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20  relaxed ciliary muscle, the target is in focus on the retina. However, if the eye is directed at
a nearby visual target, the light is initially focused behind the retina, i.e. the image at the
retina is blurred, until accommodation occurs. The image is sharpened when the lens
becomes thicker with a steeper central curvature because of contraction of the ciliary
muscles, resulting in a decreased diameter across the lens as well as its suspensory

25  connections to the wall of the eye via the zonular fibers which become relaxed, allowing the
lens to achieve this more spherical shape as needed.

Accommodation refers to the ability of the eye to change its focus. Accommodation
is measured by the accommodative amplitude, that is, the power, measured in units called
diopters (D), that the lens can vary from the non-accommodative state to a full

30 accommodative state. For example, in accommodation for near vision, the lens increases its

curvature, and as such, the amplitude of accommodation increases.
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A method of treating an eye and specifically a human eye for the correction of

presbyopia in disclosed. The method comprises identifying an area of the eye and focusing
30 energy specifically in the form of high intensity focused ultrasound (HIFU) energy on that
area of the eye. The energy is highly focused to a specific area of the eye in order to

increase temperature and cause controlled cellular damage to that specific area of the eye
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30 to image portions of the eye and specifically technology which makes it possible to

=

differentiate areas such as the ciliary muscles, zonule, and peripheral lens capsule would be

useful in connection with the present invention. The use of MRI technology in real time
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30 prophylactically treating target tissues so that presbyopia may be
sufficiently prevented. These and ot her objects, advantages, and features
of the inyenbjseisW || become apparent to those persons skiplhithyi/iabde art
upon reading the details of the device and nethod 4 WO 02/38078
PCT/11SI>11~7278 as nore fully described bel ow. O her objects and

advant ages may become nore apparent to those skilled in the art upon
reviewing this summary of the invention, in view of the description of the
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It is another object of the invention to increase the tension on the zonules through

20  directly or indirectly increasing tension of surrounding tissues in a therapeutically effective
amount sufficient to reverse the affects of presbyopia.

Another object of the invention is to slow the growth rate and/or stretch rate of target
tissues so that the onset or progress of presbyopia is sufficiently retarded.

Another object is to alter the elasticity of the lens capsule so that the onset and

25  progress of presbyopia is sufficiently retarded.

It is also an object of the invention to induce controlled cellular damage to target
tissues to restore zonular tension so that presbyopia is sufficiently reversed to be clinically
beneficial.

It is yet another object of the invention to preemptively combat presbyopia by

30  prophylactically treating target tissues so that presbyopia may be sufficiently prevented.

These and other objects, advantages, and features of the invention will become

apparent to those persons skilled in the art upon reading the details of the device and method
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WO 02/ 38078 PCT/ US011~7278 It mnmust be noted that as used herein and in the
appended clains, the singular forns "a", "and", and "the" include plural
referent sygihssmsst he context clearly dictates otherw se. gfggisofi@sgexanpl e,
reference to "a target area"” includes a plurality of such areas and
reference to "the step"” includes reference to one or nore steps and

equi val ents thereof 5 known to those skilled in the art, and so forth. The
publ i cations di scussed herein are provided solely for their disclosure
prior to aspeorefipllydesaubed knlow Hathey ehjeqts andusivantagesanay besomerdporp apparentita t o
be constr -S54 ] i Lon .S titled to
ant edat e tgﬁ%ﬁﬁglf Iq? ?%ﬁrgﬁﬁqgly’} e&@?«ﬁn&tﬂ%@&%ﬁ)?zﬁf%f%\%ﬁ%&ﬁ& lhﬁ%e?‘ﬁ%frtﬁgt he dates
of publ i akséripioprodheedfemey chbodinidner ent from the actual publication dates
10 which may need to be independently confirnmed. DEFI N Tl ONS.

. Accommodation. The ability of the eye to change its focus fromdistant to

near g@bjects; process achi e!ﬁﬁEﬁbEMh’ﬁ@N@W@ I'giﬁ?g@ape. 15 Anplitude
0

of Accommodati on. Anplitude accommodation Is the fference, expressed
in diopters, Utigurednismlsehdaaticpiewof @poriooofram dy slowisgthetahe hetweengbé kens of
acconmodat i asured clinically fromthe spectacle plane. Facility of
Accommdaﬁngﬁ‘?rrgg%'i lity of acconmopdation is a neasure of the ease and speed
of accommodat i PMigure e 4&PoRiscétiMaPitBemdik Ve ot pOsE BTGy howhiROvatious
accommodation IS the dioptric difference betweén the acconmopdative response
and the stmmmmwspoomud&md&tdayn‘ It can be thought of as a neasure of

acco dati ve ,accur . Accammdative lnsufficiency. Acconmobdative
i nsu;@?ci ency flgurtc elséisfﬁ%{?@‘%ﬁé{}eéw?ﬂr@ QEcomodat i ve response is
significantly | ess than the accomodative stinulus, |eading 25 to synptons
such as blur or ast henogi a. Accommpdative Fatigue. Acconmpdative fatigue is

the inability of the LEDIREGGRIBRTION OFt PHMBODIMVEBN R dat i on

; . . | Lify .
Cnfact 11ty i o apiats F oBSphRRdSGRTARRSHaY s b st L1 S HRETRIBL T e
in sti mul s invdhtida GonaTdhaitedMe abp pamicilie eabodidesiodsititaid] Mt Spashnma, af r esul t

of ciliary nmuscle spasmand the tnability of ,the eye_ to rel ax
accomoda49UEss, vasy. It is also to be understood that the terminology used herein is for the purpose

of describing particular embodiments only, and is not intended to be limiting, since the scope
of the present invention will be limited only by the appended claims.

Where a range of values is provided, it is understood that each intervening value, to
the tenth of the unit of the lower limit unless the context clearly dictates otherwise, between

20  the upper and lower limit of that range and any other stated or intervening value in that
stated range is encompassed within the invention. The upper and lower limits of these
smaller ranges may independently be included in the smaller ranges is also encompassed
within the invention, subject to any specifically excluded limit in the stated range. Where
the stated range includes one or both of the limits, ranges excluding either both of those

25  included limits are also included in the invention.

Unless defined otherwise, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which this invention
belongs. Although any methods and ma'terials similar or equivalent to those described
herein can also be used in the practice or testing of the present invention, the preferred

30  methods and materials are now described. All publications mentioned herein are
incorporated herein by reference to disclose and describe the methods and/or materials in

connection with which the publications are cited.
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WO (12/38U78 PCT/ USUL/.~7278 Pseudonyopi a. Pseudonyopia i s an apparent
refractive condition resulting from excessi ve accommodati on caused by

acco_rmoda‘g,b\{,g/_,ﬁggsm Patients present wth typical nyopicpg@iRhpi7abs such
as di stance blur. Myopia. Nearsightedness; ability to see close objects

nore clearly than distant 5 objects; nmay be corrected with gl asses or
contact | enses. Hyperopia. Farsightedness; ability to see distant objects
nore clearly than cl ose objects; nay be corrected with glasses or contact

Ihe nses. Lat entItFjysebopetad thaspened hyieir gyl ia thesamedqﬁmlaimnthoﬁin}gm@; ﬁlm'_a: _
oot o' T neRnaRE e Thol o AGGPITEGRS Wb CAL bREK AR e pffivite. ' 21

cycl opl egThusa@srekamplé] refereniseital“h Yargdt tardal ehldRe a pYurhlitytolf sechdedsfaadt
subj ective refractive procedures, Presbyopia. The gradual |oss of the eye's
. ability tfaerasde ety (ndedsimefagneote)one oF mosestaps andaquiejeatsithereefused by
the | ens ool | N fi-@t ed wi th aging; occurs in alnost all
peopl g)novlglrﬁ) aggqgée%%glegtlﬁﬁéﬁgﬁ%gne (Non- Mal i ngering Syndrone). Streff
Syndrone is a Thepltlicationsdisdussel heledt areipsovadedssopedy fortthardiociondapiivieto the
dysfunctign. Anterijor Chanber. The space in front of the iris and, behind
the cor neﬁ.mg«aq}ee heymiFRoR! apRlicions Netig hereinuiz & ﬁ%«er@#yeé PATCRIPHEION hgls

bet ween aihd QA iAHERIchIEnbSARIANE ARaGABP BILIREREFHP AR of BRoChbb Ao

processes. igmatism A condition in e sur e cornea
i s not spheathecahe datasispubdichtien predidedragy be differentdoom thechctital plidicatién detes

Binocylar Mision. T | endi ng, of the. separate inmages seen by each eye into
a si ntﬁ e Wh’ﬁﬁé?aya‘ﬂea&gg? H@ﬁ@%f%f”&tfhb@m?’é@ﬁg-vmth depth. Blind Spot. (1) A
smal|l area of the retina where the optic nerve enters the eye; 25 occurs

normally in all eyes. (2) Any gap in the visual field corresponding to an
area of tREFINEEON®m where no visual cells are present; associated with eye

cye: suppl 1 s AGEITTPOR D TRl S RaR P e R TR PR B ood
vessel thgbjeagprb&@ss BORdbyane lehecliaiingats sBepeChoroi d. The layer filled
with bl ood vessels that nourishes the retina; part of the uvea. 7
15 Amplitude of Accommodation. Amplitude of accommodation is the difference,
expressed in diopters, between the far point of accommodation and the near point of
accommodation measured clinically from the spectacle plane.
Facility of Accommodation. Facility of accommodation is a measure of the ease and
speed of accommodative changes of the eye.
20 Lag of Accommodation. Lag of accommodation is the dioptric difference between
the accommodative response and the stimulus to accommodation. It can be thought of as a
measure of accommodative accuracy.
Accommodative Insufficiency. Accommodative insufficiency is the situation where
the accommodative response is significantly less than the accommodative stimulus, leading
25  to symptoms such as blur or asthenopia.
Accommodative Fatigue. Accommodative fatigue is the inability of the eye to
adequately sustain sufficient accommodation over an extended time period.
Accommodative Infacility. Accommodative infacility is slow or difficult
accommodative response to dioptric change in stimulus.
30 Accommodative Spasm/Excess. Accommodative spasm is a result of ciliary muscle

spasm and the inability of the eye to relax accommodation.



WO 02/ 38078 PCTIUSA /~7278 Ciliary Muscles. The nuscles that relax the
zonules to enable the I ens to change shape for focusing. G liary Processes.
The ext eRgh@ngse9§ Projections of the ciliary body that sepegisoaap®oUS
hunor. 5 Cones, Cone Cells. One type of specialized Iight-sensitive cells
(photoreceptors) in the retina that provide sharp central vision and col or
vision. Also see RODS. Conjunctiva. The thin, noist tissue (nmenbrane) that

lines the inner surfaces of the eyelids and the outer surface of the
sclera. Cont r deUdIREORIA. P seydonyepia b an; apparept 1giactivecandifipn gssultiag ramet ween

an obj eCte@ﬁsg%\jeta%cc}rgmlaﬁﬁtm{%M‘bg%?ﬂﬁﬁg%%ﬂg Pt Parlbi@BRRAR SN o BRAP- | K

structure covers the irrs, nterior ¢ par ye's

f ocusi ng myspie somplairts suwh.as digenoebks, by which the pupil is tenporarily

enlarged wth specjal _eye drops (mydriatic); allows the eye care specialist
. to better viewMyRBiaj hsprshtzdneseatalily to pee elpsrsolticctsmare fj@rf@dwrbqhsm te

deposist s difediflendyeld Qfrelfed WAIH Hadded HollBRtiendegvea. The central part of the

macul a that provi des&?’he sharpest vision. Fundus. The interior |ining of
the eyebal |, iHgpardping Fatsightesinessaabibipytto seaidistant chjettswnorel dearlydhan doseof t he

i nner eye t.h%t_ can be seerg] d rilnﬁ% an eye elgam' nation by | ooking through the
pupi | . 20°WISRES LAY RCGOTISEEE NHBIgesT COBEELISESSS of the fluid inside the eye:
normal | OP varj gsntafegopia AL bt Usrberopialis fhe pbRfonCSH RS Rl hiyp&ogth tissue
suspended behind the corﬂnea andql??megli at eil)})in front@%‘a1lc ?gg ngns; regul ates
t he anmpountomyfensiterhfor dytacedmmoddtionand theytonigjty of thegiliane nyiscle. Iomay fhe vhobly! .
Lens., The transparen doubl e conve out ward, curve bot h si des .

st uoklr cormsrE e Betgask ST hale ARRh At St et B owings
l'ight on {Bgifdsebibjebtiviyieitclive flogedn®. |, sensitive area of the central
retina;, provides Vvision for fine work and reading. ' Optic Cup. The white,
cup-1i ke area Pieshyppia chhegradifal logeobibe exe'siability toghange fpens (@spmmadetion) Head.

Gt 1 0. Nor RoecHiE s BhRE% sARE Sy ARl K6, JikpPRRRGBA Wl °, ) O0o

messages $dcars ihhtmostallpaoplo ovkreagbrdi n. s

15 Streff Syndrome (Non-Malingering Syndrome). Streff Syndrome is a condition in
which there is an apparent accommodative dysfunction.
Anterior Chamber. The space in front of the iris and behind the cornea.
Aqueous Humor, Aqueous Fluid. Clear, watery fluid that flows between and
nourishes the lens and the cornea; secreted by the ciliary processes.
20 Astigmatism. A condition in which the surface of the cornea is not spherical; causes
a blurred image to be received at the retina.
Binocular Vision. The blending of the separate images seen by each eye into a single
image; allows images to be seen with depth.
Blind Spot. (1) A small area of the retina where the optic nerve enters the eye;
25  occurs normally in all eyes. (2) Any gap in the visual field corresponding to an area of the
retina where no visual cells are present; associated with eye disease.
Central Retinal Artery. The blood vessel that carries blood into eye; supplies
nutrition to the retina.
Central Retinal Vein. The blood vessel that carries blood from the retina.
30 Choroid. The layer filled with blood vessels that nourishes the retina; part of the

uvea.



WO 02/ 38U78 PCT/ USQOL/ ~7278 Peri pheral Vison. Side vision; ability to see
obj ects and novenent outside of the direct line of vision. Posterior

Chanber . ‘,'\[?% /?,Q,%e bet ween the back of the iris and the fppfyshperof the
vi treous; if ed with aqueous fluid. 5 Pupil. The adjustable opening at the

center of the iris that allows varying anmounts of light to enter the eye.
Refraction. A test to determ ne the best eyegl asses or contact |enses to
correct a refractive error (nyopia, hyperopia, or astigmatisn). Retina. The
| i ght - sensi t i veiliagy Museles.t Teeipysal¢nthatirelan she zonulsa dk ensble the lang ébeliange sends

10 vi sual ough the optic nerve to the brain. Retinal Pignment
Epi t hel i u%ﬂﬁéﬁ)%&lsﬁfg pi gnment cell |ayer that nourishes the retinal cells;

| ocated just oGilkirg®rdchsses. eThdext@Ribng bt pftohdof the citiar sidy. thdt@dsreteR0Od
Cells. One type of specialized light-sensitive cells (photoreceptors) in

. the reti ng4eABY M YPRYYi de side vision and the ability to see objects in dim

i ght i ght Vj.s] Y e .
0 09N 5L a5, 6p56 COOESMTENAR RS PR RBBORITE
| ayer ( cothi)retirfa thitepreyidb sthdrp catiahvision andicola visidn. pltee RODHe entire

eyebal | . Tononetry. The standard tq determ ne the fluid pressure inside the
eye (i ntraocul SPBNCHEae slhigtin, meishHesus (mempras)ihatdines the igpersyyiaceswd #1q i ke

tissue negfeiiitend HRMutdulie fY% &chat al l ows the aqueous fluid (hunor) to
flow to Schlemm s canal then out of the eye through ocul ar veins. Wea,

Uveal Tract. TBentmasti8kusittvigt Tdie abligy éypdredive differenced batgesl antdbgectad tis d i n
the 25 b kkof the eye and the ciliary body and iris in the front of the
eye. sude*Btfty. The ability to distinguish details and shapes of

obj ects; also egld.8dTRE Bﬁ{eﬁltraﬁ%}%}&ﬁ,-do\ﬂéﬁ'@é sthlcRirEthaf {Stﬁ/ef'srlhi: ifs, g%ﬁ%ahﬁ at can

be seen when the eye is torward, including peripheral vision. treous.
The t r anspaterortchamber phe ©f eyesfocusingysyistenhat | i es behind lens and in front
of retina. 9 Dilation. A process by which the pupil is temporarily enlarged with special eye
drops (mydriatic); allows the eye care specialist to better view the inside of the eye.
15 Drusen. Tiny yellow or white deposits in the retina or optic nerve head.

Fovea. The central part of the macula that provides the sharpest vision.

Fundus. The interior lining of the eyeball, including the retina, optic disc, and
macula; portion of the inner eye that can be seen during an eye examination by looking
through the pupil.

20 Intraocular Pressure (IOP). Pressure of the fluid inside the eye; normal IOP varies
among individuals.

Iris. The colored ring of tissue suspended behind the cornea and immediately in front
of the lens; regulates the amount of light entering the eye by adjusting the size of the pupil.

Lens. The transparent, double convex (outward curve on both sides) structure

25  suspended between the aqueous and vitreous; helps to focus light on the retina.

Macula. The small, sensitive area of the central retina; provides vision for fine work
and reading.

Optic Cup. The white, cup-like area in the center of the optic disc.

Optic Disc/Optic Nerve Head. The circular area (disc) where the optic nerve

30  connects to the retina.
Optic Nerve. The bundle of over one million nerve fibers that carry visual messages

from the retina to the brain.
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WO U2/ 38078 PCT/ USUL/-17278 Zonul es. The fibers that hold the |ens
suspended in position and enable it to change shape during accomodati on.
Zonul ar Appahakdg. A three-dinensional systemof fibers wWacgRsprigrhate
close to the cilrary epitheliumand pass forward in close association with
the ciliary processes before 5 farmng out to the Lens capsule; it also
hel ps mai ntain the hyal oid nenbrane. | NVENTI ON I N GENERAL. The subj ect eye
of the invention is an eye, either in its natural state or in a pretreated
condi tion and RetjplisealVieoreSdevisipmy abitibralsee ebjgets anbmovetoent opisile dfdrse, but
is prefer . ] n eye. The information provided here, such as
ggééfllgeé?‘élgéﬁe, are for a human eye and coul d be adapted based on

t he di scl osur ePbferdiriCliantet. MBhSspabobeivebethRbatk epthaaiy shdithe foplefaéeommal  of
the epithelium reduction of the intraocular pressure, application of an

. enzyme or Vigiepsy; fidlsd tvith aayeousdhiid. and application of an anesthetic as wel |l

as suid abl e angj 1 5 ] L DL O | / Lvirals. uld
e noted t hat oL A RREIEPhAER ELRrET (s o Bt brlng anldund't?
t enper at ulight ts enehehetelyer apeuti c tenperature in such cases nust be
appropriately adjusted. O her pretreatpents include other refractive
procedures, s ugﬁ%fé%“ql?l(,A sRiio d&&ﬂ"“t‘)&éﬁk‘,’es&%"tﬂhsﬁﬁ o gpRiaet lgmies o Gpgreeb?  wound
heal i ng h . . , : i nclude the application of a

| ubri cant &(ﬁa@ggﬁﬁﬁt(ﬂg@%ﬁ g@gﬁ@’ﬁ?ﬁ%@@? mal energy. 20 Current

treat nent s f or Rptirs blleplightisaditivkd aydrad siesie thaihinecthe becisefsthanytbally gpady .

a ass§qs and cont act Iense]s are _.often c&ni)i dered a daily inconvenience.
Accor tf ngViB? fRessqges diroush, the potis, BeTye ¢ thy braip,, 100 years ago, |oss of

zonul ar tensi ORefua P Om e Pithelim (REENUNR bib GBSt defl 14y2f HIRhOrishAURE r&fnal
presbyopi a. This has been supported by recent surgical 1nnovations of
Schachar cellspicated gust girtside thewstinmard aftashed wabelchoroidc| er al pocket i nci sions

to 25 stretch th | ia h i cal i
o frequent Iy Bidnducedls e SHTS Sedtafi it Sineiee dpli (habRieedor Tk,
hi gh | eveletiph thaRHRdEdd didedidione She it 16 8&AdH &8s =i di@-1Bht a6EE visIhe. Also

side-effects of surgical inplants and other forns of traditronal invasive
surgi tal peede@®sr es i nclude conjunctival scarring with inadequate tear

film inplant dislocatiQn wth | 0s linjcal | era
perforation w S ﬁI%S‘i”%l\MS 'tcﬁ%ﬂ\tmﬂllﬁp rgscas'gg%&@ogg,ﬁ’efﬁuso%gﬁé @ﬁ%%‘fevg? %ﬁérmr r hagi ng
whi ch can caus8ciefs MEid teugh, $WHig o aerayeri(cdat Sef\Re &febilaktth e cbfieg it protects

el evat ed i ntraocul ar_pressure spi ke postoperatively, infection risk

at t endant theEniipeesebath within the protective wall of the sclera, often

requi res an ho r gi It <Yr NI A= S{jﬁ% =5 tinme
per eye, and | g?%}g’get 'egggﬁg?%&c\il)veaker{gl : Ple Fﬁl\ﬁ%a I%éé ho égdguggheyggﬁsla%ég%al

i nci sE@nspoassuraser therapies, to effect an increase in zonular tension have

simlar margin ef fectjveness and undesirahle.l evels of .norhidity,,scleral
weakeni ng and ﬁme&Fﬁ‘af fv%ﬁ‘a‘”%f arﬁf’ BOEXs ’E"ﬁS}Em‘? E%uﬁpeﬁéﬁ%ﬂ%tr?? thy eft%rﬂéﬁcti on of
the delicaligws gRfaqhtdufuld uBiPRMow fB’S‘dlﬂérﬁ:ﬁ\‘sfie‘éﬂél%ntdiﬁ§Pt}ié%?§¥lir8@gr}5
side-effects altogether, and requires no incision into the sclera. The
i nvent or s opideevainscover ed a net hod and apparatus for treating presbyopia by

t aki ng advantage of_.th bility of.a h e 0 _sust.ai n.danpge.{o .certain
target tissues ?R@E’c[ﬁv‘?fg T?q‘ckj r J“é%‘é‘!f{ﬂl%?"ag gf {ﬂlﬁ ﬁé?ebzfih’ pamsistipg o @,e %ﬁ%ﬁtﬁ% uch
danages pr 0acesthe gyd b siliant baly andady Bi the fivnedfftBeEydlg non-target tissues.
However, the eye is a notoriously delicate structure. 10 Damage to the

outer parts of Visial Aguity.sTbhability tolistipguish detaileand shapesfebiectibtleo ealleduse it
presents g ,lif}ﬁl@is%n pain, thinning, or even perforation from necrosis.
Danage to FRe i'nner parts of the eye, such as the central lens is

undesi r abl e bed&sg Fidld.pThseartirs a®althas kambe sceh avhen the eyernmforeard, mehidireg

capsul e tear,. or. even phacolytic glaucoma if |lens contents leak into the
eye. As sPEHPhSTIHIHAN treatnents and devices to treat the eye nust be as

precisg as POSSyifbsl SrHetrAhint QIGHS RS 11 BRPHIEARIRR ardlA flof educe

the risk of injury an ection as a consequence e nedi cal treatnent.
Accor di ngré¢timat he i nvention, a nethod and apparatus has been di scovered

whi ch uses energy, preferably a specific node of ultrasound, nore
preferably called high intensity focused ultrasound ("H FU'), to safely and
effectively treat presbyopia by applying energy to a desired targets) in
order to heat the targets) to a 20 partPcul ar tenperature while greatly
mnimzing the collateral damage to adjacent tissues. Because of the
delicate nature of the eye, it is known that the eye does not tolerate
generalized heating well. As such, one aspect of the novelty of the nethod
and apparatus is the ability to treat an eye according to the invention

a4 = o S B Y Y B N _ A a1
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The inventive nmethod permts therapeutic, effective heating of specific
targeted eye tissues wi thout the conmon undesirable side-effects associated
with applwigg,s8eat to 11 WO 02138078 PCTI USO1/. 17278 senpgifiéEy7278
structures. It 1s preferred that the nethods of the invention utilize
ultrasonic waves. It is nore preferred that the nethod enpl oy high
intensity focused ultrasound ("H FU') to treat the target tissues. As such,

it is preferred that the_apparatus of the invention emt ultrasonic waves;

and it is moreZppdeer Hhedibassthat held helanssusrended in posifion; andenable it to ghanged 5

ul trasoun%ﬁg%ﬁg LaofaldaliRg target eye tissues. The inventors have found
evice can creaté a localized thermal injury in a desired

target tissue dbeaamApparatus.dArthgeaiimentoralisystnnof filgers whkhesiginake dogrtef err ed
enbodi ment, H FU can_cause thermal injury to the eye non-invasively and in
. discrete th gPitlsdizm Fukpags fompardiip slosg assogiadenswah e qiliary pegesserbetosnt i al
pl ane al o . { IFU is a

prom s?ngp%llng%?‘# g(?ﬁlﬁ?ﬂ#ﬁc% gué?’%%ql n %Ig?i\rllga%?%?l Bﬂfl). e%lﬂe)%gpl y, H FU has
been used in two kinds of applications: 1 ) the destruction of snall
identifiable sites, and 2) the de-bul king of tunors. As such, HFU is .
conunonl y W@W&Eﬁ%ﬁ' general i zed heating and disabl ement of discrete
target tissuesThBi@ed@fe BEhEARALSH RA Y SHENnAR MRRAAYUSE bxsiﬁlég;iréﬁ‘é &re.
The nmethod of the present invention is novel in that HHFUI1s applied to
target ti senditoriEdanay be theeye of atyi mamorfal,telp, @t,dog} pigchaased bitlim prafemblyfa t he
target tigsues is.desired. .The method is novel in that. the structure and
funct 1&n Bitane/s P8 Btofnuiohdto e fifp, HoL6s FRPFBAR AL PROS &l AL, The
HI FU pul s gu@$ byd snd doufl bH SfapRHasddch the AiRdlosd &P6flePilinglsOPosaippUt 1 mm X
250 um zone of heating per pulse. The H FU energy utilized in the nethod of
t he i nvenpretsatmestsgoeladerampvabolithe epitheioma mduetionef the intiaeculanpsessingn i s

ener gy whi cll. iﬁ sg{.)st%%&}lal lé %i fferent in ki(pd Ifl.r m or ina%%l? | trasaound
energy. OFERIFRPSR O 1 ALE TS SHISE SRFHERAL SPLTRRISENR G S35 360 A
wher eas t bgitsbhedar@igergiRs eichiditly titibtiesA8N/of entivinillsl Tt shtvild e nbed tigdt sbie pr esent
invention js in the range of about 500,000 Hz to about |0, 000, 000 Hz, or
more PP ef EpaBicyl agants can Rhanee theqopiractiondemperatyra.po the theyaprutis temperaiurs iny |

Furt her, i : | J i; i m
convent i o%‘gtﬁl Jﬁ%spgtgsct)gjggpﬁﬁﬁlﬁgpo{ ﬁesl&ghg?igég B%égg%ggeégselgdtq %J (gtﬁ\éllgrr@%a‘g[%gci fic
area of gereedirty snch dssREePRKhami RARIK) assunsing sufficent imoforsvamddealinghes

about 4 square millinmeters or less jn total are re preferably about 2.0
square m FlapHh blso, Bretieamentmay ficfude the srplispianertzafbricanb ox sealapt eeforsr o
mllinet e%ﬁpl?fng'tﬁéﬁwhﬂalte% carea. It is inportant to focus the energy to a

very smal | "afea so as to not affect surrounding tissue. Further, the
presed® 30 i nv&htenttréatments fartprésbyepia irelwlstgidsses, aenjaat deriser andsutgery.t o

di srupt tiCisue and b Pﬁati ng the tissue c%tf{ﬁe.the tissue,to (g.ndﬁrﬂ]o

shri nkage “&ffd° rcé’Bijl‘c B8 4O R OPURCEA & SPHL CoRymsP e APFudng IR Aas
presbyopi genefd of T¥Hefid, IRAIP 1 W F A dol lost 62AShuldd Cerldio duk td Eﬂﬂrﬂ; Brelsity
focused ul trasound for therapeutic purposes results fromthe discovery that
it is posdimen lens indgmajestapsgofinreshyepipalljehas kgen supportgd by yecenpgurgical

sust ai ni ng_i nsj: ani fel I [ egi.on. el

i nventio ng?nsogﬁicl)%l()fi S%ﬁ%%’%glwgh ? Llﬂ'%gc? pi?n 3 tl%ess‘{’:rrg Pg“‘g&t‘ [?es%lijegé 1S &%IHIE—%%%r eat
eye dpsor deésh tiruelkragnd feoérsep@siplopia. Buctbdygipalaorréetoniie fleqokndn dingypedsailus
for non-invasjvely. treating presbyopia is, achi e\(/)§d by .inducing a _highly

| ocal i zed oF ARl FaREinglly syccedstiyl begause it has ahighlpyel of porhidityand wndesirablg i ng” a

| engt h of 140 i AN Y can

~achi eve véllrg oﬁ% Sgedfe1tgg¥:e€ ?%ﬁgi@%&%ﬁsﬁﬁ%&ﬁﬁﬁ@ggeﬂg (getﬂgra%ﬂg% ﬁ%&da dlnﬁludv‘c\%i ch a
t her mal i npvasivecargidahproeedures wicude conjumtivalscamihigrvet ingdequetedéan filof inplent

| t her eby.. i : dat i dtude. Further, th
ovent o o SRYETRE S IPR A nRar ST ACloha ROt P MRS tredidp S o
suspend t Reb@nfchval Hefopthadiie WhidhScanAh$R cobfigtid ¥ERk&hsnt TaVRvetabRed@roed a

method in which a thermal injury can permanently stop or retard the
st r et chi ndorget/edsvateddnigaasutan pesssure spike pestorGiivelys idersion sk atigndapbie

ul trasonogr aphy l.acks th ece r cision to.discretely affect

Var gt o1 SRa8OY yif be o e ESTIC O i B it 3R BN Syt el oo e
col |l ateral damage. Ceneralized damage within a structure as small as the
eye results in risk of glaucoma, cat aratt, uveitis, corneal edema and
scarring, anong other conditions. The invention involves directing HFU to

a specific area or areas of the eye. Referring to Figure 1, the energy can
be focused at any point which would allow for




20 treatnment of the eye I 0, such as treatnent of presbyopia, for exanple,
fromthe or a serrata 1 to the lens 2. The H FU may be focused on any of
the orbi gyhyYssghgiaris 3, ciliary processes 4, zonular fipeggshysis | ens 2.
The energy may be focused on a ciliary nuscle at any point or area fromthe
ora serrata 1 to the lens 2. Alternatively, or in addition, the H FU may be
focused on the zonular fibers 5 (stretching anobng structures including, but
not limted to, the 25 ora serrata 1, the orbiculus ciliaris 3 of the
ciliary bdagpeoyera legvesike selarp wegkesed.tOther methodsesyohas suxgical ingisidnsioar y

: . o P ¢ ey
- Pens capas WrAfR et bh TS i RGP Entlh e Sn PR R kPR "
per i pher aindamidesiesble 18v¢1e oNmbibidity sclefal ivealeitigtandrbulgifis atll Fddnimgy Wi £ aaused

on an area, whi ch spans . fromthe, peripheral | ens capsul e and peripheral |ens
. cel | ul ar YrReAmansat altaration e the delisatedgar tHex Thepresent ipyention ayeids thepe negapivel e,

| ens rtex.. : i L 2, the depth of each
area V\%Eergéqt ﬁ@% %}%ﬂ%ﬂ%@ﬁgl ec e%ﬁig&%%ulgﬁ ﬁ;lég‘%i%%'r esses toward the center
of the eye 10.Thdinventbrs Hare disckevesddenmiethbdtnd Myspatangfer trastppresbslopiapanel | es
on the eye are guidelines tQ illuystrate 13 WO, 02/ 38078 PCT/ US(.11/ - Q7278
and provi kingpthes PRt ate e¥f I BRI drrpageite cortaim arged glﬁiéﬁeﬁ as the
areas th I I i : :

N eh its e oo Ytk L R louFARY AR, PRRt B R TRRnRARS, |
nmor e t hanadvesebradfectifginomérga tissues.t Howepmsthe by @istamotaridusbrdeticate deuemge. of

th i nt i tional . Referring to Fi | i th,Fi 1
o € heDrErs Ol v S B i alBr il i e SrniThedhnse il ' ve
posi ti Onsp&@?ﬁtwriﬁwm,%iﬂﬂing,l & BR b%rfoxﬁﬁ&ﬁﬁohmegﬂogi'd.r Bathabeto/RE fdepe

sclera 6 and lens 2 can be subjected to the focused energy of an H FU beam
Dependi ngprasts afitles ejiegsush agfthexeatrbllons i uhddsirgbls besauseid ptogenth a rigsk of eataracthe

beam of FU may b irected at a singl oi,nt_or . | ural it f di.fferent
poi nt o - togmatSHl il <BRgASEnT br SR piep Bl Mol iy Mt e e e | oo,
The subj egfe. AFsUERMEEEA ItNBMRnS 41l Rvidedld theab e FHE nudl bedasrébiR! dstpossible

treatnents at different points in tinme in accordance with _ the nethods and

appar Bt usingedertp peltjeveriliedadred raslt ang te seduce the siskehinwy sud ediongs e of
exposure [, i i I nt
Si oul ar | 5 isFehee & £ORE AR &AL Hoch RO FAMNERRR, Y Ficfholohf sbhERTT 0
fashi on. Hasdmemdistovaredwhichpkes dnargyepreferainy a opecifinmedeaiulrasodid,enae

ddi ti ffect i toring. ti itude in th b i .
Tr eat mont PrekaRtly gloGnGh PR Grenci Brates BT Uoh o ridy e eBFeabit <o
that tr egéﬂggﬁgopﬁdg&y ém}gggrgﬁérgﬂt@a e bﬁgégm S8RtD nER 1L QRULES) oyl ati ve

effects nt~hay al so be applied along different depths in
t he pkGnepaficlmetempamture sdiilo prakiy nanimiame dhd cadlatesal ldemagdtot asljacket tisewss. 2) 20

which will al creatg addi.tive effects in the i nent, of acc dative
arr;)I i t\tljmde. NUFBF??I“@‘* ?E@ﬁ%ﬁjé??lﬁ%nm Cﬁﬁl%alﬁ i bsg“rﬂol??’qlgh"g\{ SOE 4955 BY tPﬁr ®par Ia;/e
sessi ons. cMeNiZkMhERRRVMIE ASSD Bite adspB& oftHENVBIYBLIRe HheikdPind appaahRRS NBY

range froma very short tine interval, such as, for exanple, m croseconds,
t o sessi othe ablHy teireat ongse agcoriling toghy mvention Wihert sebstantipdy pdversehieatifepting
injury, flbrosi. [.SEeco contraction Qf £iss .| | but  pot
it oo 2t RS GEC RpRh: S8R SEERelPuY b DTS s seny (Redty
epi t hzg i uthe dyb etrhohin@h to/picfaéntialls Gbal add phyrdolsgicsllyactange, uaé inprovd Geapiality
whi ch are uni quely achi eved usi%g, t he present invention noninvasivel }/1 to
i nprove t REVISGRJIFPT e¥amle. dherigrand inyspionspremidgs a piethodyasd paparsth fospicle heat
depends o r . . I . d localize
t r eat ment Q?&‘oﬂ%ﬁg&g’ycgﬁ% éﬁc%égﬁ O%g Z%IF{gessggﬂtléhl ér?éter%lﬁoglﬁﬂ‘%:rg%ess?%ul t aneously
retard | eascoffinalative bmplitwe i theayel and aghiueln, rehievizionis iarpraygddn deysesbyops

ACCor i ng Mae ermPeilitod REN oud bhatsneatd surh G Bl H iRl et R ATk of @
PCT/ USH | i 21fithal Qi it b il g 115 rae of “advancenrent

and sinul taneously restore acconmodative anplitude. Other conditions, such
as gl aucoma andhemvegtiveamethpgd pemaitscthenapetis, effictive henting o€ speciletthiggiedsyef | ui d

fromthe e is.desired, can be effected alteration in ani.cal
filtrati oﬁg%leﬁgﬁ Qutdge ?fnﬂ’(?f‘é‘é‘g a{;]ﬁg}cﬁﬁqu¥ﬁjaasro§la?eg ‘gﬂb?@lﬁg E‘Eﬁqﬁ? es such
as the trabecul ar nmeshwork | ocated just anterior to the ciliary body.
According to the present invention, a ddn-incisional treatnent nethod is
preferred, especially where energy is applied to the eye through the
conjunctiva and scleral wall. Variables such as a scatter of energy, an
alteration in the path of transmtted energy, or an 10 alteration in the
configuration of a treatnment may be considered when practicing the
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i nvention. For exanple, the curvature of the sclera may be taken into

consi deration because it can focus an acoustic wavefront. As such,

ul trasoniwo8hRk@Y¥ W th acoustic nodul ation of the incidentpcgiRkhgy68n be
enployed to create a highly localized and predictable and accurate point of
treatnment in the eye. A treatnent in which a probe providing four 15

si mul t aneous applications is used could easily treat the circunference of
the eye usin? pul ses of about 1 to 2 seconds duration in |ess than five

mi nut es. SERaliye sipectass: H inprefraed dhas dha metbpdy of the investidnogilize gitsasamiesvayes.ng a

separate 4 i e . [Te! L resent jon
 comr | sesttinB AR By SRIREE ERbloy B E bl PRRER (RE¥EE NI e
The zonul et deytaipet tissned. aks adhj 6k prefeirky thay tHePpsati@ of ik identios @hdient
met hods to an qQuter areg near the sclera 6 or lens 2. Al so, the zonul es may

. be cont r aEf@PHS WaYES) Y 15 Betrdreiset that the appatais heahigh igtepaidt fopusd or near
t he zonul gkfdRar | a j teigrresults

- changer e quRditepioetd bk (el VR Hnlen e REAREA B Tolld AL

conponent deviceain seshted lochlézed thdrmahinjuriiéms degired ftargetrtiskwesareawithowtidanmginigange

in the structural,integrity, but shor f th nperature at_ which

coagul at | e SBEOYNding,Ussdes. ézﬁégﬁftﬁgﬁ‘?@& O‘QE’EBHS‘I‘E@W% Gayse dassmaligiurp to the
shortenin § i ; : Lar t, shoul d be
on the or eern-BglEH g%ﬁ&éti%%?%ﬁ%ﬂbcgﬁg A rtée@g)g%ﬁe(%ngIv‘ﬁtynﬁﬁlggyé’%%ﬁ&g}gﬁc? above 45
C. Such t ¢ismumdbrenpaitplanstaleng the lans dguatol, bytsidp theyiengalHeis) ener gy t hrough t he

wal | s, of the e r ef er abl a.plane parallel .to t ost er.d iris
and bbut 2.5 M B RPrEiny gRllae Bl S e Ve Py P D I e e
about 1. Spheuudéd RAoih@Y ofta@pliéiiohd: M Ute deBfrucHIAWE sPhaf iditifiabBksitey)dnd 2)
prefer ablf\l/ about 1 to 6 mMm such, the application of ener g%i‘,?} c\{\Aﬁl h
18 e

C
pr ef er ent thaideypuiidag of amers ofs pughs HIEL i qoaemenly associatpdavidh gerer eating

02/ 38(178 A s eqi . i ircunferentiall

per o moq® S Lo of sl e iss R THER Akl Setfl S G fhate e
whi ch ar eswefiepriteadethdd bf the ipkdseit, invenyioh & wovel mahitdU PV applicdap pArgeiissaey Of
thermal energy causes the fibrillin to chang% its structural .integri

: [ > 1 Ly
i .e. Lbftwhespresgation ofthe strpetreand funsion pé e targst issues isdasireds dle methgbn
applied fqr : ' ' L ' ,
onul os. | oS R PR Aol EROhRCAn o6 P Tl WS ARG T AR DS
t hough a treaigentoTheHIFUpatseresilts in addectehitedenmh staped plhilde afdhoav & nde si 256d
clinical results. Even shorter pulses, particularly when on the order of 1
khz or grBByzone ofheatig NGEBYSE.0 achi eve a pseudo-continuous effect. There
are many radia i . P : I ior to
postert or to ¢ ha FERURALES B0 Hnd ARl RPREShyckohh IR PARE i B
proce3®, ubpaedius of thairtvenfiont Beneigly ivérigh i aalystanidlly diffetrerd imkindtfro?n brdimary
posterior to the iris roqt. It is a.preferred jo heat and caqntr
Equat o | aPlBSRIREetedh ST IEPIYRd BRGIED B b aPergr A ALotiag. (DL be
contract egnafads fd Fé]ﬁé:?%%eﬁé}%é BSihd Jevilclaf@lin ﬂ%?ﬁé&&fo%@ pRReAfiRAtbY & har get

for H FU because o eir connection to the lens 15 capsule. Wen zonul es
ar e heat etheusngepfabpitFi00t008dEziieabout N0 MOtHDer robretpneferabljlin@sasgeofoccur .

et easoqno 9P Rph il & 3B 4 0000 furfhr ohF e oA sBREES e Fivention, ce
of acgomMmpadniftisa: femldohvid@iohMaltraBsnd & Al tRe ber@E i fBMBedLNvdr9 ep&difi@aren

near objects. It would however not be obvious to one skilled in the art of
opht hal mopbggneradly noHargepthas @ ram ippny givew dimengiogad this abewt hsenerosrilliwetssds

of the pr . LAV I evi I.SCr . I ifie zones
w thin £ gt Syen PRk dtor R 00t O R Eh R BBl RE b 2T
adj acent piefeiably mboutsluE bquase inflimerRs ordbsslif Retal aey. rle s iaipdrtanitte focks klgy a
because until the devel ﬁprrent of the present invention, gph hal nol ogi ¢ HI FU
has been PRSFRY KL YSBY SPRHEIGHosF to Bt adiest Yrrogpding Hpsuen urthes g Pressig ner eased

- acconypdat i GiR!dot HEE-6de8 BblaidBndofy Bkt Bh&"8 bisAipt Bse WRH b hehtfi the d

tissue cause the tissue to undergo shrinkage and thereby increase tension and treat

abnormalities such as presbyopia.
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tension as a result of contraction of tissues in the areas described above
using references to Figures 1, 2 and 3 correlates with a higher duality of
near Vi Sighoasdrd hus a reduction in the detrinmental effecper/pbiiresgbyopi a.
Focusing H FU on nmultiple points on different areas and/or on different
organel l es of the eye can potentially create an additive effect, which is
30 not possible with surgical intervention other than by weakening the

outer sclera a;rs cl os% té}dt he full circunference as increased norbidity that
resul ts will allicgise of highdatepsisniocused dtrasaundsior thsrapeyigs prpeses vesults from the

PCT/ US01/ the : I : : [: se jn lens

i aneter ey it & FDsdbRio B ARl AR A SR U SR RS

pr ophyl adhsigaificygntpinmagebutshie the acgeesepioon The pressiyyrophidon ismovelde being thonbat
ccording.to the present,

the effects of, presbyopi a,. H FU treat nept
. inventio nﬁfstwﬁg%rﬁaei%%ﬁm E meqahw&s&ﬁm ISP % AT example PReslBPia Ane

| ens equ j ] i : : he
zonul e, FRod AR B bR R R o s s t i &

enbodi nmentighlyiléuglized dhierndtinjdry wvetagst akhe Witnihe ¢aypettacea fawihg length f ghouts
above approximately 0.5 MHz focused within the | ens equatorial plane at
vari abl e roll ed di stances. This can cause contraction and inducing a
desired ther ”ﬂbeﬁeﬂﬂﬂ%ﬁn&ﬁe% i Giddl S thalinfity cRSARRBRAHohSTRcheITe.  For
exanple, treatnent of the cilTiary processes 4 or 10 the area near such w |
resul t i ringerders havedisedverata mathod imwhishashérmal thjuryichwivicrepse fdirectly o

treatypent. of ol aucoma and or ocul hypertension. |n, practici he

| nvorits orindirediySHERER of e Bl ind o) S e poimm RS Bbliufle Filfhe. oo
that the the afea®sd Mvedfiscaseedunitiiiddia vieel 4 RrhAsShiuly & sidw 6t Aispely®pi a can
be suspended or stoRped al together. The inventor s have discovered a nethod

of usi ng $PWih g affhejans, Adses thejigeanters hgvegtisaonered amaethedimmliclha thesmaly | ens
cell gro j to.l t] .t 1Sap i to i nduce
cut i oi onpitgy SEFRGHaRb bl RS B8 s RKRR IR e MRRHLRLE 0, e
| ens cel | Gomreationadh A oifdd ssdmdphsdnogaplbelapksaiie nécessaryirecisionse discietsly affecn
provides highly localized treatnent, while the outer sclera, central |ens,

and erlptget isypband Riseisely sleypts ternperpiups Qs tppe withoyteqilatergldamagent i on
provi des : ﬁpﬁg t is ' jner easi ng
t he ext erénéhe?%}gg?rg?%? Qé;ﬁqtf; e g@#ﬁ%&%ﬁ%f%gp%&@%@%ﬁ%Bfglgﬁ%dﬁlgbe in,
weakeni nggatapact] unsites, ngrntéledemt and sdarsnd, amang dthencorditionsn or around t he

sclera 6 will alter the.inner half o | era by.causing so scarring and
Chi nning wi t n CobSeminolres ireling B it A ool ety HSHe he Tnner
scl era angefeirlrgab¥igtse ¢! Me@hbrgl BaPbOciiddYat aFpSihBhidH MRild AlowWRrCcessary,

and the effectiveness ot applying 25 H FU energy to treatnent in the area
is did, itreapment ofitlee eyenitQ; aachi asrireatment of pigshiiopisotariesample, fromithe gra serrata 1

| ongi t udi n sgl e, | d_adj acent, to the.sclera . a Lesylt,

i ni 11 catnahs S 2 e PPLTRt REEEs oy oF i erB s Slita0ailiabinowaigi cal
et hods af)dohtigr Ab&re 6, SClefy 2| The afeRieimay BeBdcsed drd cilivg mMlgle Aahy point or
unchanged. A hallmark of the invention is the restoration of accommodative

anpl i t udeard/frow the ata segratagk ethe tons duditemnafivelyicer in agdiiendhe Giltdmaykenge
whi | e ”O”fofeééeﬁ%h t[aé Zortftar ffb%fs% g"sﬁe&hﬁ%fafrﬂo%'g%ﬂ{l&i{re's%l R, Bt g&riﬁﬁﬁéé tbOthe
create a clinrcally insignificant 1n€reas€ In tenperature. By Timting
t r eat2fent othgemgtprlpthiervabietiys ailiadnd of thet diliarik badyscoferedliyihe tiliary @rosiyhe he

| ane of the .
P re’gna, and the ciliary processes with zonules ultimately fanning out at 6 and blending into

the lens capsule 2) where the zone includes ciliary epithelium through peripheral zonules.
Alternatively, or in addition, the HIFU may be focused on an area which spans from the
peripheral lens capsule and peripheral lens cellular architecture (including, but not limited to,
30 the lens capsule, lens cortex, and lens nucleus). As shown in Figure 2, the depth of each area
where the HIFU may be directed gradually progresses toward the center of the eye 10. It is

to be understood that the target areas and organelles on the eye are guidelines to illustrate
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17 WO 02/ 38078 PCT/ USOL/ ~7278 | ens equator, the risk of phthisis is

m nim zed because not all tissues are heated. As such, risks, such as, for

exampl e, (gebssphg of the anterior segnent, are minimzed pegaysRymst of

the ciliary vasculature is not conprom sed during the heating nmethods. A

preferred enbodi nent of the invention induces thermal injury within a

region localized to about 1 mmradially along the Iine of treatnent, using

a HFU device with three separate probes to achjieve the various depths

rel ative aml povide digestianangiorigatatipn efisome speeiflp point avwell egthejareas ihat apartef er r ed

enbodi ne . o] e At ' . .

. approxi nneg?lggglg%@ﬁ C?Enn%%li'f rég(%% %ﬁ%abag%%nnl noélhsg’? éetﬁgﬁ ﬁ gg%ft@ grr%h? Ya.\%%%{xﬁ{; eeéirll%

havi ng nmeasar ggeuhs a efruateuhay?&fistih eodathah dDns\iudi. Fuathermiepfibiswossiblitai mal

tenperature_el evation 10 outside this treatnent region. Surrounding tissues

. mai nt ai n Arther dividgany of Hieaspasipigynddiiopd58aSr e level. In a preferred
embodigrent, t hReRAJ @ ke Fi¥RYesACantt0RE flfat 2ol brBindiRSirt Nr ee

target tissue 8%%?1115% vﬁ%ﬁ%eacﬁ{%ﬁe@esenelr gy {:gbg??ir?gﬂ t;)out fg%noetlg '

seconds, theiegle dQaid theratlatingpesitibrisfcen begppreciiited. bif short] areas id dijpgue B3 rbgtvesen

whi ch zone depth is, treated ter 15 treatnent zone 1 es from apout

500" i o ofte SEBra AT ACE: e INlackia i PRreq e ERor abHIEIReRY. CRRRIN

recei ves abaidtdegRA ofhe BdifE SIRYE] bRhe PUBERUR: Bl OF IIFRBEP be @lredtb®

| ens equator. Ieét erorrgdi gfoém;or}gy? range_}g F?om about 1.5 to 2. 5§me‘n irﬁt er nal

t o t he oustersiuglé peiat ons phuality of differentpeints -adwa singB®rgariele or apkiratitynof | nner

zone @hrani?{ees from %aﬁ)out 2.7 to 6.0 nun internal to the outer sclera; and,

as su . gregnelie

Sbout 100 pul ses maxi rum 20 The present invention may

achi eve an i ncTpashj@s epivmdatdivea saple HIFUardymahorh pRirhley b2 ndhigRhi 4t
Factors that influence the anbunt of accommodation restored_include the
amount  of didferant pelatsdndinainagcordanpearith the methnds end Apnariusdasenitad: Farthaeat

applied tg the t i e b f i get
T esues, - St oref SHinehl S8 oo itR P REMUSRRY P T Hlor drifepléhe blod GE0C
and appar adctive afHIFURtréatasftingulivBroriie Sorabinatish with etieezbrlesrin d5ehgldirt i onal
ef fect as needed. All or any of the areas or zones of treatnent .depth can

achi el® i pepleldathion: chienmeat plaultipledarset areas e Zeyes cargraduep pn pdditiyeeifertng |
th b . ' 0 } i .
curvat ur o SRRIHE Ao EI e WAV EEIHS pERBNGAL Bk, Mepithef, SA UM pplicd
quadr ant wir¢uinfarenéaliy bt imra seriak fashiomxichnibat ttreetmiant cdn beaepdndad al&if 5O same

Sout 2 rilfih Gepatcn et RR R e Hebugenh frd et e Rt Aot oh can
be repeat gt ld)@/ﬂﬁ@i%e&;%eb@ﬁﬁﬂe thE‘t%r ah ahy 8@k MR/ sc@’am@ﬂﬁi\}%iﬁgnt

depths can easily be treated around the circunference of 18 112/ 38078
PCT/ U0 1/ whixhawillredscegreate additye effershingboinprovement of accopumpodative amplifudell ess of

whet her a,si.ngle depth is treated,. or any conbination of t t hree dept hs
2 sl ect MRS fiebEnt efy bt FRURD i e EHpE LR B e oy Wb et B o
of ~accommygkaiohs)RhdViime bheftth db:@rdi@ﬁsﬁb@ﬂna?%géﬁﬁnﬂ $érpsNor@fimplihtefval, ls@e ment
may affect the duration of treatnment. Wiile a preferred enbodi nent includes

a 5 wat er apderexample, MriFgseaopils, dasessians halgo separaied by daysomentha ar eenysad- f ox
reflection of I Y. j . i I.ract
pr obe cont act %@%ﬁ%?@)‘}@, %@ﬁdé%gqrﬁg&gﬁé&s% t% %{ii%étfg?{%g (t)l%\ gsr ﬁn}gﬁdg}r/% F{étalboq hﬁh{eﬂ
“mel t 2Hig" Jo,alyequatotial lens capshilegihe gofiullr dpphiatuspdiliadyi epithélbven, zbalohgsudina

conposed, and which s prese in |ens, capsule along with, coll agen causes
contract i Hﬁlsﬁlﬁ(?ﬁh?ssﬁiﬁ‘%l?’iedﬁeﬁ thepap & P’iaf’n]%mée 1 *’P Pgeﬁﬂtl agen 10
contracti %ehﬁ&hﬁ&hhx)’asﬂ{é?‘{loggﬁ:}o@th@b \dﬁfcﬁxdot{eggﬁﬁﬁ%f&rs%hﬁépﬁgﬂ}ébia.57 C and

preferably at about 90 C, for about 2 Seconds, depending on the
“anount of linpetvespept depdndsruh tht degtoe af ¢ontrobdnd the abififyl ﬁomanir@lrandllmaé;zel evel s of

heat can create, thernmal .injur ith coptraction of tjssue, Th heat can be
appl i ed c%‘ﬁf"i’??%f?s R4 s ue%u &feﬁeagﬁv !"In,&aBFlé?Lg{aP‘é(g‘Syrfﬁ I I¥88t exposes
the exper Ipimat& BowtH M 1IRRSY Bt YoRSarphdrhfil € This\iceBhRRnednfriktiéian thied

i nvoke

treatment of presbyopia in several ways. According to the invention, the methods can delay
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. stretch o

15 protein denaturation. The sclera has been shown to tol erate tenperatures
of 50 C for several seconds without any clinically significant injury. The
mel ting RRbab/s@fgOSt proteins is below 67 C. Until the deggh@pipnass of the
present invention, the therapeutic practice of heating proteins has been
| argely restricted to collagen contracti on nethodol ogy or coagul ative
necrosis with generalized tissue |ysis and destruction. 20 The net hods and
apparatus_of the present inventjon are not limted to the treatnent of
pr esbyopi Be oassiof B@rfﬁ%ﬂé%’i?fi‘écedfs rpiseofiadvansement, agippancoudy rostPrai sor der s
such as, MR . oma or ocul ar hypertension by altering the
%&E)I ssue {éf%nr}gm?ﬁg Canal of Schl emm where aqueous fluid is

drai ned. Thi s Otier amditiens, sichay ighiieorhh end@t oculue hipdrteasibech svhidh muehsed

di sorders by contracting the inner sclera or longitudinal ciliary_ mnuscle by
. inducing %uté8w| ogé-éﬂf(fégﬂg‘{l‘ﬁQqﬁ{&e?“fﬁdp?ag'ﬁ’tec?fgﬁt@dgvg‘,hewl?’ﬁmw%a{’%’? filtrafion, o s ed
sclera an&mv%h%ytadjaea{t%agin{‘ﬁ? tlipIBdtRIctREs JulR a HeRf-BeculiR LB Iork
enbodi nent may enconpass visualization of structures including, but not
linited tlocatedgust enerierodheniliaryfpedyi | i ary wall, zonul es or |ens equat or
pl ane via an "AQ" sgan.or. a "B' scan. A and.B.sca re wel nown. t o
bpnt nal mol ogi stSeoHia 8 e proceat B EMions ARG B SHA Frdinint Bahpd RS
di stance ¢pasitleWhbie endidd iapplivd nthRIeQY HEFESshSha BjRsktivh bhad §ataIwaN t abl e
for imaging. A quality inmage of the structures may be obtained by firing a
t est pul s¥angblenwechys a Heatteneferiergyasi elégrgtianondhg pash of wansstittedbenergy, ovapr ovi de

at i sl,onal ..scan . W 2/.38(178 PCT/U.SU 1 J-47278.wherein the

ul t\rl\gls(gnr%lpeéﬁgorngl? tliea%ontglégreapp B8 E%g‘eﬁi}‘eflﬁ%q Eﬁﬁ%}%{%ﬁﬁﬂe‘”@%@?@mﬂg tIE—ISr exanpl e,
convent i oiakntidr IFws exdarfiple) e girrvatukOyRthé Sdlerh blteaEifitat dopsitiemanién b&tause
identify fhe gorrect pl ane of treatnent, and further, may include driving a

| ow i nt enkcas 1qsys apagsushic warefrang Axnchytraspaicaneseysyighadoustiragpdiation of n

t hat pl ang,.for: r i £, ' j (NP obj ect of
an empod meaigRERERB bl EmpB6t dor Bl nhy IOGEHEF Bhd pLlicdabIACT °0 T
i nci dent adcurass pointofdreatggntivtheleys. Anregtreatt ds twhshagrpbe provialing foar nodi fy t he

treat pent .beam usin ri.nci pl es of ultrasonic thernp-ther . Adjustnents
and 1 beatimEBEReas SeliFaHeT sk il casly red darcircimlerEntt oEs oY HUHERYFS
ul trasoni gr SRGf 9Yo £ 98HhEs H@Xti&?inﬁ%'tﬁ‘éﬁeﬁ’vérginﬁiésﬁfhé;S}Sbé %ﬂgﬁb@&&ﬁ@e@t@d' ent.

10 HHFU treatnent circunferentia or at discrete cardin poi nts around

t he eye i optitets ds fedabdistincendingye separaioAtscaculérdsonincdmsonentl i ts clini cal
effect. A treatne re of j.ust .under 2 di a ul d. al | qw near
Com i e i 1 canannnd PofeErSediivinbR pfst s TIPS obGirdloce

treat ment cdr_ﬁﬂnicﬁéh HBMe YERUINE THe Soitlds thiyEly softhcibd MRy Hﬁﬁ%ﬁsiﬁ@ ﬂjfeeconds for
sl ower heating or preferably about 2 seconds for nore rapid heating and

bet t e?0 15treasmEnt methpénitogaroulgs greagiees e sclsigiadenichat Ake, the Fenulsreay bpi d
heating | bldaic LR b chARL O ot LAMAG Afkehl 33 UP @R thd ARLER Kber 5.

i ncreases t1ssuUe focal irzat1 ons scan ultrasonography can be enpl oyed to

measur e chidfoel kinowh lieat deit@atioeyEproriicisdlss, in ichingeXf itp tigee didrnsiegilee of
contraction resulti nﬁ from 54! FU treatment. Spi kes representi.ng the |nner

wal | of t flEnciyre apda sherten ®Eompenepicomrisghatithe protein;. Heating ol zanylys 59

t t t . L | : As
such, |t ey s ARAPORSNE hry el infefly BEFRHGRbe e £DEGREE o Al HEARM AR
appl i 252t i oecrosis istreachyd canfavgdinphisissush @bntraction bnshasieniagt ‘Eempparaturerrequiadda can

b db ' | -ti hj gh- d di -t Ki I ith
¢ asul 11 g Rt DR AGR bi onld RRBaare SF oy CanGe ePLRey SRl &
ul trasoni Gn&ga00eCandAboPeis4r Ct BacH MeahdIRBArRAbN s hdhceddy HpBingZBIF125 and

the quality of focused ultrasound can be assessed before”zonul ar
“contract i erergy throughrthe wallp obthe 5§, paeferablyralongmplens paraliel it theeppstetiar isisfagdt ed.

H FU devi ¢es ing transduger siktioned with.or, Wt arrays,
can effec %E (hqt graﬁv’;‘}mlg%%? <Eﬁr’l°§ g%lﬁﬁ él?i’%bl%ﬁg ﬁ‘%{s eggrgpl é’f%’naé%o tfer %’Rmng ‘% éb% ?i@é’ of

conj up@t i yasterist t6 ehedlirabiid) boat@ut 03it6 6 nifcarRiREByablysatiode Used mnRuUAR sach, the
enbodi nent all Qws detectign and_localization 30 of such treatnent by first
al | owi ng PRRIsetienR ebgncesy, swhighpaefemptialy heats andcopiragtnzomussin dhe eqypioriat us -
the I ens equator, a space of about 2.5 mm where the zonul es connect to the
| ens equator as well as anterior and posterior to the equator, and the
ciliary processes with their 20 WD 02/.38078 PCT/ US01/~7278 connection to
the ciliary body and scleral wall on t 8 external side. The di mensions of
t he




treatment region will vary largely proportionally to the length of the eye,
and or the dianeter of the cornea. Phased arrays can reduce energy | oss or
| oss of f\plYs;s4Agt otherwi se can occur by scatter and di speifis@f)yR¥s ener gy
focus as the wave travels through biological tissue. This has been shown in
the treatnment of tunors bel ow the skin surface using ultrasonic phased
arrays, known as ultrasonic therno-therapy, and simlarly via induction of
pot ent i aIIy_therageuti ¢ lesions linited to the AV node of the heart for

t r eat ment regiong iy e RRplied @rcumieentidly or perforanadart dicrele ¢ardinalpoints.r asoni ¢
phased arﬁqﬁ)ﬁ . preferred enbodi nent, test firing a lowintensity
. pulse wt o%tg%iﬁya@fager?'w thin the treatnment plane of a slight tenperature
gr adi ent i nduc€ht adnuildsewhichate @mprised sf fiblilbwsmbyp be torteactdaddichian application

| ocalizatipon of the treatnent; for exanple, the center of the treatnent
_ focus candileml gRery gausHs edibrilRa chARS R sfusTural tipgrity) Moueiipnpr dnelt
t reat nent 3 indScS ] : e
o adi ont . ofERaes R e A RS oot Py RIS R IT e
gr adi ent teygomeshlt inecontrgétiom offthed znukes. Mlsesdwigtians enftozaider &fjl o2 tehends are

tenperature.gradient, drops rapi.dl uch t.h structur uch .as the sclera
and | ens BERsRegRef s oL affitsebpdibymiatto RhanfebRaciisieag kel |

death is RGN Even Sfortef pulkel, Phriierilatlp wheh Bh YheCatBér GFAKIRNR ghdafes URR betHED as,
for exanple, the zonul ar apparatus or to reduce the rate of |'ens expansion

by damagi iegchisve ppeeusio-dosiiBuaysiefisct. There apspmanst 1adially oriprted @omlesstbaticonnect

i nvent{ onrequires precise |localization of treainent, .so that, pref.erenti al
hoat 1 10 ofoRr b 2nBESF | GostedioR 1o 68 Wrgnlitot ERh ARl i Gpbiid RiifhS
adver sel Y%ﬂ%@@ds,i WHich i¢lpAoaBEE BliatyBodyWha lodatddaibautor. 5 hite peastidrab tidfis rédt. t he
| ens of the eye. A preferred enbodi nent of the apparatus is a H FU

t r ansduc el ibeprefereedrte gateaand gpairacs egiatoriah spryyfes, though appdogmdanesierigyzonyles
sub- surf i j i A ing the overlying tissues.
Mor e par ?ﬁ%ﬁ%ﬁ‘ﬁ%%ﬁ%ﬁ%@d}@@%ﬁ%e ﬁ%‘g if‘fr\ﬁ/éll%tage, a thermal injury can be
controll ed to Bemdes irbanleffeaiveahrgeifag HIBU becauseof thsir sonnebiichto thiplanal | y

occurs_at 90 to JOO C At a redyced wattage, l.esions nmay be carefully
R birens loprat

creat B wrARSHec Ahearonules gterheptepating e Ik hhransusreponfrastiopat S BNUICRER ar get
tissue. TheH Zhhhé @ ﬁ?ﬁ irf&?ea&%ﬁh@feﬁﬁﬁﬂtoftli%‘é%ﬂﬁlbpébgd}a‘tﬁé. Aficredsef SOAIAC:
pi ezoel ectric crystal to focus ultrasonic energy on discrete regions wthin
t he eye wiénbioniplayaamliiectyotehn apincreaseain e degree of actemntairtvesampiitude the lens
surroundi ng ' ocus. By usi a saucer-shaped, ceramc,

he poi nt of n
pi ezo- el eEtakbgecm?ﬁ ¥eW anqcugngpgﬁg%f@éﬁg}& having a dianeter of about 8.4
cm a radi us oft il RbwWERr abt BOSMEos6 Bhe SRBERIN (AE akbf 8RIRHAIMblogyMd# tind 100
to 300 watts, sub-surface 21 WO 02138078 PCT/ US01/-47278 tissue can be
dest r 3y eduse afidinasonnd to wg theveonineasivg imeghagisjof theprgngnbinvensiony asasbicyingset t i ngs

h ' ab oD I Wh Lati.
necrosts PRGETEARSY Broipeanfit it it R b S GRS s BRM RS, g

t he pl aneafidingan@pé toelidet stfuehiés'stsh ssthe 0éntfi i Aorzadnti baks étlear s. The
transducer can be_mniaturized as well, to be of a 5 dianeter about equal
to the fobegaupeiilthe davelogagnt afiihe pregent inveaiiomiophthrbrrlagly FHFUdigs been

m ni aturi zatJ - BI?ESHC .0 30 nm di anmeter range. Treatnent
may be err%ﬁ%{fggo g@?é%{a%hé?ng e,gr(r)nreglgtrhgfrélrn%bl y multiple, H FU transducers,
each B®i ng aboidcréhsedraabmnendatiee smplittde resaltihg drosectstapsionof ratudaryrestingng t he

| ens equat or, at abou .5 nun post.erior o the |i s. The _trar%sducers
aoor di ngtePBIOpH & TEPU L SERFSCAD SREFUES Pel)e RIEBS{esROha0VS BHEEETTFREaE ar cas
Wi th one gpRkdCAYIAAA 3oridldrdd Wieh Bibher Ralif* @ Hehevisiof dhd Hiisfaléuctidh GPthe
tissue areas may be identified to recelve H FU energy and upon exposure to
"the H FU deteimppial effctts af preshympias ihogisisg HETIS lop nmdtiple peinthen differeyy areds t her a

hased . t bes. f ific dist d .t
G roct ¢ 8oy weon SEERRoresREIRR R i e SRS Briphialbl SrASET Bl Sl
~zones3( 15 n&hlﬁlfsgibWitEE\h@{capihi&Gérﬁion @dieaﬂiaﬁq;@aveaﬁadn% fitoute? Sclefa dsietose to

i nvention w becone apparent to those persons skilled_ in the art upon
readi ng t Hie lcirnmiesenceiqs inpreasedinorbidisnibpioiesults wiblradlopi [ gdditiares frepfarenpef ow,
Wil e the present invention has been described with reference to the

speci fic enbodi ments thereof, it should be understood by those skilled in
the art that various changes 20 nay be nade and equi val ents may be
substituted w t hout departing fromthe ¥rue spirit and scope of the
invention. In addition, many nodifications nmay be nmade to adapt a
particul ar nmethod, treatment, device, situation, material, conposition of
matter, process, process step or steps, to the objective, spirit and scope
of the present invention. Al such nodifications are intended to be within
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WO 02/ 38078 CLAIMS That which is clainmed is: 1. A nethod of treating an
eye, conprising the steps of: 5 identifying an area of an eye;

PCT/ US01/\yd238sdpcusi ng a device capabl e of directing higBcirRis6)§iby
focused ultrasound (H FU) energy on the area; generating H FU energy from

the device onto the area; wherein the energy transfer fromthe device to
the area results in an increase in 10 tenperature of the area. 2. The

met hod of claim 1, further conprising, using an imaging device in order to
i dent i fy thadensrleqr asgasitheseabput atfects the inpreaserist lnpudiametet, #ndby limiting thim 2,

wher el t he. | ; e I . j MEL) dev d
whoret n (HEepSERE SKGEi ey SRINEH-f SERIRIE SR W EeRRy and”
during the genki@demng combbl theleffosts 6 presbyoplag HIEY egniint 8dcaididglto tWbpfegént t he

H FU energy is e_neégy_ having a 20 fr_eque,ncg in a range of about 500, 000 Hz
. to about HySHHW eHCHeHRANg;SHuetHESs dprduding byties limited & thedensiequaieht r act i ng
the arga ' : K | ' | Ofy: t of
the eyo | SREMEiiint R ARAN IGE LAY LRSHERS SoulET R AY R RTRRNAR. 7] |
claim 4, innerwiaa.tthe préfetledaabgdimeats HIFUrie duentaltoRardsnhalenaegyatopfand tiesm

vt on' oHRSCB oM RS 83 Tl e o e Shtr B>
presbyopi go@dfcMRAEE. s %ﬂ&ﬁ%ﬁ%}tién%dﬁﬂ&ci@ SEdshed ﬁﬂﬁaqmughﬁ) group
a per ens “cdp

consisting of a cilirary nuscle, a zonule, an | pher a sule. 30
6. The nesthotired, se¢hadspperipheted lanis oellh Eorensmpde thicagnent ofiths ciliarpppeessegheonl

| ens psyl e and secondarily .increases tensiop of on.zqonul es of the eye. 23
vo (1 5 Baths Bricent st il vesnl i 3 Se@RRne e Pl aep LR AT 2 o
repeat i noréA@ehtiidosindtind b Mk paRchsagner ating a plurality of times on
areas of the eye ich result in contracting thereby resulting in treating

presbyopi a. 5 Blprwlicingthrdavention|wirsonic onkreyanay herdiregieddo periphera lansieginent
o 1% L AL A6 Ao Bl RSB °50,
claim?7, whpémied ok b®ppédaiiogsthen Tae twERNERveischi@e@N tethod of using HIFU to
15  alter the elasticity of the lens capsule and slow lens cell growth. According to the present
invention, it is possible to induce sufficient growth resistance of the lens capsule by
damaging peripheral lens cells such that presbyopia can be prevented.
The present invention provides highly localized treatment, while the outer sclera,
central lens, and anterior segment vasculature are protected. As such, the invention provides
20 amethod and apparatus to treat presbyopia without increasing the external diameter of the
sclera or otherwise creating lesions in, weakening, or incising the external sclera. Treatment
on or around the sclera 6 will alter the inner half of sclera by causing some scarring and
thinning with subsequent pull on the zonular apparatus to which the inner sclera and ciliary
muscle are in proximity. Scleral bulge is unnecessary, and the effectiveness of applying
25  HIFU energy to treatment in the area is due, in part, to contraction of the small portion of
ciliary longitudinal muscle located adjacent to the sclera. As a result, significantly less
scleral weakness occurs than through available surgical methods and the outer scleral
diameter remains, for the most part, unchanged.
A hallmark of the invention is the restoration of accommodative amplitude by
30  heating target tissue to induce a physiological change while non-target tissues receive a
sufficiently low energy density to create a clinically insignificant increase in temperature. By

limiting treatment to approximately a band of thickness of about 1 mm along the plane of the
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10 selected fromthe group consisting of zonular fibers and peri pheral
zonul es. 10. The nethod of claim 1, wherein the area is on a conponent of

the eye sghgshfdsfromthe group consisting of peripheral pepgserpsw e
ti ssue and peri p%eral | ens cellular architecture. 15 11. The met hod of

claim7 where the repeating creates an additive effect, and wherein the
energy is provided circunferentially on each area. 12. The nethod of claim

7, wherein said re ea,tf'(ng igié_co.nt i.nued in a manner ;so as 20 to result in
cont r act i 1§B® elvdtoss the sk of Phibisisis nunmizaddiesause natplktissues arqheatedet AW ¢l ai m

12, wher ejj sgﬁfﬁqﬂ f%?ﬂ%}%?rgﬂ@ gsch?ngf’ab(ﬁ‘{ﬁe ACkidP s‘éér@é}gbﬁé Pﬂ%@zedzgéc&ése oW of

nmet hod of ¢ 'l sa contracti ng m crons or nore.
more. 30 theoiliahy vasbulaftheismet badpoisddaiuning 4he whtngemethods.d contracting is

about 300 mcrons or 16.. The nethod of claiml, wherein the energy results
.in slowing le paquﬁ%c%gpbggmen@]c@?yngg@ml piormpal;njury, witinartegiphe et hod

of clam ' : . . el el ly of
2 leng capSuPRRiFhRNENERRLA, ACADEC T Bt hEiheht SR HIND Ry AL IR )
has no di separsiemrobesrtg @chitveathe Fanigus| depths eglativeltd outdh eclematahwliichfsuch &jwny s

wherein the. h ' | I than 1 mlli . .10 .20.. Th

ot hod of SSTER T ES RRREFRRERR I AR arls PRRRP e ToeEe A Lot LohRAPE Gt ¢ ne
area to aagpesmMaRlE AL N ndm Fivndhebe WffthfeatméR poh@dhd BBRnE. 21. The
met hod of claim11, wherein the HF ene(rg%dl ncreaseS the tenperature 15 of

t he area measareneanteeizabone2jmicronsrigavidth phwithminimal teisperatuggelevation. The
nmet h of cl.aim.1,. wherein t H FU. ener i ncreases..the te rature of the
o ea {0 cotttfl B reAtREhteBioh St i RE B A SR B Rh 5 Ao SERERG 557 The
met hod of tegipatafird leveher ei n said identifying step conprises applying

ul trasound scanning imaging to identify the area 24. The nmethod of Caim 1,

wherein sai d glrreprafaryeg embofiment,she entirg siyeurpferenge may be ireated elppg sadtoefdhe or
less. 25 gree target tissue depths, with each pulse of energy lasting about 1 to 2 seconds, and each
receiving a different number of pulses depending on which zone depth is treated. Outer
15 treatment zone 1 ranges from about 300 microns to 1.3 mm internal to the outer sclera; as
such it generally receives about 200 pulses maximum over an average 18 mm diameter at the
lens equator. Intermediate zone 2 ranges from about 1.5 to 2.5 mm internal to the outer
sclera; as such, it receives about 150 pulses maximum. Inner zone 3 ranges from about 2.7
to 6.0 mm internal to the outer sclera; and, as such, it receives about 100 pulses maximum.
20 The present invention may achieve an increase accommodative amplitude by about 2
to 12 diopters. Factors that influence the amount of accommodation restored include the
amount of circumference area treated, the duration and gradient of heat applied to the target
tissues, the accuracy of heat effecting the target tissues, and the modulus of elasticity of the
target tissues. The method and apparatus of the present invention can be repeated for
25  additional effect as needed.

All or any of the areas or zones of treatment depth can achieve increased
accommodative effect in the eye. To simplify treatment, the probes can have several
transducers connected along a radius of curvature, allowing simultaneous treatment at about
four locations per quadrant with a reduction in the maximum treatment to about 50

30 applications of energy lasting approximately 1 to 2 seconds, or less than about 2 minutes
total per eye to achieve a 200 pulse treatment; which can be repeated for each of the three

depths of treatment. Three different depths can easily be treated around the circumference of
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25. A nmethod to treat presbyopia conprising the steps of: identifying an
area on a presbyopic eye; ' focusing a device capable of directing H FU

ener gy O’\vb%ﬁmﬁﬁﬁa? generating H FU energy fromthe devi cecorigiAs area;
30 wherein the energy transfer fromthe device to the area results in an

I ncrease in tenperature of the area; and wherein said energy transfer
results in alleviating the eye fromits presbyopic condition. 25 WO

02/ 38078 PCT/ US01/-47278 26, The nethod of claim 25, wherein said

al | evi at i B8 eyeiylessdhanabasiind einwienper §ye.resasdless of vehethena singteodepdt isgreatednt i ng
pr esbyopi ' i n S ' [ Si t he
Steps of : oY sPEpARLRS ik Ablek dbbifigly' oo BIwRl &S DRNG, oUFaCRL 5L

di r ect i ngpatleht Jtleramiamnt ofiadchmnevdation gaivhmadst bgrdstordd, and gy histoeyof frgordevi ce
onto the area; wherein the energy transfer fromthe 10 device to the area

. resul ts i WeaReRiiRREAERCt e dc“;éﬁ’f?&"iﬁﬁ?@%? Whde ames{errethembpiimentinglades ner gy
transfser &/Et%f’ﬁ%? in QH?EQ‘QEPﬁéa‘?ignte{‘%a\?eﬁﬁidfeg;?ﬁo%%glgﬁé’ﬁéeﬁ'fogfézﬂe@ﬁbrﬁﬁp aratus

for treatnent presbyopta conjpri sing: ansducer conprising ceramc
pi ezoel ectltrasonir gretgy, and thusS delier ¢heenergydvia a diredt peatre coppact sthekye) energy to

a discrete regipn within an eye Wth d ' by. st { w:29.. Th
appiar atus of g{:g‘?l}%'w%t, Ieﬂ??et We%’nmﬁ?ﬁ?%{erﬁga%’nﬁﬂﬂng%ﬁgﬁ ’\}’f B’{é’y‘{%&ﬁéﬁﬁr@h&f"f ©
i magi ng t {RicHRCIRuRs ARG IRED, 'aRE WhI: is BRs&R in [EAS cARARI ASMSwRA cSllRem 29,

wherein the imaging device is a nagnetic resonance inmaging (MRI) device and
wher ei n sedusestqoatisctionamnd sevipratienef agnommogativerammlidedefasovelhlbioliagen 1 watts to

50 . 25 31. Th t i,m 28.. wherei id t h

b amottsy st on S BRARE RRGRE Hianlevgtels hactomtt & ol T7)E sk PSS " om 1
M to 50 FEpueel oM €l Forsibodt 2 Ee%ﬂﬁdb,lﬂ@en@ﬂgfoﬁtﬂ@@arfxétﬁmo@h@éﬂapﬂi&l ddznhé o
about 10 MHz and has an output range from about 100 to 300 watts. 30 32.

The appar @uaidoref ity apphirgion. Wbwedevels el keat ennaredtethgrmalininge with contragionf 4 nm

e rlno o ARfe I8! Rl 2P ladpiR 3MERLudFor A 4 SllcdTatiod A YRk eS AlboARRsH:

exposes the external sclera to temperatures sufficiently above 50 °C in order to invoke

15  protein denaturation. The sclera has been shown to tolerate temperatures of 50 °C for several
seconds without any clinically significant injury. The melting point of most proteins is below
67 °C. Until the development of the present invention, the therapeutic practice of heating
proteins has been largely restricted to collagen contraction methodology or coagulative
necrosis with generalized tissue lysis and destruction.

20 The methods and apparatus of the present invention are not limited to the treatment
of presbyopia. Other embodiments of the invention include treating disorders such as, for
example, glaucoma or ocular hypertension by altering the stretch of tissue along the Canal of
Schlemm where aqueous fluid is drained. This therapy may alleviate the detrimental effects
of such disorders by contracting the inner sclera or longitudinal ciliary muscle by inducing a

25  localized thermal injury to the eye, without altering exposed sclera and without increasing
the diameter of the sclera.

Another embodiment may encompass visualization of structures including, but not
limited to, the lens equator, the ciliary wall, zonules or lens equator plane via an “A” scan or
a“B” scan. A and B scans are well known to ophthalmologists, where an A scan provides a

30 linear beam allowing distance measurement, and a B scan provides scanning ultrasound

suitable for imaging. A quality image of the structures may be obtained by firing a test pulse

of energy that non-invasively localizes the structure to provide a two dimensional scan
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WO 02/ 38078 PCTI USO11.17278 33. The apparatus of claim 28, conprising a
plurality of transducers. 34. The apparatus of claim 31, wherein the
transduceyo@pgg@ses fromabout 1.0 MHz to about 3.0 Mz apgrigeisrss t he
energy to an area of 4 square mllineters or less. 5 35. The apparatus of
claim 34, wherein the energy is focused to an area of 1 square mllineter
or less. 27
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30  of such treatment by first allowing identification of the key structures of the zonular

'-L

apparatus — the lens equator, a space of about 2.5 mm where the zonules connect to the lens

equator as well as anterior and posterior to the equator, and the ciliary processes with their
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15  rapid drop off in the gradient beyond the region of focus. Outside the focal region the

temperature gradient drops rapidly such that structures such as the sclera and lens capsule
gradient is preferably less than about 47 °C, where cell death is known to occur.
In order to safely contract eye tissues, such as, for example, the zonular apparatus or
to reduce the rate of lens expansion by damaging peripheral lens cells, the apparatus of the
20  present invention requires precise localization of treatment, so that preferential heating of the
target tissues can be selected without substantially adversely heating and damaging the outer
sclera or the central part of the lens of the eye. A preferred embodiment of the apparatus is a
HIFU transducer because focused ultrasonic energy is capable of destroying sub-surface
tissue without substantially harming the overlying tissues. More particularly, applied at a
25  reduced wattage, a thermal injury can be controlled to below the level of coagulative
necrosis, which typically occurs at 90 to 100 °C. At a reduced wattage, lesions may be
carefully created which can cause both immediate and delayed disruption of the target tissue.
The HIFU transducer of the present invention utilizes a ceramic, piezoelectric crystal
to focus ultrasonic energy on discrete regions within the eye without damaging the external
30 eye or delicate structures surrounding the point of focus. By using a saucer-shaped, ceramic,
piezo-electric source (i.e. a transducer) having a diameter of about 8.4 cm, a radius of

curvature at about 15cm, operating at about 1.7 MHz and 100 to 300 watts, sub-surface
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While the present invention has been described with reference to the specific

embodiments thereof, it should be understood by those skilled in the art that various changes
20  may be made and equivalents may be substituted without departing from the true spirit and
scope of the invention. In addition, many modifications may be made to adapt a particular
method, treatment, device, situation, material, composition of matter, process, process step
or steps, to the objective, spirit and scope of the present invention. All such modifications
are intended to be within the scope of the claims appended hereto.
25
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10 temperature of the area.

2. The method of claim 1, further comprising, using an imaging device in order

to identify the area of the eye.

15 3. The method as claimed in claim 2, wherein the imaging device is a magnetic
resonance imaging (MRI) device and wherein the imaging device is utilized for the

identifying, focusing and during the generating of HIFU energy.

4. The method of claim 1, wherein the HIFU energy is energy having a
20  frequency in a range of about 500,000 Hz to about 10,000,000 Hz wherein the energy
transfer results in contracting the area and wherein the contracting increases tension on a

component of the eye in connection with a lens of the eye.

5. The method as claimed in claim 4, wherein the HIFU energy has a frequency
25  in arange of from about 1,000,000 Hz to about 3,000,000 Hz wherein the contracting
increases tension on a component of the eye in an amount sufficient to treat presbyopia and
wherein the component of the eye is selected from the group consisting of a ciliary muscle, a

zonule, and a peripheral lens capsule.

30 6. The method of claim 4, wherein the contracting occurs to a peripheral lens

capsule and secondarily increases tension of on zonules of the eye.
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selected from the group consisting of inner scleral tissue, longitudinal ciliary muscle tissue

and ciliary epithelium.

9. The method of claim 7, wherein the area is on a component of the eye

10  selected from the group consisting of zonular fibers and peripheral zonules.

10.  The method of claim 1, wherein the area is on a component of the eye
selected from the group consisting of peripheral lens capsule tissue and peripheral lens
cellular architecture.

15
11.  The method of claim 7 where the repeating creates an additive effect, and

wherein the energy is provided circumferentially on each area.

12.  The method of claim 7, wherein said repeating is continued in a manner so as

20  toresult in contracting a distance of about 50 microns or more.

13.  The method of claim 12, wherein said contracting is about 100 microns or
more.
25 14.  The method of claim 13, wherein said contracting is about 200 microns or
more.
15.  The method of claim 14, wherein said contracting is about 300 microns or
more.
30
16.  The method of claim 1, wherein the energy results in slowing lens diameter
growth.
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19. The method of claim 1, wherein the area has no dimension larger than 1
millimeter.
10
20.  The method of claim 1, wherein the HIFU energy increases the temperature

of the area to a temperature in a range from about 47 °C to about 100 °C.

21.  The method of claim 1, wherein the HIFU energy increases the temperature

15  ofthe area to a temperature in a range from about 47 °C to about 80 °C.

22.  The method of claim 1, wherein the HIFU energy increases the temperature

of the area to a temperature in a range from about 60 °C to about 70 °C.

20 23.  The method of claim 1, wherein said identifying step comprises applying

ultrasound scanning imaging to identify the area

24,  The method of Claim 1, wherein said generating is in a pulse having a
duration of two seconds or less.
25
25. A method to treat presbyopia comprising the steps of:
identifying an area on a presbyopic eye;
focusing a device capable of directing HIFU energy on the area;
generating HIFU energy from the device onto the area;
30  wherein the energy transfer from the device to the area results in an increase in temperature
of the area; and

wherein said energy transfer results in alleviating the eye from its presbyopic condition.
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identifying an area on the eye;
focusing a device capable of directing HIFU energy on the area;
generating HIFU energy from the device onto the area; wherein the energy transfer from the
10 device to the area results in an increase in temperature of the area; and

wherein said energy transfer results in preventing the eye from presbyopia.

28.  An apparatus for treatment of presbyopia comprising:
a transducer comprising ceramic piezoelectric crystals;
15  wherein said transducer applies HIFU energy to a discrete region within an eye without

damaging nearby structures.

29.  The apparatus of claim 28, further comprising an imaging device capable of
imaging the discrete region of the eye.
20
30.  The apparatus of claim 29, wherein the imaging device is a magnetic
resonance imaging (MRI) device and wherein said transducer comprises an output ranges

from about 0.1 watts to 50 watts.

25 31.  The apparatus of Claim 28, wherein said transducer has a diameter in a range
from about 8 to 10 cm and a focal length ranging from 1 mm to 50 mm and wherein said
transducer operates from about 0.5 MHz to about 10 MHz and has an output range from
about 100 to 300 watts.

30 32.  The apparatus of Claim 31, wherein said focal length ranges from about 4

mm to 10 mm and wherein said transducer has a radius of curvature at about 15cm.
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