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The system achieves the determination of pupillary threshold levels through the measurement of
supra-threshold responses at varying light intensities, which measured values are processed by a non-linear
regression routine to approximate threshold response. The system takes supra-threshold measurements by
means of a computerized pupillometer which is linked to an automated perimeter. The measurements are
sequentially taken at varied light intensities which are reiteratively selected in response to the comparison
between responses that have been previously measured during the test and a pre-stored response curve of
expected values. The measured values are then processed by a non-linear regression routine to indirectly
generate an estimated threshold level. The system is fully automated, produces accurate and reliable results,
and is not subject to the uncertainties which are attendant with the measurement of threshold levels by the
taking of subjective measurements. Field of the Invention This invention relates to the measurement of
pupillary threshold response in the eye. Description of the Prior Art One of the major problems facing the
ophthalmologist today is how to detect blinding eye disease early, decide on the cause, and institute treatment
before significant visual loss occurs. Many of the conditions affecting the optic nerve and retina are treatable;
these include glaucoma, compressive optic neuropathy from tumors, aneurysms, or Graves Disease ,
pseudotumor cerebri idiopathic intracranial hypertension , proliferative diabetic retinopathy, retinal
detachment, and forms of aging macular degeneration. Unfortunately, the present methods available for
screening for these diseases are not very satisfactory. Patients with early eye disease are frequently
asymptomatic and their diagnosis is often dependent upon a careful ophthalmologic examination. Even then,
early signs may go undetected. Difficult and time consuming tests of visual function are often necessary to
make the correct diagnosis, but they too can be normal early in the disease process. Furthermore, important
tests of visual function, such as those that assess visual acuity, visual fields, color vision, and contrast
sensitivity are typically subjective in nature. In addition, many patients are not capable of accurately
responding to subjective test measurements, as their judgment is often so clouded by their fears of blindness
that their responses tend to be unreliable. Thus, visual tests which are based upon subjective measurement are
inherently lacking in accuracy or reliability. Wherefore, there is a need for an improved system for assessing
visual loss that is more objective, efficient and reliable. Computerized methods of providing carefully
controlled light stimuli and precise recording of pupil movements in response to light are used to quantify the
pupillary light reflex. The present invention uses new methods to determine the threshold light intensity
needed for a pupillary response pupil threshold. The system of the present invention is based upon objective
rather than subjective measurements, can be completed in a short period of time, and provides accurate and
reliable results. The system achieves the determination of pupillary threshold levels through the measurement
of supra-threshold responses at varying light intensities, which measured values are processed by a non-linear
regression technique to approximate threshold response. The measurements are sequentially taken at varied
light intensities which are selected on a reiterative basis as a result of a comparison between pupil responses
measured during the test and pre-stored response curves of expected response values. Also shown on FIG. It
will nevertheless be understood that no limitation of the scope of the invention is thereby intended, such
alterations and further modifications in the illustrated device, and such further applications of the principles of
the invention as illustrated therein being contemplated as would normally occur to one skilled in the art to
which the invention relates. There will now be described an automated system and method for determining
pupillary threshold response through the measurement of supra-threshold responses at varied light intensities.
The system takes supra-threshold measurements by means of a computerized infrared pupillometer which is
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linked to an automated perimeter, and sequentially exposes the eye to varied light intensities which are
determined by a reiterative routine which compares responses that have been previously measured during the
test to expected responses based upon a pre-stored response curve array. The measured values are then
processed by a non-linear regression routine to approximate the threshold response level. A system according
to the present invention is schematically shown in FIG. As shown in this drawing, automated perimeter 10
includes means for exposing the eye to light over a range of intensities at a number of locations about the
visual field and measuring pupillary response thereto. Automated pupillometer 20 operates to control the
operation of automated perimeter 10 and processes measured responses received therefrom. Automated
pupillometer 20 includes, as shown in FIG. Automated pupillometer 20 further includes light stimulus
response array 22, means for receiving measured responses received from automated perimeter 10 and storing
the measured responses into light stimulus response array Pre-stored response curve array 24 stores expected
pupillary responses to a range of light intensities at each of said given number of locations. Reiterative light
stimulus intensity selection routine 25 sequentially determines subsequent light intensities to be applied to the
eye by automated perimeter 10 at each of said given locations based upon a comparison between responses
that have been previously measured during the test and expected responses derived from pre-stored response
curve array 24 for each given location. Non-linear regression analysis routine 26 then constructs a test
response curve array 27 from the measured responses that have been stored in light stimulus response array
Means for setting threshold response criteria 28, and means for applying a selected threshold response criteria
to test response curve array 29 and for generating estimated threshold response levels therefrom 30 are also
provided. The process of reiterative light stimulus intensity selection routine 25 is illustrated in FIG. In this
figure, sequential test measurements 1, 2, 3 and 4 are graphically shown in comparison with a pre-stored
response curve. Each sequential test measurement is compared with a pre-stored response curve by reiterative
light stimulus intensity selection routine 25 as a factor in determining the light intensity to be applied in the
next subsequent test measurement. Separate curves are stored for each location to compensate for the fact that
pupillary response sensitivity varies over the visual field. In this way, the sigmoidal curve structure of actual
pupillary response can be most accurately approximated with only a few test measurements. It is estimated
that reliable test measurements can be achieved through this technique by the taking of only 4 or 5 test
measurements at each location. Non-linear regression routine 26 includes a "curve fitting" routine which is
applied to characterize the stimulus-response curve over the range of stimulus intensities that have been
applied. A non-linear regression fit can thus be produced onto a sigmoidal curve described by the equation:
EQU1 where R is the response amplitude, Rmax is the maximum response amplitude, l is the stimulus
luminance, K is the half saturation constant the intensity at half Rmax , and n is a dimensionless parameter
that determines the slope of the non-linear sigmoidal fit. The three parameters, Rmax, K, and n thus serve to
characterize the shape of the curve. The system of the present invention can be adopted to test for any of a
variety of suitable pupillary response parameters. Pupillary contraction amplitude, maximum velocity of
pupillary contraction, and pupil latency time are three such parameters which are considered well suited for
use in the system of the present invention. The system may also be performed with the use of small area focus
points, as illustrated herein, or by the application of full field light exposures. While the invention has been
illustrated and described in detail in the drawings and foregoing description, the same is to be considered as
illustrative and not restrictive in character, it being understood that only the preferred embodiment has been
shown and described and that all changes and modifications that come within the spirit of the invention are
desired to be protected. Claims 4 What is claimed is: A computerized system for determining pupillary
threshold response based upon the taking of supra-threshold measurements, said system comprising: The
computerized system for determining pupillary threshold response of claim 1 in which said means for
measuring pupillary response includes means for measuring pupillary contraction amplitude. The
computerized system for determining pupillary threshold response of claim 1 in which said means for
measuring pupillary response includes means for measuring maximum velocity of pupillary contraction. The
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computerized system for determining pupillary threshold response of claim 1 in which said means for
measuring pupillary response includes means for measuring pupil latency time.
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To examine the relationship between monocular and binocular visual acuities as predictors of visual disability
in a population-based sample of individuals 65 years of age and older. Two thousand five hundred twenty
community-dwelling residents of Salisbury, Maryland, between the ages of 65 and 84 years of age were
recruited for the study. Reading speed, face discrimination, and self-reported difficulty with visual tasks were
also determined. Binocular acuity is predicted with reasonable accuracy by acuity in the better eye alone, but
not by the widely used American Medical Association AMA weighted-average algorithm. The AMA
algorithm significantly underestimates binocular acuity when the interocular acuity difference exceeds one
line. Monocular acuity and binocular acuity were significantly better predictors of reading speed than the
AMA weighted score or a recently proposed Functional Vision Score FVS. Monocular acuity in the better eye,
binocular acuity, and the AMA and FVS algorithms were equally good predictors of self-reported vision
disability. None of the acuity measures were good predictors of face recognition ability. The binocular acuities
of older individuals can be inferred from measures of monocular acuity. There is little evidence for binocular
inhibition when the monocular acuities in the two eyes are unequal, as opposed to the widely used AMA
algorithm for computing binocular visual impairment. For tasks that are strongly associated with visual acuity,
such as reading, this association can be captured from measures of monocular acuity and does not require
separate assessment of binocular acuity. Sensory impairment is typically defined at the organ level, whereas
disability is defined at the level of the entire individual. Therefore, to study the relationship between vision
impairment and physical disability, one must decide how to accommodate the contributions of both eyes. The
World Health Organization WHO has written widely used manuals on the classification of diseases,
impairments, and disabilities, 1 but these offer little help. Although these manuals acknowledge that the
degree of impairment may be different for the two eyes of an individual, they make no recommendation for
the synthesis of monocular vision losses. Many clinical investigators, see, for example, Tinetti et al. In the
absence of visual field or motility data, the basic formula has been applied to visual acuity data alone. In
contrast to the two combination rules, which take both eyes into account, the US Social Security
Administration adopted new regulations in for the determination of disability benefits based solely on the
visual function of the better-seeing eye. One consequence of the AMA and better-eye rules is that binocular
vision would never be better than monocular vision in the better eye. In addition, some may experience
reduced retinal contrast due to light scatter from early cataract. Therefore, we might expect binocular
summation to be greater in older subjects than in young normal subjects. Indeed, one study of 16 older adults
mean age, Normal subjects show modest binocular acuity summation even when the target to one eye is
reduced in contrast. The Salisbury Eye Evaluation SEE was initiated in as a multidisciplinary study of eye
disease, vision impairment, and physical disability in older Americans. In the SEE project, visual acuity was
measured monocularly and binocularly. In addition, self-report and performance-based measures were
obtained for a variety of visual tasks under natural binocular viewing conditions. This provides an opportunity
to determine how binocular acuity is related to monocular acuity and how both are related to difficulty with
visual tasks. Methods Subjects A complete description of the study population and recruitment procedures has
been published previously. After informed consent was obtained in accordance with the Declaration of
Helsinki using forms approved by the institutional human experimentation committee, a 2-hour in-home
interview was administered to each participant followed by a 4- to 5-hour clinic examination. To be eligible
for the study, the participant could not be institutionalized and had to score 18 or greater on the Folstein
Mini-Mental State Examination. Testing took place between September 16, and September 26,
Approximately half of those who refused refusals agreed to answer a brief subset of the home questionnaire.
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Refusals were also more likely to report difficulty with activities of daily living than participants. There were
no significant differences between participants and refusals by race or self-assessed vision status. Acuity was
tested at 3 m. If the participant was unable to read the largest letters on the chart, test distance was reduced to
1. This procedure was repeated until an acuity measure was obtained or the participant failed at a distance of 1
m. Only five participants failed to read any letters with either eye. A strict forced-choice testing procedure was
used: The participant was required to guess even if the letters appeared illegible until at least four of five
letters on a row were named incorrectly. Acuity measurements for the binocular, right eye, and left eye
conditions were made with different versions of the ETDRS chart. Ten participants were unable to identify
letters because of illiteracy and the Lea Symbols Chart was substituted. Short passages of text were displayed
for up to 15 seconds and the participants read aloud. Four print sizes were tested ranging from 0. Each print
size was tested twice, in random order. Face discrimination was measured with a four-alternative
forced-choice paradigm. Sixteen faces eight male, eight female were digitized in each of four poses. The faces
subtended 2. Three different poses of one individual and a fourth pose of another individual were displayed on
a monochrome monitor. The participant had to choose the odd image. Fifteen trials were presented in random
order. Trained interviewers administered the ADVS as originally published, excluding one question on the use
of bus service, which is not available in Salisbury. For each item, it was determined whether the participant
had done the activity within the past 3 months, and if not, was this because of vision problems. Activities that
were not done recently for reasons unrelated to vision were not scored. Data Analysis Visual acuity was
scored as the total number of letters read correctly and converted to logMAR log10 minimum angle resolvable
according to the method recommended by Bailey et al. Participants who failed to read any letters were
arbitrarily assigned an acuity of 1. The relationship between monocular and binocular acuity was evaluated
with scatter plots and regression analyses. The analyses were repeated after exclusion of the five participants
with unmeasurable acuities, and the results did not change. For the reading test, the number of correctly read
words was counted and converted to reading rate in words per minute. Reading data were analyzed separately
for each letter size. Participants who could not read text of any size were excluded from the analyses of
reading performance. The relationships between visual acuity and reading rate were similar for all letter sizes,
and only the data for newsprint-sized text 0. Face recognition was scored as the number of correct responses in
15 trials. Separate linear regression analyses were used to determine the association between acuity and
reading or face recognition. Both analyses were adjusted for age, race, gender, years of education, and
Mini-Mental score. Residuals were evaluated for evidence of nonlinearity, and, where appropriate, linear
spline regressions were also performed. Instead, logistic regression analyses were performed to determine the
association between acuity and dichotomized ADVS score. Regression models for each of the binocular and
monocular acuity algorithms were compared by means of their receiver-operating characteristic ROC. The
prediction can be compared with actual data to determine proportion of participants correctly predicted to fall
below the cutoff, or sensitivity, and the proportion of participants incorrectly predicted to fall below the cutoff,
or false-positive rate, as a function of acuity. Separate analyses were conducted with ADVS score
dichotomized at the median, 25th percentile, and 10th percentile. Because the results were similar for all three
dichotomization schemes we will only present results for the case where participants were classified as falling
above or below the 10th percentile in ADVS score Each model was adjusted for age, race, gender, years of
education, and Mini-Mental score. The median monocular acuity in the better-seeing eye is 0. The prevalence
of visual impairment in this population is somewhat lower than that reported for earlier population-based
studies. For a further discussion of how visual acuity varies according to demographic factors and how these
acuity data compare with other population-based studies see Rubin et al. If the AMA weighted average
accurately predicted binocular acuity, the data would be expected to cluster along the diagonal line. However,
most of the points are below the diagonal, indicating that the AMA weighting predicts worse binocular acuity
than what is actually measured. Figure 1 right shows the discrepancy between predicted acuity, based on the
AMA algorithm, and observed binocular acuity in terms of number of ETDRS lines. This discrepancy is
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plotted against the interocular acuity difference for each participant. For participants with similar acuities in
the two eyes i. However, for participants with dissimilar acuities in the two eyes, the discrepancy increases at a
rate of one line of discrepancy per five lines of interocular acuity difference. Thus, the greater the difference
between eyes, the worse the algorithm predicts actual acuity. Figure 2 left compares binocular acuity to acuity
in the best eye alone. The data cluster along the diagonal line, indicating good agreement between the best-eye
prediction and the observed binocular measurement. The discrepancy between binocular acuity and best-eye
acuity, shown in Figure 2 right , averages less than 0. There is a small but statistically significant change in the
discrepancy with increasing interocular acuity difference 0. This trend is examined in greater detail below. The
distribution of the difference in monocular acuities between the two eyes is shown in Figure 3. The median
interocular difference is 0. Eleven percent of the population have an interocular acuity difference of three or
more lines. It was hypothesized that binocular summation would occur when the monocular acuities of the two
eyes were nearly equivalent but that there would be binocular inhibition when the acuities of the two eyes
were dissimilar. Incidentally, binocular gain is the same as the discrepancy between binocular acuity and
acuity in the better eye, as shown in the right panel of Figure 2. Binocular gain was independent of the
underlying monocular acuities in the better- or worse-seeing eye, but varied with the interocular acuity
difference. Figure 4 shows the distribution of binocular gain grouped according to the similarity of monocular
acuities in the two eyes. The average summation for the group is 0. The average is less than one letter of
inhibition for each of the groups with dissimilar monocular acuities. These data are consistent with modest
binocular summation when the two eyes are nearly equivalent, but there is no evidence of binocular inhibition
when one eye is better. It might be argued that the fixed order of the acuity tests binocular, right eye, left eye
could have lead to practice or training effects that would mask some of the binocular gain. When binocular
gains between the two groups were compared binocular acuity measured first versus binocular acuity
measured last , practice effects were negligible.
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