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(57 ABSTRACT

The invention features a three path Maxwellian view optical
system by which a stimulus test pattern may be ophthalmo-
scopically placed on small portions of the central 70° of the
retina of an eye. In alternative embodiments, different test
patterns may be used to obtain data relating to flash ERG,
pattern ERG (PERG), or flicker photometry. The location of
the stimulus test target on the retina may be tracked and
recorded by a spectral perimetry system. The invention
further provides a spectral sensitivity measurement system
in which electroretinogram (ERG) data is collected, trans-
mitted, processed, and displayed or stored.

23 Claims, 7 Drawing Sheets
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1
DEVICE FOR ERG SPECTRAL PERIMETRY

This application is a continuation of application Ser. No.
07/887,303, filed May 22, 1992 now U.S. Pat. No. 5,382,
987.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention generally relates to an apparatus
and method for eye examination. In particular, the invention
relates to a method and apparatus for ophthalmoscopically
projecting a stimulus test target onto a portion of the retina
of an eye so as to create a test target. The position of the test
target may be determined and recorded using a spectral
perimetry system. The invention also permits spectral sen-
sitivity measurement using collected electroretinogram
(ERG) data and allows this data to be recorded and stored.

2. Description of the Prior Art

A number of methods and devices are known for exam-
ining the retina of a human eye. Often these methods and
devices involve imaging devices. One such device is
described in U.S. Pat. No. 4,676,612 issued to Wada et at.
Wada et al. describes an apparatus comprising a target
projecting system for projecting onto a retina a target image
to be measured; a focalizing means, such as a TV monitor,
for detecting the focus of the target to be measured and for
focalizing it on the retina; an optical transfer function
measuring system for detecting and measuring the contrast
of the target image to be measured. The apparatus may
further comprise means for comparing the measured optical
transfer function with that of a normal eye and means for
rotating the target image around an optical axis.

U.S. Pat. No. 4,279,478 issued to Matsumura also dis-
closes an eye examining instrument for examination of the
retina. Matsumura’s apparatus uses a fixation object for
maintaining the direction of the eye’s line of vision, and a
bright test object movable in a plane conjugate with the
fundus of the eye with respect to an observation optical
system. The eye fundus image is guided to an image pickup
tube and displayed on a Braun tube. Recording paper and a
marker cooperating with the test object are also provided for
memorizing the position of the test object each time the
examination is completed. Images of the marks recorded on
the recording paper are superimposed on the eye fundus
image, observed, and photographed.

U.S. Pat. No. 4,991,953 issued to Pflibsen et al. describes
a scanning laser vitreous camera for imaging the vitreous of
an eye. The apparatus features an imaging instrument
wherein optics define first and second symmetrically placed
windows in the iris through which a slit illumination and an
observation beam synchronously scan a region of the vitre-
ous. In a preferred embodiment, the observation and illu-
mination paths are alternately interchanged to produce a pair
of stereo images formed along identical optical paths. Alter-
nately, a common scanning element illuminates the vitreous,
which is viewed along symmetrical left and right observa-
tion imaging paths.

Physicians have recorded ERG responses to a number of
different stimuli. A pattern onset-offset technique has been
used which employs color-contrast patterns composed of
elements discriminable only by hue but not by brightness or

" saturation. See 28 M. Korth et al., Luminance-Contrast
Evoked Responses and Color-Contrast Evoked Responses in
the Human Electroretinogram, Vision Res. 41 (1988).
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An earlier version of Korth’s work studied the transitions
between pattern and luminance-related responses. See M.
Korth, E.R.G. Responses to Patterned Light Stimuli, (1983).
There Korth produced pattern onset-offset stimuli using a
projected target beam split into two parallel paths and
recombined into a single beam. While the beam is split, a
shutter along one path is opened or closed to increase or
decrease the light content along that path in association with
pattern onset and offset resulting from the degree of vibra-
tion of the pattern.

Color flash stimulation has also been used to generate
ERG data and has been reported in S. Mills & H. Sperling,
Red/green Opponency in the Rhesus Macaque ERG Spectral
Sensitivity is reduced by Bicuculline, Visual Neuroscience
217 (1990).

Other work has employed pattern reversal stimulation to
evoke ERG responses using temporal alternations of a 500
nm checkerboard stimulus pattern superimposed on a uni-
form monochromatic field of experimentally variable wave-
length. S. Wu & J. Armington, Isolation of Scotopic Human
Electroretinograms Using Color Adaptation and Pattern
Reversal Stimuli, Vision Res. 1277 (1989).

There is known in the art a hand held ophthalmoscope
which projects flash ERG stimuli. This stimulator is ramored
to have been modified to also incorporate pattern ERG, but
not yet successfully. This device has no features for perim-
etry or spectral sensitivity determination.

The above described systems, while useful, do not permit
a physician to examine smaller areas within specific retinal
locations and to use Maxwellian view optics to stimulate the
small areas at high radiance levels in order to obtain large.
ERG signal amplitudes for analyses. Further, these systems
do not permit measurement of spectral sensitivity at different
positions on and at different afferent stages of the retina.

SUMMARY OF THE INVENTION

The invention provides an apparatus and method to mea-
sure the electrical response of the retina to lights of different
colors and spatial frequencies at specified and controllable
retinal loci with sufficiently small yet intense stimuli to
provide a fine grain map of localized changes in function. In
its preferred embodiment, the invention provides for “pat-
tern reversal” stimulation to excite ganglion cells (third
order) while allowing overall luminance to remain constant.

In one application of the method and apparatus of this
invention the ganglion cells of the eye, which are known to
die in glaucoma related diseases, can be selectively stimu-
lated. In the current state of diagnostic medicine, about one
half of the ganglion cells are dead before their death is
detected. Use of the apparatus and method of this invention
permits early and accurate identification of glaucoma-re-
lated problems. In some instances, early detection can
prevent blindness. Furthermore, the method and apparatus of
this invention are especially suited to identify the loss of
“blue response”, a condition which occurs in the onset of
glaucoma, before red and green losses are noted. Each of the
above is a diagnostic advantage not possible with known
prior art devices.

The invention includes a three-path Maxwellian view
ophthalmoscopy assembly by which an image containing a
flashing or pattern alternating stimulus test target may be
ophthalmoscopically placed on small portions of the retina
of an eye. The image is comprised of flashing discs of light
or alternating test pattern projections within a neutral back-
ground field. In alternative embodiments, different test pat-
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terns may be used to obtain data relating to flash ERG,
flicker photometry, i.e., ERG or psychophysical threshold
determination.

Flash ERG is the massed potential as a function of time
following the initiation of a flash stimulus. It has, separated
in time (a) an initial negative deflection called the a-wave
which comes from the rods and/or cones of the eye, (b) a
large positive deflection called the b-wave initiated in the
(second order) on-bipolar cells, (c) a second negative defiec-
tion called the c-wave which is of little interest, (d) a positive
deflection occurring with the offset of the stimulus, probably
initiated in the off-bipolars.

Flicker-photometric ERG is a technique wherein the
b-wave is titrated to find the intensity of the stimulus light
which when alternated with a constant (standard stimulus)
light produces a minimum b-wave. This is a technique for
objective light measurement. Using different wavelengths of
lights alternated with a standard white light it is used to
measure the spectral sensitivity of the eye.

The location of the stimulus test target on the retina may
be tracked and recorded by a spectral perimetry system. This
system provides a means for positioning the test target in a
particular location upon the retina. It also includes a means
for tracking said location which, in preferred embodiments,
comprises an x-y position sensing device, such as a radial
potentiometer, for tracking movement of coordinates on the
diaphragm for the two alternating beams within the field of
view.

The invention further provides a spectral sensitivity mea-
surement system in which electroretinogram (ERG) data is
collected, transmitted, processed, and displayed or stored.
The system also provides a wide-field ophthalmoscopic
view of the retina, upon which the target may be placed to
test selected areas of the retina.

In an alternate preferred embodiment of this invention one
or more CRT (cathode ray tube) devices are used to replace
the ophthalmoscopic assembly previously described. Such a
specialty adapted CRT device could display the necessary
pattern for transmission to the retinal surface and could at
the same time provide the necessary illumination to provide
viewing by the attending physician. The CRT device could
be used as a single device as the sensitivity of the retinal
service of each eye was measured separately or could be
used in combination to measure both eyes simultaneously.

BRIEF DESCRIPTION OF THE DRAWINGS

Further details are explained below with the help of the
examples illustrated in the attached drawings in which:

FIG. 1A depicts a schematic representation of an oph-
thalmoscopy assembly according to the present invention
showing the reticles in both the normal position perpendicu-
lar to the light path and in planar representation.

FIG. 1B is a schematic representation similar to that
shown in FIG. 1A but with the stimulus positioning assem-
bly shown in greater detail.

FIG. 2A is a perspective view of one embodiment of the
spectral perimetry stimulation apparatus according to the
present invention,
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FIG. 3A is a schematic representation of the stimulus

positioning assembly according to the present invention.
FIG. 3B is a perspective view of the electrode assembly
for detecting the electrical response of the retina.
FIG. 4 is a side view of the angular field of view of the
apparatus of this invention in relationship to the human eye.
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FIG. 5 is a schematic representation of the retina of the
eye showing the image from the reticle focused on a specific
spot.

FIG. 6 is a graphic representation of ERG amplitude
plotted as a function of intensity ratio and demonstrates the
way in which spectral sensitivity data is obtained from ERG
data.

FIG. 7 is a graphic representation of the characteristic
spectral sensitivity of a normal human eye.

FIG. 8 is a graphic representation of the pattern ERG
(PERG) data obtained over the central retina with the
spectral sensitivity apparatus of this invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

A preferred embodiment of the present invention is
depicted in FIGS. 1A and 1B. In accordance with the present
invention, there is provided a three-path Maxwellian view
ophthalmoscopy assembly to project an image containing a
stimulus test target onto a portion of the retina of an eye 10.
For purposes of this invention the phase “ophthalmoscopy
assembly” will be used interchangeably with the phrases
“optical stimulus apparatus for ERG measurement” and
“optical projection assembly.” Preferably, a single beam
creates a background light path while a second beam, or
target beam, is initially split into two parallel light beam
paths.

As shown in FIGS. 1A and 1B, the ophthalmoscopy
assembly portrayed features a first light source 11 and
second light source 12. The first light source 11 produces a
background light, and, in a particularly preferred embodi-
ment, comprises a tungsten halogen lamp which provides a
70° intense neutral background. Second light source 12 may,
in one embodiment, comprise a xenon arc lamp. The oph-
thalmoscopic subsystem may also include condenser lens
13, cold mirrors 14 and 15, collimator 16, and back mirror
17. Condenser lens 13 is a type of lens known in the art for
collecting energy from a light source. Cold mirror 14 is a
heat transmitting mirror of a type known in the art which
transmits infrared radiation while refiecting visible light. It
is highly preferred that cold mirror 14 be placed at a 45°
angle to its light source thereby permitting the infrared
radiation to be transmitted undeviated while reflecting the
visible light at a 90° angle from said light source. Collima-
tors, such as collimator 16, are devices known in the art for
producing relatively parallel beams of light. Preferred col-
limators are those which use color correction to bring as
much of the spectrum as possible to the same focus.

Beam splitters 24, 30 and 38 may comprise a number of
devices which reflect a portion of a light beam while
transmitting another portion of the light beam. Such devices
are well known in the art and include plate, pellicle cube-
type beam splitters, and bifurcated fiber optic bundles which
represent exemplary types of beam splitters. Back mirror 17
comprises a plane, front-surface mirror to reflect a beam
path.

The ophthalmoscopic subsystem may further include neu-
tral density wedges 20, neutral density filters, and interfer-
ence filters. It is highly preferred that these components be
placed, individually or in combination, along the split beam
paths between the beam splitter and the reticles. Holders 18
and 19 are shown schematically in FIG. 1 and are adapted
to hold such neutral density filters and interference filters. In
a preferred embodiment of this invention the holders 18 and
19 are supplemented by neutral density wedges 20. In such
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