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INTRAOCULAR PRESSURE
MONITORING/MEASURING APPARATUS AND
METHOD

FIELD OF THE INVENTION

[0001] The present invention relates to an intraocular
pressure measuring/monitoring apparatus and method
thereof and more particularly to an in situ intraocular
pressure monitoring/measuring apparatus and method
thereof.

BACKGROUND OF THE INVENTION

[0002] The American Academy of Ophthalmology has
reported that about two million people in the United States
have primary open angle glaucoma (the most common of
several types of glaucoma). About seven million office visits
are made cach year by people with glaucoma or those
suspected of having glaucoma. Glaucoma is the second
leading cause of legal blindness in the United States and the
leading cause of legal blindness in African-Americans.
About 80,000 people in the United States alone are legally
blind from glaucoma, not counting those with lesser visual
impairment.

[0003] By definition, glaucoma is a group of eye diseases
characterized by an increase in intraocular pressure which
causes pathological changes in the optic disc and nerve fiber
layer of the retina with resultant typical defects in the field
of vision. The relationship between glaucoma and intraocu-
lar pressure is fundamental to proper treatment planning for
glaucoma.

[0004] Normal intraocular pressure is considered to be less
than 22 mm Hg. However, at least one in six patients with
glaucoma may have pressure below this normal level and yet
still have progressive eye damage. Also, at any single test,
about one half of all glaucoma patients will exhibit mea-
sured intraocular pressures below 22 mm Hg but actually
will have average intraocular pressures higher than 22 mm
Hg. This makes frequent testing necessary to obtain an
accurate assessment of a patient’s average intraocular pres-
sure.

[0005] Most current methods of routine intraocular pres-
sure measurements rely on applanating a plunger against the
cornea. The degree to which a portion of the cornea is
deformed indicates the pressure inside the eye resisting this
deformation. All of these methods are inferring the intraocu-
lar pressure rather than measuring it directly. Some special-
ists believe that the thickness of the cornea can vary from
person to person, and that other factors such as corneal scars
or previous surgery may affect the accuracy of these mea-
surements. Also, most of these methods require that topical
anesthesia be placed on the cornea prior to measuring the
pressure and the measurements be made by trained person-
nel. Therefore, there is a need to develop techniques to make
repeated and/or continuous measurements and to enable
persons other than trained personnel to make such measure-
ments.

[0006] U.S. Pat. No. 5,005,577 discloses an intraocular
lens pressure monitoring device based on radiosonde tech-
nology. Radiosonde technology has been around for
decades. The idea of using radiosonde technology for
intraocular pressure monitoring was proposed in the 577
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patent. However, it is unknown from the ’577 patent how to
make or use such an intraocular pressure monitoring device
to carry out the invention. Specifically, the technology
disclosed in the ’577 patent has not been miniaturized in
such a way to make it possible to insert into the eye.

[0007] Further, the *577 patent discloses an intraocular
lens pressure monitoring device as a part of an integrated
intraocular lens system, not a stand-alone device. If replace-
ment of the monitoring device is needed, it would be difficult
to separate the device from the lens without major surgery.

[0008] The 577 patent also discloses active sensors. An
active sensor usually includes a power supply and a trans-
mitter. As indicated in the ’577 patent, an active sensor is
generally too large in size to be implanted in the eye.
Although it is speculated that technology will progress to the
point to allow an active sensor to be implanted in the eye, the
patentee does not, in fact, know what technology may be
used and how it could be used to resolve the above-
mentioned problems and addresses the above-mentioned
concerns.

[0009] Accordingly, there is a need for a miniaturized
device capable of inserting into an eye to monitor/measure
intraocular pressure accurately, frequently, and continu-
ously. There is also a need for a stand-alone intraocular
pressure monitoring/measuring device separate from an
intraocular lens system.

SUMMARY OF THE INVENTION

[0010] The present invention relates to an intraocular
pressure measuring/monitoring apparatus and method
thereof, and more particularly to an in situ intraocular
pressure monitoring/measuring apparatus and method
thereof.

[0011] The present invention discloses a miniature appa-
ratus capable of monitoring intraocular pressure in an eye.
The apparatus includes a miniature pressure sensor having
an attachment for connecting the sensor to a site in the eye.
For example, the sensor can be attached to the front surface
of the periphery of the iris, accomplished by suturing,
clamping, and the like, or incorporated into an intraocular
lens for implantation at the time of cataract surgery.

[0012] In one aspect of the present invention, the pressure
sensor is a Polysilicon Resonant Transducer (PRT) or a
similarly suitable transducer. PRT technology allows accu-
rate intraocular pressure measurements. Further, the appa-
ratus using PRT technology is small enough to allow implan-
tation into the eye without impeding eye function. In the
present invention, the PRT can be encased in materials such
as silicone, acrylic polymer, polymethylmethacrylate
(PMMA) and the like. These materials have been used to
make intraocular lenses and are proven safe for implantation
into the eye.

[0013] In one embodiment of the present invention, the
PRT is a fully self-contained, stand-alone device. The PRT
is operated by irradiating it with laser light. The PRT
resonates to this light in such a way that is indicative of the
pressure of the environment in which it resides. The reso-
nance of the reflected laser light is proportional to the
ambient pressure surrounding the device, e.g. within the eye.
Alternatively, if the PRT is placed behind the iris, e.g.
proximate to an intraocular lens, or as a part of an intraocular
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lens implant. non-visible wavelengths of light can be used.
These frequencies of light will penetrate the tissue of the iris
and interact with the device to monitor/measure the
intraocular pressure.

[0014] In another aspect of the present invention, the PRT
apparatus can be placed in the eye as an outpatient proce-
dure, as an office procedure, or as a part of a cataract surgery.
This technique will provide direct intraocular pressure mea-
surements.

[0015] In another aspect of the present invention, the
pressure sensor. e.g., a PRT, can be incorporated into a wide
variety of surgical or non-surgical instruments that can be
inserted into the body of a mammal, such as a human, such
as, for example, laproscope, optical fiber laser device, scal-
pel, endoscope, phacoemulsification handpiece, irrigation/
aspiration handpiece, catheter and the like. In particular,
these instruments could be used to monitor temperature,
acoustic energy and pressure directly in the eye.

[0016] An advantage of the present invention is that the
pressure measurements can be taken at any time without the
need for a topical anesthesia or a trained person. The
measurements can be taken by the patients themselves at
home. A further advantage is that the present invention
allows continuous measurements throughout the day or
night, and even through a closed eyelid. This would allow
therapy to be tailored to the patient’s needs. Moreover, the
effect and timing of glaucoma medications can be monitored
much more efficiently than through the use of traditional
techniques.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] A better understanding of the construction and
operational characteristics of a preferred embodiment(s) can
be realized from a reading of the following detailed descrip-
tion, especially in light of the accompanying drawings in
which like reference numerals in the several views generally
refer to corresponding parts.

[0018] FIG. 1 is a front outside view of an eye for which
an intraocular pressure monitoring/measuring apparatus in
accordance with the present invention can be adapted.

[0019] FIG. 2 is a cross-sectional inside view of the eye
for which the intraocular pressure monitoring/measuring
apparatus can be adapted.

[0020] FIG. 3 is an enlarged perspective view of an
intraocular pressure monitoring/measuring apparatus incor-
porated into an intraocular lens.

[0021] FIG. 4 is an enlarged elevational view of the
intraocular pressure monitoring/measuring apparatus incor-
porated on a lens’ haptic.

[0022] FIG. 5 is an enlarged front elevational view of the
intraocular pressure monitoring/measuring apparatus to be
attached to an iris of the eye.

[0023] FIG. 6 is an enlarged side elevational view of the
intraocular pressure monitoring/measuring apparatus with a
barb for attaching the apparatus to the iris of the eye.

[0024] FIG. 7 is an enlarged side elevational view of the
intraocular pressure monitoring/measuring apparatus with a
locking clamp for attaching the apparatus to the iris of the
eye.
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[0025] FIG. 8 is an enlarged side elevational view of the
intraocular pressure monitoring/measuring apparatus with
suturing strings for attaching the apparatus to the iris of the
eye.

[0026] FIG. 9 is a front outside view of the eye with the
intraocular pressure monitoring/measuring  apparatus
attached on the iris.

[0027] FIG. 10 is a cross-sectional inside view of the eye
with the intraocular pressure monitoring/measuring appara-
tus attached on the iris.

[0028] FIG. 11 is a partial outside view of the eye with the
intraocular pressure monitoring/measuring  apparatus
attached on the iris.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0029] The miniature apparatus of the present invention is
capable of monitoring intraocular pressure in an eye. The
apparatus includes a miniature pressure sensor having an
attachment for connecting the sensor to a site in the eye. The
apparatus may be a passive (i.e. no power source), miniature
electronic circuit such as an integrated circuit chip with a
sensor component for interaction with optic, electromag-
netic, sonic, or other energy forms. The circuit also includes
a pressure detecting component that changes -circuit
response as a function of pressure.

[0030] In the following description of the exemplary
embodiment, reference is made to the accompanying draw-
ings which form a part hereof, and in which is shown by way
of illustration the specific embodiment in which the inven-
tion may be practiced. It is to be understood that other
embodiments may be made without departing from the
scope of the present invention.

[0031] Referring now to FIGS. 1 and 2, there is generally
illustrated major components of an eye 100 including an iris
102, a natural crystalline lens 104, a cornea 106, a pupil 108,
a retina 110, and an optic nerve 112. An intraocular pressure
monitoring/measuring apparatus adapted in the eye will be
discussed below.

[0032] FIG. 3 is an enlarged perspective view of an
intraocular pressure monitoring/measuring apparatus or
pressure sensor 200 incorporated into an intraocular lens
202, such as a typical polymethylmethacrylate (PMMA)
intraocular lens. The intraocular lens 202 may be inserted
into the eye in place of the natural crystalline lens 104 in
FIG. 1 at the time of a cataract surgery. Similar intraocular
lenses can be made of silicone, acrylic or PMMA, etc. The
intraocular pressure monitoring/measuring apparatus 200
can be a polysilicon resonant transducer (PRT). For illus-
trative purposes, the PRT 200 is shown in FIGS. 3-11. The
PRT 200 may be incorporated into the edge of the lens 202
itself (FIG. 3) or onto one of arms (haptics) 204 used for
fixating the lens 202 in the center of the eye after implan-
tation into the eye. The majority of intraocular lenses 202 are
implanted behind the iris 102 where the natural crystalline
lens 104 once resided. However, the intraocular lens 202
may also be implanted in front of the iris 102 in selected
patients.

[0033] T1tis appreciated that if desired, the PRT 200 can be
incorporated into an eye with the natural crystalline lens 104
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in place within the scope of the present invention. It is also
appreciated that for illustrative purposes, the PRT 200 and
the intraocular lens 202 are not shown in a normal scale. In
a preferred embodiment, the intraocular lens 202 may have
a diameter of 5.5-7.0 mm, and the PRT 200 may have one
millimeter square or less. It is appreciated that other suitable
sizes may be used without departing from the principles of
the present invention.

[0034] FIGS. 5-8 illustrate various exemplary techniques
of attaching the PRT 200 onto an internal tissue, e.g. the iris
102. The PRT 200 may be constructed to be enclosed in a
housing 500 with eyelets 502, 504 for suturing. The PRT 200
is disposed at a central region of the housing 500. As
mentioned above, the PRT 200 is preferably in a dimension
of 1 mm by 1 mm or less. The housing 500 may be made of
silicone, acrylic or polymethylmethacrylate (PMMA) mate-
rials. The housing 500 may be incorporated into the
intraocular lens 202 as shown in FIG. 3 or 4. Alternatively,
the housing 500 may be attached to the iris 102 by passing
suture materials 800 through the eyelets 502,504 of the
housing 500 as shown in FIG. 8.

[0035] Another attachment technique is shown in FIG. 6.
Asmall barb 600 resembling a fishing hook made of prolene
(an inert suturing material) or a similar inert material may be
attached to the PRT housing 500. The barb 600 may be used
to impale the iris 102 allowing attachment of the PRT 200
onto the front surface of the iris 102.

[0036] A further attachment technique is shown in FIG. 7.
A clamping device 700 of similar material may also be used
to crimp the PRT 200 around a small portion of the iris tissue
allowing attachment of the PRT 200 to the iris 102.

[0037] FIGS. 9-11 illustrate various exemplary locations
for attachment of the PRT 200 to the iris 102. It is noted that
the PRT 200 as shown is not to scale for better visualization.
FIG. 9 shows that the PRT 200 is attached to the front of the
periphery of the iris 102 at the six o’clock position of a left
eye. FIG. 10 shows that the PRT 200 is attached, by
crimping the clamping device 700, around a portion of the
iris 102 at the twelve o’clock position, while another attach-
ment of a second PRT 200 may be attached, by using the
barb 600, to a portion of the iris 102 at the six o’clock
position. It is noted that for better visualization, the PRT 200
is not drawn to scale or located peripherally on the iris 102.
FIG. 11 shows that the PRT 200 is located on the periphery
of the iris 102 at the three o’clock position in a right eye as
seen from the bridge of a nose.

[0038] In the above illustration, the apparatus 200 is
preferably the PRT. The PRT is a miniature device such that
it can be implanted into the eye. The PRT is operated by
irradiating it with laser light. The PRT resonates to this light
in such a way that is indicative of the pressure of the
environment in which it resides. The resonance of the
reflected laser light is proportional to the ambient pressure
surrounding the device, e.g. within the eye. Alternatively,
non-visible wavelengths of light can be used to penetrate the
tissue of the iris. Use of this alternative allows placement of
the PRT behind the iris, e.g. proximate to an intraocular lens,
or as a part of an intraocular lens implant.

[0039] The theory for the PRT device can be found in an
article by Zook et al., entitled “Optically Excited Self-
Resonant Microbeams”, published in Sensors and Acuators
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A 52 (1996), pages 92-98; or an article by Burns et al,,
entitled “Sealed-Cavity Resonant Microbeam Pressure Sen-
sor”, published in Sensors and Acuators A 48 (1995), pages
179-186. Briefly, highly modulated reflected light is pro-
duced by an interferometric structure composed of a
microresonator and vacuum enclosure. This allows remote
fiber-optic excitation and readout of the microbeam reso-
nance frequency for single-point or multi-point sensing. The
self-resonant configurations of a PRT device which use
optics eliminate physical wiring to the outside and eliminate
external circuitry required to maintain microbeam reso-
nance. A PRT device is operated by irradiating the PRT
device with a laser light. The PRT device resonates to the
light in such a way that is indicative of the pressure of the
environment in which it resides. The resonance of the
reflected laser light is proportional to the ambient pressure
surrounding the device, e.g. within the eye. Alternatively, if
the PRT device is placed behind the iris, e.g. proximate to an
intraocular lens, or as a part of an intraocular lens implant,
non-visible wavelengths of light can be used. These fre-
quencies of light will penetrate the tissue of the iris and
interact with the device to monitor/measure the intraocular
pressure. It will be appreciated that other types of suitable
transducers and/or pressure sensors can be employed.

[0040] The apparatus 200 is a self-contained device. As
discussed above, it can be fully encased in a material
bio-compatible to the eye, such as silicone, acrylic, or
polymethylmethacrylate (PMMA), and the like. Small holes
can be made on the edges of the encasement to allow a suture
to be strung thus attaching the apparatus 200 to the iris or
other sites of the eye. Alternatively, a small clamp, prefer-
ably of the same material as the encasement, can be incor-
porated into the encasement. This allows the edge of the
encasement to be clamped to the iris by simply crimping the
clamp around some of the iris tissue. The attachment, such
as suturing and clamping and using the prolene barb, is
known in the art. It will be appreciated that other attachment
embodiments can be used without departing from the prin-
ciples of the present invention.

[0041] The apparatus 200 can be used as a stand-alone
device by attaching the apparatus to the eye. It will be
appreciated that the apparatus can also be used as a part of
an intraocular lens implant as shown in FIGS. 3 and 4. In
such a case, the apparatus and the intraocular lens can be
arranged in a single unit.

[0042] The pressure sensor can also be incorporated into a
wide variety of surgical or non-surgical instruments that can
be inserted into the body of a mammal, such as a human,
such as, such as, for example, a laproscope, an optical fiber
laser device, a scalpel, an endoscope, a phacoemulsification
handpiece, a irrigation/aspiration handpiece, catheter and
the like. In particular, these instruments could be used to
monitor temperature, acoustic energy and pressure directly
in the eye.

[0043] The gauge pressure to be monitored/measured by
the apparatus 200 preferably ranges from 0 to 80 mm Hg.
Pressure accuracy is preferably within 1 mm Hg. Operating
temperatures are optimally from 97° F. to 104° F. The laser
is preferably a class II laser in red to near infrared wave-
length.

[0044] In clinical applications, one advantage of the
present invention is that it allows direct, accurate measure-
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ments of the intraocular pressure. Furthermore, pressures
can be taken by shining a medically safe laser or other
compatible non-visible light source onto the apparatus or the
iris overlying the apparatus without having to touch the eye.
This eliminates user variability in intraocular pressure mea-
surements and allows patients to take pressure measure-
ments at home. Further, no eye drops or puffs of air are
necessary. Pressures may be measured with the eyelids
closed, thus allowing 24-hour monitoring of intraocular
pressures. Accordingly, the present invention allows devel-
opment of diurnal intraocular pressure curves and thus
making possible drug efficacy comparisons. It will be appre-
ciated that there are many alternative uses of the present
invention. For example, a PRT or other device similarly
placed inside the eye could be used in conjunction with an
external laser (or other light, electromagnetic, sonic, etc.)
source for spectroscopic or similar analysis of the aqueous
(fluid inside the front part of the eye). This may yield
measurements of components of the aqueous such as levels
of glucose, protein, electrolytes and the like. Since the
aqueous of the eye is an ultrafiltrate of the blood and since
levels of these components in the aqueous vary with levels
of these components in the blood, such a device may be used
for monitoring blood glucose levels in diabetic patients
without the need for drawing blood, as an example. Levels
of other components of the blood may similarly be implied,
calculated or measured.

[0045] The preferred embodiment of the present invention
has been described in detail. It is to be understood, however,
that even though numerous characteristics and advantages of
the present invention have been set forth in the foregoing
description, together with details of the structure and func-
tion of the invention, the disclosure is illustrative only, and
changes may be made in detail, especially in matters of
shape, size and arrangement of parts within the principles of
the invention to the full extent indicated by the broad general
meaning of the terms in which the appended claims are
expressed.

What is claimed is:

1. An apparatus capable of monitoring intraocular pres-
sure in an eye having an internal tissue including anterior
and posterior chambers defined by an iris comprising:

a miniature pressure sensor having an attachment for
connecting the miniature pressure sensor to the internal
tissue of the eye.

2. The apparatus of claim 1, wherein the miniature pres-
sure sensor is encased in a material bio-compatible to the
eye.

3. The apparatus of claim 2, wherein the attachment
includes a sensor encasement with holes therethrough for
suturing the apparatus onto the internal tissue of the eye.

4. The apparatus of claim 2, wherein the attachment is a
clamp for holding the miniature pressure sensor onto the
internal tissue of the eye.

5. The apparatus of claim 2, wherein the attachment is a
prolene barb for attaching on the iris.

6. The apparatus of claim 2, wherein the miniature pres-
sure sensor is encased in the material made of silicone.

7. The apparatus of claim 2, wherein the miniature pres-
sure sensor is encased in the material made of polymethyl-
methacrylate (PMMA).
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8. The apparatus of claim 2, wherein the miniature pres-
sure sensor is encased in the material made of acrylic
polymer.

9. The apparatus of claim 1, wherein the miniature pres-
sure sensor is a Polysilicon Resonant Transducer.

10. The apparatus of claim 1, wherein the internal tissue
is the iris on the anterior chamber side of the eye.

11. The apparatus of claim 1, wherein the internal tissue
is the iris on the posterior chamber side of the eye.

12. The apparatus of claim 1, further comprising an
intraocular lens, wherein the miniature pressure sensor is
incorporated into the intraocular lens.

13. The apparatus of claim 1, wherein the miniature
pressure sensor is small enough to allow implant into the eye
without impeding eye function.

14. The apparatus of claim 1, wherein the miniature
pressure sensor is a passive, miniature electronic circuit
having a sensor component for interaction with optic energy
and a pressure detector component for affecting circuit
response.

15. The apparatus of claim 1, wherein the miniature
pressure sensor is a passive, miniature electronic circuit
having a sensor component for interaction with electromag-
netic energy and a pressure detector component for affecting
circuit response.

16. The apparatus of claim 1, wherein the miniature
pressure sensor is a passive, miniature electronic circuit
having a sensor component for interaction with sonic energy
and a pressure detector component for affecting circuit
response.

17. Amethod of monitoring intraocular pressure in an eye
having an internal tissue including anterior and posterior
chambers defined by an iris, comprising:

attaching a miniature pressure sensor to the iris of the eye;

irradiating a laser light onto the miniature pressure sensor;
and

sensing intraocular pressure in the eye.

18. The method of claim 16, wherein the attaching of the
miniature pressure sensor is accomplished by suturing.

19. The method of claim 17, wherein the attaching of the
miniature pressure sensor is accomplished by clamping.

20. The method of claim 17, wherein the attaching pres-
sure sensor is accomplished by using a prolene barb.

21. The method of claim 17, further comprising implant-
ing an intraocular lens in the eye, wherein the miniature
pressure sensor is a stand-alone device separate from the
intraocular lens.

22. The method of claim 17, further comprising implant-
ing an intraocular lens in the eye, wherein the miniature
pressure sensor is a part of the implanted intraocular lens.

23. An apparatus capable of monitoring intraocular pres-
sure in an eye having an internal tissue comprising:

an energy source disposed external to the eye; and

a miniature pressure sensor having an attachment for
connecting the miniature pressure sensor to the internal
tissue of the eye, upon activating the miniature pressure
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sensor by the light source, the miniature pressure
sensor monitoring/measuring the intraocular pressure
in the eye.

24. The apparatus of claim 23, wherein the energy source
is a laser source.

25. The apparatus of claim 23, wherein the energy source
is an electromagnetic source.

26. The apparatus of claim 23, wherein the energy source

is a sonic source.

27. The apparatus of claim 23, further comprising an
intraocular lens, wherein the miniature pressure sensor is
incorporated into the intraocular lens.
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28. An apparatus capable of monitoring pressure, tem-
perature, and acoustic energy directly in the body of a patient
in need of such monitoring comprising:

a miniature pressure sensor incorporated into a surgical or

non-surgical instrument for use in the body.

29. The apparatus of claim 28 wherein the instrument is
a laproscope, an optical fiber laser device, a scalpel, an
endoscope, a phacoemulsification handpiece, an irrigation/
aspiration handpiece, or a catheter.

30. The apparatus of claim 28 wherein the instrument is
phacoemulsification handpiece.

31. The apparatus of claim 28 wherein the instrument is
a irrigation/aspiration handpiece.
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