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Summary—A patient with optic neuritis had transient loss of visual acuity and a prolonged and profound
afferent pupillary defect. The afferent pupillary defect was substantially greater than that predicted from
standard perimetry. Visual evoked potentials elicited from the affected eve by gratings presented with the
fovea masked revealed parafoveal visual loss not readily appreciated by perimetry.
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INTRODUCTION

It is well-known that visual acuity and afferent
pupillary defect may be dissociated in diseases
of the retina and optic nerve (Cox et al., 1982;
Thompson ef al., 1982). In a series of patients
with dense visual field losses, Thompson et al.
(1982) showed that the magnitude of the
afferent pupillary defect depended on both the
extent and severity of the field loss, while acuity
depended only on the integrity of the central
retina. They derived a means for calculating the
“yolume” of visual field loss, an index which
incorporates both extent and severity of field
loss, from standard perimetric data. The volume
of field loss was directly proportional to a
quantitative measure (Thompson et al., 1981) of
the size of the afferent pupillary defect.

We studied a patient with unilateral optic
neuritis who had a profound afferent pupillary
defect but preserved visual acuity. The volume
of visual field loss as calculated from formal
perimetry accounted for only a small fraction of
the observed afferent pupillary defect (Thomp-
son et al., 1982). Visual evoked potentials (VEP)
to reversing gratings with and without central
masking were measured to define central visual
function in further detail. These studies readily
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demonstrated dysfunction at eccentricities
between 0.5 and 2.0 deg. The additional field
loss, not evident from perimetry, probably
accounts for the large afferent pupillary defect.
This evoked-response procedure is a practical
method for the monitoring of near-foveal
function, and provides information not readily
revealed by standard perimetry.

MATERIALS AND METHODS

Case report

A 34-year-old woman with clinically definite
multiple sclerosis (Poser et al., 1983) experi-
enced unilateral visual blurring OS, which
progressed to complete visual loss over 12
hours. There was no clinical change with pred-
nisone 80 mg/day for 10 days. Four days after
pulse treatment with intravenous methylpred-
nisolone sodium succinate 1000 mg/day, visual
acuity had returned to 20/30 (OS), but color
discrimination was absent on all of 10 Ishihara
plates and a marked afferent pupillary defect
remained.

Four weeks after the onset of visual loss, the
patient was able to read fine print but reported
difficulty with low-contrast targets (such as
faded print) and color discriminations. Pred-
nisone dosage was 30 mg/day. Examination of
the left (affected) eye revealed visual acuity of
20/20, a normal visual field except for a central
1-deg relative desaturation to red as tested by
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confrontation with a red match, and correct
identification of 14 of 25 Ishihara plates. The
afferent pupillary defect was measured by deter-
mining the amount of light attenuation in the
right eye that is required to neutralize the
unequal response to alternate illumination of
the two eyes (Thompson et al., 1981). Measured
in this fashion, the afferent pupillary defect was
1.7-2.0 log units. There were no abnormalities
OD, and stereopsis was present with a disparity
of 40 arcsec (normal). The remainder of the
neurological examination was normal.

Eight weeks after the onset of visual loss, on
a prednisone dosage of 10 mg/day, visual fields
as tested by confrontation were entirely normal
and 21 of 25 Ishihara plates were correctly
identified. Visual acuity and afferent pupillary
defect were unchanged; the left optic disc was
now pale. Forty-eight weeks after the onset of
visual loss, on no medications, the examination
was unchanged.

VEP studies

Flash, checkerboard, and sine grating VEP
studies were performed 2, 4, 8 and 48 weeks
after the onset of visual symptoms. Visual stim-
uli were generated by a computer-controlled
Tektronix 608 display oscilloscope with a fast
(P31) phosphor (Milkman er al.,, 1980). The
display subtended an 8.8 x 8.8 deg region at the
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viewing distance of 57 cm. Flash stimuli were
delivered at a rate of 1.056/s, with an intensity
of 300 cd/m? and a duration of 3.7 ms. Pattern-
reversal stimuli had a mean luminance of 154
cd/m?, a contrast ratio [(Zne — Tmin)/(Zmax + Imin)]
of 0.3, and a reversal rate of 2.112/s. The
checkerboard consisted of a 64 x 64 square
lattice, with each square 8.25 min on a side. The
spatial frequencies of the sine grating stimuli
were 1.5c/deg and 8.0c/deg. In the masking
experiments, a circular region around the fix-
ation point was kept unpatterned (i.e. uniform
and at the mean luminance). The VEP was
recorded using bipolar cup electrodes at
the usual midline locations C, and O,, using
mastoid as ground. After amplification and
bandpass filtering (0.03-100 Hz), the computer
averaged the scalp signal over each 0.947s
stimulus cycle of a 60 s episode. The first major
occiput-positive component was identified in the
averaged waveforms. The latency of the peak
and the peak-to-trough amplitude of this wave
were measured. (In instances in which the wave-
form was W-shaped, the first component of the
wave was selected.) The run-to-run reproduci-
bility of amplitudes measured in this fashion
was approximately 1 uV. For waveforms in
which no clear peak was present, the latency is
reported as indeterminate. These waveforms
had excursions of less than two microvolts from
baseline.

Table 1. Summary of transient evoked-response data obtained from a patient with optic neuritis OS, characterized by a
profound afferent pupillary defect but normal acuity. Latencies in ms; amplitudes (peak to trough) in uV

Time since
first symptoms
(weeks) 2 4 8 48
Eye stimulated oS oD 0OS oD oS oD 0s oD
Stimulus
Flash lat: 133 120 131 114 131 113 152 111
amp: 18.5 18.1 18.9 18.5 12.3 16.2 13.6 15.5
Checkerboard lat: 140 129 176 129 159 127 144 128
amp: 3.5 7.8 33 8.7 2.2 7.6 7.6 13.2
1.5¢c/deg grating
full-field lat: Ind 131 155 137 146 138 133 133
amp: <2.0 6.3 5.3 5.9 8.1 8.3 10.4 11.5
1 deg mask lat: ND 163 138 157 131 152 137
amp: ND 4.4 6.0 33 7.0 6.8 11.2
4 deg mask lat: ND 146 141 133 105 120 113
amp: ND 2.6 5.4 4.1 4.6 2.7 6.4
8.0 c/deg grating
full-field lat: Ind 130 Ind 144 150 133 139 120
amp: <20 7.4 <2.0 6.5 3.7 5.7 3.6 11.9
1 deg mask lat: ND Ind 142 Ind 120 Ind 122
amp: ND <2.0 6.7 <2.0 5.0 <20 9.1
4 deg mask lat: ND Ind Ind Ind Ind Ind 146
amp: ND <2.0 <2.0 <20 <20 <2.0 6.6

ND: not done; Ind: indeterminate (response amplitude <2 uV).
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RESULTS

The results of evoked-response testing are
shown in Table 1. VEPs elicited by full-field
flash were of approximately equal amplitude in
the two eyes, but prolonged by an average of
22 ms OS. Responses to the fine checkerboard
were attenuated by approximately 50% and the
latency was increased by an average of 26 ms
0O8S. The abnormalities in responses to the full-
field grating of low spatial frequency (1.5 c/deg)
were similar to abnormalities in the flash re-
sponses, except that no response was elicitable
OS in the first session. There was no response
OS to the grating of high spatial frequency
(8.0 ¢/deg) except in the third session, when the
response was both attenuated and of increased
latency. All responses OD were within the nor-
mal range for our laboratory.

In the last three testing sessions, we measured
grating responses with the central portion of the
gratings masked (Fig. 1). Of note, the ampli-
tudes of the responses to the full-field grating of
low spatial frequency (1.5 c/deg) were equal in
both eyes. In the unaffected eye (OD), the 1-deg
mask produced little or no attenuation of the
response (average attenuation, 6%). Two nor-
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mal eyes also showed no significant attenuation
with this mask. However, in the affected eye
(08S), this mask resulted in a marked attenu-
ation of response amplitude on all three occa-
sions (average attenuation, 37%). The larger
(4-deg) produced some attenuation of the re-
sponse from the unaffected eye (average attenu-
ation, 32%). This is comparable to the 40%
average attenuation seen in responses from two
normal eyes. However, on all three occasions,
the 4-deg mask produced a more pronounced
attenuation in the response from the affected eye
(average attenuation, 58%). There was a trend
toward decreasing latency with increasing
central masking in both eyes in the last two
sessions.

Responses OS to the 8.0 c/deg grating were
only detectable in the last two testing sessions,
and were smaller in amplitude than the re-
sponses OD. In both sessions, this smaller re-
sponse was entirely obliterated by foveal mask-
ing; responses from the unaffected eye were
attenuated but not obliterated by foveal mask-
ing. The latency of the response to the 8 c/deg
grating OD was increased at 4 weeks, and
shortened progressively at 8 and 48 weeks. This

oD

full field
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Fig. 1. Transient evoked responses obtained eight weeks after the onset of visual symptoms. VEP‘s were

elicited by a 1.5 c/deg sine grating with and without foveal masking by a uniform circle. One strml:tlus

cycle (consisting of two reversals) is shown. The inset over each pair of responses shows the relative sizes
of the stimulus components.
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Fig. 2. Kinetic perimetry 48 weeks after the onset of visual symptoms.

raises the possibility of a transient relative cen-
tral scotoma OD. There was no consistent
change in latency produced by masking of the
high spatial frequency grating.

Formal kinetic perimetry was performed just
prior to the last VEP testing session (48 weeks).
There was a slight concentric constriction of the
I, and I, isopters in the affected eye (Fig. 2).
Static perimetry performed with a Cooper-
Vision AutoPerimeter 2000 provided consistent
results and demonstrated an 0.5-log unit in-
crease in threshold at two of nineteen test points
within five degrees of fixation. The volume of
relative visual loss was calculated from the
kinetic perimetry as described by Thompson
and coworkers (1982). There was a relative

deficit of 30 volume units for the I, isopter, and
no loss for the I, and V, isopters. This corre-
sponds to a predicted afferent pupillary defect of
0.5 log units.

DISCUSSION

It is well-known that visual acuity, afferent
pupillary defect, and evoked responses may be
dissociated in optic neuritis (Cox et al., 1982;
Ellenberger and Ziegler, 1977; Bodis-Wollner et
al., 1979; Ellis, 1979; Fison et al., 1979; Halliday
etal., 1972). However, the degree of dissociation
of visual acuity and the afferent pupillary defect
seen in this patient is unusual: in one series (Cox
et al., 1982) of 23 patients with optic neuritis
and visual acuity of 20/25 or better, the typical
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afferent pupillary defect was 0.6-0.9, and the
maximum afferent pupillary defect was 1.5; this
patient had a visual acuity of 20/20 and an
afferent pupillary defect of 1.7-2.0.

Demyelinating lesions differ from other kinds
of lesions in that the signs and symptoms have
a greater tendency to fluctuate (Regan et al.,
1977). However, fluctuations per se cannot be
the basis of the dissociation of visual acuity and
the afferent pupillary defect observed consis-
tently over a 10-month period. In visual dis-
turbances due to lesions which cause fixed,
dense field losses, Thompson et al. (1982) have
clearly demonstrated the basis of this dis-
sociation: visual acuity depends only on foveal
function, but the afferent response depends on
input from the entire retina and thus the afferent
pupillary defect is proportional to the extent of
field loss. Patients with optic neuritis were ex-
cluded from Thompson’s study because their
field loss was ‘‘shallow, variable, and uncertain”
(1982). Probably the same basic patho-
physiology is at work in patients with optic
neuritis and a dissociation of visual acuity and
afferent pupillary defect. In particular, this
patient had diffuse pallor of the optic disc and
therefore a generalized optic nerve dysfunction.
However, the extrafoveal visual loss was not
dense enough to be manifest in a scotoma, and
was underestimated by perimetry.

Assessment of subtle defects in the function of
the extrafoveal retina may be very difficult in the
presence of relatively normal foveal function.
Testing of peripheral retinal function by visual
fields is limited in that the detection of a high-
contrast and well-defined target is measured;
deficits in suprathreshold vision and contrast
sensitivity may not be detected. This is one
cause for the disparity between visual field
defects and VEP abnormalities (Ellenberger and
Ziegler, 1977). Contrast-sensitivity measure-
ments over a wide range of spatial frequencies
(Bodis-Wollner et al., 1979) may not detect
peripheral retinal abnormalities, since the fovea
has the lowest threshold at all spatial fre-
quencies (Robson and Graham, 1981). For this
reason we resorted to a VEP technique to test
extrafoveal retinal function. Because pattern
VEP signals are small beyond about 5-10 deg
from the fovea, such techniques are limited
to the analysis of parafoveal function. On
the other hand, because of the large cortical
representation of the central retina, a VEP
approach is particularly suited to the objective
measurement of visual function in this region.
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As retinal eccentricity increases, the check size
which yields the optimal response increases
(Harter, 1970). Nevertheless, to test extrafoveal
function with the VEP, it is not sufficient to use
a full-field coarse pattern because even for low
spatial frequencies, the foveal contribution to
the VEP dominates. A low spatial-frequency
pattern in conjunction with a foveal mask pro-
vides a VEP stimulus which tests parafoveal
function above threshold (Cannon, 1983).

In the patient reported here, the greater sensi-
tivity of the affected eye’s VEP to the foveal
mask demonstrates dysfunction of the extra-
foveal retina. The additional visual loss, not
readily measured by routine examination or
formal perimetry, is the likely source of the
profound afferent pupillar defect.

Acknowledgements—We thank Dr 1. Bodis-Wollner for
comments on the manuscript, and M. Conte for excellent
technical assistance. Supported in part by grants EY2439,
EY 5466 and NS&877 from the National Institutes of Health,
The Harry Frank Guggenheim Foundation, The Hartford
Foundation, and The McKnight Foundation.

REFERENCES

Bodis-Wollner 1., Hendley C. D., Mylin L. H. and Thorton
J. (1979) Visual evoked potentials and the visuogram in
multiple sclerosis. Ann. Neurol. 5, 40-47.

Cannon M. W. (1983) Evoked potential contrast sensitivity
in the parafovea: spatial organization. Vision Res. 23,
1441-1449.

Cox T. A., Thompson H. S. Hayreh S. S. and Snyder J. E.
(1982) Visual evoked potential and pupillary signs: a
comparison in optic nerve disease. Archs Ophthal. 100,
1603-1607.

Ellenberger C. Jr and Ziegler S. B. (1977) Visual evoked
potentials and qualitative perimetry in multiple sclerosis.
Ann. Neurol. 1, 561-564.

Ellis C. J. K. (1979) The afferent pupillary defect in acute
optic neuritis. J. Neuwrol. Neurosurg. Psychiat. 42,
1008-1017.

Fison P. N., Garlick D. J. and Smith S. E. (1979) Assess-
ment of unilateral afferent pupillary defects by pupil-
lography. Br. J. Ophthal. 63, 195-199.

Halliday A. M., McDonald W. I. and Mushin J. (1972)
Delayed visual evoked response in optic neuritis. Lancet
1, 982-985.

Harter M. R. (1970) Evoked cortical responses to check-
erboard patterns: effects of check size as a function of
retinal eccentricity. Vision Res. 10, 1365-1376.

Milkman N., Schick G., Rossetto M., Ratliff F., Shapley R.
and Victor J. (1980) A two-dimensional computer-
controlled visual stimulator. Behav. Res. Meth. Instrum.
12, 283-292.

Poser C. M., Paty D. W.,, Scheinberg L. S., McDonald
W. I, Ebers F. AS., Johnson G. C., Sibley W. A.,
Silberberg D. H. and Tourtellotte W. W. (1983) New
diagnostic criteria for multiple sclerosis: guidelines for
research protocols. Ann. Neurol. 13, 227-231.



118 Research Report

Regan D., Murray T. J. and Silver R. (1977) Effect of body
temperature in visual evoked potential delay and visual
perception in multiple sclerosis. J. Neurol. Neurosurg.
Psychiat. 40, 1083-1091.

Robson J. G. and Graham N. (1981) Probability summation
and regional variation in contrast sensitivity across the
visual field. Vision Res. 21, 409-418.

Thompson H. S., Corbett J. J. and Cox T. A. (1981) How
to measure the relative afferent pupillary defect. Surv.
Ophthal. 26, 39-42.

Thompson H. S., Montague P., Cox T. A. and Corbett J.
J. (1982) The relationship between visual acuity, pupillary
defect, and visual field loss. Am. J. Ophthal. 93, 681-688.



