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SYSTEM AND METHOD FOR PERFORMING OBJECTIVE
PERIMETRY AND DIAGNOSIS OF PATIENTS WITH RETINITIS
PIGMENTOSA AND OTHER OCULAR DISEASES

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of U.S. Provisional Application Serial No. 62/277,520
(ACCU 0017 MA), filed January 12, 2016.

BACKGROUND
[0002] The present disclosure relates to the use of objective perimetry in the diagnosis of ocular
diseases and, more specifically, to the use of a chromatic multifocal pupillometer in the
objective diagnosis of retinitis pigmentosa (RP), and other ocular diseases, and in the assessment

of visual field defects.

BRIEF SUMMARY
[0003] Visual field (VF) testing is part of the current clinical standard for evaluating retinal
degeneration and optic nerve damage. Dark-adapted Goldmann perimetry and automated
perimetry are used most commonly for detecting and monitoring patients with retinitis
pigmentosa (RP). These methods bear significant limitations because they are subjective by
nature and rely heavily on subject cooperation and attention. Hence, testing of young children,
the elderly, and individuals with impaired communication skills is doomed to yield unreliable
results. These tests also may be stressful for patients because they need to make conscious
decisions on identification of near-threshold stimuli that appear rapidly and disappear.
Moreover, test results may be affected by the patient’s fatigue, wakefulness, and attentiveness
during the long procedure. Therefore, constant monitoring and instruction of participants by
qualified personnel are needed to obtain reliable results. Furthermore, test-retest variability, in
particular in peripheral locations and in regions of VF deficits, makes it difficult to determine
whether the VF is worsening over the course of serial examinations. Hence, frequent

examinations are needed and misdiagnosis of early stages is common.

[0004] Retinitis pigmentosa encompasses a group of progressive retinal degeneration diseases
that predominantly affect the rod photoreceptor system, resulting in night blindness in the early
phase of the disease and loss of peripheral vision that progresses to tunnel vision. In later stages

of RP, degeneration of cone photoreceptors causes progressive decline of visual acuity. Disease
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progression is monitored by electroretinography and perimetry. However, poor test-retest
repeatability in patients with RP, specifically in areas with VF deficits, limits the ability to assess
disease progression and particularly to design and interpret clinical trials of potential therapeutic

agents.

[0005] A chromatic multifocal pupillometer can be used for detection of VF defects in RP
patients. Retinitis pigmentosa patients have demonstrated a significantly reduced percentage of
pupil contraction (PPC) compared with healthy participants in testing conditions that emphasize
rod contribution (blue light). By contrast, the PPC in response to red light (which emphasizes
cone contribution) is reduced significantly in RP patients compared with healthy participants,
mostly in peripheral locations. In central locations, there is no significant difference between the
PPC of RP patients and healthy participants in response to red light. RP patients have also
demonstrated significantly lower PPC in response to blue light in peripheral locations of the
central VF than healthy participants. Furthermore, minimal PPC has been recorded in RP
patients in areas that were not detected in dark-adapted chromatic Goldmann perimetry. It is
contemplated that VF defects, as well as rod and cone function, may be assessed in RP patients

using a chromatic multi-focal pupillometer.

[0006] Considering the dynamics of the pupil response in the central VF of RP patients and
healthy participants, it is contemplated that additional parameters of the pupil light response, i.e.,
the maximal contraction velocity (MCV), the latency of MCV (LMCYV), pupil response latency
(PRL), percentage of pupil maximal relaxation (PRP), maximal relaxation velocity (MRV),
latency of MRV (LMRYV), maximal contraction acceleration (MCA), latency MCA (LMCA),
maximal contraction deceleration (MCD), latency of MCD (LMCD), maximal relaxation
acceleration (MRA), latency of MRA (LMRA), maximal relaxation deceleration (MRD), and
latency of MRA (LMRD) may be used to evaluate retinal degeneration. RP patients have
demonstrated significantly lower PPC and MCV in areas that were reported as non-seeing by
CDA-GVEFE. Considering that the mean absolute deviation in the LMCV parameter between
different test point locations is often significantly higher in RP patients, it is contemplated that

LMCYV may be a valuable diagnostic tool for RP.

[0007] In accordance with one embodiment of the present disclosure, a method for
determining a state of health of an eye using a pupillometer is provided comprising an ocular

fixture, a testing compartment, at least one camera, and a controller. The testing compartment
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comprises a plurality of chromatic beam emitters arranged about a visual field of the
pupillometer. Selected ones of the chromatic beam emitters are structurally configured to
generate chromatic stimuli within a blue portion of a visible electromagnetic spectrum. Selected
ones of the chromatic beam emitters are structurally configured to generate chromatic stimuli
within a red portion of the visible electromagnetic spectrum. The ocular fixture is positioned to
facilitate exposure of light sensitive ocular structures of the eye to a blue and red chromatic
stimuli of the chromatic beam emitters. The camera is positioned to record temporal pupil
contraction of the eye in response to the blue and red chromatic stimuli of the chromatic beam
emitters. The controller controls emission wavelength, intensity, and duration of the chromatic
beam emitters. The controller processes temporal pupil contraction data recorded by the camera
to generate a plurality of latent maximum contraction velocity (LMCV) signals representative of
the eye positioned at the ocular fixture in response to the blue and red chromatic stimuli at a
plurality of locations in the visual field of the pupillometer. The method comprises positioning a
subject eye at the ocular fixture, driving the chromatic beam emitters with the controller to
generate the LMCV signals using chromatic stimuli within the blue and red portions of the
visible electromagnetic spectrum, where the controller drives the chromatic beam emitters such
that red chromatic stimuli intensity is at least 2 times greater than the blue chromatic stimuli
intensity, and determining the state of health of the subject eye as an objective function of the

LMCYV signals.

[0008] In accordance with another embodiment of the present disclosure, a method for
determining the state of health of an eye using a pupillometer is provided comprising an ocular
fixture, a testing compartment, at least one camera, and a controller. The testing compartment
comprises a plurality of chromatic beam emitters arranged about a visual field of the
pupillometer. Selected ones of the chromatic beam emitters are structurally configured to
generate chromatic stimuli. The ocular fixture is positioned to facilitate exposure of light
sensitive ocular structures of the eye to the chromatic stimuli of the chromatic beam emitters.
The camera is positioned to record temporal pupil contraction of the eye in response to the
chromatic stimuli of the chromatic beam emitters. The controller controls emission wavelength,
intensity, and duration of the chromatic beam emitters. The controller processes temporal pupil
contraction data recorded by the camera to generate latent maximum contraction velocity
(LMCV) signals and percentage of pupil contraction (PPC) or maximal contraction velocity

(MCV) signals representative of the eye positioned at the ocular fixture in response to the
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chromatic stimuli of the chromatic beam emitters at a plurality of locations in the visual field of
the pupillometer. The method comprises positioning a subject eye at the ocular fixture, driving
the chromatic beam emitters with the controller in a first illumination mode to determine an
extent of a functional visual field of the subject eye from the PPC or MCV signals, and driving
the chromatic beam emitters with the controller in a second illumination mode to determine the
state of health of the subject eye as an objective function of the LMCV signals, where the
controller selects and drives the chromatic beam emitters based on the extent of the functional

visual field determined in the first illumination mode.

[0009] In accordance with another embodiment of the present disclosure, a pupillometer is
provided comprising an ocular fixture, a testing compartment, at least one camera, and a
controller. The testing compartment comprises a plurality of chromatic beam emitters arranged
about a visual field of the pupillometer. Selected ones of the chromatic beam emitters are
structurally configured to generate chromatic stimuli within a blue portion of a visible
electromagnetic spectrum. Selected ones of the chromatic beam emitters are structurally
configured to generate chromatic stimuli within a red portion of the visible electromagnetic
spectrum. The ocular fixture is positioned to facilitate exposure of light sensitive ocular
structures of an eye to a blue and red chromatic stimuli of the chromatic beam emitters. The
camera is positioned to record temporal pupil contraction of the eye in response to the blue and
red chromatic stimuli of the chromatic beam emitters. The controller controls emission
wavelength, intensity, and duration of the chromatic beam emitters. The controller processes
temporal pupil contraction data recorded by the camera to generate a latent maximum
contraction velocity (LMCV) signal representative of the eye in response to the blue and red
chromatic stimuli of the chromatic beam emitters. The controller is programmed to drive the
chromatic beam emitters to generate chromatic stimuli within the blue and red portions of the
visible electromagnetic spectrum such that red chromatic stimuli intensity is at least 2 times
greater than blue chromatic stimuli intensity for generation of the latent maximum contraction

velocity (LMCV) signal.

[0010] In accordance with yet another embodiment of the present disclosure, a pupillometer
is provided comprising an ocular fixture, a testing compartment, at least one camera, and a
controller. The testing compartment comprises a plurality of chromatic beam emitters arranged
about a visual field of the pupillometer. Selected ones of the chromatic beam emitters are

structurally configured to generate chromatic stimuli. The ocular fixture is positioned to
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facilitate exposure of light sensitive ocular structures of an eye to the chromatic stimuli of the
chromatic beam emitters. The camera is positioned to record temporal pupil contraction of the
eye in response to the chromatic stimuli of the chromatic beam emitters. The controller controls
emission wavelength, intensity, and duration of the chromatic beam emitters. The controller
processes temporal pupil contraction data recorded by the camera to generate latent maximum
contraction velocity (LMCV) signals and percentage of pupil contraction (PPC) or maximal
contraction velocity (MCV) signals representative of the eye positioned at the ocular fixture in
response to the chromatic stimuli of the chromatic beam emitters at a plurality of locations in the
visual field of the pupillometer. The controller is programmed to drive the chromatic beam
emitters in a first illumination mode to determine an extent of a functional visual field of a
subject eye from the PPC or MCV signals and drive the chromatic beam emitters in a second
illumination mode to determine the state of health of the subject eye as an objective function of
the LMCYV signals, where the controller selects and drives the chromatic beam emitters based on

the extent of the functional visual field determined in the first illumination mode.

[0011]  Although the concepts of the present disclosure are described herein with primary
reference to the diagnosis of Retinitis Pigmentosa, and other forms of retinal degeneration and
optic nerve damage, it is contemplated that the concepts will enjoy applicability to the diagnosis
of a variety of ocular and non-ocular diseases, syndromes or disorders including, for example,
Best Vitelliform Macular Dystrophy, macular degeneration, Glaucoma, mild cognitive
impairment, Alzheimer and others which can affect the retinal cells and visual pathways in the

eye and brain.



WO 2017/123710 PCT/US2017/013122

6

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS
[0012] The following detailed description of specific embodiments of the present disclosure can
be best understood when read in conjunction with the following drawings, where like structure is

indicated with like reference numerals and in which:

[0013] Fig. 1 illustrates an example of an open chromatic multifocal pupillometer system

according to one or more embodiments shown and described herein;

[0014] Fig. 2 illustrates an example of a closed chromatic multifocal pupillometer system

according to one or more embodiments shown and described herein;

[0015] Fig. 3 illustrates an example pupil response to chromatic stimuli indicating measured
parameters maximum constriction velocity (MCV) and latency of maximum constriction

velocity (LMCV) according to one or more embodiments shown and described herein;

[0016] Figs. 4A-4F illustrate the mean percentage of pupil contraction (PPC) (Figs. 4A and 4B),
maximum contraction velocity (MCV) of the pupil (Figs. 4C and 4D), and latency in the
maximum contraction velocity (LMCV) (Figs. 4E and 4F) in response to chromatic stimuli
within a blue (Figs. 4A, 4C, and 4E) and red (Figs. 4B, 4D, and 4F) portion of the

electromagnetic spectrum according to one or more embodiments shown and described herein;

[0017] Figs. SA-5F illustrate results of a test and retest of PPC (Fig. SA - blue light, Fig. 5B -
red light), MCV (Fig. 5C - blue light, Fig. 5D - red light), and LMCV (Fig. 5E - blue light, Fig.
SF - red light) in healthy subjects, where the x-axis of each plot corresponds to the first test, and
the y-axis of each plot corresponds to the retest according to one or more embodiments shown

and described herein;

[0018] Figs. 6A-6C illustrate the mean PPC parameters in response to blue light in healthy
subjects (Fig. 6A), in patients from group A (Fig. 6B), and in patients from group B (Fig. 6C),
for each of the 76 test targets of the 16.2 degree visual field (VF) according to one or more

embodiments shown and described herein;

[0019] Figs. 6D-6F illustrate the mean MCV parameters in response to blue light in healthy
subjects (Fig. 6D), in patients from group A (Fig. 6E), and in patients from group B (Fig. 6F),
for each of the 76 test targets of the 16.2 degree visual field (VF) according to one or more

embodiments shown and described herein;
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[0020] Figs. 6G-6I illustrate the mean LCMV parameters in response to blue light in healthy
subjects (Fig. 6G), in patients from group A (Fig. 6H), and in patients from group B (Fig. 60),
for each of the 76 test targets of the 16.2 degree visual field (VF) according to one or more

embodiments shown and described herein;

[0021] Figs. 7A-7C illustrate the mean PPC parameters in response to blue light in healthy
subjects (Fig. 7A), in patients from group A (Fig. 7B), and in patients from group B (Fig. 70),
for each of the 76 test targets of the 16.2 degree visual field (VF) according to one or more

embodiments shown and described herein;

[0022] Figs. 7D-7F illustrate the mean MCV parameters in response to blue light in healthy
subjects (Fig. 7D), in patients from group A (Fig. 7E), and in patients from group B (Fig. 7F),
for each of the 76 test targets of the 16.2 degree visual field (VF) according to one or more

embodiments shown and described herein;

[0023] Figs. 7G-7I illustrate the mean LCMV parameters in response to blue light in healthy
subjects (Fig. 7G), in patients from group A (Fig. 7H), and in patients from group B (Fig. 7]),
for each of the 76 test targets of the 16.2 degree visual field (VF) according to one or more

embodiments shown and described herein;

[0024] Fig. 8 illustrates the variability in the LMCV parameter in response to red light stimuli
between different visual field (VF) locations in retinitis pigmentosa (RP) patients compared with

control subjects according to one or more embodiments shown and described herein;

[0025] Fig. 9 illustrates a negative linear correlation between the LMCV score and
corresponding results from the dark-adapted Goldmann visual field (DA-GVF) testing according

to one or more embodiments shown and described herein;

[0026] Fig. 10 illustrates a computational random selection analysis of the LMCV parameter

according to one or more embodiments shown and described herein;

[0027] Figs. 11A-11C illustrate PPC (Fig. 11A), MCV (Fig. 11B), and LMCYV (Fig. 11C) results
for patient #30 in response to blue light stimuli recorded in each of the 76 points of the 16.2

degree VF according to one or more embodiments shown and described herein;
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[0028] Figs. 11D-11F illustrate PPC (Fig. 11D), MCV (Fig. 11E), and LMCV (Fig. 11F) results
for patient #30 in response to red light stimuli recorded in each of the 76 points of the 16.2

degree VF according to one or more embodiments shown and described herein;

[0029] Figs. 12A and 12E illustrate results of DA-GVF testing in patient #3, which results
demonstrate the subjective VF for red light (Fig. 12A) and blue light (Fig. 12E) with the dashed
line indicating the borders of the 16.2 degree VF according to one or more embodiments shown

and described herein;

[0030] Figs. 12B-12D illustrate PPC (Fig. 12B), MCV (Fig. 12C), and LMCV (Fig. 12D) of
patient #3 in response to blue light stimuli recorded in each of the 76 points of the 16.2 degree

VF according to one or more embodiments shown and described herein;

[0031] Figs. 12F-12H illustrate PPC (Fig. 12F), MCV (Fig. 12G), and LMCV (Fig. 12H) of
patient #3 in response to red light stimuli recorded in each of the 76 points of the 16.2 degree VF

according to the one or more embodiments shown and described herein;

[0032] Figs. 13A and 13E illustrate results of DA-GVF testing in patient #4, which results
demonstrate the subjective VF for red light (Fig. 13A) and blue light (Fig. 13E) with the dashed
line indicating the borders of the 16.2 degree VF according to one or more of the embodiments

described herein;

[0033] Figs. 13B-13D illustrate PPC (Fig. 13B), MCV (Fig. 13C), and LMCV (Fig. 13D) of
patient #4 in response to blue light stimuli recorded in each of the 76 points of the 16.2 degree

VF according to one or more of the embodiments described herein; and

[0034] Figs. 13F-13H illustrate PPC (Fig. 13F), MCV (Fig. 13G), and LMCV (Fig. 13H) of
patient #4 in response to red light stimuli recorded in each of the 76 points of the 16.2 degree VF

according to one or more of the embodiments described herein.
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DETAILED DESCRIPTION
[0035] The principles and operation of the system and method for performing objective
perimetry and diagnosis of patients with retinitis pigmentosa (RP) and other ocular diseases may

be better understood with reference to the drawings and the accompanying description.

[0036] Embodiments of the present disclosure, as will be explained in further detail below, are
generally directed to a system and method that presents chromatic stimuli to a subject eye,
records the temporal pupil response to the chromatic stimuli via a camera and analyzes the
recorded temporal pupil response data. The recorded temporal pupil response data may be
processed by the system and pupil response parameters may be determined to define a visual
field of a subject eye and for determining a state of health of the subject eye. The system and
method for performing objective perimetry and diagnosis of patients with retinitis pigmentosa

and other ocular diseases will now be described in more detail.

[0037] Referring now to the drawings, Figs. 1 and 2 illustrate examples of a chromatic
multifocal pupilometer system for performing objective perimetry and diagnosis of patients with
retinitis pigmentosa and other ocular diseases. As illustrated in Fig. 1, the chromatic multifocal
pupilometer system 100 comprises a controller 110, a camera 120, a plurality of chromatic beam
emitters 130, a fixation point 140, a testing compartment 150 and an ocular fixture 160,
comprising a frame structure 162, a chin rest 164 and a forehead band 166. As a non-limiting
example and as shown in Fig. 1, the testing compartment 150 is an open testing compartment
provided in the form of a substantially hemispheric bowl having an opening 152 defined by a
perimeter 154 and an inner surface 156. In other embodiments, for example, without limitation,
and as shown in Fig. 2, the testing compartment 250 is a closed testing compartment 250
provided in the form of a substantially hemispheric bowl comprising an enclosing surface 252
with a viewing port 254 positioned between the ocular fixture 260 and the plurality of chromatic
beam emitters 230. In other embodiments, the testing compartment is a portable unit. In further
embodiments, the testing compartment encompasses a room such that the chromatic stimuli are
presented in the dark room comprising a background luminance of less than about 30 cd/m?,

preferably 0.05 cd/m?.

[0038] Referring again to Fig. 1, the ocular fixture 160 is coupled to the chromatic multifocal
pupilometer system 100. The ocular fixture 160 is positioned to facilitate exposure of light

sensitive ocular structures of an eye to the chromatic stimuli of the chromatic beam emitters 130.
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The chin rest 164 and forehead band 166 interconnected by the frame structure 162 within the
opening 152 of the testing compartment 150 may aid in positioning of the eye toward the
chromatic beam emitters 130. In some embodiments, the ocular fixture 160 may comprise

additional or fewer components for positioning the subject eye.

[0039] The plurality of chromatic beam emitters 130 may be arranged about the inner surface
156 of the testing compartment 150. The plurality of chromatic beam emitters 130, for example
without limitation, may be positioned in a grid pattern at a plurality of locations arranged about
the inner surface 156 of the testing compartment. In some embodiments, the chromatic beam
emitters 130 are positioned and driven to generate chromatic stimuli throughout a substantial
entirety of the visual field. The visual field may be defined by a viewing cone of about +/- 120
degrees extending from the ocular fixture 160 into the testing compartment. In some
embodiments, the visual field is defined by a viewing cone of about +/- 15 degrees or about +/-
16.2 degrees extending from the ocular fixture 160 to the chromatic beam emitters 130. In other
embodiments, the visual field is defined by a viewing cone of about +/- 30 degrees extending
from the ocular fixture 160 to the chromatic beam emitters 130. The viewing cone encompasses
between about 1 and about 1000 chromatic beam emitters or between about 7 and about 76

chromatic beam emitters.

[0040] Additionally, the inner surface 156 may be associated with the camera 120 and the
fixation point 140. In Fig. 1, the camera 120 is positioned below the fixation point 140 and the
fixation point 140 is positioned at the center of the field defined by the plurality of chromatic
beam emitters 130. However, in other embodiments the camera 120 may be positioned
independent of the location of the fixation point 140 or the field defined by the plurality of
chromatic beam emitters 130 so long as the camera is capable of recording the temporal pupil
contraction of the subject eye when the subject eye is positioned by the ocular fixture 160 to
receive chromatic stimuli from the plurality chromatic beam emitters 130. Similarly, in other
embodiments, the fixation point 140 may be positioned independent of the center of the field
defined by the plurality of chromatic beam emitters 130 within the testing compartment 150. In
such embodiments, the fixation point 140 may be positioned at the center of the substantially
hemispheric bowl on the inner surface 156 of the testing compartment 150. The fixation point
140, for example, without limitation, is an area, a spot or object which contrasts with the inner
surface 156 of the testing compartment 150 so that the subject eye may maintain a gaze upon it

during administration of the chromatic stimuli.
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[0041] The camera 120 may be any device having an array of sensing devices (e.g., pixels)
capable of detecting radiation in an ultraviolet wavelength band, a visible light wavelength band,
or an infrared wavelength band. The camera 120 may be an infrared camera. The camera 120
may have any resolution. The camera 120 may be an omni-directional camera, or a panoramic
camera. In some embodiments, one or more optical components, such as a mirror, fish-eye lens,
or any other type of lens may be optically coupled to the camera 120. Additionally, one or more

cameras may be positioned to record the temporal pupil contraction of the eye.

[0042] Still referring to Fig. 1, the controller 110 is communicatively coupled to the camera 120
and the plurality of chromatic beam emitters 130. The controller 110 may be any device or
combination of components comprising a processor and non-transitory computer readable
memory. The processor may be any device capable of executing the machine-readable
instruction set stored in the non-transitory computer readable memory. Accordingly, the
processor may be an electric controller, an integrated circuit, a microchip, a computer, or any
other computing device. The processor is communicatively coupled to various components of
the chromatic multifocal pupilometer system 100 by a communication path. Accordingly, the
communication path may communicatively couple any number of processors with one another,
and allow the components coupled to the communication path to operate in a distributed
computing environment. Specifically, each of the components may operate as a node that may
send and/or receive data. While the embodiment depicted in Fig. 1 includes a single controller
110 shown as a computer, other embodiments may include one or more discrete or integrated

controllers each comprising one or more processor.

[0043] The non-transitory computer readable memory may comprise RAM, ROM, flash
memories, hard drives, or any non-transitory memory device capable of storing machine-
readable instructions such that the machine-readable instructions can be accessed and executed
by the processor. The machine-readable instruction set may comprise logic or algorithm(s)
written in any programming language of any generation (e.g., 1GL, 2GL, 3GL, 4GL, or 5GL)
such as, for example, machine language that may be directly executed by the processor, or
assembly language, object-oriented programming (OOP), scripting languages, microcode, etc.,
that may be compiled or assembled into machine readable instructions and stored in the non-
transitory computer readable memory. Alternatively, the machine-readable instruction set may
be written in a hardware description language (HDL), such as logic implemented via either a

field-programmable gate array (FPGA) configuration or an application-specific integrated circuit
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(ASIC), or their equivalents. Accordingly, the functionality described herein may be
implemented in any conventional computer programming language, as pre-programmed
hardware elements, or as a combination of hardware and software components. While the
embodiment depicted in Fig. 1 includes a single controller with non-transitory computer

readable memory, other embodiments may include more than one memory module.

[0044] In embodiments, the controller 110 activates selected ones of the chromatic beam
emitters 130 providing chromatic stimuli defining various test locations within the visual field.
The controller 110 may selectively activate chromatic beam emitters 130 individually or in
combination. The duration in which the chromatic stimuli of the chromatic beam emitters are
generated by the controller may be between about 0.1 seconds and about 60 seconds. In other
embodiments, the controller activates selected ones of the chromatic beam emitters for a
duration between about 1 second and about 10 seconds, preferably between about 1 second and
about 8 seconds. Additionally, the controller 110 may simultaneously activate the camera 120
to record temporal pupil contraction of the eye in response to the chromatic stimuli of the
chromatic beam emitters 130 for a duration between about 2 seconds and about 10,000 seconds,

preferably about 12 seconds.

[0045] The controller processes the temporal pupil contraction data recorded by the camera to
generate, for example, without limitation, latent maximum contraction velocity (LMCV) signals,
percentage of pupil contraction (PPC) signals and maximum contraction velocity (MCV) signals
representative of the eye positioned at the ocular fixture 160 in response to the chromatic stimuli
of the chromatic beam emitters 130. Percentage of pupil contraction is a function of the initial
diameter of the pupil (in pixels) and the minimum pupil diameter (in pixels). The initial
diameter of the pupil is the diameter of the pupil before the chromatic stimulus is activated and
after the subject eye has been dark adapted for a period of time. Percentage of pupil contraction

(PPC) is determined using the following formula:

Initial Pupil Diameter — Minimum Pupil Diamater
PPC = — — * 100
Initial Pupil Diameter

[0046] The maximum contraction velocity (MCV) is determined by calculating the maximum
rate at which the pupil contracts from the chromatic stimulus between the initial pupil diameter
measurement and the minimum pupil diameter measurement. The latency of maximum

contraction velocity (LMCV) is determined by calculating the time point for each pupil response
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at which the maximum rate of pupil contraction (MCV) occurs for each chromatic stimulus
generated by the chromatic beam emitters 130 at the various test locations. Referring to Fig. 3,
an example pupil response to chromatic stimuli indicating measured parameters maximum
constriction velocity (MCV) and latency of maximum constriction velocity (LMCV) is depicted.
As discussed below with respect to the experimental study, the example chart in Fig. 3 depicts
the recorded pupil diameter constriction and de-constriction over a period of 4 seconds where
the chromatic stimulus was presented during the first second. As shown, latency of maximum
constriction velocity (LMCV) is the time interval from the initialization of the chromatic

stimulus to the time point at which maximum constriction velocity (MCV) is achieved.

[0047] Additionally, the controller 110 controls emission wavelength, intensity and duration of
the plurality of chromatic beam emitters 130, which are communicatively coupled to the
controller 110 to generate the chromatic stimuli. The chromatic beam emitters 130 are
structurally configured to generate chromatic stimuli within a blue portion of the visible
electromagnetic spectrum or within a red portion of the visible electromagnetic spectrum. The
chromatic beam emitters 130 that generate chromatic stimuli within the blue portion of the
visible electromagnetic spectrum may be independent from the chromatic beam emitters 130 that
generate chromatic stimuli within the red portion of the electromagnetic spectrum. Conversely,
the chromatic beam emitters 130 that generate chromatic stimuli within the blue portion of the
visible electromagnetic spectrum may be the same chromatic beam emitters 130 that generate
chromatic stimuli within the red portion of the electromagnetic spectrum. The chromatic beam
emitters 130 are driven by the controller 110 providing an emitter drive signal indicative of a
wavelength within the blue or red portion of the visible electromagnetic spectrum. In doing so,
the controller 110 may also control emission wavelength by changing the emitter drive signals

between blue and red portions of the visible electromagnetic spectrum.

[0048] The blue chromatic stimuli emission wavelength has a peak value lying in a range from
about 410 nm to about 520 nm or from about 480 nm to about 490 nm. The red chromatic
stimuli emission wavelength has a peak value lying in a range from about 550 nm to about 700
nm or from about 620 nm to about 630 nm. The peak value generally varies by about +/- 5 nm.
In some embodiments, the red chromatic stimuli have a luminance between about 3 cd/m? and
about 7000 cd/m>. In other embodiments, the red chromatic stimuli have a luminance between
about 500 cd/m” and about 2000 cd/m?, preferably about 1000 cd/m”. The intensity of the red

chromatic stimuli is between about 2 and about 5 times greater than the blue chromatic stimuli
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intensity. However, in other embodiments, the red and blue chromatic stimuli approximate the

minimum intensity yielding a pupil response to the stimuli in healthy participants.

[0049] In embodiments, the chromatic beam emitters 130 are light emitting diodes. In other
embodiments the chromatic beam emitters 130 may be a liquid crystal display, plasma display or
the like where portions of the display are defined by the controller 110 to generate chromatic
stimuli. Regardless of the element implemented as the chromatic beam emitters 130, the
chromatic beam emitters 130 are optically configured to generate a spot size of about 1.8 mm in
the visual field. Similarly, in some embodiments, the chromatic beam emitters are optically

configured to generate a spot size of between about 0.5 mm and about 8§ mm in the visual field.

[0050] In operation, the above-described system is capable of preforming at least the following
methods described in detail herein. In one embodiment, once a subject eye is positioned in the
ocular fixture and dark-adapted, the controller 110 drives selected ones of the chromatic beam
emitters 130 within the blue and red portions of the visible electromagnetic spectrum to generate
LMVC signals in response to the blue and red chromatic stimuli generated by the chromatic
beam emitters 130. The controller drives the chromatic beam emitters such that the red
chromatic stimuli intensity is at least 2 times greater than blue chromatic stimuli intensity.
Subsequently, the state of health of the subject eye is determined as an objective function of the

LMCYV signals.

[0051] In another embodiment, once the subject eye is positioned in the ocular fixture and dark-
adapted, the controller 110 drives selected ones of the chromatic beam emitters 130 in a first
illumination mode and records the temporal pupil response of the subject eye with the camera
120. The temporal pupil response data is used to generate PPC or MCV signals representative
of the subject eye positioned at the ocular fixture in response to the chromatic stimuli of the
chromatic beam emitters in the first illumination mode. The controller determines a functional
visual field using the generated PPC or MCV signals. A normal function visual field is an island
of vision measuring 90 degrees temporally to central Fixation, 50 degrees superiorly and nasally,
and 60 degrees inferiorly. The controller 110 uses the functional visual field to select and drive
chromatic beam emitters 130 in a second illumination mode. The controller generates LMCV
signals representative of the subject eye in response to the second illumination and thus
determines the state of health of the subject eye as an objective function of the LMCV signals.

In some embodiments, the controller selects and drives chromatic beam emitters to define an
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illuminated portion of the visual field of the pupilometer and the illuminated portion of the
visual field of the pupillometer does not exceed substantially beyond the functional visual field
of the subject eye. In other embodiments, the controller selects and drives chromatic beam
emitters to define an illuminated portion of the visual field of the pupilometer and the
illuminated portion of the visual field of the pupillometer is substantially congruent with the

functional visual field of the subject eye.

[0052] The first illuminance mode and the second illuminance mode may be multi-chromatic
stimuli comprising red and blue chromatic stimuli. In some embodiments, the red chromatic
stimuli may have a luminance between about 3 cd/m* and about 7000 cd/m* In other
embodiments, the red chromatic stimuli may have a luminance between about 500 cd/m* and
about 2000 cd/m*. The intensity of the red chromatic stimuli may be between about 1 and about
1000 times the intensity of the blue chromatic stimuli. The red chromatic stimuli may have a
luminance of about 1000 cd/m* and the intensity of the red chromatic stimuli may be between

about 2 and about 5 times greater than the blue chromatic stimuli intensity.

[0053] In embodiments, should the participant blink during activation of the chromatic stimulus
or for a period thereafter, the chromatic stimulus at that test location is retested. As a non-
limiting example, should the participant blink during the first 2.5 seconds after the chromatic
stimulus onset the results are automatically excluded and the test location is retested. Alternate
periods may be implemented to acquire unimpeded temporal pupil contraction data.
Additionally, the period for dark-adapting the subject eye prior to testing is between about O

minutes and about 120 minutes or between about 2 minutes and about 10 minutes.
[0054] Experimental Study and Results

[0055] The system and method described herein may be better understood from the following
experimental study and analysis of results. The study demonstrated the feasibility of using a
chromatic multifocal pupillometer for objective diagnosis of retinitis pigmentosa (RP). The
study was conducted on the right eye of 29 participants (16 healthy subjects and 13 retinitis
pigmentosa (RP) patients). The objective of the study was to assess visual field (VF) defects
and retinal cell function in healthy subjects and patients with retinal dystrophy using a chromatic
multifocal pupillometer as described and implemented herein. The captured pupil responses

were analyzed by mapping different pupil light response parameters across different locations of
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the VF in response to red and blue light. Correlations identified among the pupil response
parameters, red and blue chromatic stimuli at different test points and known eye health of the
participants indicated a chromatic multifocal pupilometer according to the system and method

described herein may be used for objective diagnosis of RP and assessment of VF defects.

[0056] The chromatic multifocal pupillometer-based objective perimeter included 76 LEDs, i.e.,
target locations, having a target size of 1.8 mm in diameter. The VF of RP patients was assessed
using the pupillometer and was compared with the patients’ dark adapted Goldmann visual field

(DA-GVF) results as well as the pupillometry results of healthy subjects.

[0057] Sixteen normal healthy volunteers, age-matched with patients, (see below; six males, ten
females; mean + SD age: 38.4 + 15.6 years; range: 2677 years) were included in the study.
Inclusion criteria were normal eye examination, best-corrected visual acuity (BCVA) of 20/20,
normal color vision, no history of past or present ocular disease, no use of any topical or
systemic medications that could adversely influence efferent pupil movements, and normal 24-2
Swedish Interactive Threshold Algorithm (SITA), developed for the Humphrey standard
perimeter (Humphrey Field Analyser II, SITA 24-2; Carl Zeiss Meditec, Inc., Jena, Germany).

[0058] The study patient group comprised 13 patients with retinitis pigmentosa (RP) (3 females
and 10 males; mean + SD age: 36.15 + 14.6 years; range: 20-65 years). Inclusion criteria for RP
patients were typical abnormal fundus appearance and a previously recorded ERG that was
abnormal under scotopic or photopic conditions or both (in compliance with the protocol of the
International Society for Clinical Electrophysiology of Vision (ISCEV) and typical abnormal

Kinetic Chromatic Goldmann test results).

[0059] Exclusion criteria were a concurrent ocular disease and any other condition affecting the
pupil response to light. Data recorded for all patients included gender, diagnosis and ERG
responses. Patients were tested for best-corrected visual acuity and for color vision by

Farnsworth D15 test. The right eyes of both healthy and RP participants were examined.

[0060] Light Stimuli: Light stimuli were presented using a Ganzfeld dome apparatus, an
example of which is illustrated in Figs. 1 and 2, placed 330 mm from the patient’s eye. All tests
were performed in a dark room. The untested eye was covered. Participants were asked to
fixate on a white fixator (0.9 cd/rnz, as shown in Fig. 1, 140) at the center of the dome. Stimuli

were presented from 76 targets (LEDs), i.e., chromatic beam emitters 130, with diameter of 1.8
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mm? in a VF of 16.2 degrees. The wavelength and intensity of the chromatic stimuli selected for
this study was 624 + 5 nm, 1000 cd/m? for the long wavelength (red light) and 485 £ 5 nm, 200
cd/m* for short wavelength stimuli (blue light). The light intensities were chosen after
preliminary calibrations that enabled us to identify the minimal stimulus intensity that yielded a
substantial pupil response (PR) in five normal participants. The background luminance was 0.05

cd/m?. The stimulus duration was 1 second and the inter-stimulus interval was 4 seconds.

[0061] Pupil diameter was recorded in real time by a computerized infrared high-resolution
camera, e.g., camera 120 is shown in Fig. 1, that recorded the pupil diameter at a frequency of
30Hz. The software (Accutome Inc.) searched for and measured the pupil in every image. The
pupil diameter was measured in pixels with an accuracy of 0.1 mm. Prior to testing, the subjects
were dark adapted for five minutes. Tests in which the subject blinked during the first 2.5 sec

following stimulus onset were automatically excluded, and the targets were retested.

[0062] Analysis of Pupil Responses: During the recording of the pupil diameter in response to

each chromatic stimulus, five parameters were calculated within the software, e.g., the
computer-readable instruction set that was stored in the non-transitory memory of the controller,
using the change in pupil diameter over time. The five parameters included, but were not
limited to, the initial diameter of the pupil (in pixels), the minimum pupil diameter (in pixels),
the percentage of pupil contraction (PPC), Maximal Contraction Velocity (MCV, in pixel/sec),
and the Latency of the Maximal Contraction Velocity (LMCV, in sec). The PPC was determined

using the following formula, as we previously described:

c Initial Pupil Diameter — Minimum Pupil Diamater 100
— *
Initial Pupil Diameter

[0063] The MCV was determined by calculating the maximum rate at which the pupil contracts
from the light stimulus between the initial pupil diameter measurement and the minimum pupil
diameter measurement. The LMCV was determined by calculating the time point for each pupil
response at which the maximum rate of pupil contraction (MCV) occurs from each light

stimulus.

[0064] RP patients were tested for kinetic VF by dark-adapted chromatic Goldmann perimetry
(DA-GVF). A Goldmann perimeter (940-ST; Haag-Streit AG, Liebefeld, Switzerland) was used

to map patients’ conventional and two-color dark-adapted VFs. Patients were dark adapted for
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30 minutes prior to testing. The setting used for stimuli were II3c for the long-wavelength
stimulus and 2 log units lower in luminance (II3C) for the short-wavelength stimulus. For
quantification of functional DA-GVF, a schematic representation of the pupillometer target
points was overlaid on the DA-GVF, and pupilometer targets that were within “seeing” areas by
the DA-GVF were scored as 1. Pupilometer targets that were in “non-seeing” areas by the DA-
GVF were scored as 0. Fraction of functioning VF was calculated as the sum of scores divided

by 76.

[0065] Statistical analysis: Statistical analyses were performed using Excel and R 3.0.1. Results

were presented as mean + standard error. Student's T-test was used to evaluate demographic
differences between patients and controls. Test-retest reliability of the pupil response
measurements were calculated using Pearson correlation and the correlation between
pupillometer recordings and dark-adapted Goldman were calculated with Spearman’s rho test.
Variability in LMCYV recordings was measured by the mean absolute deviation, and this measure
was compared between the study group and the control group using a two-sided Wilcoxon—
Mann-Whitney test. The effects of using fewer test-points and the robustness of the LMCV for
discrimination was examined via simulation by randomly selecting n test-points (n=5, 10,
15,..75) and calculating the Area Under the Curve (AUC) obtained using the LMCYV based on

these n points; this was done for 200 repeats and the mean AUC for each n thus obtained.

[0066] The pupil response parameters with respect to each test point for red and blue light
stimuli were characterized for each of the control participants. Figs. 4A-4F demonstrate maps of
mean PPC (Figs. 4A and 4B), MCV (Figs. 4C and 4D), and LMCV (Figs. 4E and 4F) recorded
from control participants in each test point location, in response to red light stimuli (Figs. 4A,
4C, 4E) and blue light stimuli (Figs. 4B, 4D, 4F). The mean PPC recorded in response to blue
light stimuli ranged from 13-28% at different test point locations (mean + SE: 19.4+0.22,) and
was significantly higher compared with the red light stimuli (range 7-22%, mean + SE: 12+0.2 ,
t-test p<0.0001), even though the red light stimuli were presented at a five-fold higher intensity
than the blue light stimuli. Similarly, the mean MCV was significantly higher in response to blue
light stimuli (range 28-43 pixel/sec, mean + SE: 37+0.3 pixel/sec) as compared with the red light
stimuli (range 18-36 pixel/sec, mean + SE: 23.17+3, t-test p=2x10-7). There was no significant
difference in the mean LMCYV between the red and blue light (range 0.6-0.8 sec, t-test p=0.11).
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[0067] Higher PPC was recorded in central locations of the VF compared to peripheral locations
in response to both red and blue light (Figs. 4A and 4B). A similar pattern of faster mean MCV
in central locations compared to peripheral locations was clearly demonstrated in response to red
light stimuli (Fig. 4C). The central-peripheral gradient pattern was less evident in response to
blue light (Fig. 4D). The LMCV parameter was relatively constant throughout the VF field, in
response to both red and blue light with an interquartile range of 0.6-0.7 seconds. The longest
LMCYV values were measured at peripheral test points in response to both wavelengths (Figure

4E and 4F).

[0068] Referring to Figs. SA-5F, the test and retest results of PPC (Fig SA and 5B), MCV (Figs.
5C and 5D) and LMCV (Figs. 5SE and 5F) in healthy subjects in response to red light stimuli
(Figs. 5A, 5C, 5E) and blue light stimuli (Figs. 5B, 5D, 5F). The x-axis of each plot corresponds
to the first test and the y-axis of each plot corresponds to the retest. Test reliability was assessed
by retesting 6 healthy controls and examining pupil response data originating from 685 stimuli
(319 blue, 366 red). A good linear correlation between the test and the retest was demonstrated
for the parameter PPC for both colors (red — R2=0.721, p<0.0001, Fig. 5A; blue — R2=0.762,
P<0.0001, Fig 5B). The MCV parameter demonstrated lower but still reasonable correlation
between test and retest (red — R2= 0.522, p<0.0001, Fig. 5C; blue- R2=0.513, P<0.0001, Fig.
5D). The lowest correlation between test and retest was recorded for the LMCV parameter (red

—R2=10.208, p<0.0001, Fig. SE; blue- R2=0.419, P<0.0001, Fig. 5F).

[0069] Additionally, the relationship between disease severity and the pupil response parameters
was analyzed. RP patients demonstrated diminished pupil responses in correlation with disease
severity. Thirteen RP patients were divided into 2 groups, based on their DA-GVF testing
results. Group A consisted of 5 patients with some functional DA-GVF in response to red and
blue light, while Group B included 8 patients with a severe disease with no detection of either

blue or red light in the DA-GVF (Table 1).
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[0070] Table 1 - Summary of Patient Characteristics

ERG
ST | S e |
Subject | Gender | Age | Diagnosis | BCVA | Group adapted P flash ERG
response ERG b- ERG b-
v ERG a-wave a-wave
wave wave

Max{ IT Max IT Max | IT | Max | IT |Max | IT

1 M 34 RP 20i40 B ND{ NDO | ND | ND ND | ND | ND |ND | ND [ND
2 M 44 RP 1724 A 74 4 100 | 85 | 245 | 148 | 3B 16 16| 26 | 33
3 F 34 RP 20i25 A MD { ND 15 17 114 42 21 6 | 33 |23
4 F 32 RP 20i32 A ND{ ND | ND | ND 5 36 MD |ND| 5 |30
5 M 20 us 1124 A 49 78 16 30 34 51 2 31 5 | 26
6 F 31 RP 20i20 A ND { ND 15 19 7 44 7 16 [ 13 | 46
7 M 27 RP 2050 B ND{ ND | ND | ND ND | ND | ND |ND | ND [ ND
8 i 55 RP 20/63 B ND{ ND | ND | ND ND | ND | ND |ND | ND [ND
24 i 21 RP 20/64 B ND { ND 8 14 26 57 9 26 | 22 | 38
25 i 22 RP 2%64 B ND § ND 15 17 17 44 16 {17 | 10 | 26
26 i 28 RP 20i20 B ND{ ND | ND | ND ND | ND | ND |ND | ND [ND
29 M 65 RP 20430 B ND{ ND | ND [ ND ND | ND | ND |ND | ND [ND
30 M 58 RP 2050 B ND{ ND | ND | ND ND | ND | ND |ND | ND [ND

[0071] Age is reported in years. Group A- indicated some light detection in response to both red
and blue by DA-GV. Group B- indicated no light detection in response to at least one color by
DA-GVF. Abbreviations: F- Female, M- Male, AS- Usher Syndrome, RP- Retinitis pigmentosa,
BCVA - Best corrected Visual Acuity, ERG — Electroretinography, IT — implicit time (in
milliseconds), Max — Maximal response (in [1V), ND — Not detected.

[0072] Referring to Figs. 6A-61, grayscale maps of mean PPC (6A-6C), MCV (6D-6F) and
LMCYV (6G-6I) recorded in each test point location in response to blue light in healthy subjects
(See Figs. 6A, 6D, and 6G), patients with intermediate stage of retinal degeneration (Group A;
Figs. 6B, 6E, and 6H), and patients with severe stage retinal degeneration (Group B; Figs. 6C,
6F, 6]) are illustrated. Grayscale coding was set with white color for normal values and darker
colors for values that were lower than normal. Normal values were set as the mean of healthy
subjects in each test point location. Deviation from normal was determined based on the
standard errors (SEs) calculated for each parameter in each target point in the healthy subjects.
Thus, for PPC and MCV parameters darkest color was used for test points in which the mean of
patients was lower than 5 SEs away from the mean of healthy subjects in those points. For the
LMCV parameter, darkest color was used for test points in which the mean of patients was
higher than 5 SEs away from the mean of healthy subjects in those points. In Group B, the mean

PPC and MCV parameters in response to the blue light were lower than 5 SEs away from the
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mean of healthy subjects in nearly all test point locations (Figs. 6C and 6F). Similarly, the mean
LMCYV was higher than 5 SEs away from the mean of healthy subjects in 68 out of the 76 test
points (Fig. 6I).

[0073] By contrast, the mean PPC recorded in Group A patients was equal to or was lower by
less than 2 SEs away from the mean of healthy subjects in majority of the VF (50 test points,
Fig. 6B). For 26 test points, mostly located in the periphery of the VF, the mean PPC of Group
B patients was lower than 2 SEs away from the mean of healthy subjects. The MCV and LMCV
parameters also demonstrated an intermediate defect in pupil response. Thus, in 33 and 25 test
point locations, the mean MCV and LMCYV, respectively, were lower than 3 SEs away from the

mean of healthy subjects (Figs. 6E and 6H).

[0074] Referring to Figs. 7A-71, the mean PPC (Figs. 7A, 7B and 7C), mean MCV (Figs. 7D,
7E, and 7F) and mean LMCV (Figs. 7G, 7H, and 7I) parameters in response to red light in
healthy subjects (Figs. 7A, 7D, and 7G), Group A patients (Figs. 7B, 7E, and 7H) and Group B
patients (Figs. 7C, 7F, and 7I) are illustrated using grayscale visual field charts, similar to Figs
6A-61. Figs. 7A-71 demonstrate the pupil responses to red light in healthy subjects and RP
patients. RP patients from both groups demonstrated lower PPC and MCV and longer LMCV
compared to healthy subjects, but to a smaller extent than the response to the blue light. Thus in
Group B, the mean PPC and MCV were lower than 5 SEs away from the mean of healthy
subjects in 35 and 57 test points, respectively (Figs. 7C and 7F). Similarly, comparing Group B
mean LMCV (Fig. 7I) to the mean LMCV (Fig. 7G) of healthy subjects, the Group B mean
LMCV was higher than 5 SEs away from the mean of healthy subjects in 50 test points as
compared to 68 points in response to blue light, Fig. 7). Group A demonstrated a milder
decline in pupil responses compared to Group B, with only 4 and 9 test points in which the PPC
and MCV were lower than 5 SEs away from the mean of healthy subjects, respectively (Figs. 7B
and 7E). The mean LMCV was higher than 5 SEs away from the mean of healthy subjects in 31
test points of the VF (Fig. 7H).

[0075] Additionally, the variability in LMCV parameter as a diagnostic tool for RP was
examined. As shown in Figs. 4A-4F and 6A-61, the LMCV parameter was relatively constant in
healthy subjects in response to blue and red light in majority of test point locations, ranging from
0.6 to 0.8 sec. By contrast, this parameter was highly variable between different test point

locations in RP patients, ranging from 0.6 to 1.7 and from 0.6 to 1.4 sec in response to the blue
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and red light, respectively (see Figs. 6A-61 and Figs. 7A-71). To evaluate the extent of the
variability in LMCV between different test point locations of the VF, the mean response for
each subject was determined (i.e., the mean LMCV among the subject's 76 test points). Then,
the mean absolute deviation was calculated as the mean of the absolute differences between the
mean and the measurements in each of the test points. Fig. 8 demonstrates for each participant a
boxplot depicting the distribution of the LMCV parameter for all testing points in response to
the red light. The mean absolute deviation in LMCYV in response to the red light between
different test points of each participant was significantly higher in patients with RP than in
healthy subjects (p-value <10-6, Wilcoxon—-Mann—Whitney test). In addition, the Mann—
Whitney—Wilcoxon test statistic indicated that a classification method based on measurement of
LMCYV in response to red light would have an area under the curve (AUC) of 0.97. Similarly,
the mean absolute deviation of LMCYV in response to the blue light between different test points
of each participant was significantly higher in patients with RP than in healthy subjects (p-value
= 10-4, Wilcoxon—-Mann—Whitney test, with AUC of 0.93, data not shown). There was no
significant difference in the absolute mean deviation of the PPC and MCV parameters between

RP patients and healthy controls.

[0076] Referring to Fig. 9, the mean absolute deviation in LMCYV in response to the red light
negatively correlated with the fraction of functional subjective VF determined by DA-GVF,
Spearman’s tho =-0.45, p=0.13. The highest mean absolute deviation in LMCV (>0.3) was
found in patients from Group B (no light detection). By contrast, lower mean absolute deviation

in LMCV (<0.3) was demonstrated in patients with some functional VF (Group A).

[0077] In an attempt to optimize the analysis of pupillometer-based perimetry and reduce testing
time a fewer number of test point locations were contemplated. Fig. 10 shows the mean and
standard deviation of the AUC obtained following a random selection of test-locations. As
shown in Fig. 10, randomly reducing the number of test points up to 15 does not significantly
reduce the AUC in RP diagnosis based on the absolute mean deviation of LMCV. The
AUC=0.90 suggests that the probability of LMCV to discriminate successfully a randomly
selected RP patient from a randomly selected healthy subject is 0.9.

[0078] The individual reports for 3 RP patients are presented in Figures 11-13 to illustrate the
pattern of recorded pupil response values compared with the results of subjective DA-GVF

testing. Referring to Figs. 11A-11F, the PPC, MCV and LMCYV results for patient #30 in
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response to blue light and red light stimuli recorded for each of the 76 test points of the 16.2
degree VF are illustrated. Patient #30 had no light detection by DA-GVF. PPC and MCV
parameters were lower than 5 SEs away from the mean of healthy subjects in 75 out of the 76
test points in response to blue light (Figs. 10A and 10B). The LMCV parameter was higher than
5 SEs away from the mean of healthy subjects in 48 of the 76 test points (Fig. 10C).

[0079] The pupil responses to red light were also significantly diminished throughout the VF,
with 69 and 74 out of the 76 test points presenting PPC and MCV lower than 4 SEs away from
the mean of healthy subjects (Fig. 11D and 11E). The LMCV parameter was higher than 5 SEs
away from the mean of healthy subjects in 38 test points (Fig. 11F). The mean absolute
deviation in LMCV in response to the red light for this patient was the largest recorded in this

study (0.47 sec).

[0080] Referring to Figs. 12A-12F, the PPC, MCV and LMCYV results for patient #4 in response
to blue light and red light stimuli recorded for each of the 76 test points of the 16.2 degree VF
are illustrated. Patient #4 had “Tunnel vision” by DA-GVF (Figs. 12A and 12E). The map of
PPC parameter in response to blue light correlated with the DA-GVF map. Thus, in peripheral
test point locations (“non-seeing” by DA-GVF), the PPC values were lower than 5 SEs away
from the mean of healthy subjects, whereas in central locations PPC values were only 1-3 SEs
lower than the mean of healthy subjects (Fig. 12B). The map of MCV demonstrated substantial
reduction of MCV throughout the VF, with MCV lower than 4 SEs than mean of normal
subjects in all 76 test points (Fig. 12C). The LMCV parameter was 1-2 SEs away from the
mean of healthy in 20 test points, mostly in central locations (Fig. 12D).

[0081] A similar “tunnel vision™ pattern of pupil responses was obtained in response to the red
light. The PPC and MCV parameters were equal to or only 1 SEs away from the mean of
healthy subjects in 14 and 8 central test point locations, respectively, whereas PPC and MCV
recorded in nearly all peripheral test points were over 5 SEs lower than the mean of normal
subjects (Figs. 12F and 12G). The LMCV parameter was close to normal (1-2 SEs away from
the mean of healthy subjects) in 38 test points, most of them were located at the center of the VF
(Fig. 12H). The mean absolute deviation in LMCYV in response to the red light for this patient

was intermediate (0.26 sec).
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[0082] Referring to Figs. 13A-13F, the PPC, MCV and LMCYV results for patient #3 in response
to blue light and red light stimuli recorded for each of the 76 test points of the 16.2 degree VF
are illustrated. Patient #3 had a larger fraction of functional chromatic dark-adapted Goldman
visual field (DA-GVF) than patient #4. Patient #3 had a significant functional portion of the
16.2 degree VF as determined by the subjective DA-GVF (Figs. 12A and 12E). The pupil
responses of this patient to both the red and blue light were equal to or 1-2 SE away from the
mean of healthy subjects in majority of test points located in functional areas determined by the
DA-GVF). The majority of areas that demonstrated substantially reduced PPC, MCV and
longer LMCYV compared to control (more than 2 SEs away from the mean of healthy subjects)
were mostly located in “non-seeing” areas determined by the DA-GVF (Figure 13). The mean

absolute deviation in LMCV in response to the red light for this patient was small (0.16 sec).

[0083] It is contemplated that the system and method for performing objective perimetry and
diagnosis of patients with retinitis pigmentosa and other ocular diseases is a valuable diagnostic
tool for RP. The test point locations in which the parameters PPC and MCV were lower than
four standard errors away from the mean of normal subjects, correlated with areas that were
abnormal (“non-seeing”) by dark adapted chromatic Goldmann. RP patients with severe VF
loss presented more testing points that substantially differed from the mean of normal subjects
as compared with patients with a moderate loss of VF, particularly in response to the blue light
stimuli. Patients with some functional VF demonstrated reduced PLR particularly in peripheral
test points and in response to the blue light stimuli. The pathology of RP is characterized by loss
of rod function that exceeds the reduction of cone function and VF loss typically begins with
peripheral VF constriction. The findings that pupil response to blue light in RP patients was
more affected than the pupil response to red light stimuli strongly suggest that the pupil response
to blue light measured by the chromatic multifocal pupillometer herein described is mediated
mainly by rods, whereas the pupil response to red light is mediated mainly by cones. Hence, the
chromatic multifocal pupillometer enables objective non-invasive assessment of the function of

rods and cones at distinct locations of the VF.

[0084] Although the intensity of blue light stimulus used was 5 fold lower than the red light
stimulus, the pupil responses to blue light stimulus in healthy subjects were stronger than the
responses to red light stimuli in the same test locations (Fig. 4). These findings may be
explained by the lower number of cones compared with rods in the human retina, the smaller

receptive fields of cones and their lower sensitivity for light compared with rods.
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[0085] The LMCV parameter recorded in response to red light appears to be is a useful tool for
noninvasive and objective diagnosis of RP with an AUC of 0.97. The computer-based random
clustering analysis suggested that shortening test duration may be possible with computational
clustering, without reducing the sensitivity and accuracy of RP diagnosis. Thus, testing of only
15 test points in response to red light stimuli, which is predicted to take about 1 minute would
enable diagnosis of RP with AUC of 0.9. Importantly the study group included RP patients at
different stages of the diseases, some with substantial functional 16.2 degree VF (such as patient
#3) and some patients that had no light detection (such as patient #30), further emphasizing the
high specificity and sensitivity of the LMCV score. It is contemplated that using a chromatic
multifocal pupillometer at a larger VF, e.g., about 30 degree, and a larger cohort of patients, and
healthy subjects, would include a more thorough computational optimization for clustering,

based on the results of random reduction of target locations.

[0086] The chromatic multifocal pupillometer device presented here was built to enable
mapping of the central visual field. The choice to examine the device and method in RP patients
was due to their pathology that facilitates the differentiation between cone and rod function.
Examination of other ocular diseases may include patients with other blinding diseases, such as
patients with macular degeneration and glaucoma, using a device that enables 30 degree VF

testing.

[0087] It is further contemplated that including follow-up pupillometry and Optical Coherence
Tomography (OCT) testing will allow analysis of longitudinal changes in pupillary response
with respect to disease progression and in comparison with structural findings. The
pupillometer test results were compared with DA-GVF, to enable evaluation of cone and rod
responses. In other evaluations, a larger patient group may be tested and the pupillometer results

may be compared with the more commonly used Humphrey perimetry.

[0088] Taken together, the results suggest direct correlation between ‘“seeing” and pupil
response function of the retina. The system and method described herein may facilitate
objective perimetry and assessment of function of retinal photoreceptors with minimal patient
cooperation and minimal technician training. The system and method is also predicted to be less

stressful for tested subjects as they are unaware of the test results.



WO 2017/123710 PCT/US2017/013122

26

[0089] For the purposes of describing and defining the present invention, it is noted that
reference herein to a characteristic of the subject matter of the present disclosure being a
“function of” a parameter, variable, or other characteristic is not intended to denote that the
characteristic is exclusively a function of the listed parameter, variable, or characteristic.
Rather, reference herein to a characteristic that is a “function” of a listed parameter, variable,
etc., is intended to be open ended such that the characteristic may be a function of a single

parameter, variable, etc., or a plurality of parameters, variables, etc.

[0090] It is also noted that recitations herein of “at least one” component, element, etc., should
not be used to create an inference that the alternative use of the articles “a” or “an” should be
limited to a single component, element, etc. As used herein, the term “and/or” includes any and
all combinations of one or more of the associated listed items. It will be further understood that
the terms “comprises” and/or “comprising,” or “includes” and/or “including” when used in this
specification, specify the presence of stated features, regions, integers, steps, operations,
elements, and/or components, but do not preclude the presence or addition of one or more other
features, regions, integers, steps, operations, elements, components, and/or groups thereof. The
term “or a combination thereof” means a combination including at least one of the foregoing

elements.

[0091] It is noted that recitations herein of a component of the present disclosure being
"configured" or “programmed” in a particular way, to embody a particular property, or to
function in a particular manner, are structural recitations, as opposed to recitations of intended
use. More specifically, the references herein to the manner in which a component is
"configured" or “programmed” denotes an existing physical condition of the component and, as

such, is to be taken as a definite recitation of the structural characteristics of the component.

’

[0092] It is noted that terms like “preferably,” “commonly,” and “typically,” when utilized
herein, are not utilized to limit the scope of the claimed invention or to imply that certain
features are critical, essential, or even important to the structure or function of the claimed
invention. Rather, these terms are merely intended to identify particular aspects of an
embodiment of the present disclosure or to emphasize alternative or additional features that may

or may not be utilized in a particular embodiment of the present disclosure.
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[0093] For the purposes of describing and defining the present invention it is noted that the
terms “substantially” and “about” are utilized herein to represent the inherent degree of
uncertainty that may be attributed to any quantitative comparison, value, measurement, or other
representation. The terms “substantially” and “about” are also utilized herein to represent the
degree by which a quantitative representation may vary from a stated reference without resulting

in a change in the basic function of the subject matter at issue.

[0094] Having described the subject matter of the present disclosure in detail and by reference to
specific embodiments thereof, it is noted that the various details disclosed herein should not be
taken to imply that these details relate to elements that are essential components of the various
embodiments described herein, even in cases where a particular element is illustrated in each of
the drawings that accompany the present description. Further, it will be apparent that
modifications and variations are possible without departing from the scope of the present
disclosure, including, but not limited to, embodiments defined in the appended claims. More
specifically, although some aspects of the present disclosure are identified herein as preferred or
particularly advantageous, it is contemplated that the present disclosure is not necessarily limited

to these aspects.

33

[0095] It is noted that one or more of the following claims utilize the term “wherein” as a
transitional phrase. For the purposes of defining the present invention, it is noted that this term
is introduced in the claims as an open-ended transitional phrase that is used to introduce a
recitation of a series of characteristics of the structure and should be interpreted in like manner

as the more commonly used open-ended preamble term “comprising.”
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CLAIMS
1. A method for determining a state of health of an eye using a pupillometer, wherein:
the pupillometer comprises an ocular fixture, a testing compartment, at least one camera,
and a controller;
the testing compartment comprises a plurality of chromatic beam emitters arranged about
a visual field of the pupillometer;
selected ones of the chromatic beam emitters are structurally configured to generate
chromatic stimuli within a blue portion of a visible electromagnetic spectrum;
selected ones of the chromatic beam emitters are structurally configured to generate
chromatic stimuli within a red portion of the visible electromagnetic spectrum;
the ocular fixture is positioned to facilitate exposure of light sensitive ocular structures of
the eye to a blue and red chromatic stimuli of the chromatic beam emitters;
the camera is positioned to record temporal pupil contraction of the eye in response to
the blue and red chromatic stimuli of the chromatic beam emitters;
the controller controls emission wavelength, intensity, and duration of the chromatic
beam emitters;
the controller processes temporal pupil contraction data recorded by the camera to
generate a plurality of latent maximum contraction velocity (LMCV) signals representative of
the eye positioned at the ocular fixture in response to the blue and red chromatic stimuli at a
plurality of locations in the visual field of the pupillometer; and
the method comprises
positioning a subject eye at the ocular fixture,
driving the chromatic beam emitters with the controller to generate the
LMCYV signals using chromatic stimuli within the blue and red portions of the
visible electromagnetic spectrum, wherein the controller drives the chromatic
beam emitters such that red chromatic stimuli intensity is at least 2 times greater
than the blue chromatic stimuli intensity, and
determining the state of health of the subject eye as an objective function

of the LMCYV signals.

2. The method of claim 1, wherein the red chromatic stimuli intensity is between about 2 and

about 5 times greater than blue chromatic stimuli intensity.
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3. The method of claim 1, wherein the red chromatic stimuli has a luminance between about
500 cd/m? and about 2000 cd/m” and the red chromatic stimuli intensity is between about 2 and

about 5 times greater than the blue chromatic stimuli intensity.

4. The method of claim 1, wherein the red and blue chromatic stimuli approximate intensity

minima for yielding a pupil response to the chromatic stimuli in healthy participants.

5. The method of claim 1, wherein:

the blue chromatic stimuli emission wavelength has a peak value lying in a range from
about 450 nm to about 490 nm; and

the red chromatic stimuli emission wavelength has a peak value lying in a range from

about 620 nm to about 700 nm.

6. The method of claim 1, wherein:

the blue chromatic stimuli emission wavelength has a peak value lying in a range from
about 480 nm to about 490 nm; and

the red chromatic stimuli emission wavelength has a peak value lying in a range from

about 619 nm to about 630 nm.

7. The method of claim 1, wherein the chromatic beam emitters are driven to generate the red

and blue chromatic stimuli throughout a substantial entirety of the visual field.

8. The method of claim 1, wherein the visual field defines a viewing cone of about +/- 120

degrees, extending from the ocular fixture to the chromatic beam emitters.

9. The method of claim 8, wherein the viewing cone encompasses between about 1 and about

1000 chromatic beam emitters.

10. The method of claim 8, wherein the viewing cone encompasses between about 7 and about

76 chromatic beam emitters.
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11. The method of claim 1, wherein the testing compartment comprises:

a closed testing compartment comprising a viewing port disposed between the ocular
fixture and the plurality of chromatic beam emitters; or

an open testing compartment and the chromatic stimuli are generated in a dark room

comprising a background luminance of less than about 30 cd/m?.

12. The method of claim 1, wherein the testing compartment is provided in the form of a
substantially hemisphere bowl and the plurality of chromatic beam emitters are arranged about

the substantially hemisphere bowl.

13. The method of claim 1, wherein the controller controls emission wavelength by selectively

activating different ones of a set of red and blue chromatic beam emitters.

14. The method of claim 1, wherein the controller activates selected ones of the chromatic beam

emitters for a duration between about 0.1 seconds and about 60 seconds.

15. The method of claim 1, wherein:

the controller generates emitter drive signals indicative of a wavelength within the blue
or red portion of the visible electromagnetic spectrum; and

the controller controls emission wavelength by changing the emitter drive signals

between the blue and red portions of the visible electromagnetic spectrum.

16. A method for determining a state of health of an eye using a pupillometer, wherein:

the pupillometer comprises an ocular fixture, a testing compartment, at least one camera,
and a controller;

the testing compartment comprises a plurality of chromatic beam emitters arranged about
a visual field of the pupillometer;

selected ones of the chromatic beam emitters are structurally configured to generate
chromatic stimuli;

the ocular fixture is positioned to facilitate exposure of light sensitive ocular structures of
the eye to the chromatic stimuli of the chromatic beam emitters;

the camera is positioned to record temporal pupil contraction of the eye in response to

the chromatic stimuli of the chromatic beam emitters;
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the controller controls emission wavelength, intensity, and duration of the chromatic
beam emitters;
the controller processes temporal pupil contraction data recorded by the camera to
generate latent maximum contraction velocity (LMCV) signals and percentage of pupil
contraction (PPC) or maximal contraction velocity (MCV) signals representative of the eye
positioned at the ocular fixture in response to the chromatic stimuli of the chromatic beam
emitters at a plurality of locations in the visual field of the pupillometer; and
the method comprises
positioning a subject eye at the ocular fixture,
driving the chromatic beam emitters with the controller in a first
illumination mode to determine an extent of a functional visual field of the
subject eye from the PPC or MCV signals, and
driving the chromatic beam emitters with the controller in a second
illumination mode to determine the state of health of the subject eye as an
objective function of the LMCYV signals, wherein the controller selects and drives
the chromatic beam emitters based on the extent of the functional visual field

determined in the first illumination mode.

17. The method of claim 16, wherein:

the controller selects and drives the chromatic beam emitters to define an illuminated
portion of the visual field of the pupillometer; and

the illuminated portion of the visual field of the pupillometer does not extend

substantially beyond the functional visual field of the subject eye.

18. The method of claim 16, wherein:

the controller selects and drives the chromatic beam emitters to define an illuminated
portion of the visual field of the pupillometer; and

the illuminated portion of the visual field of the pupillometer is substantially congruent

with the functional visual field of the subject eye.
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19. A pupillometer comprising:

an ocular fixture;

a testing compartment;

at least one camera; and

a controller, wherein

the testing compartment comprises a plurality of chromatic beam emitters arranged about
a visual field of the pupillometer,

selected ones of the chromatic beam emitters are structurally configured to generate
chromatic stimuli within a blue portion of a visible electromagnetic spectrum,

selected ones of the chromatic beam emitters are structurally configured to generate
chromatic stimuli within a red portion of the visible electromagnetic spectrum,

the ocular fixture is positioned to facilitate exposure of light sensitive ocular structures of
an eye to a blue and red chromatic stimuli of the chromatic beam emitters,

the camera is positioned to record temporal pupil contraction of the eye in response to
the blue and red chromatic stimuli of the chromatic beam emitters,

the controller controls emission wavelength, intensity, and duration of the chromatic
beam emitters,

the controller processes temporal pupil contraction data recorded by the camera to
generate a latent maximum contraction velocity (LMCV) signal representative of the eye in
response to the blue and red chromatic stimuli of the chromatic beam emitters, and

the controller is programmed to drive the chromatic beam emitters to generate chromatic
stimuli within the blue and red portions of the visible electromagnetic spectrum such that red
chromatic stimuli intensity is at least 2 times greater than blue chromatic stimuli intensity for

generation of the latent maximum contraction velocity (LMCV) signal.
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20. A pupillometer comprising:

an ocular fixture;

a testing compartment;

at least one camera; and

a controller, wherein

the testing compartment comprises a plurality of chromatic beam emitters arranged about
a visual field of the pupillometer,

selected ones of the chromatic beam emitters are structurally configured to generate
chromatic stimuli,

the ocular fixture is positioned to facilitate exposure of light sensitive ocular structures of
an eye to the chromatic stimuli of the chromatic beam emitters,

the camera is positioned to record temporal pupil contraction of the eye in response to
the chromatic stimuli of the chromatic beam emitters,

the controller controls emission wavelength, intensity, and duration of the chromatic
beam emitters,

the controller processes temporal pupil contraction data recorded by the camera to
generate latent maximum contraction velocity (LMCV) signals and percentage of pupil
contraction (PPC) or maximal contraction velocity (MCV) signals representative of the eye
positioned at the ocular fixture in response to the chromatic stimuli of the chromatic beam
emitters at a plurality of locations in the visual field of the pupillometer; and

the controller is programmed to

drive the chromatic beam emitters in a first illumination mode to determine an
extent of a functional visual field of a subject eye from the PPC or MCV signals, and
drive the chromatic beam emitters in a second illumination mode to determine a
state of health of the subject eye as an objective function of the LMCYV signals, wherein
the controller selects and drives the chromatic beam emitters based on the extent of the

functional visual field determined in the first illumination mode.
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Box No. I Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. l:l Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. D Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:
This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees must be paid.

Group |: Claims 1-15, 19: Directed towards a pupilometer wherein selected ones of the chromatic beam emitters are structurally
configured to generate chromatic stimuli within a blue portion of a visible electromagnetic spectrum; selected ones of the chromatic
beam emitters are structurally configured to generate chromatic stimuli within a red portion of the visible electromagnetic spectrum; that
the controller is programmed to drive the chromatic beam emitters to generate chromatic stimuli within the blue and red portions of the
visible electromagnetic spectrum such that red chromatic stimuli intensity is at least 2 times greater than blue chromatic stimuli intensity
and utilizing this data to determine the health of the subject.

--—- see extra sheet -—-

1. IZ As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. E] No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

@ No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (January 2015)
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A. CLASSIFICATION OF SUBJECT MATTER
IPC(8) - A61B 3/11, 3/14 (2017.01)

CPC

- AB1B 3/112, A61B 3/0008, A61B 3/1005, A61B 3/145, A61B 3/14, A61B 2576/00, A61B 2576/02

According to International Patent Classification (IPC) or to both national classification and IPC

B.  FIELDS SEARCHED

See Search History Document

Minimum documentation searched (classification system followed by classification symbols)

See Search History Document

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of

See Search History Document

data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X WO 2015/063598 A1 (TEL HASHOMER) 05 May 2015 (05.05.2015) Entire document, 1-15, 19

- especially Abstract, p1, In 4-5, p15, In 14- p17, In 17, p20, In 26- p27,In 9, p41, In 8-28 and e

A FIGS. 1-2, 29-33. 16-18, 20

A US 2015/0201828 A1 (HARA) 23 July 2015 (23.07.2015) Entire document, especially Abstract, | 16-18, 20
para[0013]- para[0014]}, para[0029]- para[0035].

A US 5,490,098 A (KARDON) 06 February 1996 (06.02.1996) Entire document, especially 16-18, 20
Abstract, col 2, In47-col 3, In 12.

A US 7,802,900 B2 (SUBA) 28 September 2010 (28.09.2010) Entire document. 1-20

A «t RU 2508898 C2 (FEDERAL NOE) 14 February 2012 (14.02.2012) Entire document. 1-20

A US 2009/0213329 At (KANDEL et al.) 27 August 2009 (27.08.2009) Entire document. 1-20

A US 2015/0245766 A1 (RENNAKER et al.) 03 September 2015 (03.09.2015) Entire document. 1-20

A US 2012/0008091 A1 (STEWART) 12 January 2012 (12.01.2012) Entire document. 1-20

A US 2004/0105075 A1 (KENDEL et al.) 03 June 2004 (03.06.2004) Entire document. 1-20

D Further documents are listed in the continuation of Box C.

I:l See patent family annex.

* Special categories of cited documents:

“A” document defining the general state of the art which is not considered
to be of particular relevance

“E” earlier application or patent but published on or after the international
filing date

“L” document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“0” document referring to an oral disclosure, use, exhibition or other
means

“P” document published prior to the international filing date but later than

the priority date claimed

“T” later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

“X” document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y” document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&” document member of the same patent family

Date of the actual completion of the international search

25 April 2017

Date of mailing of the international search report

02 JUN 2017

Name and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571-273-8300
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Lee W. Young

PCT Helpdesk: 571-272-4300
PCT OSP: 571-272-7774
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-~--———-—- Continuation of Box IIl: Observations where unity of invention is lacking (Continuation of item 3 of first sheet) -—-—-—--—--

Group li: Claims 16-18, 20: Directed towards a pupilometer that the controller processes temporal pupil contraction data recorded by the
camera to generate percentage of pupil contraction (PPC) or maximal contraction velocity (MCV) signals representative of the eye
positioned at the ocular fixture in response to the chromatic stimuli of the chromatic beam; drive the chromatic beam emitters in a first
illumination mode to determine an extent of a functional visual field of a subject eye from the PPC or MCV signals, and drive the
chromatic beam emitters in a second illumination mode, wherein the controller selects and drives the chromatic beam emitters based on
the extent of the functional visual field determined in the first illumination mode.

The inventions listed as Groups I-1l do not relate to a single inventive concept under PCT Rule 13.1 because under PCT Rule 13.2 they
lack the same or corresponding technical features for the following reasons:

Special Technical Features
See Above

Common Technical Features

Groups |-l share the technical features of A pupillometer comprising: an ocular fixture; a testing compartment; at least one camera; and
a controller, wherein the testing compartment comprises a plurality of chromatic beam emitters arranged about a visual field of the
pupillometer, selected ones of the chromatic beam emitters are structurally configured to generate chromatic stimuli, the ocular fixture is
positioned to facilitate exposure of light sensitive ocular structures of an eye to the chromatic stimuli of the chromatic beam emitters, the
camera is positioned to record temporal pupil contraction of the eye in response to the chromatic stimuli of the chromatic beam emitters,
the controller controls emission wavelength, intensity, and duration of the chromatic beam emitters, the controller processes temporal
pupil contraction data recorded by the camera to generate latent maximum contraction velocity (LMCV) signals and determine the health
of the subject based on this data. However, these common technical features are anticipated by WO 2015/063598 A1 (TEL
HASHOMER). TEL HASHOMER describes a pupillometer (p1, In 4-5) comprising: an ocular fixture (oculars 103, FIG. 1A; p15, In 14-
p16, In 9); a testing compartment (test compartment 101, FIG. 1A; p15, In 14- p16, In 9); at least one camera (camera 106, FIG. 1A; p15,
In 14- p16, In 9); and a controller (computer 109, FIG. 1A), wherein the testing compartment comprises a plurality of chromatic beam
emitters (chromatic beam emitters 105, FIG. 1A; p15, In 14- p16, In 9) arranged about a visual field of the pupillometer (see 105, FIGS.
1B-2B; p16, In 25-p 17, In 17), selected ones of the chromatic beam emitters are structurally configured to generate chromatic stimuli
(p20, In 26- p27, In 9; e.g. see p4, in 1-15), the ocular fixture is positioned to facilitate exposure of light sensitive ocular structures of an
eye to a blue and red chromatic stimuli of the chromatic beam emitters (FIGS. 1; p15, In 14- p16, In ), the camera is positioned to
record temporal pupil contraction of the eye in response to the blue and red chromatic stimuli of the chromatic beam emitters (p15, In 14-
p16, In 9), the controller controls emission wavelength, intensity, and duration of the chromatic beam emitters (p20, In 26- p27, In 9), the
controller processes temporal pupil contraction data recorded by the camera to generate a latent maximum contraction velocity (LMCV)
(FIGS. 30-33; p 41, In 8-28), and determine the health of the subject based on this data (p44, In 11-28, p4, In 14-34; p55, In 24-p 56, In
8; p41,In 14-28).

Accordingly, Groups I-Il lack unity under PCT Rule 13.

Form PCT/ISA/210 (extra sheet) (January 2015)
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