs of an eye of a patient. The ophthalmological laser sysiem further comprises an
alignment mechanism for aligning satd laser dlumimation hight beamy in accordance with one
or more of the plurality of positions along the plurality of spatially distributed s tissues, The
ophthalmological {aser system also comprises a delivery mechanism for delivering said laser
iHumination hght beam 1 the predetcrmned patiern on a surface of the eye of the patient
thereby cauterizing at least a subset of the spatially distributed wis tssues, by the delivery of
the laser dlumunation light beam in the predetermined pattern, thereby resulting m a
permanent decrease w diameter of the pupi of the eve. In some embodiments, the laser 18 a
vertical-cavity emitting  surface-emutting laser. In some embodiments, the laser i1s a

continuous wave laser that 1s pulsed.

{BU35] in some cmbodiments, an optical amplification sysiem comprises an optical
amplitfier, the emission of which 1s focusable as an emission beam fornung a predetormined
patiern characterized by a plurahity of positions along a plurahity of spatially distributed mis
tissues of an eve of a patient. The oplical amplification system further comprises an
alignment mechanism {or aligning said emission beamn in accordance with one or more of the
plurality of posttions along the plurality of spatially distributed iris tissues. The optical
amplification system further comprises a dehivery mechanism {or delivering said emission
beam i1 the predetermined patiem on a surface of the eye of the patient thereby cauternizing at
icast a subset of the spatially distributed iris tissues, by the delivery of the emission beam n
the predetermuned patiern, thereby resuliing 1o a pormaneut decrease i diameter of the pupid

of the eye. In some embodiments, the optical amplificr 1s a laser or photon generator.

{6036] in some cmbodiments, an optical amplification system comprises an oplical
amplifier, the emission of which 18 focusable as an emussion beam. The optical amplification
system further comprises at ieast one processor, memory, and at icast one program stored 1n
the memory and executable by the at least one processor, the at [east one program comprising
instructions to: obtamn a predetermined pattern characterized by a plurality of positions along
a pilurality of spatially distributed inis tissues of an eye of a patient; align said onussion beam
it accordance with one or more of the plurality of positions along the plurality of spatially

distributed s fissues; deliver said emission beam mn the predetermmed pattern on a surface

-0 -
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of the eye of the patient; and cauterize at least a subset of the spatially distributed s tissues,
by the delivery of the ermssion beam m the predetermuned pattern, thereby resuliing o a

permancnt decrease in diameter of the pupil of the cye.

G037} in some embodiments, an acoustic amplification system comprises an acoustic
amplifier, the emussion of wiich 18 focusable as an emission beam forming a predetermined
pattern characterized by a plurality of positions along a plurality of spatiaily distributed iris
tissues of an eye of a patient. The acoustic amplification system further comprises an
alignment mechanism for aligning said emuission beam in accordance with one or more of the
plurality of positions along the plurality of spatially distributed s tissues; and a delivery
mechantsm for delivering said enussion beam n the predetermuned pattern on a surface of the
cye of the patient thercby cauterizing at least a subset of the spatially distribuled s tissues,
by the dehivery of the enussion beam in the predetermined patiern, thereby resulling o a
permanent decrease in diameter of the pupil of the eye. In some cmbodiments, the acoustic

amplifier 1s an ultrasound energy generator,

3038] In some embodiments, an acoustic amplification system comprises an acoustic
amplificr, the emission of which 1s focusable as an emission beam; at least one processor;
remory; at least one program stored i the memory and execulable by the at least one
processor, the at feast one program comprising wstructions to: obtam a predetermined pattern
characterized by a plurality of positions along a plurality of spatially distributed wris fissues of
an ¢ye of a patient; align said emission beam in accordance with one or more of the plurality
of posittions along the plurality of spatially distnibuted ms tissues; deliver said emission beam
it the predetermined pattern on a surface of the eye of the patient; and caulerize at least a
subsct of the spatiaily distributed iris tissues, by the delivery of the emission beam m the
predeternuned pattern, thereby resulting in a permanent decrease mn diameter of the pupil of

the eye.

{G039] it will be understood that one or more of the systems disclosed heren {(e.g., the
ophthaiouc laser system, the ophthalmological laser systeny, the oplical amplification system,
the acoustic amphification system, and the like) are optionally fabricated to mclude one or
more of the predetermined patierns {g.g., rather than obtaining the predetermined pattemns

from memory). Alternatively, or in addition, one or more of the systems described herein are
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configured to retrieve onc or more of the predeternuned patterns {rom memory or gencrate

one or more of the predetermuned patterns.

{3040 Figure 2B dlustrates cross-sectional views of a human s through various
lengths and extents of contraction of s muscles, therehby causing various extents of pupl
diation. Figure 2C diustrates frontal views of a human ins through various lengths and
cxtents of contraction of s muscies, thereby causing various cxtents of pupil dilation {¢.g.,

in response to ambient hight conditions).

{30411 As explained i Figure 1, ophthalmological system 100 {ocuses laser light
beam 108 (Figure i) onto a plurality of spatially distributed iris tissucs of the patients cye. In
some embodiments, the plurahity of spatially distributed wris tissues wncludes one of the s
stromai tissue {as shown in Figure 2B}, the wris dilator muscle tissue (Figure 2B-20), the iris

Iimbus tssue (Figure 2B), or any combination thereof,

{3042 ] in some embodiments, the predetermined pattern (¢.g., of the one or more of
the plurality of positions along a plurality of spatially distributed iris tissues} mcludes a
substantially radial pattern. In such embodiments, the laser hght beam 15 focused on and
cauterizes {e.g., heats, scarifies and/or cuis) the s stromal tissuc and/or the s dilator
muscle tissue. In some embodiments, to produce contraction of the collagen in the stroma,
the stroma 1s targeted with the laser light beam. In some embodiments, {0 cause 2 weakening

of the dilator muscle, the dilator muscle 1s cut with or atfected by the laser fight beam.

3043] in some embodiments, the predetermuned patiem (e.g., of the one or more of
the plurality of positions along a plurality of spatially distributed s tissues) mncludes a
substantially circumierential patiern.  In some embodiments, the circumicrential patiern 1s
defined or formed along {(e.g., proximal to} the mner circumicrence of the s {e.g., external
and adjacent to the sphincter muscle, for example targeting the s stromal tissuc and the s
duator muscles). In such embodiments, the laser hight beam 1s focused on, and cauterizes
{c.z., heats, cuts, and/or scarifies) the inis tissue {e.g., near the s limbus or the tissue
external and adjacent to the sphuncter muscle, tor example targeting the iris siromal tissue and
the s dilator muscles). In some embodiments, the circumicrential pattern s defined or
formed along (e.g., proximal to) the outer circumierence of the wis {e.g., near the wis root),
fn such cmbodiments, the laser light beam 1s focused on, and cauterizes {¢.g., heats, cuts

and/or scarifies) the s duator muscle tissue. In some cmbodiments, the cwcumiberential

e
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pattern 1s any closed form pattern, or substantially closed form pattern, that includes an
arcuate edge and delines two or more, three or more, four or more, five or more, or six or
nore positions about the pattern where a cut 18 1o be made by a laser or other cutling

mstruyment, such as a surgical tool.

{3044} in some embodiments, the predetermaned pattem {e.g., of the one or more of
the plurality of positions along a plurality of spatially distributed s tissues) mncludes a
substantially circular spot patltern.  In some ernbodiments, the substantially circular spot
paticrn is formed along (e.g., proximal to} the inner circumierence of the wis {¢.g., external
and adjacent to the sphincter muscle, for example targeting the s stromal tissuc and the s
duator muscles). In such embodiments, the laser hight beam 1s focused on, and cauterizes
{c.z., heats, cuts, and/or scarilies) the s fissue {(e.g., near the mwis lhmbus or the tissue
external and adjacent to the sphincter muscle, tor example targeting the iris stromal tissue and

the s dilator muscles).

{G045] in some embodiments, the predetermined pattern {(e.g., of the one or more of
the plurality of positions along a plurality of spatially distributed wis tissues) mcludes a
combination of two or more of a substantially radial pattern, a substantially cwrcumierential
patiern, and a substantially curcular spot pattern. o such embodiments, the laser light beam 1s
focused on, and cauterizes {€.g., heats, cuts, and/or scarifies) one or more of: the s dilator
muscle tissue, the ms hmbus tssue {e.g., external and adjacent to the sphincter muscle, for
cxample targeting the iris stromal fissuc and the iris dilator muscles), and the s stromal

fissue.

30461 {t will be understood that Figure 1 and Figures 2A-20 are merely
representative and iilustrative and are not meant to be anatomically accurale representations

ol the human eye or parts thereol.

{30471 Figure 3 1s a block diagram itlustrating an ophthalmic laser system 100
accordance with one embodiment of the present immvention., The ophthalmic laser system 100
typically mchudes one or more processing unuts (CPUs) 302 for executing modules,
programs and/or instructions stored i memory 310 and thereby periorming processing
operations; one or more network or other commumcations miertaces 304; memory 318; and
one or more conununication buses 314 for mterconnecting these components.  The

communication buses 309 optionally include circuitry (sometimes called a chipset) that
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interconnects and controls conununications between system components, The ophthalmic
laser sysiem 100 optionally may include a user mterface 305 compnsing a display device 306
and an nput device 308, Laser 374 includes one or more discrete laser hight sources {¢.g.,
with one or more wavelengihs of pulse laser ocutput) that 1s used to generate the laser hight
beam directed onto the surtace of the patient’s iris.  Oplical conditioning elements 370
optionally include optical assembly and components to focus, align, and condition the laser
ight beam generated by laser 374, Memory 310 mcludes high-speed random access
memory, such as DRAM, SRAM, DDR RAM or other random access solid state memory
devices; and may inciude non-volatile memory, such as one or more magnetic disk storage
devices, optical disk storage devices, flash memory devices, or other non-volatiic solid state
storage devices, Memory 310 may optionally mclude one or more slorage devices remotely
iocated from the CPU(s) 302, Memory 310, or alternately the non-volatiic memory device(s}
within memory 310, comprises a non-transitory computer readable storage medium. In some
embodiments, memory 318, or the computer readable storage medium of memory 310 stores

the following programs, modules and data structures, or 4 subset thereol:

e an operating system 312 that mcludes procedures lor handhing various basic system

services and for performung hardware dependent tasks;

¢ & nctwork commuunication module 314 that 1s used for connecting the ophthalmic laser
system 100 to other computers via the one or more communication network mterfaces
309 (wired or wircless) and once or more comumunication networks, such as the

fnternet, other wide area networks, local area networks, metropolitan arca networks,

and so on:

¢ a uscr mierface module 316 that reccives commands from the user via one or more
mput devices 308 of user mterface 305, generates user imterface objects m display
device 306, and/or a visual representation of the patient’s wris or other parts of the
patient’s eye, a reprosentation of one or more of the predetermined patterns
superimposed on the visual representation of the patient’s irts.  The user mmterface
module 316 oplionally facilitaies the alignment of laser hight beam on specific

portions of the patient’s iris;

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

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

characterize the predetermuned patiern;

» a laser delivery module 320 that mncludes control mmstructions and commmands to
operate laser 374 to produce laser hight beam thal 1s optionally directed through

optical conditioning elements 370 (0 be mcident on the patient’s 1s;

¢ predetermuined patterns 322 that mclude muitiple sets of predetermined patterns
(stored, for example, mm a databasc of predetermuned patterns) that correspond (0 a
plurality of positions along a plurality of spatially distributed r1s tissues along which
the laser beam 1s aligned {¢.g., by the laser alignment module 318} for vision

treatment or vision 1mprovement;

¢ laser parameters 324 are sets of parameters {€.g., wavelength of laser light, average
puise duration, average pulse repetiion rate, average treatment time, average
treatment temperature or range of teraperature mncrease of tissue, laser peak power,
faser puisc cnergy, and the like) are optionally selected im accordance with the

-

selected predetermmed pattern from the predetermined patierns 322 for vision

treatment or vision improvement; and

¢ patient parameters 326 are sets of parameters (¢.g., wis dimensions—inner and outer
circumicrences of the s and s thickness, extent of pupil dilation, pupil diameter,
distance of treatment area from the laser source, and the like} that are speciiic {©
mdividual patients and are oplionally used to determune the predetermuned pattern and

the iaser parameter used for vision treatment Or vision umprovement,

{GO48] Each of the above identified elements may be stored in one or more of the
previously mentioned wemory devices, and corresponds to a set of mstructions for
performing a function described above. The above identificd modules or programs (1.¢., seis
of wstructions) need not be umplemenied as separate software programs, procedures or
modules, and thus vartous subsets of these modules may be combined or otherwise re-
arranged m various embodiments. In some embodiments, memory 310 may siore a subset of
the modules and data structures wdentified above. Furthermore, memory 310 may store

additional modules and data structures not deseribed above.
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{3049} Although Figure 3 shows an “ophthalmological laser system,” Figure 3 is

intended more as functional description of the various [eatures which may be present 1 a set
of servers than as a structural schematic of the embodiments described herein, In practice,
and as recognized by those of ordmary skill n the art, dems shown separately could be
combined and some ttems could be separated. For example, some stems shown separately
Figure 3 could be mmpiemented on single servers and single tlems could be implomented by
one or more servers. The actual number of servers used to implement an ophthalmoliogical
laser system and how ieatures are allocaled among them will vary from once implementation

i0 another.,

3050 Figures 4A-4B illustrate substantially radial predetermined patierns of
postiions for delivering the laser light beam on one or more of the s tissues of a patient’s

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

{3051 Accordmngly, m some embodunents, the predetermuined patiern s a
substantially radial pattern. The plurality of positions comprises N posifions {e.g., postiions
4042-1, 402-b, 402-¢, and the like where N = ¥ as shown n Figure 44, positions 404-1, 404-b,
404-¢, and the hike where N = 16 as shown Figure 4B), each of the N positions onenied
radially from the mner circumierence {e.g., from the s limbus; external and adjacent to the
sphuncter muscie, for cxample targeting the iris stromal tissue and/or the s dilator muscics,

as explamed with reference to Figure 2B) of the s proximal (o the pupil o the outer

circumierence {e.g., the s root, as explained with reference to Figure 2B) of the iris distal to
the pupil. The N positions mclude a fivst position {e.g., postlion 402-a, Figure 4A; position
44-a, Figure 4B) and a second position (e.g., posiion 442-b, Figure 4A; position 404-b,
Figure 4B) adjacent (o the Lirst position and separated from the first position by 4 predefined
angular separation {e.g., positions 402-a and 402-b are separated by the predefined angular

separation o ol approxumately 45° as shown m Figure 4A; posttions 404-2 and 404-b are

separated by the predefined angular separation o, of approximately 22.5° as shown m Figure

4B}, In some embodiments, cach position of the plurality of positions corresponds {0 a

ireatment zone {¢.g., a cut) on the patient’s s usmg the laser hight beam,

30527 In some embodiments, the predefined angular separation has a value between
107 and 56° and N 1s a positive mteger 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 mim and 3 nun.  In some embodiments, an average thickness of the plurahity of
posttions {€.g., or cuts or treatment zones) has a value between 10 mucrons and 200 mucrons.
in some embodiments, the laser hght beam 18 focusced on the plurality of positions, thereby

causing scarification of the wris stromal lissue,

{OUS3] Figures SA-5B dlustrate substantially cuwrcumierential predeternmned patierns
of positions for dehivering the laser light beam on one or more of the s tissues of a patient’s

cve, 1 accordance with some embodiments of the present disclosure.

3054 As shown 1n Figure SA, the substantially circumterential pattern 18 formed
proximal to the mner circumicrence of the mis. In some embodiments, the predeternuned
pattern 15 a substantially circumierential pattern.  The plurality of positions comprises N
positions {¢.g., postiions 502-1, 542-b, 502-¢, and the hike where N = 16 as shown in Figure
SA}, cach of the N positions occurring at a first predetermined distance {(e.g., distance d; as
shown in Figure SA} along a radimus of the s measured from the wner cucumierence of the
irts,  The N positions together form the substantially circumicrential patiern which s
substantially concentric with and proximal to the mner cwcumicrence of the wis {e.g.,
proximal {0 the ins hmbus; external and adjacent to the sphincler muscle, for example
targetimg the wris stromal tissue and/or the s dilator muscles, as explamed with reference {o
Figure 2B}, The N positions include a first position {¢.g., position 502-a, Figure 3A) and a
second position {e.g., position 302-b, Figure 53B) adjacent to the hirst position, wherem a
center of the first position 1s scparated from a center of the second position by a
predetermimed  separation {e.g., separation x; as shown m Figure 35A) along the
circumicrential pattern.  In some embodiments, cach position of the plurality of positions
corresponds 1o a treatment zone {e¢.g., 4 cul) on the paticnt’s wis using the lascer hight beam. [t
will be appreciated that a certain amount of vanation i the distance of gach of the positions
from the s as measured from the center of the pupi mav be mcurred when using the
predetermined palterns and that such vanations are within the scope of the present disclosure.
in some instances, such variation is intentional, i some instances such variation 18 duec 1o
imperiections i the symmetry of {eatures of the subject eye, and i some mstances such
variation arises duc to the precision or accuracy of the apparatus applying cuts to the eve. In
some mstance, such varation arises to any combination of the above-identilied factors or for

other reasons.
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{HERR] in some cmbodiments, the first predeternuined distance has a value between

.75 mulbimaeters and 1.5 nuilimeters, the predetermuned separation has a value between 30
niicrometers and 300 nucrometers, an average length of the first position {e.g., length Ij of
position 302-¢, Figure 3A) has a value between 25 mucrometers and 200 micrometers, and N
is a posiftve mteger of value between 4 and 20, In some emboduments, the faser hight beam is
focused on the plurality of posttions, thercby causing weakening of dilator muscle and

scarification of posterior stroma.

{3056 in some embodiments, for the predetermined pattern described with reference
to Figures 5A, a wavelength of the laser light beam has g value between 500 nanometers and
1130 nanometers. In some embodiments, a wavelength of the laser hight beam has a value

between 532 nanometers and 1064 nanometers.

{3057 in some embodiments, for the predetermined pattern described with reference
to Figures 54, the laser light source 15 a pulse laser and an average duration of laser pulses
has a value between 0.1 mulliseconds and 20 milliscconds. In some embodiments, an average

duration of laser pulses has a value between 4.5 mutliseconds and 2 mulliseconds.

{HER:] in some embodiments, for the predetermined patiern described with reference
to Figures SA, 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 0.5 Hertz and 830

Hertz, In some cmbodiments, an average repelition rate {¢.¢., frequency of repetition or

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

LHER in some embodiments, for the predetermined patiern described with reference
to Figures 5A, the laser hight source 18 a pulse laser and the laser peak power has g value
between S mulliWatts and 1000 nuiliWatts, In some embodiments, the laser peak power has

value of between 100 muliWatts and 300 mulliWatts,

G061} in some ermbodiments, {or the predetermined patiern described with reference
to Figures 3A, the laser hight source 1s a pulse laser with an average laser pulse energy having

a value between 5 microJoules and 7300 miucroloules, In some embodiments, the average

laser pulse energy has a value between 200 microJoules and 1008 microloulies.
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{GG61 in some cmbodiments, for the predetermined paticrn described with reference
to Figures A, an average laser power has a value between | milhiWatt and 300 malliWalls.

in some embodiments, the average laser power 18 between 10 mulhiWatts and 50 milliWatts,

G062} Additional examples of laser parameters and operating conditions and ranges,

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

» Number of laser-machined features between 100 and 23,0600, {e.g., between 1000-
SO00Y;
e Drameter of postenor wis mdividual laser {eature between 30 mucrometers and 300

{4

pucrometers {e.g2., diameter between 25 micrometers and 100 micrometers);

® Feature thickness between 50 micrometers and 200 micrometers {¢.g., between 735

micrometers and 125 mucrometers);

® Fraction of iris area treated between 1% and 28% (e.g., about 5%});
s Clinical laser exposure time between 20 seconds and 100 scconds {e.2., between 30-

60 seconds); and/or

® Focusmg condition {(¢.g., spot size) between 0.3 and 0.6 NA (e.g., between 0.4-0.5
NAJ.
{BU63] As shown i Figure 5B, the substantially circumferential patiern 1s formed

proximal to the outer circumierence of the s, In some emboduments, the predetermined
patiern 18 a substantially circumierential pattern. The pluraiity of positions comprises N
positions {¢.g., posttions 3(J2-1, 332-b, 302-¢, and the ke where N = 16 as shown i Figure
5A}, cach of the N positions occurring at a second predeternuned distance (¢.g., distance d; as
shown mn Figure 3B) along a radius of the s measured from the ouler circumierence of the
iris.  The N posttions together form the substantially circumferential pattern which s
substantially concentnie with and proximal to the outer circumicrence of the wis {e.g., the ms
root, as explamed with reference to Figure 2B). The N positions include a first posttion {¢.g.,
position 504-a, Figure 3B) and a second posttion {¢.g., position 504-b, Figure 5B} adjacent to
the first position, wherein a center of the first position 1s separated from a center of the
second position by a predetermined separation {(¢.g., separation X» as shown m Figure 5B)

along the circumierential pattern. In some oembodiments, cach position of the phlurality of
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positions corresponds to a treatment zone (€.¢., a cul) on the patient’s iris using the {aser light

bBeam.

{3064 {n some embodiments, the second predetermuned distance has a value between
0 and 1.5 millimeters, the predetermined separation has a value between 50 miucrometers and

I millimeter, an average length of the first position {e.g., length 1 of posttion 504-¢, Figure

>B} has a value between 25 micrometers and 580 micrometers, and N 1s a posttive integer of
value between 4 and 20, In some cmbodiments, the laser light beam 1s {ocused on the
plurality of positions, thereby causing weakening of dilator muscle and scarification of

posterior stroma.

{BU65] in some embodiments, {or the predetermined pattern described with reference
to Figures 5B, a wavelength of the laser light beam has a value between 770 nanometers and
1700 nanomelers. In some embodiments, a wavelength of the laser light beam has a value

between 1000 nanometers and 1350 nanometers.

LHILHY in some embodiments, the laser light beam is used for a first portion of the N
positions of the predeternuned pattern durning a first session, and for a second portion of the N
posttions of the predetermined pattern during a second session at a time afier the {irst session,
where the time between the first session and the second session 158 more than five minutes,

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

13667 in some cmbodiments, the iaser light beam 15 used for cach of the N positions
of the predetermined pattern during a fivst session, and for all or a portion of the N posiiions
of the predetermined pattern during a sccond session at a time atter 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.

LY in some cmbodiments, the laser light beam is used {or a portion of the N
positions of the predetermaned pattern during a {irst session, and tor all or a portion of the N
positions of the predetermined patiern during a second session at a time atier the {irst session,
where the time between the first session and the second session 158 more than five minutes,

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

3069 in some embodumnents, {for the predeternmuined pattern described with reference

to Figures 5B, the laser hight source 18 a pulse laser and an average duration of laser pulses

- 10 .



CA 02874220 2014-08-19

WO 2013/126838 PCT/US2013/027509

has a value between 100 femtoseconds and 1000 femtoseconds. In some embodiments, an
average duration of laser pulses has a value between 130 femtoseconds and 600

emioseconds.

LHim in some embodiments, {or the predetermined patiern described with reference
to Figures 3B, the laser light source 18 a pulse laser and an average repetiion rate {¢.g.,
frequency of repetition or pulsing} of laser pulses has a value between | kiloHertz and 100
kiloHertzs. In some embodiments, an average repetition rate {¢.g., frequency of repetition or

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

LHirs Y in some embodumnents, {for the predeternmuined pattern described with reference
to Figures 5B, the laser hight source 18 a pulse laser and an average laser peak power has a
value between 10 MegaWatls and 1000 MegaWatts., In some embodiments, the average laser

peak power has value of 100MWs,

{B072] in some embodiments, for the predetermuned pattern described with reterence
to Figures 5B, the laser hight source 1s a pulse laser and an average iaser puise energy has a
value between S mucroJoules and 100 microdoules. o some embodiments, an average laser

pulse energy has a value between 10 microJoules and 50 microjoules.

LHIFR] in some embodiments, for the predetermined patiern described with reference
to Figures 5B, an average laser power has a value between 100 mulliWatls and 3800

niilliWatts, In some embodiments, an average laser power has a vaiue of 1000 milliWatls.

{BU74] in some embodiments, for the predetermined pattern described with reference
to Figures 5B, an average number of {aser shots delivered on the patient’s s lies between
103,000 to 20 million. In some embodiments, an average number of iaser shots delivered on

the patient’s 111818 between 500,000 to 2 rmilion.

{073 Additional examples of laser parameters and operating conditions and ranges
are as described below:
» MNumber of laser-machined posierior features 50-300, {(e.g., 10 some embodiments, a

number of laser-machined posterior features is 100}

® S1z¢ of posierior wis laser-machmed mdividual feature 50-200 micrometers diameier

features (e.g., 100 mycrometers 1n diameter);
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s Depth of ms tissue treated: 58-200 micrometer deep features {e.g., 130 micrometer

deep features);

s Fraction of w1s area treated: 1-20%;

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

¢ Focusing condition {¢.g., spot size) §.3-0.6 NA (e.g., 8.4-0.5 NA}; and/or

® Scparation of consecutive laser shots m scanning pattern: 1-10 micrometer, preferably

3-8 micrometer.

{GG76] Figurcs 6A-6B illustrate substantially circumitcrential predeternuned patterns
{c.g., in dual conceniric arrangements) of positions {or 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

prosent disclosure.

{GG7 7] in some embodiments, the predetermined patiern 18 a  substantially
circumicrential pattern. The plurality of positions comprises a {1} first set of M positions
{¢.g., positions 602-4, 602-b and the like where M = 16, as shown m Figure 6A; positions
606-a, 600-b and the hike where M = 8, as shown wn Figure 6B} and (1) a second set of P
positions {¢.g., positions 604-a, 6U4-b and the like where P = 16, as shown m Figure 6A;

positions 608-a, 608-b and the ike where P = ¥, as shown mn Figure 6B).

{3078] Fach position of the {irst set of M positions occurs at a first predetermuined
distance {e.g., distance dy as shown m Figure 6A) along the radius of the iris measured from
the mnner circumierence of the s and the {irst set of M positions forms a first portion of the
substantially circumicerential pattern which 1s substantially concentric with and proximal o
the mner cucumderence of the mis {e.g., proximal to the ris himbus; external and adjacent {o
the sphincter muscle, for cxample targeting the iris stromal fissue and/or the inis dilator

rauscles, as explamed with reference to Figure Z2B).

{3079 Fach posittion of the second set of P positions occurs at a second
predetermined distance {e.g., distance d; as shown 1 Figure 6A} along the radius of the iris
measured {rom the outer circumiecrence of the wris and the hirst set of P positions {orming a
second portion of the substantially circumierential patiern which 1s substantially concentric
with and proximal to the outer circumierence of the s {e.g., proximal 1o the s root, as

explained with reference to Figure 2B}, In some embodiments, each position of the plurality
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of positions corresponds {0 a treatment zone {e.g., a cut} on the patient’s iris using the laser

light beam.

OB {n some embodiments, the {irst predetermined distance has a value between
75 matlimeters and 1.5 millimeters, the sccond predetermined distance has a value between

(0 and 1.5 millimeters, and M and P are positive mitegers of values between 4 and 26,
: &

3081 Figure 6A illustrates a substantially circumierential predeternmuned pattern of
posiiions {¢.g., 1 a dual concentric arrangement, with the positions placed in both concentric
arrangements aiong the same radial vectors) 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.

{3082] in some embodiments, the {irst set of M positions wncludes (1) a {irst position
{c.g., position 602-a, Figurc 6A) with a cenler located along a first radial vector {vector vy,
Figure 6A) measured from the center of the pupil toward the outer circurnference of the ms
and (11} a second posttion {¢.g., position 602-b, Figurc 6A), adjacent to the first position
among the {rst set of M positions, located along a second radial vector {vector vo, Figure 6A)
measured from the center of the pupil toward the outer Circumierence of the ir1s. The second
set of P positions mcludes a third position {¢.g., position 604-a, Figure 6A) along the first
radial vector {vector vy, Figure 6A} and a tourth position {e.g., position 604-b, Figure 6A)

adjacent to the third posttion along the second radial vector {vector vy, Figure 6A).

LHILR]Y Figure 6B illustrales a substantially curcumierential predetermned pattern of
posttions {¢.g., m a dual concentric arrangement, with the positions placed m the two
concentric arrangements along miericaved radial vectors) for dehivering the laser hight beam
on one or more of the ins tissues of a patient’s eye, W accordance with some embodiments of

the present disclosure.

{3084} in some embodiments, the first set of M posttions mcludes (1) a first position
{¢.g., position 6{(6-a, Figure 6B) with a center located along a first radial vector {vector vy,
Figure 6B) measurcd from the center of the pupil toward the outer circumierence of the ins
and {11) a second position {e.g., posttion 686-b, Figure 6B}, adjacent to the first position
among the first set of M positions, located along a second radial vector {vector vo, Figure 68)
measured from the center of the pupil toward the outer circumierence of the ws. The second

set of P posttions includes (1) a third position {e.g., posttion 6{38-a, Figure 6B) along a third

- PP -



CA 02874220 2014-08-19

WO 2013/126838 PCT/US2013/027509

radial vector (vector vy, Figure 6B} and (11} a fourth position {¢.g., postiion 608-b, Figure 68)
adjacent to the thard position along the fourth radial vector {(vector vs, Figure 6B). The thid
radial vector 1s located between the fivst radial vector and the second radial vector {e.g2., v; 18
located between vy and vy, Figure 6B); and the second radial vector 1s located between the
third radial vector and the fourth radial vector {e.g., v2 15 located between vs and vy, Figure
6B},

{BORS] Figure 7 illustrates a combmation of substantially radial (¢.g., as explamed

with reference to Figures 4A-4B) and substantially circumierential patterns {e.g., as explamed
with reference to Figures SA-3B) of positions for delivermg the laser hight beam on one or
more of the irs tissues of a patient’s eye, i accordance with some embodiments of the

present disclosure,

{3086] Figure 8 illustrates a substantially cwrcular predetermaned spot patiern of
posttions for delivering the laser hight beam on one or more of the wis tssues of a patient’s

eve, 11 accordance with some embodiments of the present disclosure.

{GU8T] in some embodiments, the predetermined pattern 15 a substantially circular
spot pattern. The plurality of positions comprises N positions {e.g., posttions 802-1, 802-b,
S82-¢, and the hike where N = 16 as shown i Figure 8}, each of the N positions occurring at 4
third predetermuned distance {e.g., distance d; as shown 1 Figure 8) along a radius of the mis
measured {rom the umer circumiderence of the mis. The N positions together form the
substantially circular spot pattern which 1s substantially concentric with and proximal to the
imner circumiference of the s {e.g., proximal to the iris hmbus; external and adjacent to the

sphincter muscle, for example targeling the wis stromal tissue and/or the s dilator muscles,

as expilained with reference to Figure 2B). The N posttions include a first spot posttion {¢.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 18 separated from a center
of the second spot position by a predeternuned scparation {¢.g., separation Xy as shown in
Figure 8} along the circumifereniial pattern. In some embodiments, cach position of the
plurality of posiiions corresponds to a treatment zone {e.g., a cut) on the patient’s s using

the taser hight bean.

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

0.75 mullimeters and 1.5 mullimeters, the predetermmed separation has a value between O
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micrometers and 300 micrometers, an average diameter of the first spot position has a value
between 10 rmcrometers 1o 300 mucromeiers, and N 18 a positive mteger of value between 4
and 20. In some cmbodiments, the lascr light beam is focused on the pluraiity of positions,
thereby causing contraction of collagen m stroma and weakening of didator muscle on the

POSterior s,

{3089] in some embodiments, for the predetermined patiern described with reference
to Figures 8, a wavelength of the laser hight beam has a value between 332 nanometers and
{100 nanometers. In some cmbodiments, a wavelength of the laser light beam has a valuc

hetween 200 nanomeaters and 1064 nanomecters,

{GUY] in some ermbodiments, {or the predetermined patiern described with reference
to Figures 8, the laser light source 18 a pulse laser and an average duration of laser pulses has
a value between 10 milliseconds and 100 nulliseconds. In some embodiments, an average

duration of laser pulses has a value between 40 mutliseconds and 68 mulliseconds.

THIRY in some embodumnents, {for the predeternmuined pattern described with reference
to Figures &, the laser hght source 1s a pulse laser and an average repetition rale {e.g.,
frequency of repetition or puising} of laser puises has a value between 2 Hertz and 40 Hertz,
in some embodiments, an average repetition rate {¢.g., {reguency of repetition or pulsing) of

laser pulses has a value between 3 Hertz and 15 Hertz.

LHiR in some embodumnents, {for the predeternmuined pattern described with reference
to Figures &, the laser light source 18 a pulse laser and a laser peak power has a value between
.5 Watt and 6 Watts. In some embodiments, the laser peak power has vaiue of between 4

Watts and 6 Watls.,

{3093] in some embodiments, for the predetermuned pattern described with reterence
to Figures §, the laser light source is a pulse laser and an average laser puise energy has a
value between 5 mullddoudes and 250 mullloules. In some embodiments, an average laser

pulse energy has a value between 80 mutliJoules and 120 nuilhvJoules,

{3094 in some cmbodiments, for the predetermined patiern described with reference
to Figures &, an average laser power has a value between .2 Wall and 1 Watt, In some

embodiments, an average laser power has a value between .4 Watt {o 0.6 Watl.
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{(095] in some embodiments, for the predetermined patiern described with reference
to Figures 8, an average number of laser shots delivered on the patient’s mis hes between 100
and 1000, In some embodiments, an average number of laser shots delivered on the patient’s

118 18 between 200 and 300,

BUY6] Additional examples of laser parameters and operating conditions and ranges

arc as described below:

s Fraction of Iris 1o be treated: 19%-20% {e.g., 3-10%};
8 Total Clinical treatment tume: 13-120 seconds {e.g., 40-6{ seconds};
® Target Increase i Tissue Temperature: 10-60 degrees Celsius {e.g., target increase

35-435 degrees Celsius); and/or

® Spot Ssize of Treatment Jone: 40-350 nmcrometers {e.g., 150-260 micrometers);
3897 Figure 9 illustrates a combination of substantially radial (¢.g., as cxplamned

with reference to Figures 4A-4B), substantially circumferential {(c.g., as explained with
reference to Figures SA-3B), and substantially circular spot patierns (e.g., as explamed with
reference to Figure 8) of positions for delivering the laser hight beam on one or more of the

iris tissues of a patient’s eve, m accordance with some embodiments of the present disclosure,

LHLY Figure 10 1s a flowchart representing a method 1000 {or improving vision
performed at an ophthalmological laser sysiem, according to certamm cmbodiments of the
ivention.,  Method 1000 may be governed by mstructions that are stored m a computer
readable storage medium and that are executed by onc or more processors of one or more
servers. Each of the operations shown i Figure 10 may correspond to mstructions stored in a
computer memory or computer readable storage mediumy,  The computer readable storage
medium may include a magnetic or oplical disk storage device, sohid state storage devices
such as Flash memory, or other non-volatile memory device or devices. The computer
readable mstructions stored on the compuler readable storage medium are i source code,
asserably language code, object code, or other mstruction format that 1s mnterpreted by one or

NOTC ProCcessors,

{3099] The ophthalmic laser system 100 obtains (e.g., reirieves and/or generates)
(1002} a predetermined patiern characterized by a plurality of positions along a plurality of

spatiaily distributed iris tssues of an oye of a patient. For example the ophthalmic laser
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systent obtains a substantially radial pattern as described with reference to Figures 4A-4B, a

substantially curcumierential pattern as described with reference {o Figures SA-3B and 6A-

6B, a combination of substantially radial and substantially ciwrcumierential patterns as
described with reference {o Figure 7, a substantially circular spot pattern as described with
reference to Figure ¥, a combmnation of substantially radial, substantially circumferential, or
substantiaily circular spol patierns as described with reference to Figure 9. The
predetermined patterns are characterized by a corresponding plurality of positions {¢.g., as
described with reference to Figures 4A-4B, SA-3B, 6A-6B, and 7-9) along a plurality of
spatially distnibuted iris tissues {e.g., the s himbus tissue, the wis stromal tissue, and/or the

iris difator muscie tissue; as described with reference to Figure 2B},

{30100 Ophthalmic laser system 100 aligns (1004 a laser illumination light beam in
accordance with one or more of the plurality of posttions along a plurality of spatially
distributed iris tissues. In some embodiments, ophthaimic laser system 100 obtains (1006)
one or more laser parameters {e.g., wavelength of laser light, average duration of laser pulses,
average puise repetition rate of laser pulses, time of treatment or delivery of laser pulses, and
the bike; as explamed with reference to Figure 1, Figures 5A-5B, and Figure §) in accordance
with the obtained predetermuned pattern. In other words, 1n some embodiments, one or more
of the laser parameters are selected in accordance with the predetermined pattern; different
sets of laser parameters are selected {or different corresponding predetermuned patierns, i a
combination of predetermined patierns 1s used (e.g., 4 combination of substantially radial and
substantially circumierential patterns as shown w Figure 7, or a combination of radial,
substantially ciwrcumicrential, and substantially circular spot patterns as shown i Figure 9},
then a corresponding combination of laser parameters are used o accordance with the

selected combination of predetermined patterns,

(G001 Ophthalmice laser system 100 delivers (1008) the laser tlhumination hight beam

1n the predetermined pattern on a surface of the eve of the patient.

LHi s (Crphthalmic laser systemy 100 cautenizes (1318} (e.g., heats to a predefined
temperature and/or treats) at icast a subset of the spatially distributed s tissues, by the
delivery of the laser dlununation light beam n the predetermuned patiern {(e.g., causing the
subset of s tissucs to heat, contract, be cut, or scarily}, thereby resuliing in a decrease n

diameter of the pupid of the eye.
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{G0103] The foregoing description, for purpose of cxplanation, has been described with

reference 1o specific embodiments. However, the llustrative discussions above are not
intended to be exhaustive or to limut the invention to the precise forms disclosed. Many
modifications and vanations are possible m view of the above teachings, The embodiments
were chosen and described 1n order to best explamn the principles of the nvention and s
practical applications, to thereby enable others skilied in the art to best utilize the imnvention
and various embodiments with vartous modifications as are suited to the particular use

contemplaied.
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What is claimed 1s:

1. An opitthalmological laser system comprising:

a laser, the radiation of which 1s focusable as a laser tllumination light beam;

at least one processor;

MEmory;

at least one program stored in the memory and execulable 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 plurahity of spatially distributed s tissues of an eye of a
patient;
align said laser tlumination light beam in accordance with one or more
of the plurality of positions along the plurality of spatially distnibuted
iris {1SSues;
deliver said laser tumination light beam in the predetermined pattern
on a surface of the eye of the patient; and
cauterize at least a subsct of the spatially distributed s tissues, by the
dehvery of the laser dlurmnation light beam n the predetermned
patiern, thereby resulting in a permanent decrease 1n diameter of the

pupil of the eye,

™

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

between 100 femtoseconds and 100 milliseconds.

3. The ophthalmological system of claim 1, wherem the laser 1s a pulse laser and the
laser Hiumination light beam comprises a sequence of a plurality of hight pulses with an
average repetition rate between two consceutive light pulses of the plurality of light pulses

hetween 0.5 Hertz and 100 kiloHertz,

4 The ophthalmological system of any one of claims 1-3, wherein saxd laser
tHununation light beam comprises laser hight of wavelength between 500 nanometers and

1 700 nanometers,
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J. The ophthaimological system of any one of claims -4, wherein the obtained
predetermined pattern further defines one or more laser parameters and wheremn the
instructions to deliver said laser iifumination light deliver the laser dlumination hight in

accordance with the one or more laser paramelers.

6. The ophthalmological system of any one of claims 1-5, wherein the plurality of
spatially distributed ris tissues comprises one or more of: the wis stromal tissue, the 111s

dilator muscle tissue, the wis hmbus tissue, or any combination thercof,

7. The ophthalmological system of any one of clatms 1-6, wheren the predetermined

sattern inclades one or more of: a substantiaily radial patiern, a sgbstantially circamferential
Y, -

paticrn, a substantially circular spot pattern, or any combination thergol,

5. The ophthalmological system of any one of claims 1-6, wherein:
the predetermmned pattern 1s a substantially radial patiorn;
the plurality of positions comprise N positions, cach of the N positions oriented
radiaily from the mner circumicrence of the wis proximal to the puptl to the
cuter circumierence of the 1ris distal to the pupil; and
the N positions mchude a first position and a second postilion, the second position
being adjacent to the first position and separated from the first position by a

predefined angular separation,

3. The ophthaimological system of claim 8, wherein the predelined angular separation

has a value between 10° and 20° and N 18 a positive wteger of value between 4 and 36,

1. The ophthalmological system of any one of clamms 1-6, wheremn:
the predetermined pattern is a substantially circumierential pattern;
the plurality of positions comprises N positions, cach of the N positions occurring at a
first predetermuined distance along a radius of the s measured from mner
circumicrence of the wris;
the N positions together form the substantially circumilerential patiern which s
substantiaily concentric with and proximal {o the mner circumierence of the

1018 and
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the N posttions mclude a first posttion and a second position adjacent to the first
position, wherein a center of the lirst posilion 1s separaied from a cenier of the
second position by a predetermined separation along the circumicrential

patiom.

i, The ophthalmological system of claim 10, wheremn the first predetermuned distance
has a value between 0.75 mdivmeters and 1.5 muiumeters, the predeternmuned separation has a
value between 50 nucromceiers and 300 micrometers, an average length of the first position
has a value between 25 micrometers and 200 miucrometers, and N 1s a positive imteger of

value between 4 and 20,

{2.  The ophthalmological system of any one of claims 1-6, wherein:

the predeternmined pattern 1s a substantially crrcumierential patlern;

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

the N positions together form the substantially crrcumferential pattern which 1s
substantially concentric with and proximal to the outer circumierence of the
ir18; and

the N positions mclude a {irst position and a second position adjacent Lo the first
position, wherein a center of the first position 1s separated from a center of the
second position by a predetermuned separation along the circumiterential

paticrn,

13, The ophthalmological system of claim 12, wherewn the second predetermined distance
has a value between O and 1.5 mullimeters, the predetermined separation has a value between

56 mucrometers and 1 nullimeter, an average length of the first posttion has a value between

25 mucrometers and 300 micrometers, and N 1s 4 posilive miteger of value between 4 and 20,
{4,  The ophthalmological system of any one of claims 1-6, wherein:

the predetermined pattern 18 a substantially circular spot patier;
the plurality of positions compriscs N positions, each of the N positions occurring at a
third predetermuned distance along a radius of the s measured from the mner

circumierence of the ris:
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the N posttions together form the substantially circular spot pattern which 1s
substantially concentric with and proximal {0 the mner cucumicrence of the
ir1s; and

the N positions mclude a first spot position and a second spot posiiion, the second
spot position being adjacent to the first spot position, wherein a center of the
{first spot posiiion s separated from a center of the second spot position by a

predetermiined separation along the circumierential pattern.

t5.  The ophthalmological systens of claim 14, wherein the third predetermined distance
has a value between (.75 miliimeters and 1.5 miliimeters, the predetermined separation has a
value between O mucrometers and 300 rmcrometers, an average radius of the first spot
postiion has a value between 10 micrometers to 300 micrometers, and N is a positive mieger

of value between 4 and 20,

-

I6, The ophthalmological system of any one of claims 1-6, wherein:
the predetermined pattern 18 a substantially circamiferential pattern; and
the plurality ol positions comprises a (1) first set of M positions and (11} a second set
of P positions wherein:
gach position of the first set of M positions occurs at a first predetiermined
distance along the radius of the s measured from the mnner
circumifercnce of the iris and the first set of M positions forms a first
portion of the substantially circumierential pattern which 1s
substantially concentric with and proximal to the imner circumierence

of the mis; and

cach position of the second set of P positions occurs at a second predetermined

distance along the radius of the s measured from the outer
circumicrence of the s 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 circumterence

of the s,

t7.  The ophthalmological system of claim 16, wherein:
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the first set of M posttions mcludes (1) a first position with a center iocated along a
first radial vector measured from the center of the pupil toward the outer
circumierence of the s and (i1} a second position, adjacent to the first
posttion among the first set of M positions, locaied along a second radual
vector measured from the center of the puptl toward the outer circumterence
of the 1118; and

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

a fourth position adjacent to the third postiton along the second radial vector,

18,  The ophthalmological system of claim 16, wherein:

the first set of M positions mclhudes (1) a first position with a center located along a
first radial vector measured from the center of the pupil toward the outer
circurnicrence of the wis and (11} a second position, adjacent to the first
position among the first set of M posttions, located along a second radial
vector measured {rom the center of the pupi toward the ocuter circumicrence
of the s

the second set of P posttions mcludes (3} a third position along a third radial vector
and (11} a fourth position adjacent (o the third position along the fourth radial
VeCior;

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

the second radhal vector s located between the third radial vecior and the fourth radial

veCcior.

19,  The ophthalmological systeny of claim 16, wherein the first predeternnined distance
has a value between 0,75 millimeters and 1.5 millimeters, the second predetermined distance
has a value between 0 and 1.5 nullimeters, and M and P are positive mtegers of values

between 4 and 20,

28, A non-transiiory computer readable storage medium storing one or more programs
configured for execution by a compuier, the one or more programs comprising mstructions

[Z6D
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obtain a predetermined pattern characterized by a piurality of positions along a
plurality of spatially distnibuted s tissues of an eve of a patient;

align a laser illumination light beam 1in accordance with one or more of the plurality
of positions along the plurality of spatially distnibuted s lissues;

deliver said laser tHlumination light beam in the predetermined pattern on a surface of
the cye of the patient; and

cauterize at ieast a subset of the spatially distributed iris tissues, by the dehivery of the
laser illumination light beam in the predetermined patiern, thereby resulting

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

™

21, A method of improving vision periormed at an ophthalmological laser sysiem, the

method comprising:

obtaining a predetermined patiern charactenized by a plurality of positions along a
plurality of spatially distributed 1ris tissues of an gve of a patient;

aligning a lascr tlununation ight beam m accordance with one or more of the
phurality of positions along the plurality of spatially distributed s tissues;

delivering said laser tllurmination light beam in the predetermined pattorn on a surface
of the eye of the patient; and

cauterizing at least a subset of the spatially distributed iris tissues, by the dehvery of
the laser dlummnation light beam n the predetermined pattern, thereby

resuliing in a permanent decrease n diameter of the puptl of the cye.

b2
E\.)

An opiithalmological laser system comprising:
a laser, the radiation of which 1s {ocusable as a laser illumination light beam {orming a
predetermined pattern characterized by a plurality of positions along a plurality of spatially
distributed s tissues of an eye of a patient;

an alignment mechanism for aligning said laser tHumination hight beam i accordance
with one or more of the plurality of positions along the plurality of spatially distributed s
11S5008;

a delivery mechanism for delivering said iaser tlumination light beam in the
predeternmned pattern on a surface of the eye of the patient thereby caulerizing at least a

subset of the spatially distributed wis tissues, by the dehivery of the laser dlumimation light
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beam in the predeternuned pattern, thereby resulting 1n a permanent decrease in diameter of

the pupil of the eve.

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

emutting surface-emitling laser.

24,  The ophthalmological laser system of claim 22 wherein the laser 1s 2 continuous wave

laser that 1s pulsed.

25, An optical amplification system comprising:

an optical amplificr, the emission of wiich 1s focusable as an emission beam forming
a predetermined pattern characterized by a plurality of positions along a plurality of spatiaily
distributed 11s tissues of an eye of a patient;

an alignment mechanism for aligning said cnussion beam in accordance with one or
more of the plurality of positions along the plurahity of spatially distributed wis fissues; and

a delivery mechanism for deliverng said emussion beam n the predetermined pattern
on a surface of the cye of the patient thereby cauterizing at least a subset of the spatially
distributed ivis tissues, by the delivery of the emiussion beam i the predeternyned patiern,

thereby resulting in a permancnt decrease m diameter of the pupii of the eye.

26.  'The optical amplification system of claim 25 wheremn the optical amplifier 1s a laser or

photon generator,

27, The optical amplilication system of claim 235, wherein the oplical amplifier 18 a pulse
laser and the emission beam comprises a sequence of light pulses of average time duration

bBetween 100 femtoseconds and 100 mudliseconds.

28, The optical amphification sysiem of claim 25, wherein the optical amplhifier 18 a pulse
laser and the emission beam comprises a sequence of a plurality of hight pulses with an
average repetition rate between two consceutive light pulses of the plurality of light pulses

hetween 0.5 Hertz and 100 kiloHertz,

29, The oplical armoplilication system of claim 25, wherein said emission beam comprises

laser hight of wavelength between 300 nanometers and 1700 nanometers.
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38,  The optical amplification system of any one of claims 25-29, wherein the
predetermimed pattern 1s further detined by one or more laser parameters that determimned the

characteristics of the ecmission beam.

31, The optical amphification system of claim 25-38, wherein the plurality of spatially
distributed iris tissues comprises one or more of: the ins stromal tissue, the s dilator muscle

tissue, the s limbus fissue, or any combination thereod,

32.  The optical amplification system of any one of claims 25-31, wherein the
predeternuned pattern includes one or more of: a substantially radial pattern, a substantially

ciwrcumierential paitern, a substantially circular spot pattern, or any combination thercol.

33.  The optical amplification systern of any one of ¢clamms 25-31, wheren:
the predetermined pattern 1s a substantially radial pattern;
the plurality of positions coraprise N positions, each of the N positions ontented
racdhally from the mner circumierence of the s proximal to the puptl to the
outer crrcumiercence of the s distal to the pupil; and
the N posttions 1nchude a first position and a second position, the second posttion
being adjacent to the first postiion and separated {rom the {irst position by a

predefined angular separalion.

34, The optical amplilication system of claim 33, wherein the predefined angular

separation has a value between 10° and 50° and N 18 a positive miteger of value between 4 and

35.  The optical amphification system of any one of ¢laims 25-31, wherein:
the predetermined pattern is a substantially circumierential pattern;
the plurality of positions comprises N positions, cach of the N positions occurring at a
first predetermuined distance along a radius of the s measured from mner
circumicrence of the wris;
the N positions together form the substantially circumilerential patiern which s
substantiaily concentric with and proximal {o the mner circumierence of the

1018 and
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the N posttions mclude a first posttion and a second position adjacent to the first
position, wherein a center of the lirst posilion 1s separaied from a cenier of the
second position by a predetermined separation along the circumicrential

patiom.

36.  The optical amplilication system of claim 35, wherein the {irst predetermined distance
has a value between 0.75 mdivmeters and 1.5 muiumeters, the predeternmuned separation has a
value between 50 nucromceiers and 300 micrometers, an average length of the first position
has a value between 25 micrometers and 200 miucrometers, and N 1s a positive imteger of

value between 4 and 20,

{49
~d

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

the predeternmined pattern 1s a substantially crrcumierential patlern;

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

the N positions together form the substantially crrcumferential pattern which 1s
substantially concentric with and proximal to the outer circumierence of the
ir18; and

the N positions mclude a {irst position and a second position adjacent Lo the first
position, wherein a center of the first position 1s separated from a center of the
second position by a predetermuned separation along the circumiterential

paticrn,

38, The optical ampliication system of claim 37, wheremn the second predeternuned
distance has a value between U and 1.5 mullimeters, the predetermined separation has a value
between 30 micrometers and 1 nutlimetor, an average length of the first position has a value
between 25 micrometers and SO0 micrometers, and N 1s a posttive integer of value between 4

and 20,

39, The optical amplilication system of any one of claims 23-31, wherem:

the predetermined pattern 1s a substantially circular spot pattern;
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the plurality of positions comprises N positions, each of the N positions occurring at a
third predetermuned distance along a radius of the ms measured from the mner
circumiecrence of the iris;

the N positions together form the substantially circular spot pattern which 1s
substantially concentric with and proximal to the mnner circumiference of the
i118; and

the N posttions inchude a {irst spot position and a second spot position, the second
spot position bemng adjacent to the first spot position, wheremn a center of the
first spot position 18 separated from a center of the second spotl position by a

predetermined separation along the circumierential pattern.

43,  The optical ampliication system of claim 39, wherein the third predetermined
distance has a value between 0.7 mullimeters and 1.5 mullimeters, the predetermined
separation has a value between § micrometers and 300 nucrometers, an average radius of the
{irst spot posiiion has a value between 0 mucrometers to 300 micrometers, and N is a

positive miteger of value between 4 and 20,

41.  The optical amphification system of any one of claims 23-31, wherem:
the predetermiined paticrn is a substantially circumferential patiern; and
the plurality of positions comprises a {1} {irst set of M positions and {11} a second set
of P positions wheremn:
cach position of the first set of M positions occurs at a fivst predetermuned
distance along the radius of the 1ris measured from the inner
circumicrence of the iris and the first set of M positions forms a first
portion of the substantially circumierential pattern which is
substantially concentric with and proximal (o the inner circumierence
of the is: and
gach position of the second set of P positions occurs at a second predeternuned
distance along the radius of the wis measured from the outer
circumiference of the iris and the first set of P positions forms a second
portion of the substantially circumierential pattern which 1s
substantially concentric with and proxumal to the outer circumierence

of the ms.
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42.  The oplical amphiication system of claim 41, wheremn:

the first set of M positions mcludes (1) a fivst position with a center located along a
first vadial vector measured from the conter of the pupii toward the outer
circumierence of the s and (1) a second position, adjacent (o the first
posttion among the {irst set of M positions, located along a second radial
vector measured from the center of the pupil toward the outer curcumierence
of the iris; and

the second sct of P positions mcludes a third position along the first radial vector and

a fourth position adjacent to the thwrd position along the second radial vector.

43, The ophthalmological system of claim 41, wheremn:

the first set of M posttions mcludes (1) a first position with a center iocated along a
first radial vector measured from the center of the pupil toward the outer
circumierence of the wis and (11} a second position, adiacent to the first
postiion among the {irst set of M positions, located along a second radial
vector measured from the center of the puptl toward the outer circumterence
of the iris:

the second set of P positions mcludes (1) a third position along a third radial vector
and (11} a fourth position adjacent to the third position along the fourth radial
veClor,

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

the second radial vector 1s located between the third radial vector and the fourth radial

vecior,

44, The ophthalmological system of claim 41, wheremn the first predetermined distance
has a value between 6.75 mullimeters and 1.5 mullumeters, the second predeternnined distance
has a value between O and 1.5 mullimeters, and M and P are positive mtegers of values

betweecn 4 and 20.

45, An optical amphiication systern comprising:
an optical amplifier, the enussion of which i1s focusable as an enussion beam;

at least one processor;
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Menory;
at feast one program siored 1o the memory and executable by the at least one
processor, the at least one program comprising mstructions to:

obtain a predetermned patiern charactenized by a plurality of positions
along a plurality of spatially distributed ins tissues of an eye of a
pationt;
align said emission beam m accordance with one or more of the
plurality of positions along the plurality of spatially distributed wris
fissues;
deliver said cmussion beam in the predetermined patiern on a surface of
the eye of the patient; and
cauterize at icast a subset of the spatially distributed iris tissues, by the
delivery of the enussion beam in the predetermmned patiern, thereby

resulting im @ permanent decrease 1n diameter of the pupil of the eye.

46. An acoustic amphification system comprising:

an acoustic amplilier, the emission of which 1s focusable as an emuission beam
formung a predetermined pattern characterized by a plurality of positions along a plurality of
spatially distributed ir1s tissues of an ¢ye of a patient;

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 emussion beamn in the predeternuned patiern
on a surtace of the eye of the patient thereby cauterizing at least a subset of the spatially
distributed s tissucs, by the delivery of the emission beam in the predeternuned pattern,

thereby resulting in a permanent decrease 1 diameter of the pupil of the oye.

47.  The acoustic amplification system of claim 46 wherein the acoustic amplifier 1s an

ultrasound energy generator.

48.  An acoustic amplhification system comprising:
an acousiic ampiilier, the emussion of which s focusable as an enussion beam;
at least one processor;

MEermory;
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at least one program stored in the memory and executable by the at least one
processor, the al feast one program comprising mstructions {o:

obtain a predetermined paticrn characterized by a plurality of positions
along a plurality of spatially distnibuted ms tissues of an eye ol a
patient;
align said emission beam in accordance with one or more of the
phluraiity of positions along the plurality of spatially distributed iris
{issues:
deliver sard ermssion beam m the predetermuned pattern on a surface of
the eve of the patient; and  cauterize at least a subset of the spatially
distributed wis fissues, by the delivery of the emission beam n the
predeternuned pattern, thereby resulting 1n a permanent decrease in

diameter of the pupil of the eve,
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