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(57) Abrégée/Abstract:

A method of screening for retinal disease including directing a first light at a first portion of the retina, directing a second light at a
second portion of the retina, measuring a first pupillary response of the eye as a result of the first light and a second puplllary
response as a result of the second light, and generating an indication of a severity level of the retinal disease using the first pupillary
response and the second pupillary response. Also, an apparatus that implements this method including a light source for directing
a first light at a first retinal portion and a second light at a second retinal portion, a pupil measuring device for measuring the

puplllary response of the eye as a result of the first light and second light, a processor in electronic communication with the pupill
measuring device, and a memory In electronic communication with the processor.
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(57) Abstract: A method of screening for retinal disease including directing a first light at a first portion of the retina, directing a
& second light at a second portion of the retina, measuring a first pupillary response of the eye as a result of the first light and a second
& pupillary response as a result of the second light, and generating an indication of a severity level of the retinal disease using the first
e\ pupillary response and the second pupillary response. Also, an apparatus that implements this method including a light source for
directing a first light at a first retinal portion and a second light at a second retinal portion, a pupil measuring device for measuring
the pupillary response of the eye as a result of the first light and second light, a processor in electronic communication with the pupil
measuring device, and a memory in electronic communication with the processor.
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METHOD AND APPARTUS FOR SCREENING FOR RETINOPATHY

CROSS-REFERENCE TO RELATED APPLICATION

The instant application claims priority from U.S. Provisional Patent
Application Serial No. 60/616,160 filed October 5, 2004, the disclosures of which are

incorporated herein by reference.

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to a method and apparatus for screening
for retinopathy, such as diabetic retinopathy, and in particular to a method and
apparatus for providing an objective indication of the severity of retinal disease and
disease features, such as diabetic retinopathy and retinal ischemia, using pupillometry
and a plurality of light stimuli.

Description of Related Art

There 1s an epidemic of diabetes in this country. Diabetic retinopathy,
which 1s a pathological disorder of the retina caused by diabetes, 1s a major health
threat to diabetics. It 1s estimated that more than 80% of diabetics will develop
diabetic retinopathy to some extent, with a large percentage requiring treatment. The
most common cause of vision loss in diabetics is the failure to recognize and treat
diabetic retinopathy. Thus, effective screening for diabetic retinopathy 1s essential for
diabetics to maintain visual function and quality of life.

Diabetic retinopathy is the result of retinal capillary damage caused by
diabetes. The progressive loss of retinal capillaries leads to areas of retinal ischemia,
which is a decrease in blood supply to the retina, primarily in the midperipheral:
portion, and to a lesser extent in the central portion, of the retina. Retinal 1schemia
promotes angiogenesis, also called neovascularization, which 1s the growth of new
blood vessels in the retina. When uncontrolled, angiogenesis can cause damage to
normal retinal tissues because the new vessels are fragile and hemorrhage easily. In
addition, ischemic changes promote increased permeability of the retinal blood
vessels, which leads to a swelling and thickening of the central portion of the retina, a
condition called macular edema (the macula is an area near the center of the retina),
and reduced visual function. Midperipheral retinal 1schemia, while primarily seen in

diabetic retinopathy, 1s also seen in a number of other conditions, including sickle cell
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disease, retinitis pigmentosa, Eales disease, and radiation retinopathy, among others.
An 1schemic retina has reduced sensitivity to light in portions thereof, which is why
diabetics with advanced forms of the disease are often night blind and have reduced
peripheral vision.

In screening for diabetic retinopathy, a clinician thus needs to look for
signs of both macular edema and midperipheral retinal ischemia. The extent of retinal
thickening in the macula (macular edema) can be a quantitatively assessed using an
existing technology known as optical coherence tomography (OCT). OCT provides
actual dimensions of the thickness of the retina in the central 6 mm thereof, and thus
can be used to detect macular edema that might adversely effect vision.

Unlike macular edema, there is currently no known quantitative
screening method for retinal ischemia. Instead, current screening methods for retinal
1schemia involve the subjective clinical observation of various physiological
conditions including nerve fiber layer infarcts, arteriolar narrowing, venous bleeding
and actual neovascularization. Studies have shown that clinical expertise has a great
deal to do with the ability to recognize severe preproliferative diabetic retinopathy,
and 1in particular retinal ischemia, through clinical examinations. This is due, in part,
to the fact that the midperipheral portion of the retina is poorly visualized by routine
clinical exams and most retinal photography systems. As a result, screening programs
based on clinical examinations have a high no show rate, and many cases of diabetic
retinopathy are not diagnosed until proliferative retinal changes are extensive.

A number of known screening systems have been devised that translate
the cliniéal. examination to an imaging effort. In such systems, ﬁnages of the retina
are transmitted to a reading center where they are examined by trained clinicians to
assess disease features. Such systems have several disadvantages, including delays in
determining patient status, since images must be transmitted to and reviewed by a
remote clinician (such delays create a potential for loss of follow-up with the patient),
the high manpower costs required to implement the systems, the limitations imposed
by media opacities that affect the quality of the transmitted images, and the fact that
such systems still rely on subjective clinical examinations and, as a result, present the

same problems described above.
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The most direct way to detect retinal ischemia is with a test known as a
fluorescein angiogram. A fluorescein angiogram, however, is an invasive procedure
that requires dilation of the eye, the injection of dye into the patient and highly
specialized photography. As a result, fluorescein angiograms present the potential for
numerous complications. In addition, reduced retinal light sensitivity, such as is
caused by retinal ischemia, can be assessed through known techniques such as visual
field testing and multifocal electrophysiology. These techniques have several
disadvantages associated with them. In particular, visual field testing is subjective,
time consuming, and relies on the active and accurate participation by the patient, and
multi-focal electrophysiology is costly, time consuming, and requires dilation and
significant patient cooperation.

Thus, there is a need for a screening approach for retinal disease and
associated features, such as those that cause reduced light sensitivity in portions of the
retina as is the case with retinal ischemia, that is objective, quantitative, requires
minimal cooperation of the patient, requires limited technician skills, and that can
provide an immediate clinical assessment.

SUMMARY OF THE INVENTION

The present invention relates to an apparatus for screening for retinal

disease in an eye of a patient including a light source for directing a first light at a first
portion of the retina and a second light at a second portion of the retina, a pupil
measuring device for measuring a first pupillary response of the eye as a result of the
first light and a second pupillary response of said eye as a result of the second light, a
processor in electronic communication with the pupil measuring device, and a
memory in electronic communication with the processor. The memory stores one or
more routines executable by the processor that are adapted to generate an indication
of a severity level of retinal disease using the first pupillary response and the second
pupillary response. The key features of this instrument and method are the
determination of disease severity by comparing the light responses trom at least two
regions of the retina and doing so in a fashion in which the method can internally
control for inter-individual variability due to media clarity, intrinsic pupillary

responses, and age, while detecting differences in retinal responses.
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In one embodiment, the light source includes a first light source for
generating the first light and a second light source for generating the second light. In
addition, the first portion may be a central portion of said retina and the second
portion may be a midperipheral portion of the retina, in which case the second light
source may be an annulus light source with the second light being an annulus light. In
a particular embodiment, the first portion of the retina is about a central ten degrees of
the retina, and the second portion of the retina is an annulus of the retina that is
inclusive of about twenty to fifty degrees eccentric to a fovea of the eye.

The pupil measuring device may be a pupillometer that includes an
infrared light source and an infrared detector, such as an infrared camera. In addition,
mirrors may be used to properly direct the infrared light.

In one particular embodiment, the one or more routines are further
adapted to turn the first light source on and increase its intensity level over a plurality
of first intensity levels, with the pupil measuring device making a first pupillary
measurement at each of the first intensity levels, and turn the second light source on
and 1ncrease 1ts intensity level over a plurality of second intensity levels, with the
pupil measuring device making a second pupillary measurement at each of the second
intensity levels. In this case, the first pupillary response 1s based on the first pupillary
measurements and the second pupillary response 1s based on the second pupillary
measurements. Moreover, the severity level indication may be a ratio that is
generated based on one of the first intensity levels and one of the second intensity
levels, such as a ratio of the second intensity level to the first intensity level. The
particular intensity levels used may be the second 1ntensity level that corresponds toa
particular level of the second pupillary response, such as 50% of max, and the first
intensity level that corresponds to a particular level of the first pupillary response,
such as 50% of max.

In another embodiment, the one or more routines may be further
adapted to turn the first light source on and off at a first predetermined interval while
the intensity level is being increased, and turn the second light source on and off at a
second predetermined interval while the intensity level 1s being increased. The first
light source may be increased to a maximum level before the second light source is

turned on and the intensity level thereof 1s increased. Also, the one or more routines
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may be further adapted to turn the first light source on and off at a predetermined
interval at a set intensity level while the intensity level of the second light source is
increased, wherein the first and second light sources are synchronized such that the
first light source is turned on when the second light source is turned off and vice
versa. Furthermore, the one or more routines may be adapted to stop increasing the
intensity level of the second light source when it is determined that the pupil is no
longer changing, wherein the second light source is at a maximum level and the
severity level indication is based on the set intensity level and the maximum level of
the second light source.

The light source may include a plurality of light emitting diodes. For
example, the first light source may be one or more first light emitting diodes and the
second light source may be a plurality of annularly arranged second light emitting
diodes. Alternatively, the light source may include a computer screen. For example,
the first light source may be a first portion of a computer screen and the second light
source may be a second, annular portion of the computer screen.

The present invention also relates to a method of screening for retinal
disease in an eye of a patient including steps of directing a first light at a first portion
of the retina, directing a second light at a second portion of the retina, measuring a
first pupillary response of the eye when the first light is directed at the first portion of
said retina, measuring a second pupillary response of the eye when the second light is
directed at the second portion of the retina, and generating an indication of a severity
level of the retinal disease using the first pupillary response and the second pupillary
response. |

The first portion may be a central portion of the retina and the second
portion may be a midperipheral portion of the retina. In addition, the second light
may be an annulus light. In one particular embodiment, the first portion of the retina
1s about a central ten degrees of the retina, and the second portion of the retina is an
annulus of the retina that is inclusive of about twenty to fifty degrees eccentric to a
fovea of the eye.

Furthermore, the step of directing the first light may further include
increasing an intensity level of the first light over a plurality of first intensity levels,

the step of measuring the first pupillary response may further include making a first
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pupillary measurement at each of the first intensity levels, the step of directing the
second light may further include increasing an intensity level of the second light over
a plurality of second intensity levels, and the step of measuring the second pupillary
response may further include making a second pupillary measurement at each of the
second intensity levels. In this case, the first pupillary response may be based on the
first pupillary measurements and the second pupillary response may be based on the
second pupillary measurements.

The severity indication generating step may include generating a ratio
based on one of the first intensity levels and one of the second intensity levels, such as
a ratio of the second intensity level to the first intensity level. In addition, the
intensity levels used may be one of the second intensity levels corresponding to a first
particular level of the second pupillary response and one of the first intensity levels
corresponding to a second particular level of the first pupillary response, with the first
and second particular levels being equal to one another. Such levels may be fifty
percent of a maximum pupillary response.

In one particular embodiment of the method, the step of directing the
tirst light may further include turning the first light on and off at a first predetermined
interval while the intensity level of the first light is increased, and the step of directing
the second light may further include turning the second light on and off at a second
predetermined interval while the intensity level of the second light is increased. Also,
the step of increasing the intensity level of the first light may further include
increasing the intensity level of the first light to a first maximum level before the
second light is turned on and the intensity level of the second light is increased. The
step of directing the first light may also further include turning the first light on and
off at a third predetermined interval at a set intensity level while the intensity level of
the second light is increased, wherein the first and second lights are synchronized
such that the first light is on when the second light is off and vice versa. The method
may include no longer increasing the intensity level of the second light when it is
determined that a pupil of said eye is no longer changing, wherein the second light
will have a maximum level and generating a ratio based on the set intensity level and

the maximum level of the second light.
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It is an object of this invention to provide a method and apparatus for
screening for retinopathy that provide an objective and quantitative indication of the
severity level of retinal disease.

It is a further object of this invention to provide a method and
apparatus for screening for retinopathy that is noninvasive.

It 1s a further object of this invention to provide a method and
apparatus for screening for retinopathy that requires minimal cooperation of the
patient

It is a further object of this invention to provide a method and
apparatus for screening for retinopathy that requires limited technician skills.

It is a further object of this invention to provide a method and
apparatus for screening for retinopathy that can yield an immediate clinical
assessment.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other advantages of the present invention will become
readily apparent upon consideration of the following detailed description and attached
drawings, wherein:

Figure 1 is a graph of pupillary response versus center and annulus
light intensity for a person having normal vision:

Figure 2 is a graph of pupillary response versus center and annulus
light intensity for a person having moderate retinal ischemia:

Figure 3 is a graph of pupillary response versus center and annulus
light intensity for a person hiving severe retinal ischemia;

Figure 4 is a block diagram of an apparatus for screening for
retinopathy according to the present invention:

Figures 5A, 5B and 5C are isometric cross-sectional views of the eye
showing different retinal portions;

Figure 5D is a side cross-sectional view of the eye showing different
retinal portions;

Figure 6 is a flowchart illustrating a method of screening for
retinopathy using the apparatus shown in Figure 1 or Figure 8 according to the present

invention;
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Figure 7 is a flowchart illustrating a alternate method of screening for

‘retinopathy using the apparatus shown in Figure 1 or Figure 8 according to the present

invention; and

Figure 8 1s a block diagram of one particular embodiment of an

apparatus for screening for retinopathy according to the present invention.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

In healthy people having normal vision, different portions or areas of
the retina, such as the central portion and the midperipheral portion, are generally
equally sensitive to light. As a result, light of a particular intensity that is
independently incident upon each of those different regions will produce generally the
same pupillary response, i.e., the pupil will constrict to the same degree. In contrast,
as discussed elsewhere herein, certain eye diseases cause reduced sensitivity to light
in particular retinal areas as compared to others. For example, in diabetic retinopathy,
the sensitivity of both the central and midperipheral portions of the retina to light are
reduced, with the sensitivity of the midperipheral portion being reduced to a much
greater degree.

As 1s known, the sensitivity of the retina to light may be observed by
measuring the pupillary response to light. Figure 1 is a graph of pupillary response,
as a percentage of maximum pupil constriction, versus light intensity for both a center
light focused on the central portion of the retina and an annulus light focused on the
midperipheral portion of the retina for a person having normal vision. As seen in
Figure 1, the pupillary response caused by each light source 1s generally the same for
all light intensities (the two curves lay on top of one another). Thus, as shown n
Figure 1, there 1s a 1 to 1 ratio of the intensity of the annulus light that causes a 50%
pupillary response to the intensity of the center light that causes a 50% pupillary
response. Figure 2 1s a similar graph for a person having a moderate diabetic
condition with moderate retinal ischemia. As seen in Fi gure 2, the curves for both the
center light and the annulus light have moved to the right, meaning that the light
sensitivity of both the central portion of the retina and the midperipheral portion of the
retina has decreased (it takes a greater light intensity in each case to produce the same
pupillary responses shown in Figure 1). However, as also seen in Figure 2, the curve

for the annulus light has moved farther: to the right, meaning that the light sensitivity
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of the midperipheral portion of the retina has been reduced to a greater degree than
that of the central portion of the retina. Thus, there is no longer a 1 to 1 ratio of
intensities causing a 50% pupillary response, as was the case in Figure 1. Instead, the
ratio 1s something greater than 1, such as the ratio of 1.5 shown in Figure 2. Figure 3
1s yet another similar graph for a person having a severe diabetic condition with
severe retinal 1schemia wherein both the center light curve and, to an even larger
degree, the annulus light curve have moved even farther to the right. The result is a
larger ratio of intensities causing a 50% pupillary response, such as the ratio of 1.8
shown 1n Figure 3.

The present invention utilizes pupillometry, and in particular the
dittering pupillary response characteristics demonstrated in Figure 1, 2 and 3, to
obtain an objective, quantitative indication of the severity of diseases that affect
different parts of the retina differently, such as diabetic retinopathy. More
specifically, the present invention measures pupil responses to compare the relative
sensitivities of different portions of the retina to light and correlates the relative
sensitivities with the level of severity of a particular disease.

Figure 4 is a block diagram of an apparatus 5 for screening for
retinopathy according to the present invention that provides an objective, quantitative
measurement of the severity of retinal disease and associated disease features, such as
diabetic retinopathy and retinal ischemia. Apparatus 5 includes processor 10, which
may be, without limitation, a microprocessor, and a memory 12 in communication
therewith. Memory 12 can be any of a variety of types of internal and/or external
storage media such as, without limitation, RAM, ROM, EPROM(s), EEPROM(s), and
the like, that provide a storage register for data storage such as in the fashion of an
internal storage area of a computer, and can be volatile memory or nonvolatile
memory. Also, processor 10 and memory 12 may be separate electronic components
or may be combined in a single electronic component. Memory 12 further includes a
number of applications or routines executable by processor 10 for the processing of
data as described herein. Such applications or routines can be in any variety of forms,
such as, without limitation, software, firmware, and the like.

As seen 1n Figure 4, pupillometer 15 is in electronic communication

(wired or wireless) with processor 10. Pupillometer 15 is a device that is capable of
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automatically measuring the diameter of the pupil of the eye, even as that diameter
changes when the pupil dilates and/or constricts. Many such devices are well known
in the art, and typically employ an infrared light source that is directed at the pupil of
the subject and an infrared detector, such as an infrared camera, positioned to receive
infrared light that is reflected by the eye to make measurements of the diameter of the
pupil. Such devices employ sophisticated, known software applications for
converting the infrared light signals received by the infrared detector into pupil
diameter measurements. Examples of such known devices include the Qasis™
Colvard pupillometer sold by Oasis Medical, Inc. of Glendora, California, the MCJ
Eye Check ™ FC2000 pupillometer sold by Barenco of Clare, County Kildare,
Ireland, the NeurOptics ™ pupillometer sold by Becton, Dickinson and Company of
Franklin Lakes, New Jersey, and the P20002A pupillometer manufactured by Procyon
Instruments Ltd., and distributed by Keeler Instruments of Broomall, Pennsylvania.
Pupillometers such as those listed are most frequently used to measure the pupil sizes
of patients in both light and dark conditions prior to refractive surgery.

Referring to Figure 4, light source 20, which includes a plurality of
light sources, is also in electronic communication with processor 10. In the particular
embodiment described in connection with Figures 4, 6, and 7, which may be used to
provide an indication of the severity of diabetic retinopathy and retinal ischemia, light
source 20 includes central light source 25 and annulus light source 30. Each light
source 25, 30 may comprise, among other known devices, a number of light emitting
diodes arranged in a suitable manner or an appropriately sized image formed on a
computer screen such as a liquid crystal display. Apparatus 5 is configured such that
central light source 235 is directed at the central portion of the retina and annulus light
source 30 is directed at the midperipheral portion of the retina when the patient
focuses on a particular location. In the preferred embodiment, central light source 25
1s adapted to illuminate a central portion consisting of about 10 degrees of the retina,
and annulus light source 30 is adapted to illuminate a 360 degree midperipheral
annulus portion of the retina that is inclusive of about 20 to 50 degrees eccentric to the
fovea. For illustrative purposes, these preferred regions are demonstrated in Figures
A, 5B and 5C, each of which are cross-sectional isometric of eye 35. Figure 5A is a

view of eye 35 showing retina 40, Figure 5B is a view of eye 35 showing retina 40
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with central portion 45 highlighted, and Figure 5C is a view of eye 35 showing retina
40 with midperipheral annulus portion 50 highlighted. In addition, Figure 5D is a
cross-sectional side view showing eye 35 including retina 40 having central portion
45 and midperipheral annulus portion 50.

Figure 6 is a flowchart depicting a method of screening for retinopathy
according to one embodiment of the present invention that provides an objective,
quantitative indication of the severity of retinal disease utilizing, for example,
apparatus 5 shown in Figure 4 (or, alternatively, apparatus 60 shown in Figure 8 and
described below). As-will be appreciated, the method shown in Figure 6 may be-
implemented 1n one or more routines embodied in software that is stored in memory
12 and executable by processor 10 of apparatus 5.

The method begins at step 100, where the patient’s face is brought into
proximity with apparatus 5 and the eye being tested (the “tested eye”) is focused on a
particular location such that central light source 25 is directed at and will illuminate
the desired central portion of the retina, and such that annulus light source 30 is
directed at and will illuminate the desired midperipheral portion of the retina.
Ambient room light is either reduced or blocked from exposure to both eyes by a
surrounding blocking structure or mask. Initially, both central light source 25 and
annulus light source 30 are off. The eye not being tested is blocked from the testing
light sources. In one embodiment, only the pupillary responses of the tested eye are
measured, while in another embodiment, the pupillary responses of both eyes are
measured simultaneously while the light sources are activated for one or the other eye.

~ Next, at step 105, central light source 25 is turned on and off at a
regular, predetermined interval at an initial intensity level. Next, the intensity level of
central light source 25 is increased a predetermined amount, and the pupillary
response of the pupil of the tested eye 1s measured (in terms of the diameter of the
pupil) by pupillometer 15. A determination is then made, at step 115, as to whether a
maximal pupillary response has been achieved, meaning that the pupillary response is
no longer changing (pupil is no longer becoming more constricted) when light
intensity is increased. If the answer at step 115 is no, then the method returns to step
110 where the intensity level is increased and the pupillary response is again

measured. Thus, as will be appreciated, steps 110 and 115 will result in pupillary
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response being measured at a multiplicity of light intensity levels as the light intensity
is increased until a maximal pupillary response is achieved. The data that is obtained
in these steps may be used to construct a graph of pupillary response versus light
intensity for central light source 25 similar to those shown in Figures 1, 2 and 3.

If, however, the answer at step 1135 1s yes (a maximal pupillary
response has been achieved), then, at step 120, the intensity of central light source 25
is reduced to a predetermined level, preferably to about 50% of the intensity level
when the maximal pupillary response was achieved (step 115), although other levels,
such as 75%, may also be used.

Next, at step 125, both central light source 25 and annulus light source
30 are turned on and off at a predetermined interval 1in a synchronized manner
wherein central light source 25 is on when annulus light source 30 is off and vice
versa. The intensity level of central light source 25 is maintained at the level set at
step 120, and the intensity level of annulus light source 30 is set to an initial value.
Then, at step 130, the intensity level of annulus light source 30 is increased by a
predetermined amount, and the pupillary response in the tested eye due to light from
annulus light source 30 is measured by pupillometer 10. At step 135, a determination
1s then made as to whether the pupil in the tested eye is still responding (i.e., diameter
1s changing) to the changing light from the two sources 25 and 30. If the answer at
step 135 1s yes, the method returns to step 130 where the light intensity of annulus
light source 30 is increased and the pupillary response is again measured. As will be

appreciated, steps 130 and 135 will result in the pupillary response due to annulus

- light source 30 being measured at a multiplicity of light intensity levels, and the data

obtained may be used to construct a graph of pupillary response versus light intensity
for annulus light source 30.

If the answer at step 1335 1s no (meaning the pupil in the tested eye is
static and no longer responding), then, at step 140, the ratio of the current intensity
level of the annulus light source 30 to the intensity level of the central light source set
at step 130 is obtained. Alternatively, a similar ratio may be obtained from the data
gathered at steps 110 and 115 and 130 and 135 based on the intensity levels of each
light source at a chosen pupillary response level, such as the intensity level of each

light source that caused 50% of the maximum response.
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Such a ratio will be an indication of the reduced retinal sensitivity to
light of the midperipheral portion of the retina as compared to the central portion of
the retina, and thus an indication of the severity level of a retinal disease such as
diabetic retinopathy. Through experimentation, a range of ratio values may be
established for what is to be considered a normal healthy retina that is not in need of
further testing or treatment. In addition, a threshold ratio value may be established
such that, 1f a patient is determined to have a ratio above that value, the patient is
considered to have a retinal problem and should undergo further testing and/or
treatment for retinal disease. The patient’s ratio may be tracked over time to monitor
changes 1n the ratio indicating the progression of a particular retinal disease condition.
Also, various ranges above a threshold ratio value can be established to indicate
relative severity levels of retinal disease, such as mild, moderate, severe and/or
advanced disease.

In addition, because a ratio of light intensities from different parts of
the retina is used as the severity indicator in the present invention, it will be
appreciated that eye conditions, such as cataracts, that adversely effect light
transmission in the eye will not adversely effect the measurement. This is the case
because the adverse eye condition will effect the light transmission at both parts of the
retina equally such that the calculated ratio will not be effected(less light will reach
each part of the retina and, as a result, pupillary response will be reduced equally at
each part of the retina). The same can be said in the event that pupil response is

affected for some reason, such as in a person that is taking a drug that decreases pupil

response. The same decre_:ased bupil response will be present when both retinal areas |

are stimulated, and thus the calculated ratio will not be adversely affected.

Figure 7 1s a flow chart depicting a method of screening for retinopathy
according to an alternate embodiment of the present invention that provides an
objective, quantitative indication of the severity of retinal disease utilizing apparatus 5
shown 1n Figure 4. As will be appreciated, the method shown in Figure 7 may be
implemented in one or more routines embodied in software that is stored in memory
12 and executable by processor 10 of apparatus 5.

This alternative method begins at step 150, where the patient’s face is

brought into proximity with apparatus 5 and the tested eye is focused on a particular
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location such that central light source 25 is directed at and will illuminate the desired
central portion of the retina, and such that annulus light source 30 is directed at and
will illuminate the desired midperipheral portion of the retina. Next, at step 153,
central light source 25 is turned on at an initial intensity level (annulus light source 30
1s off). Then, at step 160, the intensity of central light source 25 is increased a
predetermined amount, and the pupillary response of the pupil of the tested eye is
measured by pupillometer 15. A determination is then made, at step 165, as to
whether a maximal pupillary response has been achieved. If the answer at step 165 is
no, then the method returns to step 110 where the intensity level is increased and the
pupillary response is again measured. Thus, as will be appreciated, steps 160 and 165
will result in pupillary response being measured at a multiplicity of light intensity
levels as the light intensity is increased. The data that is obtained in these steps may
be used to construct a graph of pupillary response versus light intensity for central
light source 25 similar to those shown in Figures 1, 2 and 3.

If, however, the answer at step 165 is yes, then, at step 170, the central
light source 25 is turned off and the annulus light source 30 is turned on at an initial
intensity level. Next, at step 175, the intensity of annulus light source 30 is increased
by a predetermined amount, and the pupillary response in the tested eye due to light
from annulus light source 30 is measured by pupillometer 10. At step 180, a
determination is then made as to whether a maximal pupillai'y response has been
achieved. If the answer at step 180 is no, the method returns to step 175 where the

light intensity of annulus light source 30 is increased and the pupillary response is

~ again measured. As will be appreciated, steps 175 and 180 will result in the pupillary |

response due to annulus light source 30 being measured at a multiplicity of light
Intensity levels, and the data obtained may be used to construct a graph of pupillary
response versus light intensity for annulus light source 30. If the answer at step 180 is
yes, then, at step 140, a ratio may be obtained from the data gathered at steps 160 and
165 and 175 and 180 based on the intensity levels of each light source 25, 30 at a
chosen pupillary response level, such as the intensity level of each light source 25, 30
that caused 50% of the maximum pupillary response.

As was the case with Figure 6, this ratio will be an indication of the

reduced retinal sensitivity to light of the midperipheral portion of the retina as
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compared to the central portion of the retina, and thus is an indication of the severity
level of a retinal disease such as diabetic retinopathy. It will be appreciated that,
while Figure 7 showing pupillary response to central light source 25 being measured
before pupillary response to central light source 30 is mea"sured; the order of such
measurements may be reversed without departing from the scope of the present
invention. In addition, as a further alternative, central light source 25 may, at steps
155 and 160, be turned on and off at a predetermined interval while pupillary
response 1s being measured. Similarly, annulus light source 30 may, at steps 170 and
175, be turned on and off at a predetermined interval while pupillary response is being
measured.

Figure 8 is a block diagram of an apparatus 60 for screening for
retinopathy according to one particular embodiment of the present invention that
provides an objective, quantitative measurement of the severity of retinal disease and
associated disease features, such as diabetic retinopathy and retinal ischemia.
Apparatus 60 includes a computer control system 65 which includes a processor and a
memory for storing executing one or more routines for implementing the present
invention as described herein. In particular, computer control system 65 is adapted to
store and execute one or more outlines for controlling the various components of
apparatus 60 described below to measure pupillary response and provide an indication
of retinal disease according to the present invention, such as is described in
connection with Figures 6 and 7. Infrared light source 70 and infrared camera 75 are

in electronic communication with computer control system 65. Infrared light source

70 and infrared camera 75, along with appropriatemsoftwarc stored in computer control

system 635, are able to function as a pupillometer for measuring pupillary response of
eye 35. Display 80 is also in electronic communication with computer control system
65. Display 80 is adapted to, under the control of computer control system 65,
generate and display an image consisting of a central light source and an annulus light
source. The image displayed on display 80 is configured such that the central light
source portion thereof is directed at the central portion of the retina and the annulus
light source portion thereof is directed at the midperipheral portion of the retina when
the patient focuses on a particular location. In addition, apparatus 60 includes mirror

85, half mirror 90 and corrective lenses 95 which cooperate to focus the image from
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display 80 onto eye 35 and to enable infrared light source 70 and infrared camera 75
to transmit and receive infrared light to measure pupillary response from a location
that is not in the way of the path of the image from display 80. As noted above,
apparatus 60 may be used to implement the method of the present invention,
embodiments of which are shown in Figures 6 and 7. In an alternative embodiment,
the monitoring infrared camera may positioned behind the fixation point used for the

two light sources, whatever they may be.

Moreover, in the embodiments described above, it is contemplated that

a single pupillometer and a single light source are used to make measurements on

each eye independently, one after the other, with the patient moving or adjusting his
or her position to allow the measurements to be made. It should be appreciated,
however, that it is possible to provide an apparatus having two pupillometers and/or
two light sources such that one pupillometer and one light source may be oriented
toward one eye while the other pupillometer and light source are simultaneously
oriented toward the other eye. With such a configuration, measurements can be made
on each eye independently without requiring the patient to move or change position.
In addition, 1t 1s known that, in a healthy person with healthy optic nerves, light
stimulation in only a single eye should produce the identical pupillary response in
both eyes even though the other eye 1s not being similarly stimulated. If this does not
happen 1n a patient, it 1s typically a sign that the patient has optic nerve damage in one
eye. Thus, an apparatus having two pupillometers, one focused on each eye, as
described above may be used as a device for screening for optic nerve problems. In
particular, as the tested eye is being stimulated as described herein to determine an
indication of the severity of retinopathy in that eye, the pupillary response in the
other, non-tested eye can be simultancously measured. If the optic nerve in the non-
tested eye 1s healthy, the same pupillary response should be observed in the non-tested
eye as 1s observed in the tested eye, and any difference in observed pupillary response
will be an indication of optic nerve damage in the non-tested eye. The same effect can
be achieved with a single pupillometer that is rapidly measuring the pupil responses
by both eyes in a rapidly alternating manner.

Thus, the present invention provides a method and an apparatus for

screening for retinal disease and associated features, such as those that cause reduced
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light sensitivity in portions of the retina as 1s the case with retinal ischemia, that
provide an objective and quantitative indication of the severity level of retinal disease.
Unlike the prior art, the method and apparatus of the present invention is noninvasive,
requires minimal cooperation of the patient, requires limited technician skills, and can
yield an immediate clinical assessment (assessment will typically take approximately
one minute or less per eye). The present invention may also be used for screening for
optic nerve related problems.

While specific embodiments of the invention have been described in
detail, it will be appreciated by those skilled in the art that various modifications and
alternatives to those details could be developed in light of the overall teachings of the
disclosure. For example, while a primary application of the present invention is to
screen for diabetic retinopathy, the present invention may be used to screen for any
retinal disease condition that affects different parts of the retina, and in particular light
sensitivity in different parts of the retina, differently, such as sickle cell disease,
retinitis pigmentosa, Eales disease, and radiation retinopathy, among others. In
addition, the most effective or appropriate values for the various light intensity levels,
light pulsing intervals and rates of intensity level increase and the like described
herein are not presently known. Such values may be readily determined for the
particular application in question based on experimentation. Accordingly, the
particular arrangements disclosed are meant to be illustrative only and not limiting as
to the scope of the invention which is to be given the full breadth of the claims

appended and any and all equivalents thereof.

.....
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What is claimed is:

1. An apparatus for screening for retinal disease in an eye of a patient,
said eye having a retina, comprising;:

a light source for directing a first light at a first portion of said retina
and a second light at a second portion of said retina;

a pupil measuring device for measuring a first pupillary response of
said eye when said first light is directed at said first portion of said retina and a second
pupillary response of said eye when said second light is directed at said second
portion of said retina;

a processor in electronic communication with said pupil measuring
device; and

a memory in electronic communication with said processor, said
memory storing one or more routines executable by said processor, said one or more
routines being adapted to generate an indication of a severity level of said retinal
disease using said first pupillary response and said second pupillary response.

2. An apparatus according to Claim 1, including said light source
comprising a first light source for generating said first light and a second light source
for generating said second light.

3. An apparatus according to Claim 1, including said first portion being a
central portion of said retina and said second portion being a midperipheral portion of
said retina.

4, An apparatus according to Claim 3, including said light source
comprising a first light source for generating said first light and a second light source
for generating said second light.

3. An apparatus according to Claim 4, including said second light source
being an annulus light source and said second light being an annulus light.

6. An apparatus according to Claim 3, including said first portion of said
retina being about a central ten degrees of said retina, and said second portion of said
retina being an annulus of said retina that is inclusive of about twenty to fifty degrees
eccentric to a fovea of said eye.

7. An apparatus according to Claim 1 including said pupil measuring

device comprising an infrared light source and an infrared detector.
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8. An apparatus according to Claim 1, including said one or more

routines being further adapted to:

turn said first light source on and increase an intensity level of said
first light over a plurality of first intensity levels, said pupil measuring device making
a first pupillary measurement at each of said first intensity levels, said first pupillary
response being based on said first pupillary measurements; and

turn said second light source on and increase an intensity level of said
second light over a plurality of second intensity levels, said pupil measuring device
making a second pupillary measurement at each of said second intensity levéls, said
second pupillary response being based on said second pupillary measurements.

9. An apparatus according to Claim 8, including said indication being a
ratio that 1s generated based on one of said first intensity levels and one of said second
intensity levels.

10.  An apparatus according to Claim 9, including said ratio being a ratio of
sald one of said second intensity levels to said one of said first intensity levels.

11.  An apparatus according to Claim 10, including said one of said second
intensity levels corresponding to a first particular level of said second pupillary
response and said one of said first intensity levels corresponding to a second
particular level of said first pupillary response, said first and second particular levels
being equal to one another.

12.  An apparatus according to Claim 11, including said first and second
particular levels each being fifty percent of a maximum pupillary response.

13.  An apparatus according to Claim 1, including said first pupillary
response and said second pupillary response each being based on a diameter of a pupil
of said eye measured by said pupil measuring device.

14.  An apparatus according to Claim 1, including said light source
comprising a plurality of light emitting diodes.

15.  An apparatus according to Claim 1, including said light source
comprising a computer screen.

16.  An apparatus according to Claim 5, including said first light source
comprising one or more first light emitting diodes and said second light source

comprising a plurality of annularly arranged second light emitting diodes.
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17.  An apparatus according to Claim 35, including said first light source
comprising a first portion of a computer screen and said second light source
comprising a second, annular portion of said computer screen.

18.  An apparatus according to Claim 8, including said one or more
routines being further adapted to:

turn said first light source on and off at a first predetermined interval
while said intensity level of said first light source 1s being increased; and

turn said second light source on and off at a second predetermined
interval while said intensity level of said second light source 1s being increased.

19.  An apparatus according to Claim 18, including said one or more
routines being further adapted to increase said first light source to a first maximum
level before said second light source 1s turned on and said intensity level of said
second light source is increased.

20.  An apparatus according to Claim 19, including said one or more
routines being further adapted to turn said first light source on and off at a third
predetermined interval at a set intensity level while said intensity level of said second
light source is increased, wherein said first and second light sources are synchronized
such that said first light source is turned on when said second light source is turned off
and vice versa while said mtensity level of said second light source 1s increased.

21.  An apparatus according to Claim 20, including said third
predetermined interval being equal to said first predetermined interval.

22.  An apparatus according to Claim 19, including said one or more
routines being adapted to stop increasing said intensity level of said second light
source when it is determined that a pupil of said eye 1s no longer changing.

23.  An apparatus according to Claim 22, said second light source having a
second maximum level when said intensity level 1s no longer being increased, said
indication being based on said first maximum level and said second maximum level.

24.  An apparatus according to Claim 23, including said indication being a
ratio of said second maximum level to said first maximum level.

25.  An apparatus according to Claim 20, including said one or more
routines being adapted to stop increasing said intensity level of said second light

source when it is determined that a pupil of said eye is no longer changing.
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26.  An apparatus according to Claim 25, said second light source having a
second maximum level when said intensity level is no longer being increased, said
indication being based on said set intensity level and said second maximum level.

27.  An apparatus according to Claim 26, including said indication being a
ratio of said second maximum level to said set intensity level.

28. A method of screening for retinal disease in an eye of a patient, said
eye having a retina, comprising:

directing a first light at a first portion of said retina;

directing a second light at a second portion of said retina;

measuring a first pupillary response of said eye when said first light 1s
directed at said first portion of said retina;

measuring a second pupillary response of said eye when said second
light 1s directed at said second portion of said retina; and

generating an indication of a severity level of said retinal disease using
said first pupillary response and said second pupillary response.

29. A method according to Claim 28, including said first portion being a
central portion of said retina and said second portion being a midperipheral portion of
said retina.

30. A method according to Claim 29, including said second light being an
annulus light.

31. A method according to Claim 29, including said first portion of said
retina being about a central ten degrees of said retina, and said second portion of said

~ retina being an annulus of said retina that is:inclusiveuof about twenty to fifty degrees
eccentric to a fovea of said eye.

32. A method according to Claim 28, including:

said step of directing said first light further comprising increasing an
intensity level of said first light over a plurality of first intensity levels;

said step of measuring said first pupillary response further comprising
making a first pupillary measurement at each of said first intensity levels, said first
pupillary response being based on said first pupillary measurements;

said step of directing said second light further comprising increasing an

intensity level of said second light over a plurality of second intensity levels; and
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said step of measuring said second pupillary response further
comprising making a second pupillary measurement at each of said second intensity
levels, said second pupillary response being based on said second pupillary
measurements.

33. A method according to Claim 32, including said generating step
comprising generating a ratio based on one of said first intensity levels and one of
said second intensity levels, said indication being said ratio.

34. A method according to Claim 33, including said ratio being a ratio of
said one of said second intensity levels to said one of said first intensity levels.

35. A method according to Claim 34, including said one of said second
intensity levels corresponding to a first particular level of said second pupillary
response and said one of said first intensity levels corresponding to a second
particular level of said first pupillary response, said first and second particular levels
being equal to one another.

36. A method according to Claim 35, including said first and second
particular levels each being fifty percent of a maximum pupillary response.

37. A method according to Claim 28, including said step of measuring said
first pupillary response and said step of measuring said second pupillary response
each comprising measuring a diameter of a pupil of said eye.

38. A method according to Claim 32, including said step of directing said
first light further comprising turning said first light on and off at a first predetermined
interval while said intensity level of said first light is increased, and said step of
directing said second light further comprising turning said second light on and off at a
second predetermined interval while said intensity level of said second light 1s
increased.

39. A method according to Claim 38, including said step of increasing said
intensity level of said first light further comprising increasing said intensity level of
said first light to a first maximum level before said second light is turned on and said
intensity level of said second light is increased.

40. A method according to Claim 39, including said step of directing said
first light further comprising turning said first light on and off at a third predetermined

interval at a set intensity level while said intensity level of said second light is
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increased, wherein said first and second lights are synchronized such that said first
light is on when said second light is off and vice versa while said intensity level of
said second light 1s increased.

41. A method according to Claim 39, including said step of directing said
second light further comprising no longer increasing said intensity level of said
second light when it is determined that a pupil of said eye is no longer changing.

42. A method according to Claim 41, including said second light having a
second maximum level when said intensity level is no longer being increased, and
said generating step comprising generating a ratio based on said first maximum level
and said second maximum level, said indication being said ratio.

43. A method according to Claim 42, including said ratio being a ratio of
said second maximum level to said first maximum level.

44, A method according to Claim 40, including said step of directing said
second light further comprising no longer increasing said intensity level of said
second light when it is determined that a pupil of said eye is no longer changing.

45. A method according to Claim 44, including said second light having a
second maximum level when said intensity level is no longer being increased, and
said generating step comprising generating a ratio based on said set intensity level and
said second maximum level, said indication being said ratio.

46. A method according to Claim 45, including said ratio being a ratio of
said second maximum level to said set intensity level.

47.  An apparatus according to claim 1, including said patient having a
second eye having an optic nerve, said apparatus further comprising a second pupil
measuring device for measuring a third pupillary response of said second eye when
said first light is directed at said first portion of said retina of said eye and a fourth
pupillary response of said second eye when said second light is directed at said second
portion of said retina of said eye, said one or more routines being further adapted to
perform one or both of a comparison of said first pupillary response to said third
pupillary response and a comparison of said second pupillary response to said fourth
pupillary response to determine whether said optic nerve is damaged.

48. A method according to claim 28, including said patient having a

second eye having an optic nerve, said method further comprising measuring a third
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pupillary response of said second eye when said first light 1s directed at said first
portion of said retina of said eye and a fourth pupillary response of said second eye
when said second light is directed at said second portion of said retina of said eye, and
performing one or both of a comparison of said first pupillary response to said third
pupillary response and a comparison of said second pupillary response to said fourth

pupillary response to determine whether said optic nerve is damaged.



CA 02582997 2007-04-04
WO 2006/0416235 PCT/US2005/033625

1/8
>
1%
=
o
1
o
= P
o K7,
c
@
=
%  ——
= -
g o2
= —
>
=
O
@,
Ko
=
O
Z
2 X s T
O - O .
S 0 O
Xew ¢, asuodsey Alejidnd m



CA 02582997 2007-04-04

WO 2006/041625 PCT/US2005/033623
2/8

Max

Light Intensity

@ 5

: :

o O

Q

S

e

5

L

®

)
% 2 X
2 2 A
- i 0

Xew 9, asuodsey Akejjidnd ™



CA 02582997 2007-04-04

WO 2006/041625 PCT/US2005/033623

3/8

max

=
[Z
-
=
=
g -
- —
S =,
-t
D
O
>
QO
7
. -
S *-'
5 !
= 2
- i
= 0 (5
XeWw %, esuodsay Alejjidnd T



CA 02582997 2007-04-04

PCT/US2005/033623

WO 2006/041625

4/8

v,

*

50JN0S

b7 snjnuuy

U R—

20JN0S
o jequed

G¢ MON

lm““_“mq—o‘-ﬂ-—-

¢l

01

AOUWIBIN

10SS990.d

Gl

¥ 'Ol

1919Wo(jidnd




00000000000000000000
WO 2006/041625 PCT/US2005/033623




CA 02582997 2007-04-04
WO 2006/0416235 PCT/US2005/033625

6/8
= ' Focus Tested Eye and Reduce or| — 100
Block Ambient Light |
_ | 105
Turn Central Light On and Off at a Predetermined Interval

Increase Intensity of Central Light and
Measure Pupillary Response in Tested Eye

Maximal Pupillary
Response Achieved

110

120

Yes

Reduce Intensity of Central Light to a Predetermined Level
125
Turn Both Central Light and Annulus Light on and Off at

Predetermined Interval in Synchronized Manner wherein
Central Light is On When Annulus Light is Off and Vice Versa

, 130
Increase Intensity of Annulus Light and

Measure Pupillary Response in Tested Eye

Puplil in
Tested Eye

Responding
[

No 140
Determine Ratio of Annulus Light
Intensity to Central Light Intensity -
f

FIG. 6



CA 02582997 2007-04-04
WO 2006/0416235 PCT/US2005/033625

7/8
. Focus Tested Eye and Reduce or| ;~ 150
. ‘ Block Ambient Light
‘ l 155

Tumn Central Light On at
Initial Intensity Level

, 160

Increase Intensity of Central Light and
Measure Pupillary Response in Tested Eye |~

165

Maximal Pupillary No
Response Achieved

Yes 170

Turn Central Light Off and Turn Annulus
Light on at Initial Intensity Level

| . 175
Increase Intensity of Annulus Light and ,
Measure Pupillary Response in Tested Eye

;180

Maximal Pupillary No

Response Achieved

Yes
Determine Ratio

, 185

End

FIG. 7



CA 02582997 2007-04-04

PCT/US2005/033623

WO 2006/041625

8/8

9

WolsAg
[eJi18{elg

loindwon

.ﬁ Mffff[ffff
_ _ ...,.I.......:l...c.l...l..:
_ “ ffffffff mwm
: “ _ ...........;......:...:......
| Tl
_ | SOSUaT
| “ OAI1081I0D
“ | Aeidsig JAOLIIN J[eH
| -
_ “ ow ......\\.\.\..\.\\...\
| | eour -
| - O peseyu] |-
G/ 201n0g 1ybi7 paiejul
09

101N

G 8

oA

GC



B & _ X & _ _ 8 &R __§N__JX __§_ & | _-—q

I 1

l !

15 10 | Central Light | |

i Source i

i {

Pupillometer : i
l |

E Annulus Light i

12 i Source !

| i



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - abstract
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - claims
	Page 22 - claims
	Page 23 - claims
	Page 24 - claims
	Page 25 - claims
	Page 26 - claims
	Page 27 - claims
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - abstract drawing

