
WO 2008/024795 PCT/US2007/076448  - 1  ULTRASONIC
TREATMENT OF GLAUCOMA  Field of the Invention The
present invention relates generally to the treatment
of  glaucoma and, more particularly, to a method for
treatment of 5 glaucoma using, low intensity
ultrasonic energy.  Background of the Invention Open
angle glaucoma exists when the pressure in the eye is
not tolerated by the patient and is causing damage to
the optic  nerve. The current treatment for open angle
glaucoma is aimed at 10 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 15 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
20 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 WO 2008/024795
PCT/US2007/076448  



2  meshwork is typically blocked by anatomical
changes, pigment,  extracellular matrix debris or
pseudoexfoliative material.  Medical treatment is
directed at decreasing the production of the fluid
(aqueous humor) or enhancing the ability of the 5
fluid to leave the eye. Medical treatment is not
curative. It  is used on a continuing basis to
decrease the pressure. But,  when the treatment is
stopped the pressure rises. Also, medical  treatment
demands patient compliance, has unwanted side effects,
is expensive, and may interact poorly with other
medical care for  10 the patient. Laser treatment has
been partially successful in its  original (argon)
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 15 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 20
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 



25 the decrease in intraocular pressure was not as
consistent as WO 2008/024795 PCT/US2007/076448  - 3
with modern day or current surgery. It is believed
that the  ultrasound used to break up the lens
material helps dislodge the  built up material.
However, this is just a side effect, and, as
described below, the ultrasonic energy used in 5
phacoemulsification is intense enough to damage
tissue.  Accordingly, a need exists for a treatment of
glaucoma that  includes a method of applying
ultrasonic energy to the eye to  dislodge built up
material and initiate biochemical processes to  reduce
and remove extracellular debris, thereby decrease 10
pressure, and that can be performed without damaging
tissue.  Summary of the Preferred Embodiments In
accordance with a first aspect of the present
invention, there is provided a method of treating
glaucoma. The  15 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 20 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,  25 there is provided a handheld ultrasonic
device that includes a WO 2008/024795
PCT/US2007/076448  4  casing, an ultrasonic transducer
disposed in the casing, a power  supply, a rod
extending from the ultrasonic transducer, and a tip
located at the end of the rod. Ultrasonic energy is
transferred  from the ultrasonic transducer to the
tip. In a preferred 5 embodiment, the casing is
attached to the ultrasonic transducer  at a null
point. In accordance with another aspect of the
present invention,  there is provided a method of
treating glaucoma in a human eye  that includes an
intraocular lens with an exterior surface, a 10
cornea, a sclera, and a trabecular meshwork. The
method includes  the steps of implantation of the
intraocular lens, providing an  ultrasonic device 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 15 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 20 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; WO 2008/024795 PCT/US2007/076448
- 5  FIG. 3 is a perspective view of an ultrasonic
device used  for treatment of glaucoma that is used
external of the eye, in  accordance with a preferred
embodiment of the present invention; FIG. 4 is a
cross-sectional side elevational view of the  5 device
of FIG. 3; FIG. 4a is a side elevational detail of the
tip of the  device of FIG. 3 with a bent rod; FIG. 4b
is a perspective view of another embodiment of the
tip; 10 FIG. 4c is an end view of the tip of FIG. 4b;
FIG. 4d 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 15 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
20 views of the drawings. WO 2008/024795
PCT/US2007/076448  



6  Detailed Description of the Preferred Embodiments
Described herein are preferred embodiments of a method
for  the ultrasonic treatment of glaucoma. The method
includes the  use of tools that are also shown in
FIGS. 3-6. 5 Generally, the method includes providing
ultrasonic energy  to a desired area of the eye to
dislodge material from the  trabecular meshwork,
thereby lowering the pressure within the  eye. The
presently described methods are used to reduce the
pressure build up in the eye described above. 10 It
will be appreciated that terms such as "front,"
"back,"  "top," "bottom," "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 15 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 20 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 



WO 2008/024795 PCT/US2007/076448  - 7  sharp, is
designed to engage the tissue in the eye directly and
has three inputs for ultrasound, irrigation and
aspiration. In a preferred embodiment of the present
invention, the  instruments (described below) focus
the energy of the ultrasound  5 a distance from the
tissue and do not engage it directly. Moreover, the
ultrasound intensity is preferably significantly  less
vigorous than phacoemulsification and, therefore,
creates  acoustic energy at a much gentler intensity.
Lastly, the  specific area and focus of the treatment
is the trabecular 10 meshwork in the anterior portion
of the globe, and not the  crystalline lens of the
eye, as in phacoemulsification. The forces obtained
from 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 15 Bachem and U.S. Patent No. 6,162,193
to Ekberg, the 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 20 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. 25 The device 10 for the
treatment of glaucoma by ultrasound  described below
includes a balance such that the frequency, power WO
2008/024795 PCT/US2007/076448  - 8  and duration of
the propagated ultrasound has the optimum balance  of
controlled cavitation, heat and acoustic streaming to
effect  the trabecular meshwork. The effect is such
that debris, or other  occlusive structures, may be
dislodged to create a larger outflow 5 by the forces
mentioned above. In addition the nature of the heat
generated and the subsequent inflammatory reaction is
directed to  initiating cascades of biochemical
reactions that lead to  remodeling of the
extracellular matrix and induction of  macrophages to
remove extracellular debris to further enhance the 10
long term effect of the treatment. Described herein
are two types of instruments 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  15 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 20 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 25
present invention. For example, the ultrasonic energy
can be  provided by piezoelectrics, liquids, crystals,
etc. See, for WO 2008/024795 PCT/US2007/076448  9
example, U.S. Patent No. 6,616,030 to Miller, which is
incorporated by reference in its entirety herein. In
the example  shown in the figures, the ultrasonic
transducer 14 uses  piezoelectric technology. The
ultrasonic energy produced by the 5 transducer 14 is
transmitted down a rod 20 and to the tip 18.
Preferably, the tip 18 is smooth and rounded with a
surface that  allows for appropriate gel or liquid
interface to the ocular  surface. The smooth tip is
preferred over the sharp tip of the  prior art to
prevent laceration of the exterior ocular surface or
10 the cornea. In a preferred embodiment, the casing
16 is attached to the  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, 15
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,  20 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 25 may be straight or
bent (as is shown in FIG. 3). The casing 16 WO
2008/024795 PCT/US2007/076448  - 10  may also include
a depression or depressions therein or other
ergonomic additions to make the casing 16 easier to
grip. In an exemplary embodiment, the instrument is 9
cm long  from the back of the casing to the tip and
the tip is rounded to  5 approximately a 4mm diameter.
However, this is not a limitation  on the present
invention. As shown in FIG. 4, in a preferred
embodiment, the rod 20  is straight. However, in
another embodiment, the rod 20 can be  bent at an
angle. As shown in FIG. 4a, the angle can be about 90
10 degrees. However, the angle can also be between 0
and 90  degrees. The ultrasonic energy is transmitted
directly to the  tip 18 and 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  15
parallel to the axis of the rod and causes a back and
forth  



sliding movement at the tip 18. Referring to FIGS.
4b-4d, 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  20 join (see FIG. 2). 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 25 corneal section 72 and scleral
section 74 mimics that of the  typical cornea and
sclera. As is shown in FIG. 4c, the ridge 70 WO
2008/024795 PCT/US2007/076448  - 11  has a slight
curvature to it to match the natural curve of the
cornea. In use, the ridge 70 is placed at the junction
of the  cornea and sclera (at the limbus) and the
corneal section 72  rests against the cornea and the
scleral section rests against 5 the sclera. It will be
understood that the ridge 70, corneal  section 72 and
scleral section 74 have smooth and rounded edges  so
as to prevent damage to the eye. In an alternative
embodiment, the tip may include a heating  element
that allows the heat created by the ultrasound energy
to  10 be enhanced. As is known in the art, tissue
necrosis and pain are initiated at approximately 42.5
degrees centigrade. As is  mentioned above, it is
desirable to heat the target tissue enough  



to cause favorable biochemical processes. Accordingly,
the  heating element can be provided to heat the
tissue to a level 15 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 20 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 25 on the eye (or on the tip 18) and
then ultrasonic acoustic energy  is applied at the
desired frequency, which in turn is transmitted WO
2008/024795 PCT/US2007/076448  - 12  to the trabecular
meshwork, thereby dislodging material that is
blocking fluid passage and heating the meshwork to
initiate heat  shock proteins, stimulate matrix
metalloproteinase and induce  macrophage activity
and/or other desired biochemical processes. 5 In
operation, the device 10 is moved 3600 around the eye
over the limbal area, while providing ultrasonic
energy to the  eye. However, in a preferred
embodiment, the tip 18 is not swept  around the limbal
area of the eye in a 3600 path, but instead,  the user
stops at a number of predetermined points and applies 



10 the ultrasonic energy at a predetermined frequency,
for a  predetermined duration and at a predetermined
power. For  example, the user may stop at twelve
equally spaced points  similar to the hours on a
clock. In another embodiment, with an approximately 4
mm tip, only eight treatment areas may be  15
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 20 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.
WO 2008/024795 PCT/US2007/076448  - 13  In operation,
the ultrasonic energy is provided as follows.  In a
preferred embodiment, the frequency range of the
ultrasonic  energy is about 20,000 to 100,000 Hz. In a
more preferred  embodiment, the frequency range is
from about 50,000 to 70,000 5 Hz. In a most preferred
embodiment, the frequency range is from  about 62,000
to 66,000 Hz. In a preferred embodiment, the  duration
range is about 5 to about 35 seconds. In a more
preferred embodiment, the duration range is about 12
to about 27 



seconds and in a most preferred embodiment, the
duration range is  10 about 18 to about 22 seconds. In
a preferred embodiment, power  is provided in the
range of about 1 to about 6 watts, with about  4 watts
being 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. 15 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 20 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  25 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
WO 2008/024795 PCT/US2007/076448  - 14  the treatment
temperature rise than when the treatment is  performed
without a condom or the like. Referring to FIG. 6, a
device for treatment inside the eye  is shown. This
device is preferably used after cataract surgery  5
since entry into the interior of the eye has already
been made. 



However, this is not a limitation on the present
invention.  During cataract surgery the crystalline
lens is replaced with an  intraocular lens. The
intraocular device 50 is for treatment  within the
eye. As described above, there is typically a 10
decrease in pressure in the eye after cataract
surgery. The intraocular device 50 preferably includes
attachment  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 15 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 20 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  25 into the trabecular meshwork. It may
also be unfocused WO 2008/024795 PCT/US2007/076448  15
ultrasonic energy. In a preferred embodiment, the tip
64  includes an inverted cone tip that provides the
ability to focus  the ultrasonic energy and aim it
into the anterior chamber angle.  



In one embodiment, the end of the tip 64 can be opened
for 5 irrigation, thereby eliminating the need for
inflow port 60. In  another embodiment the tip 64 may
be solid to allow better  ultrasonics. Preferably the
tip 64 is not pointed to prevent  unwanted damage to
the intraocular lens or other parts of the  interior
of the eye. 10 In use, after the performance of
cataract surgery and the  replacement of the
crystalline lens with 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 15 meshwork. Fluid
is introduced as desired into the eye and then
sonomechanical 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  20 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 25 material, such
as pigment, pseudoexfoliative material, etc. in  the
anterior chamber to be removed. WO 2008/024795
PCT/US2007/076448  - 16  



One side effect of the method of ultrasonically
vibrating  the eye described herein is that the
ultrasonic energy may change  the vitreous gel in the
back of the eye and allow vitreous  detachment, i.e.,
separation of the vitreous gel from the retina. 5 It
will be understood that the use of the internal device
50 is similar to the external device 10 (including
frequencies,  durations, power, locations, etc.),
except that the internal  device is used inside the
eye after an intraocular lens has been  implanted. The
treatment may be performed on a patient directly 10
after implantation of the intraocular lens (or
directly after  cataract surgery) or it may be
performed on a patient that had an  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  15 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. 4a WO 2008/024795 PCT/US2007/076448
- 17  Claims  What is claimed is: 1. A method of
treating glaucoma in a human eye that includes a  5
cornea, a sclera, a limbus and a trabecular meshwork,
the method  



comprising the steps of: a. providing an ultrasonic
device that emits ultrasonic energy;  b. holding the
ultrasonic instrument at a location external to  the
trabecular meshwork; 10 c. 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  e generating heat that
initiates biochemical changes within the  eye. 15 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  20
and a ridge. 4. The method of claim 1 wherein steps
(a) through (e) are performed  at a plurality of
locations about the limbus. 4 WO 2008/024795
PCT/US2007/076448  - 18  5. The method of claim 1
wherein the frequency is between about  20,000 Hertz
and about 100,000 Hertz. 6. The method of claim 5
wherein the time is between about 5 seconds  5 and
about 35 seconds. 7. The method of claim 1 wherein the
heat generated is not above  about 42.5 degrees
centigrade. 



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. 4; WO 2008/024795
PCT/US2007/076448  - 19  11. The handheld ultrasonic
device of claim 9 wherein the tip  includes a curved
corneal surface, a curved scleral surface and a
ridge. 5 12. The handheld ultrasonic device of claim 9
wherein the casing  includes a handle extending
therefrom. 13. The handheld ultrasonic device of claim
12 wherein the handle  comprises a thin rod extending
outwardly from the casing. 10 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  15 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: 20 a. implantation of the intraocular lens;
b. providing an ultrasonic device that emits
ultrasonic energy;  c. holding the ultrasonic device
at a location spaced from the  intraocular lens; d.
transmitting the ultrasonic energy at a frequency to a
25 desired location for a predetermined time; d.
dislodging material built up in the trabecular
meshwork; and  41 WO 2008/024795 PCT/US2007/076448  -
20  e generating heat that initiates biochemical
changes within the  eye. 17. The method of claim 16
wherein the frequency is between about  5 20,000 Hertz
and about 100,000 Hertz. 18. The method of claim 17
wherein the time is between about 5  seconds and about
35 seconds. 41 


