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WD 2008/ 024795 PCT/ US2007/ 076448 - 1 ULTRASON C

TREATMENT OF GLAUCOVA Field of the Invention The
w@e@som93 nventi on relates generally to the trReEH/DBI007/076448

of glaucoma and, nore partitcularly, to a nmethod for

treatnment of 5 glaucoma using, lowintensity

ul trasoni c energy. Background of the Invention Qpen

angl e gl aucoma exi sts when the pressure in the eye is

not tol erat eW'W$W%aTRWM%N£ P8 FHETPMP damage to

the optic nerve. The current treatnent for open angle

gl aucoma is ained at 10 reducing the intraocul ar

pressure to a | evellieldapfi theginwvepfiorhe patient's

eye, to preserve vision. Open angle glauconma is

treated with pharnaceutical agents. Another nethod of

t r eBlheratesehaserventéah negtatfegr geperanglte thé aucement of

has been reserved for medical treatnent failures but
glaucols gafnimyyssppetiavarlys Bopr inrdhpdt featimeatment of

Anot her approach, intraocular surgery, is reserved
gldwromgedstad . e onténsidyy uilarhsemiss efeeguent |y, the

i ncreased pressure in the eye is caused by a bl ockage

in the ability of the fluid to | eave the eye, not an

20 actual incred@@skgroynd off §hg feeentfonas shown in

FIG 1, the blockage is typically in the part of the

trabecul ar meshwork near Schlenm s canal, called the

j uxPegrarraigleutbarugansh @k Kt s THEDWOh ODISY<BRARIEN the eye is

PCT/ US2007/ 076448

not tolerated by the patient and is causing damage to the optic

nerve. The current treatment for open angle glaucoma is aimed at
reducing the intraocular pressure to a level that is safe for the

patient’s eye, to preserve vision.

Open angle glaucoma is treated with pharmaceutical agents.
Another method of treatment, laser treatment for open angle
glaucoma, has been reserved for medical treatment failures but is
gaining some favor as a primary treatment. Another approach,
intraocular surgery, is reserved for medical and/or laser

failures.

Frequently, the increased pressure in the eye is caused by
a blockage in the ability of the fluid to leave the eye, not an
actual increase of the fluid itself. As shown in FIG. 1, the
blockage is typically in the part of the trabecular meshwork near

Schlemm’s canal, called the juxtacanalicular meshwork. The
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2 meshwork is typically bl ocked by anatom ca
changes, pignent, extracellular matrix debris or
wes@adoess ol i ati ve material. Medical treat menPCT/ES2007/076448
directed at decreasing the preduction of the fluid
(aqueous hunor) or enhancing the ability of the 5
fluid to | eave the eye. Medical treatnment is not
meshwogki ve. tynticalsy uslerked Ry cortiomdicay hegigsst opigment,
decrease the pressure. But, when the treatnent is
extgtasppédlahanasressdeler is ssspsaudnexfapiiative matent akbnt
demands patient conpliance, has unwanted side effects,

IS RXPENSI ¥Pea @t TRY &M LSRG 2P0 d S hE QE.GD%J'roductlon
medical care for 10 the patient. Laser treatnent has

of bﬁ%ﬂ f@ﬁ&&' ?&ld‘\_ﬁéoﬁgcm)ubﬂ Brhd Sin@f EHE N 1(1%5/9@9)the

hod. Newer | aser treatnent, such as selective

fl&ﬁ%ro t eabecuyloplast Wedl%agatf‘éa[’cgneﬁl@VQE ndlOWRV¥BEive. It
| aser treatnent is perforned on the inside of the eye

is agbd beakScdm ihliend Nis BBt aéhet ehe praeedl arsut,
meshwork. Wth this treatnent, there is a secondary

wh@YHeOk 28k €md RS RENS ottt £6aUSESss1Gel kEsdd. I BIIeYe HafRal
debris after the laser is perforned. Frequently, after

tré@@iﬂrﬁ dayad! @ACENS WGRPNY ahbE) thdsS uawallesl edse effects,
the intraocul ar pressure as an uni ntended positive 20

isSegerefifectandaly §heetaits pbsrIenmvedother andd caldr €are for
space in the front of the eye. Typical nodern

théapadiael .surgery renoves the cataract by ultrasonic
emul sification of the lens material. This nmethod is

S SR R A
or1<_:]1nae_Ly argortﬂ method. Newer laser treatment, such as
selective laser trabeculoplasty, is gaining favor. However,
laser treatment is performed on the inside of the eye and treats
the inner, not the outer, trabecular meshwork. With this
treatment, there is a secondary physiologic response that causes

cells to remove some debris after the laser is performed.

Frequently, after modern day cataract surgery there is a
decrease in the intraocular pressure as an unintended positive
side effect. When the lens is removed there is more space in the
front of the eye. Typical modern cataract surgery removes the
cataract by ultrasonic emulsification of the lens material. This
method is known as phacoemulsification. Older cataract surgery,
without implants, removed more material from inside the eye, but

the decrease in intraocular pressure was not as consistent as
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25 the decrease in intraocul ar pressure was not as
consi stent as WD 2008/ 024795 PCT/ US2007/ 076448 - 3
wowak/oegeer n day or current surgery. It is bel PEwEs2007/076448
that the ultrasound used-t® break up the |ens
mat eri al hel ps dislodge the built up material.
However, this is just a side effect, and, as
witde godebedide logwcut kentulspraseni ¢ IEnépghelise@d ghat the
phacoenul sification is intense enough to damage
ultriasoyad uged grodbrghly, ura theederingter i ot ks@hp@egﬁﬁ%?ﬁgeofthe
gl aucoma that includes a nmethod of applyin
buyit upsvarer eder gifovevathe tje %%)jqﬁFsPo%&ﬁél%%fFFttuﬁnd' as
material and initiate biochem cal processes to reduce
de ggvd bednbo o tthgc Bl t{Asanige PRIy 58Feby decrease 10
pressure, and that can be performed w thout danmaging
phagassyé s1it Seafieny 16f 1RHRSPr BReYI e dCERBBRFFERS P
accordance with a first aspect of the present
| NVRALH NGl PEr £ reeapervitedor Fethaduhtt beagidiroma that
gl aucoma. The 15 nethod includes the steps of
in@r@dsdiange @bl Ider appyingavt egsddiat eatdy td tthasendt cto
energy, holding the ultrasonic instrunent at a
ditDsR]d 80iextey Madketal herd abecal albiBeBEMDEK, processes to
transmtting the wultrasonic energy at a frequency to
re@udéke sinde dehOeatdxdnat o1l b arpiedei £r nheedby | desrease
di sl odging material built up in the 20 trabecul ar
pre&sihmnr knd atith tgener bé i py foeakd tditthouni taadgisng tissue.
bi ochem cal changes in the eye. In a preferred
enbodi ment, the tip is rounded or the tip includes a
curved corneal surface, a curved scleral surface and
a ridge.
Summary of the Preferred Embodiments

In accordance with a first aspect of the present
invention, there is provided a method of treating glaucoma. The
method includes the steps of providing an ultrasonic device that
emits ultrasonic energy, holding the ultrasonic instrument at a
location external to the trabecular meshwork, transmitting the
ultrasonic energy at a frequency to a desired location for a
predetermined time, dislodging material built up in the
trabecular meshwork, and generating heat that initiates
biochemical changes in the eye. In a preferred embodiment, the
tip is rounded or the tip includes a curved corneal surface, a
curved scleral surface and a ridge.

In accordance with another aspect of the present invention,

there is provided a handheld ultrasonic device that includes a
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In accordance with anot her aspect of the present
invention, 25 there is provided a handheld ultrasonic
waleoosozs79hat i ncl udes a WO 2008/ 024795 PCT/US2007/076448
PCT/ US2007/ 076448 4 casi-ng,-an ultrasoni c transducer

di sposed in the casing, a power supply, a rod
extending fromthe ultrasonic transducer, and a tip
cadiogat ed attrelsenéndtoinsdneer oifispdsedatortine caekgy. iss power
transferred fromthe ultrasonic transducer to the
sugdly., &nred prekedied Hrosnbbdi werrasonhe tasisdgceeps, and a tip
attached to the ultrasonic transducer at a nul
loqadient at | theacedr dintlee Wiodh aPbiteesonas peerdHf isheransferred
present invention, there is provided a nethod of
fraw ¢hei nhtpmrdenrararsduidednaa @ik tiphat 11 ric PEGESTERH
intraocular lens with an exterior surface, a 10
embastimeart , atkelc@sandabel akterhbechsl dhenesmandaicTheansducer
met hod includes the steps of inplantation of the
at intydécpbart 1 ens, providing an ultrasonic device that
emts ultrasonic energy, holding the ultrasonic _
devieeagerdanee dflitén 28pEeed FPEAT t Ple Ghst PROREN At VERELON
transmtting the ultrasonic energy_at a frequenc% to a
thefss ilise BT 25 35t &t MERNPD Ot LpRPREIE HHPHERM] jifp 2 Duman eye
di sl odging material built up in the trabecul ar
thafedrgrReS Y igdnarattag 1rBat viHaeh AREFEIYs Surtace, a
bi ochem cal changes within_the %y rief Desc

e. I ptio
coBtedhé BF L g $rP03 ThEASRERT | B Wﬁbe Tt Gerea; 15 Ludes
under st oqd, b referrin 0 the acc anyi ng _dr awi ngs
A (RUGRFCRY ETRARRES L8 G oot e Bor i  BY° 1 REoy Rl 20

of an .eye; . , . .
ultrasoniéygev1ce that emits ultrasonic energy, holding the

ultrasonic device at a location spaced from the intraocular lens,
transmitting the ultrasonic energy at a frequency to a desired
location for a predetermined time, dislodging material built up
in the trabecular meshwork, and generating heat that initiates

biochemical changes within the eye.

Brief Description of the Drawings

The invention may be more readily understood by

referring to the accompanying drawings in which:
FIG. 1 is a view of a portion of the inside of an eye;

FIG. 2 is a view of a portion of the inside of an eye that

includes instruments used in phacoemulsification;
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FIG 2 is a viewof a portion of the inside of an eye
that includes instruments used in

W@b@soz4Ted si ficati on; WO 2008/ 024795 PCT/ US200/¢DVS48076448

-5 FIG 3 is a perspective view of an ultrasonic
device used for treatnment of glaucoma that is used
external of the eye, in accordance wth a preferred
entiidi-ménts of nevspprebentvienvehtdpitl trpepnic dgvice used
cross-sectional side elevational view of the 5 device
fowmftrphGrerd; of| Gladeoiss thasi e uHedy gkremal @ét ARt Of°t AB
tip of the device of FIG 3 with a bent rod; FIG 4b
acdogdanperwigér e peeismpdorrhpditrat efbble mIfEeBE hHention;
tip; 10 FIG 4c is an end view of the tip of FIG 4b;

FI G1dd 4i $538, CER%S-386EiaNAl sshdecrhwviabhanaliew BW 6iie
the tip of FIG 4b; FIG 5 a perspective view of the

dedide asopiE. device of FIG 3 along with a power
supply; and 15 FIG 6 is a side elevational view of an

ultrasoni c device used for treatnent of_ glauco hat
i s Tsed 4entfadcin S F}?V?WODQQCS?H%\%é’f\MtP% "aJrPoﬂ%ZFhe
preferred enbodi pent. of the present invention. Like
deviififePAl EIF efe it #iR&DEPES t hroughout the several
20 views of the drawi ngs. WO 2008/ 024795
PCTEHS2007 5878488 spective view of another embodiment of the

tip;
FIG. 4c is an end view of the tip of FIG. 4b;

FIG. 44 is a cross-sectional side elevational view of the

tip of FIG. 4b;

FIG. 5 a perspective view of the ultrasonic device of FIG.

3 along with a power supply; and

FIG. 6 is a side elevational view of an ultrasonic device
used for treatment of glaucoma that is used intraocularly, in
accordance with another preferred embodiment of the present

invention.

Like numerals refer to like parts throughout the several

views of the drawings.
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6 Detailed Description of the Preferred Enbodi nents
Descri bed herein are preferred enbodi nents of a nethod

WO 2008/024185 ul t rasoni ¢ treatment of gl aucona. ThRCTESIN0T076448
i ncludes the wuse of tools shat are al so shown in
FIGS. 3-6. 5 Generally, the nethod includes providing
ultrasonic energy to a desired area of the eye to
di sl odgsanbedHesicripbion nf theabresfdraedninindiments
thereby lowering the pressure within the eye. The
presently described nethods are used to reduce the
pr eB&dtrre bledi helraim iamret hee Byrerede sobodigwbngbove.a I@thtd for
will be appreciated that terns such as "front,"

thé badeasoni¢ opseatinbot t@indlatisbue, " Thepwarlhd/inghddes the
"downwar dl y" used herein are nerely for ease of

useles tiopl 5 othancireetgso tshowneinriBif.aBré6n  of the
conmponents as shown in the figures. It should be
und th ry [.Qn ' t
thee%éé%%%ﬁbng%%s tlgpeggé é%%?'géglﬂgFtpﬁE%gaﬁﬁfﬁfggggy

tofo lﬂedessf&eﬁsg{eé he RE eéf@ttoi BY?D&&&D makbGia? S3WEhe

acoemu ication belng perforned on an eye. As is

tr ﬁé&fﬂak}egesﬂxb@rﬁ,e%hgi%&e l%ﬁue?hﬂ&oﬁ@lp%legé&laé !v@.@.h%ﬁsthe

een shown to cause a ‘decrease of pressure in the

ey@ye'T}léO\fﬁggémtlt}h Qedlrtthdd A2QURLs | IMERSLlY L HSREULR the
phacoemul sification is quite vigorous and is designed

prbQs & YRt Bey) ens theSsWe RiscdiBEdibdvles anatony. As
can be seen in FIG 2, the instrunment is actually in
contact with the lens. In addition, the commonly used
ul t Fastihld be ABPFefisitedt bR HAEgsntPER 3t atF8RE has 23k

tip that is pointed and .
“topP” “bottom,}’J "side, " "upwardly" and "downwardly" used herein

are merely for ease of description and refer to the orientation
of the components as shown in the figures. It should be
understood that any orientation of the instruments and the
components thereof described herein is within the scope of the

present invention.

FIG. 2 shows phacoemulsification being performed on an eye.
As is described, the technique of phacoemulsification has been
shown to cause a decrease of pressure in the eye. However, the
ultrasound intensity used in phacoemulsification is quite
vigorous and is designed to carve the lens tissue or disrupt its
anatomy. As can be seen in FIG. 2, the instrument is actually in
contact with the lens. In addition, the commonly used ultrasound

instrument for phacoemulsification has a tip that is pointed and
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WD 2008/ 024795 PCT/ US2007/076448 - 7 sharp, is
designed to engage the tissue in the eye directly and
whawsoree i nputs for ultrasound, irrigation apdI/US2007/076448
aspiration. In a preferred enmbodi nent of the present
invention, the instrunents (described bel ow) focus
the energy of the ultrasound 5 a distance fromthe
shdripsstiie dexiaednot ermgagethe disseet by, tivbreeeveiregtiy and
ultrasound intensity is preferably significantly |ess
hasyithoeeusngutan fphacbarasosnfli cittiigataen, anchespibaieion .
creates acoustic energy at a nmuch gentler intensity.

LaS%ya lptrrggeré Glrbb81 A8 ANELE 9GS Rt hGedrical MERL

is t ecul ar 10 nmeshwork in the anterior portion

indr G 9! eR&cr2Bda QL e rohy SR EhOEy) &1 tBE th€rasound

eye, as in phacoenulsification. The forces obtained

a élrs%rshulet FAasound trsatdren é&en&@'&llg%e ubtalrtebmnt 0

two main categories: sononmechani cal and heat

MoeRghAat efe LﬁeraQESéH@lﬁqtei%@t% 2 f&‘f@f‘éb%%lgh@flcantly
11/ 220, 128 to 15 Bachem and S. Pat ent 6, 162, 193

1e§50 @@%%gs éﬁa% eRbEs&ki188 rOkat WH GRAAT End NGRHBYT et &ttes
herei'n by reference. U trasound creates m crobubbles

acGlh ERYrdpRiodenytgyaisky antkdsherebyrLitagt echeat
and violent mcronovenent. This is known as

sp&aM tAbirel. arkhifscusr atiHN tebathaitobsbbhe s ramdcular
subsequent inplosion with heat is 20 either stable or
mestitedablia (he afigieenb) . pdha cat abl thecapbbal i @l indt tess
likely to lead to cell necrosis and tissue danage. In
crpdielitliion t&es ef shanees f eet iof plidwewnvei f ordtioh.t he
ul trasound that creates a phenonenon of stream ng
tha!;rh I%oms th

orces O alnedn%rom ultrasound treatment are complex,

but fit into two main categories: sonomechanical and heat
generated. For example, see U.S. Patent App. No. 11/220,128 to
Bachem and U.S. Patent No. 6,162,193 to Ekberg, Ehe entireties of
which are incorporated herein by reference. Ultrasound creates
microbubbles which may implode vigorously and thereby create heat
and violent micromovement. This is known as cavitation. This
creation of microbubbles and subsequent implosion with heat is
either stable or unstable (transient). The stable cavitation is
less likely to lead to cell necrosis and tissue damage. In
addition there is an effect of the wavefront of the ultrasound
that creates a phenomenon of streaming that allows the movement
of particles within a fluid.

The device 10 for the treatment of glaucoma by ultrasound

described below includes a balance such that the frequency, power
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of particles wwthin a fluid. 25 The device 10 for the
treatnment of glaucoma by ultrasound described bel ow
W0 p@BORESS a bal ance such that the frequency, pRUBEDUSAMI/076448
2008/ 024795 PCT/ US2007/076448- - 8 and duration of
t he propagated ul trasound has the opti num bal ance of
controll ed cavitation, heat and acoustic streamng to
ancefdheation ke thabpoeragatreshiiorasoutiehad frdiet obsimue lpalance
that debris, or other occlusive structures, nmay be
of diosmltodybel tamvitetaten a heat gand agolisbie Sstypamhngf oy cdgect
menti oned above. In addition the nature of the heat
thegemebatethamedshiverlsulibeqaéhect rifsl apratBrar deheis orpy other
directed to initiating cascades of biochen ca
ocqlemiiveonsrudiatres eathit de Adeabelldachgoofredfe a larger outflow

extracellular matrix and induction of rmacrophages to
by rdrpferess mEselibnedraketsr i Entaidigirhethedipaige phehrppheat

long termeffect of the treatnent. Described herein
gergratiedoany pas SHbfaEtanfnepf SaudProreat yadenftEqtpd to
~treating the eye, one for inmmediately after cataract
inkregdng ¢asradescaf dpjochemdcaherasitigse Bt HE24uF? ace

of the eye (exter nalf, whi ch can be used w t hout
remeaaligot of et exthece B gt BRolx Gndt frdusféonReferring

to FIGS. 3-5, a device or probe_10 for treatnent . on
MAgFRPRFGeS| He TAMOVEceXpraadudye IRERohR. FdhiErafTipnce the

the device 10 includes a power cord 12, a power
long g e8Larfd fn thEl $r%8WPE - t ransducer 14 housed

wWthin a casing 16. It is 20 contenpl ated that either

AC ges&G HRAWBEr&BD e UFethygdeweyeinstiruments used for

ultrasonically treating the eye, one for immediately after
cataract surgery (intraocular), and one for use on the surface of
the eye (external), which can be used without having to enter the

interior of the eye.

Referring to FIGS. 3-5, a device or probe 10 for treatment
on the outside surface of the eye is shown. Generally, the
device 10 includes a power cord 12, a power supply 13 and an
ultrasonic transducer 14 housed within a casing 16. It is
contemplated that either AC or DC power can be used. However, in
a preferred embodiment, DC power is provided (which may be from
alternating current and then converted to DC or it may be from a
battery pack). It will be understood by those skilled in the art
that the type of ultrasonic transducer is not a limitation on the
present invention. For example, the ultrasonic energy can be

provided by piezoelectrics, liquids, crystals, etc. See, for
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a preferred enbodi nent, DC power is provided (which
may be from alternating current and then converted to
wOD08024795 may be froma battery pack). It w | PCDES2007/076448
understood by those skilledsit the art that the type
of ultrasonic transducer is not a limtation on the 25
present invention. For exanple, the ultrasonic energy
exappiebeU. pr Paitdet By [i,.626ePECtto ¥s1ley quihdsh ésystal s,
etc. See, for WO 2008/ 024795 PCT/ US2007/076448 9
inexgophecd BySreParerte No. 16 646,1080Yt ke in -er InvHiT IfXPEP1e
i ncorporated by reference in its entirety herein. In
shavre iax gl H gugkewntieh wlhsas Pt EFane@ecsy tlrtas8snf c
~transducer 14 uses piezoel ectric technol ogy. The
pigdaslasonic t@rangyopy oddbedubiradeais eperdypeefuded jry the
transmtted down a rod 20 and to the tip 18. _
trayssfugrably, ia keapsplaed doghpbtrrdanrs %Cgﬁd%&hw e 8-
surface that allows for appropriate gel.or liquid
Prefiguaplic et tile 18cif HMooshr 3t dourAed sHgdt B FHpE3ee that
referred over the sharp tip of the prior art to
alﬁ?@/éﬁr PRRFEIRHIAEA 9% (e LaStEt ittt eBEurart s P fate it
10 the cornea. In a preferred epbodi nent, the casin
sunfRqes afPacHRPtotiRels BFERSHIRE VAL BPRUTHRTRolnb Yo the
as to not upset, or dimnish | trasound production
S it

PTHPY [T FRPLR g 2B EVE 8 nf TSRt aEt FhHigee °oF
to 18 all ow maxi mum energy. As shown in FIG 4, 15

Ehe Hef™d'Ps a space between the casing 16 and rod 20
and/or tip 18. The casing 16 can be attached to the
t r ans dagfefetr-oed extiirdlieentby tHehreaitey feagteaetaciRP, to the

rivets or the |iKke.
transducer at a null point so as to not upset, or diminish
ultrasound production within the casing; but avoiding contact
with the tip to 18 allow maximum energy. As shown in FIG. 4,
there is a space between the casing 16 and rod 20 and/or tip 18.

The casing 16 can be attached to the transducer, for example, by

threaded fasteners 22, rivets or the like.

As shown in FIGS. 3-5, the casing 16 has is shaped so that
it fits easily into a user's hand. In a preferred embodiment,
the casing 16 includes a handle 24 extending therefrom that can
be grasped by a user's second hand. With this design the user
can grasp the casing 16 with one hand and use the other hand to
guide the device 10 using the handle 24. This provides a greater
ability to manipulate the device 10 as desired. The handle 24

may be straight or bent (as is shown in FIG. 3). The casing 16
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As shown in FIGS. 3-5, the casing 16 has is shaped so

that it fits easily into a user's hand. In a
wee@Ber47exl enbodi ment, 20 the casing 16 incl uBEBEUS2007/076448

handl e 24 extendi ng therefroimm-that can be grasped by a

user's second hand. Wth this design the user can

grasp the casing 16 with one hand and use the other
mapaaicsa dnchuicde tdeerdeviage otOdemiargithe Hagrdie 24, otfidrs

provides a greater ability to manipul ate the device
erdéhas cdeddieichnsThe halal|tde24a@bngrdy basser diogltripr

bent (as is shown in FIG 3). The casing 16 WO

2008}, 024795 BCTL UUS2008: 076448 1 5 10 - M cak 500 | e hudlg

a depression or depressions therein or other

£ 85 9ORL G adl 1 0RS o f Oy K@ RENE; £ a5iaNgnd 6 §ASIChotifed to

grip. I'n an exenplary enbodi nent, the instrunent is 9

ap?ﬂ%*i:ﬁﬁgelg/rzg)mrﬁnh & i hAckeof %@e@@is,i g0t heod iaP18Rbcation

I'p 1S rounded to 5 approximately a 4mm di aneter.

onMoNBYEesehPi Bndehitieh.@ limtation on the present
invention. As shown in FIG 4, in a preferred

enbadi gEf ﬂhh§1@9d42QJ1ESpﬁ%ﬂé%rgBtemﬁiaﬂﬁéﬁE, tie rod 20
anot her enbodi ment, the rod 20 can be bent at an

isaggfﬁj:glﬁ‘s Shew,dl FhGandther! BRo&NGlRtGabhderab oot c&9 be
10 degrees. However, the angle can also be between 0

bedflaOGin dagiees.asTReowht 125Q0I C4£Ned@Y ah§lé radns et bBsut 90
directly to the tip 18 and with the straight rod 20

deBEo¥E desicwevenEnihd Angdle f@mvaldo ansl Hagekward «dia eot i on
(l'i ke a piston or jackhammer). The rod 20a bent at a
de9Rcegr adecalUt Laqyri dasrdori snotamemilthatl dsredBSy to the
parallel to the axis of the rod and causes a back and
tiboléhand with the straight rod 20 provides movement in a
forward and backward direction (like a piston or jackhammer) .
The rod 20a bent at a 90 degree angle provides for motion that is
parallel to the axis of the rod and causes a back and forth
sliding movement at the tip 18.

Referring to FIGS. 4b-4d4, as will be appreciated by those
skilled in the art, the cornea and sclera both have a different
radius of curvature. As a result, an angle is formed where they
join (see FIG. é). As shown in FIGS. 4b-4c, in another
embodiment, the tip 18a can be shaped so as to fit into or engage
the junction of the cornea and sclera (known as the limbus). As
shown in FIG. 4c, tip 18a includes a ridge 70, a corneal section
72 and a scleral section 74. The radius of curvature of the

corneal section 72 and scleral section 74 mimics that of the

typical cornea and sclera. As is shown in FIG. 4c, the ridge 70
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sliding novenent at the tip 18. Referring to FIGS.
4b-4d, as will be appreciated by those skilled in the
W@eaog/024185 cor nea and scl era both have a diff erBCI/US2007/076448
radi us of curvature. As a-rasult, an angle is forned
where they 20 join (see FIG 2). As shown in FIGS.
4b-4c, in another enbodi nent, the tip 18a can be
haskrapédgsio agvasufettd rtto tor margagde paeujalneuron of the
the cornea and sclera (known as the linbus). As shown
coimeak| GIn4ese t ithel8adgendloudespaqdddge e Jancdipeapt the
section 72 and a scleral section 74. The radius of
congavandr eclfrat Het 28he drimbab) sad iths 7ornasd seFerant 72
section 74 mmcs that of the typical cornea and
restd egainds the showeaiandritBe delendie sprighRn 7oSWH against
2008/ 024795 PCT/ US2007/ 076448 - 11 has a slight
theralarar e Ito witllt be menddrsthedngtaly shecuidas Pt perneal
cornea. In use, the ridge 70 is placed at the junction
segfiqrhd2 end rcdeand sedteion (4t hatre Trblisindhrgupfied edges
corneal section 72 rests against the cornea and the
sosgt doabPreeett ¢lemrest &° 4gi f¥E-5 the sclera. It will be

understood that the ri dge 70, corneal section 72 and |,
scl ER AN SACEFBAC TS FAPECERRY-h tERAE TR e dnetiyis @ §gating
as totﬁéevent damage to the eye. In_an alternative

elghtiditheht 21 a1 tHF Hedt iSTEPREE BY ISt FAgrasaiefefiteTay to
that allows the heat created %\4 t he ul trasound engrga}/in

bererharrefle eftharic &8 A SMRndhh i M HE BF T °F°s80
ot Gas HEanT GRIET AR TS et FOMAroaBoUE S s A6 12
megg f ciarge%b Ia oEreo P hie tati St ggsilaa{‘bq_eet tE)i ﬁgald:e t%go tl‘,lgpget tissue enough
to cause favorable biochemical processes. Accordingly, the
heating element can be provided to heat the tissue to a level

favorable to provide the biochemical processes described above,

but below a level that creates tissue necrosis and pain.

With reference to FIGS. 1 and 2 for the anatomy of the eye
and FIG. 3, in use, the device 10 is used to apply directed or
focused ultrasound to the area overlying the meshwork. In
another embodiment, the ultrasonic energy may be unfocused. For
example, focused ultrasound can be applied at 63,500 Hz using 4
watts of power. As can be seen in FIG. 2, the meshwork is
located near the area where the cornea and sclera meet.
Preferably, anesthetic and/or conduction gel or liquid is placed
on the eye (or on the tip 18) and then ultrasonic acoustic energy

is applied at the desired frequency, which in turn is transmitted
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to cause favorabl e biochem cal processes. Accordingly,
the heating elenment can be provided to heat the
W eeszi79d a | evel 15 favorable to provi de thePCT/US2007/076448
bi ochem cal processes deserizded above, but below a
| evel that creates tissue necrosis and pain. Wth
reference to FIGS. 1 and 2 for the anatony of the eye
to ane Ek&ed;lammaskyorihe tevekye e lodoiredater appltpat is
directed or focused ultrasound to the area overlyin
bladie nge § hwiot koaskage Gehdieht ine nffudimsehrvork ke int feniteat
energy may be unfocused. For exanple, focused
shedit pasbenes c st ivelappiteed ist neRH0PrPEeissggand iRducs
of power. As can be seen in FIG 2, the nmeshwork is
ma¢pdiegd Aebyvittheandéer waes gfrlxast Réackeid caéd| BFgcesses .
neet. Preferably, anesthetic and/or conduction gel or

i gy, d?ﬂesfa@haﬁ ed12b g@fither % h8Ye@Bddieatbind 8heange
then ultrasonic acoustic energy is applied at the

ovEESiHLd s b £AUBRGY , Wb £hh ok hihd 1% rhE8ASddne@dy WD the
2008/ 024795 PCT/ US2007/076448 - 12 to the trabecul ar

ey8EShuREkert el @by rdEsHadgicR8olBh&id alknkhetp 113 is not swept
bi ocking fluid passage and heating the meshwork to

arbihd itdle 1@l =sRacks priet @yBSinSd iFvelapetRlutX instead,
nmet al | opr ot ei nase and i nduce nacrophage activity

thangdy sebperatiesnurbebi S herticatripimaessasts ankdnapplies
operation, the device 10 is noved 3600 around the eye
thevert dahenk b nbadrfr e, a Wiidde tpraimet rfgedhén@somioe a
energy to the eye. However, in a preferred
preabesdiivet, dthe: iionpaidd atS a@tredwepiminadopeowkt.he Fbi nbal
area of the eye in a 3600 path, but instead, the user
exshpps, aheausehery efopradeatvelnenegugidiyntsacett pappt es
similar to the hours on a clock. In another embodiment, with an

approximately 4 mm tip, only eight treatment areas may be

sufficient.

The length of time, the number of treatment areas and the
intensity of the ultrasound energy depend on individual cases.
In an exemplary embodiment, the procedure may be performed at
about 63,500 Hz with 4 watts of power for about twenty second
intervals at about twelve points around the eye. However, these
numbers are not a limitation on the present invention. Also, in
some cases it may be necessary that after such treatment that
anterior corneal massage is performed to help flush aqueous humor

though the meshwork to help clear the pathway.
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10 the ultrasonic energy at a predeterm ned frequency,
for a predetermned duration and at a predeterm ned
W@oMWs02478Hr exanpl e, the user may stop at tweP@BUS2007/076448
equal | y spaced points si+il3ar to the hours on a
cl ock. In another enbodiment, with an approximately 4
mmtip, only eight treatnment areas nmay be 15
suf ¥ cicemetidqthe thengl hraforiicnenexdie ifupbeyidgd as follows.
treatnment areas and the intensity of the ultrasound
In gn@rgyetept rabofinenti vithgaf re@dsy rappgamiekbappispsonic
enbodi nent, the procedure may be perfornmed at about
en@Zy506 FROWH 29 200akq sloafro%v%?f f 3P abBere Pkeheyred
second 20 intervals at about twelve points around t
emegE mepgwelRg  frEHBSRCY HFREEr $5 aF ™ EPORt | 3 hi%C&t Fon’ cb.r?oo
the present invention. Also, in sone cases it may, be
Hz nedds Samgst e tarred STRORIPPREL rFdtt fi‘ﬁ‘é‘t‘encé’nfféflg%rls from

cor neal mass%g |s erfornmed to help flush aqueo

abeifm$2 - 0P Aok ot RAO % hwdik 2t Br%%?ﬁfe& gEPOH e bat E}i}%y
WO 2008/ 024795 PCT/ US2007/ 076448 - 1 I n_operation,

durdel QR £RREDN T 2BRBF g3 §% 3pPBLI Yo PEESTFEL | ok 2 m?ﬁe

preferred enbodl ment, the frequency .range of th
pr g s ATEC BHatgy the %&E&Oﬁorﬁtﬁ?y i 360" odd %3 a*rout 27

nore preferred errbod nment., e fr ue
SeEPRR AFEut™ 50,1656 PBe gﬂ r& Qf% ({urﬁre Iérran e is
enbodi nent, the fre y ran rQ bout
abpyt g (G02RRUL 147 5°pP C?er r 68 gn%reaf erre? %ﬁ éllmgu at}f&”er
ran bout 5 to ab econ I e
1SpP’é‘%’e’rJr zid BnbSuiRest, © atbo&l%r Z\t Fon roélﬁgg |a§trga)1 ot FPouE
4 watggx£e1ng most preferred. As is described above, these

ranges will be different for individual cases and therefore,

these are not a limitation on the present invention.

These ranges are low intensity enough to prevent damage to
the eye. However, in a preferred embodiment, the ultrasonic
energy applied to the structures of the eye generates heat and
sonomechanical acoustic streaming or stable cavitation that is
transmitted to the meshwork and helps dislodge the built up
material, and initiates biochemical changes to restructure the
extracellular matrix and induce macrophage activity as described

above.

In a preferred embodiment, to prevent contamination or
spread from one patient to another, the exposed tip 18 or 18a of
the device 10 can be covered with a small finger cot or condom.

With such a cover over the tip there is little or no decrease in
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seconds and in a nost preferred enbodi nent, the
duration range is 10 about 18 to about 22 seconds. In
w@2@BeL49F ed enbodi nent, power is provided i nPENES2007/076448
range of about 1 to about-6Gaatts, with about 4 watts
bei ng nost preferred. As is described above, these
ranges will be different for individual cases and
the hercetoent terpesetare nise bhdn ribeat Foe wreathenprisent
invention. 15 These ranges are |low intensity enough to
pepfawedt wiltlmage at oonddwe cayshe Ho\eever, in a preferred
enbodi nent, the ultrasonic energy applied to the

StngE f%ﬁgoéotfﬁﬁ.egg_Qeﬁgvfyée§ope@4eé%%gnt inside the eye
sononechani'cal acoustic stream ng or stable cavitation

isthahd s thiansmiitteds tQ deheapBphweukaand: helBgact surgery

di sl odge the built up 20 material, and initiates

siREOGHRM, Cal ShaRges 40 SN HEd WyR hhE aBXIdRCekén @ide.
matri x and i nduce macrophage activity as descri bed

HoRBAUE. thisai PrRfekr ethaRedhnBitsnd @rps&ventnvention.
contam nation or spread fromone patient to another,

pubhgy @xRasgs: tdurgl8y 0fhd &avetal 2ihd hendevs cepl@ceanvieh an
covered with a small finger cot or condom Wth such a

inEBYS&Iu1aveicthe trhp therdusaki dédi@e0B60n0s deft @@sethdht
WD 2008/ 024795 PCT/ US2007/ 076448 - 14 the treatnment

witBpaRt eye. I ize debapi hierbbhe, tiieatmest tysicaiarf ar med
wi t hout a condomor the like. Referring to FIG 6, a

dedevd£e ihoprésantdTent thasdyde afher eyearast shawreryThi s
device is preferably used after cataract surgery 5

sin [ [ i
bee gﬁgg%ggggcﬂ grtgg%fcgtg5lﬁ¥e é;a£?$ f%@iu%%% Q{{§¥ﬂ$ént
ports 52 and 54 for introduction of the irrigation fluid and

aspiration of the irrigation fluid, respectively. However, it is

contemplated that ports 52 and 54 can be omitted in an

embodiment.

The intraocular device 50 also includes a power supply cord
56 for the transducer module (similar to the one in device 10) of

the ultrasound, which is housed in a handpiece 58.

Located at an end of handpiece 58 opposite the end of
attachment ports 54 and 56 is a tip 64 that preferably includes
ports 60 and 62 that allow for the inflow of the fluid from

attachment port 52 and into and out of the eye respectively.

The tip 64 is designed acoustically with the appropriate

‘concavity or convexity to allow the focusing of the ultrasound

into the trabecular meshwork. It may also be unfocused
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However, this is not a limtation on the present

invention. During cataract surgery the crystalline
WO 2008/02459F epl aced with an intraocul ar | ens. TPEI/US2007/076448

i ntraocul ar device 50 is forstreatnment wthin the

eye. As described above, there is typically a 10

decrease in pressure in the eye after cataract
ul spageriy. eliegy nt MTaoe upeefadeedcentx@ipeef eraid yripnéf udes

attachment ports 52 and 54 for introduction of the
inclvdemtnonnyéried ande wgpithati prowfdeshehe rakbigdtivoho focus

fluid, respectively. However, it is contenplated that
thpoultsraf@nandedrayapnd ea omiittt gt rclen abfevidyodibemher angle.

The intraocul ar device 50 al so includes a power supply
Incone en@dfivent heher ang defc ahenbim| & (csinnPt appanedt ferone

in device 10) of the ultrasound, which is housed in a
irhagmlpicec e tbgreh catiadnatingn thadnedd Hamdphebew F@rt 60. 1In

opposite the end of 20 attachnent ports 54 and 56 is a
anpiepprbedinprleftéyeably ¢halaydes splort $068L1 et Y62 tehat

allow for the inflow of the fluid from attachnent
ulpppgoBirsandPreferaiid bt WP fheleyot @opBESd &l PrevaRt

tip 64 is designed acoustically with the appropriate
unyaReed idraee BoriEX LRy TR HIRF oW Eh €T GEUSF kP10 Phethe
~ultrasound. 25 into the trabecular neshwork. It may
ingpEsehetufPBceded WO 2008/ 024795 PCT/ US2007/ 076448 15

ultrasonic energy. In a preferred enbodi nent, the tip

64 irAchsdesranri fverdeadoeaited idf thedrqiowudgsry hthd the

ability to focus the ultrasonic energy and aimit
reblhBehdit afit €hé AfryGRanDefie ar@lsewith an intraocular lens, the

device 50 is used to apply ultrasonic energy into the anterior
chamber angle, which is the area where the iris and cornea meet,
and is directly above (as oriented in FIG. 2) the trabecular
meshwork. Fluid is introduced as desired into the eye and then
gonomechanical energy is transmitted to the trabecular meshwork
using the device 50. The device 50 is held above the iris and
intraocular lens (it preferably never contacts the iris or
intraocular lens) and the ultrasonic energy is focused and
directed at the anterior chamber angle, and then is moved to
treat 360 degrees of the anterior chamber angle (similar to the
description above with external device 10). The pulsed fluid
wave vibrates the intratrabecular material free and flushes the
meshwork. A coexisting aspiration port 62 allows dislodged
material, such as pigment, pseudoexfoliative material, etc. in

the anterior chamber to be removed.
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In one enbodi nent, the end of the tip 64 can be opened
for 5irrigation, thereby elimnating the need for

wo pfoBoOM7pHrt 60. In  anot her enbodi ment the tiPpPCBUSIAY076448
be solid to allow better - ulet rasonics. Preferably the
tip 64 is not pointed to prevent wunwanted danmage to
the intraocular lens or other parts of the interior
of Qrle séye. eflifzdtn ofisehe afetdpdt ¢ Werhepnbgrld Yofvibrating
cataract surgery and the replacenent of the

theceyst désdmidekdehsrain Hsanhpnt o cdbapsomits enphgy ey ickange
50 is used to apply ultrasonic energy into the

theantiereors gsanberhargick, ofihilsh ays ane ey WhBF*PYshe
iris and cornea neet, and is directly above (as _

detgcheaned i e -kl €ep2yatina PF ablex Migireess rasshksPR. LI Fiegina.
is introduced as desired into the eye and then
sonpeghan,caln fN&RGYal Sndtr RRSMiLd e ket he dabegul fde
meshwor k  using the device 50. The device 50 is held

50 3ROEnE NEr Idd $nandxrdnaged] & doensnéidapieieegidnties,
never contacts the iris or intraocular |ens) and the

dutH RS ONb SweENEnG¥at SodHCUsed) antkced® ehdeciediateda
anterior chanber angle, and then is noved to treat

deBRQ da0L8&s QfsitBecRitsid art&habent 2agteLxSBhE dfad ®een
the description above with external device 10). The

impired . f | thd c reavReNt i3t 88 poerdritierabh abeeitliant directly
material free and flushes the nmeshwork. A coexisting
afBSPiiplbafatPid o82tRd | WS adbsl flgets2forradiafeically sfcdr
as pignent, pseudoexfoliative material, etc. in the

cabditRit eurgdanber e hey nenpeéetornd 2008/ A EAE that had an
PCT/ US2007/ 076448 - 16

intraocular lens at an earlier date.

The embodiments described above are exemplary embodiments
of the present invention. Those skilled in the art may now make
numerous uses of, and departures from, the above-described
embodiments without departing from the inventive concepts
disclosed herein. Accordingly, the present invention is to be

defined solely by the scope of the following claims.
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One side effect of the nethod of ultrasonically
vibrating the eye described herein is that the
wakisazom c energy may change the vitreous gePCT/OS100B076448

back of the eye and al l-ow7vitreous detachnent, i.e.,
separation of the vitreous gel fromthe retina. 5 It
w Il be understood that the use of the internal device

50 is simlar to the extegpadydevice 10 (including
frequencies, durations, power, |ocations, etc.),
except that the internal device is used inside the

What ?¥e gﬁkgr gg:lntraocular | ens has been inplanted. The

edt men nmay be perfornmed on a patient directly 10
after inplantation of the intraocular lens (or
directly after cataract surgery) or it may be

1. Agﬁéél{)c;cp%q QPthdi;H‘?géigggﬁc&mtinhgdh%n i(f@,gr @H&yli&}‘fclhggé a

an earlier e enbodi nents déscri bed above

re.e ar [ t r. i N fi
comeghoas eg%gk@gh, e% gmh DEAtS . QbebheaP I&%@%rh Vet k@Phod

n the art may now nake nuner ous

uses, of,. apd.departures from the above-descri bed
comprenE&%inéhts %?t out departing fromthe inventive

CONCEPLS: a Hiss Ghog e NI RIcNae ALCOT BRI N it RELPESSENY energy;
invention 1s to be defined solely by the scope of the

1ol | oW 800 dieMB ¢ A8 MO 2QA8E D25 1 P/ 145220084 05644@1a1 to
- 17 dains Wat is clainmed is: 1. A nmethod of

the tbhgathng akadseae in a human eye that includes a 5

cornea, a sclera, a linbus and a trabecul ar neshwork,

the WeLhoditting the ultrasonic energy at a frequency to a
desired location for a predetermined time;

d. dislodging material built up in the trabecular meshwork; and

e generating heat that initiates biochemical changes within the

eye.

2. The method of claim 1, wherein the device is held against the eye.
3. The method of claim 1, wherein the device has a tip, and wherein
the tip includes a curved corneal surface, a curved scleral surface

and a ridge.

4. The method of claim 1 wherein steps (a) through (e) are performed

at a plurality of locations about the limbus.



conprising the steps of: a. providing an ultrasonic
device that emts ultrasonic energy; b. holding the
W@ kisaswm c i nstrunment at a | ocation external POI/USI987/076448

trabecul ar meshwork; 10 as transmtting the ultrasonic
energy at a frequency to a desired |location for a
predeterm ned tine; d. dislodging material built up in

5. Thhem¢ttmideotl ataimedhwbekeimmrrdie Eremurmcat i agbdtewent Ahput
initiates biochem cal changes within the eye. 15 2.

20,007hEemt lrod apowt di0th, Q00 vifrertei-n t he device is held
agai nst the eye. 3. The nethod of claim1, wherein
the device has a tip, and wherein the tip includes a
curved corneal surface, a curved scleral surface 20

6. Thadmethdddgé. claimipe whersbe tdfe Eime msl baffeeen rrbyugps seconds
(a) through (e) are perfornmed at a plurality of

5 and abguhtiorscebesit the |inbus. 4 WO 2008/ 024795

PCT/ US2007/ 076448 - 18 5. The nethod of claim1l
wherein the frequency is between about 20,000 Hertz
and about 100,000 Hertz. 6. The method of claim5

7. ThgeRethrd k€ Fian ils vher o Fhfobget SIREGHES 1S Ngfgabove
about 35 seconds. 7. The nethod of claim 1 wherein the

abouthdgt 5 giBesfedersi9fd6above about 42.5 degrees
centi grade.

10 8. The method of claim 1 wherein the ultrasonic device comprises a

casing that includes a handle extending therefrom.

9. A handheld ultrasonic device for the treatment of glaucoma
comprising:
15 a. a casing,
b. an ultrasonic transducer disposed in the casing,
c. a power supply,
d. a rod extending from the ultrasonic transducer, and
e. a tip located at the end of the rod, wherein ultrasonic

20 energy is transferred from the ultrasonic transducer to the tip.

10. The handheld ultrasonic device of claim 9 wherein the tip is

rounded.
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10 8. The nmethod of claim 1l wherein the ultrasonic
devi ce conprises a casing that includes a handle
we@2G08M02li7o8) t herefrom 9. A handhel d ul t rasoni cPUBEUB2987/076448
for the treatnent of glaugorra conprising: 15 a. a
casing, b. an ultrasonic transducer disposed in the
casing, c. a power supply, d. a rod extending from
11. Thee haihfhesdniltc resanse dsariceantl @laig fi phexsidt E8eakiR he
end of the rod, wherein ultrasonic 20 energy is
includesnrsferved dorowel heurfiaceasanfertadansdatay 395 fepe P2
10. The handhel d ultrasonic device of claim9 wherein
ridgethe tip is rounded. 4; W 2008/ 024795
PCT/ US2007/ 076448 - 19 11. The handhel d ultrasonic
device of claim9 wherein the tip includes a curved
corneal surface, a curved scleral surface and a ,
12. TFhelgmndheld ulliyaspahedavdcgl of agbhitt SdudePERIbihe| aReh™y
wherein the casing includes a handl e extending
inclug¢erafhegle 19t ePReNAMRAETEOW t r asoni ¢ device of claim
12 wherein the handle conprises a thin rod extendi ng
outwardly fromthe casing. 10 14. The handhel d
ul trasonic device of claim9 wherejin the casjn%

13. Zhe eHeidedd vHEATORE SsEHTiCe PANSHRTR L 2at e it |

comprises a thin rod extending outwardly from the casing.

nohagdle

14. The handheld ultrasonic device of claim 9 wherein the casing is

attached to the ultrasonic transducer at a null point.

15. The handheld ultrasonic device of claim 9 wherein the ridge is

curved.

16. A method of treating glaucoma in a human eye that includes an
intraocular lens with an exterior surface, a cornea, a sclera, and a
trabecular meshwork, the method comprising the steps of:

a. implantation of the intraocular lens;

b. providing an ultrasonic device that emits ultrasonic energy;

¢. holding the uitrasonic device at a location spaced from the
intraocular lens;

d. transmitting the ultrasonic energy at a frequency to a
desired location for a predetermined time;

d. dislodging material built up in the trabecular meshwork; and

L



eye.

17.

15. The handhel d ultrasonic device of claim9 wherein
the ridge is 15 curved. 16. A nethod of treating

WQ@k@aovtTes i n a human eye that includes an i ntPEDUBI0AT/076448

lens with an exterior suebace, a cornea, a sclera, and
a trabecul ar meshwork, the nmethod conprising the

steps of: 20 a. inplantation of the intraocular |ens;
b. pzenvdwitngganeall tthasobihit igdgiscbio¢hamiggilt ghanges within the
ultrasonic energy; c¢. holding the ultrasonic device

at a location spaced fromthe intraocular |ens; d.
transmtting the ultrasonic energy at a frequency to a
25 desired location for a predetermned tine; d.

di slodging material built up in the trabecul ar

s meshled aficcladr WO POos/ o9 st mOpeESy0by /RFFyEE8 akout
20 e generating heat that initiates biochenm ca

20, 008 hEgigies it APet HE0. @9e HerFZ-The net hod of claim 16

18.

wherein the frequency is between about 5 20,000 Hertz
and about 100,000 Hertz. 18. The method of claim 17

wherein the tine is between about 5 seconds and about
Bhe qeatdigds 0f gqlaim 17 wherein the time is between about 5

seconds and about 35 seconds.
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