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Sensitivity to sinusoidal temporal modulation (flicker sensitivity) for a uniform stimulus field is
proving to be a valuable tool for in ophthalmological diagnosis. Flicker sensitivity has been
shown in a variety of diseases to provide earlier detection than previous available tests;"' to
measure a reversible component of the visual susceptibility to disease; Trovide differential
diagnosis among conditions which are similar according to other tests; to characterize the
nature of the sensory deficit; 4 ,5 and to provide information as to which retinal mechanisms are
affected by the disease.

In previous work we have used flicker sensitivity to evaluate the temporal losses in patients with
glaucoma, ocular hypertension and other optic neuropathies. In one study 7 we also looked at
temporal sensitivity in normals as a function of their measured intraocular pressure (IOP). We
found a significant association between IOP and sensitivity at 25 and at 40 Hz, for both central
and 200 peripheral viewing conditions. While the correlations were statistically significant in
most locations, they were not large, accounting for only about 25% of the variance or less.
However, they left no doubt that IOP could influence sensitivity at high frequencies in peripheral
retina.

One question raised by our previous study of IOP in normals was whether the flicker sensitivity
losses were principal at mid-high temporal frequencies, as has been reported in glaucoma and
ocular hypertension , or whether they showed a uniform temporal profile (or some other form
altogether). A second question was whether the losses were a peripheral phenomenon, or
whether they extended to foveal vision as well. The central target in our previous study was a 50
patch, so flicker sensitivity at 25 or 40 Hz could have been mediated largely by the peripheral
rim of the stimulus rather than its foveal region.

To answer these questions, we designed a study to measure the full flicker sensitivity function in
normals at range of retinal eccentricities from central fovea to 35 in the periphery.

METHODS
Participants
Normal observers were drawn from a population of hospital volunteers and respondents to local
advertisements. Respondents over age 50 were excluded from participation. The average age of
the fourteen observers was 38 + 11.9 years. Informed written consent was obtained from each
observer. The absence of ocular pathology was assessed by obtaining a clinical history and
direct ophthalmic evaluation. It was considered optimal to use lenient inclusion criteria for
normals, since this provides the most useful sample for clinical evaluation of the effective normal
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population. The temporal visuogram performance of the normal observers has been fully
documented elsewhere. 8 ,9

Temporal Visuogram
The methods for measuring the temporal visuograms were similar to those in previous
studies.10,11 Briefly, amplitude thresholds were measured for flicker frequencies in half-octave
steps from 2.5 Hz upwards, in addition to the critical fusion frequency (CFF). The sinusoidal
flicker was presented in a half-second raised-cosine envelope. The stimulus consisted of a red,
660 nm LED array diffused to appear as a uniform red disk and set in an equiluminant white
surround of 400 cd/m 2 . This stimulus configuration has been developed for assessment of
photopic vision across a range of retinal and optic nerve disorders' 6 . It uses long wavelength
light to isolate cone responses2, 13 and eliminate any rod contamination, while minimizing
contamination from defocus, optical distortions, aging of the lens and early media opacities.4 5

To equate the peak sensitivity at a range of retinal locations, we scaled the stimulus area in
proportion to estimated cone density as eccentricity was varied. Three retinal locations were
used: central, 50 and 350 eccentricity. For the central stimulus, a foveolar size of 0.50 and a foveal
size of 20 were used. Since the 0.5 central region of the foveal 2o stimulus was only 1/16th of its
total area, a large proportion of this stimulus is eccentric to the foveolar 0.50 stimulus. It was felt
that this was a better way to get at the rim of the fovea than attempting to rely on the observers'
ability to fixate stably at an eccentricity of 10. The diameters of the 50 and 350 stimuli were set at
2.50 and 50 respectively, chosen to equate the numbers of receptors stimulated with those of the
foveolar 50 stimulus at about 4000 cones in each location. Field size was varied by appropriately
setting the viewing distance.

The test procedure consisted of a YES/NO task for flicker detection with 20% blank trials as a
check on the false-alarm response rate. The overall paradigm consisted of a cyclic interleaved
staircase procedure, in which each of the staircases for all stimulus frequencies were interleaved
in cyclic rotation. Each eye was tested separately, with the untested eye being occluded by an
opaque patch. A typical test run would take about 10 minutes for 10 frequencies. The observers'
IOP was measured within an hour of the temporal sensitivity tests.

The data were screened for reliability on the basis of the false-positive response rate. The test
procedure included 20% blank trials as an indication of the observers' attention to the task and
response criterion. This resulted in the presentation of an average of 8 + 3 blank trials during a
typical test run. The observers were allowed no more than 2 false positive responses for an
acceptable performance. Pupil size was measured and the observer excluded if the pupil size lay
outside the limits of 2.5 - 3.5 mm.

RESULTS AND DISCUSSION

The aim of the study was to determine which retinal locations are most susceptible to the effects
of elevated IOP. The results were analyzed by sorting the individuals with IOP of 14-19 mm Hg
to form the high IOP group (n=7) and those with 10-13 mm Hg to form the low IOP group (n=7);
their average sensitivities and IOP difference functions are plotted as a function of temporal
frequency (Fig. 1). The dashed lines above and below zero difference show + 1 s.e.m. of the
differences. Differences should be considered significant if points at two adjacent frequencies
both fall outside the s.e.m. confidence interval.

For both the central foveola (Fig. lA) and the near periphery (Fig. IC) show significant losses in
the midfrequency region around 20 Hz, but show recovery at the highest testable frequencies.
On the other hand, the 20 central location and the 35 peripheral location show no significant
losses, but they show the high IOP observers having significantly greater flicker sensitivities for
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high frequencies above about 40 Hz, and also in the low range below 10 Hz for the 2o central
location. Thus, these tow locations may be characterized as showing a similar degree of loss,
between midrange of frequencies and those both higher and lower, as do the other two locations.
These results tend to confirm the report by Tyler, Ryu and Stamper7 that IOP within the normal
range can affect visual sensitivity; they extend it in showing that the sensitivity reduction is
limited to the mid-frequency range at all retinal eccentricities. The surprising aspect of these
results is that the strongest effect is seen in the central foveola at the intensity tested.

Supported by a grant from the Smith-Kettlewell Eye Research Institute.

REFERENCES

1. Tyler C.W. Specific deficits of flicker sensitivity in glaucoma and ocular hypertension. Invest.
Ophthal. Vis. Sci. 20:204-212 (1981).

2. Stamper R.L. and Tyler C.W. Effect of glaucoma on central visual function. In Recent ad-
vances in glaucoma, U. Ticho and R. David, Eds, (Elsevier: Amsterdam, 1984).

3. Buncic J.R., Tytla M.E. and Trope G.E. Flicker sensitivity in ocular hypertension before and
during hypotensive treatment. Invest. Ophthal. Vis. Sci. Suppl. 27:158 (1986)

4. Tyler C.W., Ernst W.J.K. and Lyness A.L. Photopic flicker sensitivity losses in simplex and
multiplex retinitis pigmentosa. Invest. Ophthal. Vis. Sci. 25:1035-1042 (1986).

5. Tyler C.W. and Ernst W.J.K. Psychophysical evaluation of the temporal response of the retina
in ocular disease. Eye Science 2:109-116 (1986) .

6. Ernst W.J.K., Tyler C.W., Clover G.C., Noble B.A. and Faulkner D.J. Flicker studies of reti-
nitis pigmentosa. In Research in Retinitis Pigmentosa, Vol. 62 of Advances in the
Biosciences, Eds. E Zrenner, H. Krastel and H.H. Goebel (Pergamon Journals: Oxford,
U.K., 1987).

7. Tyler C.W., Ryu S. and Stamper R.L. The relation between visual sensitivity and intraocular
pressure in normal eyes. Invest. Ophthal. Vis. Sci. 25:103-105, (1984).

8. Tyler C.W. Two processes control variations in flicker sensitivity over the life span. J. Opt.
Soc. Amer. 6:481-490 (1989).

9. Tyler, C.W. Analysis of normal flicker sensitivity and its variability in the visuogram test.
Invest. Ophthal. Vis. Sci. 32:2552-2560.

10. Tyler C.W. Analysis of visual modulation sensitivity. II. Peripheral retina and the role of
photoreceptor dimensions. J. Opt. Soc. Amer. A2:393-398 (1985).

11. Tyler C.W. Two processes control variations in flicker sensitivity over the life span. J. Opt.
Soc. Amer. A6:481-490 (1989).

12. Smith V.C. and Pokorny J. Spectral sensitivity of color-blind observers and the cone photo-
pigments. Vision Res. 12:2059-2071 (1972).

13. Schnapf J.L., Kraft T.W. and Baylor D.A. Spectral sensitivity of human cone photoreceptors.
Nature, 325:439-441 (1987).

14. Van Norren D.V. and Vos J.J. Spectral transmission of the human ocular media. Vision Res.
14:1237-1244 (1974).

15. Werner J.S. Development of scotopic spectral sensitivity and the absorption spectrum of the
human ocular media. J. Opt. Soc. Amer. 72:247-258 (1982).



NMC3-4 /303

A 0.5 DEG FIELD, CENTRAL FIXATION B 2 DEG FIELD, CENTRAL FIXATION
- 20- 20-

02

. 15 
is-

z

m 5- 5Z
0

........................................ ....................
0 .05......

0

0.0 0.5 1.0 1.5 2.0 0.0 0.5 1.0 1.5 2.0

C 2.5 DEG FIELD, 5 DEG ECCENTRIC D 5 DEG FIELD, 35 DEG ECCENTRIC
20 20

15 15

10 10

Lu
U) 5 5z
0

.................. .......................

0

-5 *
0.0 0.5 1.0 1.5 2.0 0.0 0.5 1.0 1.5 2.0

LOG FREQUENCY (Hz) LOG FREQUENCY (Hz)

Figure 1. Temporal sensitivity functions for normals with low IOP (open circles) and high
IOP (filled circles) at four retinal loci. Lower functions (points) show high - low
differences for each condition, with confidence limits of + 1 s.e.m. averaged across
all frequencies indicated by the dashed lines around zero difference. Significant
differences are present when two adjacent points exceed either confidence limit.


