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Amblyopia and Clinical Electrophysiology

J. Vernon Odom

Amblyopia means blunt or reduced vision and is
generally defined by reduced visual acuity. It may
be organic or functional. Organic amblyopia is attrib-
utable to some detectable retinal or higher dysfunc-
tion, e.g., toxic amblyopia, alcohol amblyopia, and
nutritional amblyopia. Functional amblyopia is not
identifiable by fundus examination or other standard
ophthalmic procedures and is usually associated
with a childhood history of abnormal visual experi-
ence.®™ Bilateral functional ‘amblyopia is a conse-
quence of severely abnormal visual experience in
both eyes, e.g., bilateral cataracts, ptosis, hemangi-
oma, or uncorrected high refractive error.™
Unilateral functional amblyopia or reduced visual
acuity in one eye is the most common form of am-
blyopia and affects 1% to 3% of the adult popula-
tion. It will be referred to as amblyopia in the re-
mainder of this section. The precise definition of
reduced acuity is somewhat arbitrary. Frequent cri-
teria are a reduction of two or more lines on an acu-
ity chart, 0.5 (20/40 or 6/12) or worse acuity in one
eye, or an acuity difference of 1 octave or more be-
tween the eyes. Amblyopia is usually associated
with a childhood history of abnormal visual experi-
ence in one eye: (1) monocular deprivation due to
monocular cataract, hemangioma, ptosis, or extreme
monocular patching (deprivation amblyopia); (2) a
difference of refractive error between the two eyes of
1 D or more (anisometropic amblyopia); or (3) stra-
bismus (strabismic amblyopia). Strabismic amblyo-
pia can be subdivided into as many categories as
one chooses to divide strabismus. Subgroups of
amblyopes have different visual characteris-
tics.'> 2+ 3 ¢ Gtereopsis and normal binocular vi-
sion are impaired in amblyopia. Early detection and

treatment, usually by patching therapy, can often
correct amblyopia.

Because amblyopia is a treatable disease of child-
hood, the challenge is to develop an electrophysio-
logical test or tests that (1) would detect amblyopia,
(2) could be used to monitor patching therapy, and
(3) would predict therapeutic success. To be useful
clinically the tests must be reliable in children. Two
aspects of visual function that are closely related to
amblyopia and also appropriate for electrophysiolog-
ical study are visual acuity and binocularity. There
are several reviews of the electrophysiological defi-
cits in amblyopia.™ 7!

In general, visual evoked potential (VEP) ampli-
tudes in amblyopic eyes are smaller than in the fel-
low eyes or the eyes of normals.® %26 4874 Ope
characteristic of amblyopes is the large interocular
difference in VEP amplitudes as compared with the
typical 10% difference observed in normals.' "
However, the magnitude of the effect varies as a
function of the individual, temporal frequency, and
spatial frequency.** * 7* For example, luminance-
elicited VEPs are not reduced in some amblyopes,”
and VEP amplitude is more reduced in amblyopes
with central fixation than in those with deviations of
2 to 4 prism diopters.” The reduced VEP from an
amblyopic eye may be attributable to a reduction
in the number of cortical neurons being activated
by the amblyopic eye as compared with the normal
eye. "

Several studies have evaluated the effectiveness
of interocular differences in VEP amplitudes elicited
by a single, high-contrast pattern in detecting ambly-
opia.™ >* 7> 8 Estimates of the normalcy of interocu-
lar amplitude differences have a test-retest reliability
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of about 85%.7 ** The overall accuracy in identifying
patients and normals is about 80% %> 52 72 8386 46,
to 85% of amblyopes are correctly identified (sensitiv-
ity),> 2 and 82% to 94% of normals are correctly
identified (specificity).” *? In a good clinical test one
expects the sensitivity to be greater than 46% to
85%. Comparing interocular VEP amplitude differ-
ences elicited by a single pattern is not a satisfactory
method of detecting amblyopia.*> ¥

VEPs of amblyopic eyes that are elicited by pat-
tern reversal have altered latencies or implicit times.
The prominent P, component is delayed in the am-
blyopic eye as compared with the fellow eye or nor-
mal eyes.® 24, 89 The later P, component is decreased
in latency in the amblyopic eye.”” Although statisti-
cally significant, P, delays are not reliable enough to
detect individual amblyopes.** ® The use of interoc-
ular latency differences in conjunction with interocu-
lar amplitude differences improves the detection of
amblyopes slightly.”

Because one of the defining characteristics of am-
blyopia is reduced acuity, electrophysiological as-
sessment of visual acuity is an appealing strategy for
identifying young amblyopes. VEP-estimated acuity
is reduced in the amblyopic eye. '7 2% 49 57. 38, 61, 65. 80
However, VEP acuity and Snellen acuity are not
equivalent.'” # The relationship of extrapolated acu-
ities to observed Snellen acuities depends on the
scales used in performing the extrapolations.®
Sweep VEP acuity tends to overestimate poor acuity
in amblyopic eyes and to underestimate the good
acuity of fellow eyes in amblyopia.'” Therefore,
sweep VEP acuity might fail to detect mild amblyo-
pia or small changes in acuity with patching ther-
apy.

During patching therapy, VEP acuity can undergo
large changes that reflect the effects of patching
and/or natural deprivation.® With patching in infants
and young children, the acuity of the patched eye de-
clines, and that of the other eye improves.”" *® Patch-
ing also results in a reduction of amplitude in the
patched eye and a prolongation of its P; latency.?
As with patching-induced VEP acuity changes, VEP
latency and amplitude changes are not necessar-
ily permanent.>® 2 %8¢ VEP acuity and other
changes frequently precede changes in fixation pref-
erence™” °® % and add potentially useful informa-
tion. VEP acuity and possibly amplitude and latency
changes can be useful in detecting significant ambly-
opia,”> 3> % adjusting patching therapy to maxi-
mum efficiency (i.e., minimum patching required to
improve the acuity of the deprived eye),zs' 36. 37, 54, 58
or timing surgical decisions (e.g., performing stra-

bismus surgery when the acuities in the two eyes
are equal). However, the time involved to record
even sweep VEP acuities is considerable by clinical
standards. Despite the time involved, in children
less than 3 years of age, 75% of the attempted VEP
acuity tests are comp]eted.55

Several categories of experiments have examined
the interocular interactions in amblyopia: binocular
summation, interocular suppression, purely binocu-
lar processes, and stereopsis. Studies of binocular
summation! =~ 12- 14, 18-20,%41, 53, 62, 67, 78, 79, 84 0 ooy
of three stimulus conditions: stimulation of each eye
and both eyes. The amplitude of the binocular re-
sponse is compared with one of the monocular re-
sponses: the smaller, the larger, or the mean monoc-
ular response. If one assumes that the two eyes are
independent with independent noise sources, one
would expect a binocular summation of about 1.4
(square root of 2). This is a commonly obtained
value.!" ® 8 Alternatively, one might argue that
the expected summation is the sum of the two mon-
ocular responses and that only responses greater
than the sum of the monocular responses or twice
the mean monocular response (i.e., facilitation) rep-
resent a truly binocular response.>~* * Even in nor-
mals, binocular summation is a very ephemeral
characteristic, 2~ 1214, 18-20, 41, 44, 53, 62,67, 78, 79, 84

The amount of binocular summation varies with
(1) the stimulus characteristics,?=% 1% 20- 41 8 (2) the
response component measured,®” %> and (3) the
electrode location.** ©® In general, an ideal stimulus
for eliciting summation in normals would be of low
contrast (<40%) and/or mean luminance, with a spa-
tial frequency lower than 5 cycles per degree and a
frequency less than 8 Hz.?

Binocular summation elicited by high-contrast
patterns alone does not reliably identify ambly-
opes.™ Patients with anomalous retinal correspon-
dence (ARC) show binocular summation, while pa-
tients with small angle deviations and suppression
do not.'? The variation in summation cannot be ac-
counted for by the depth of amblyopia.”” Binocular
summation is eliminated in normals and strabismics
if a neutral-density filter is placed in front of one
eye.”” The density at which summation is eliminated
is less in strabismics with ARC,'* '* 8 0.4 neutral
density (nd) as compared with 1.6 nd for normals. A
sequence of tests has been proposed to detect abnor-
mal binocularity'?; however, the tests have not been
examined to determine clinical utility.

If different stimuli are presented to the two eyes
(dichoptic stimulation), one may elicit a number of
sensory phenomena, including suppression, rivalry,



and summation, depending on the precise stimulus
conditions.?!" 2% 8 755 Gyppression is most easily
observed if the stimuli are higher in mean luminance
or contrast (>50%) and of the same spatial fre-
quency.'® Size-specific suppression is abnormal in
patients with abnormal binocularity®” #2 #3 3% and
amblyopia.*” While suppression identifies patients
better than binocular summation does, it is not reli-
able enough to detect anomalies in individual pa-
tients.>* %

Recently, several new VEP tests of binocular vi-
sion have been proposed.’ 3% 3 60 ¢4 8! They dem-
onstrate a response that could occur only if the input
of the two eyes were combined. Typically, dichoptic
stimuli are presented.* *** The VEP undergoes
Fourier analysis, and a frequency is found in
the response that is not present in either stimu-
lug,” 3899, 60. 64, 81 yarigus  linear™ and nonlin-
ear”® 38 5% 60. 0481 mechanisms of binocular interac-
tion may be identified. Their clinical use has not
been examined.

Stereopsis is a uniquely binocular response; VEP-
determined stereoacuity identifies adult sterecanom-
alous observers with amblyopia.'® However, deter-
mining stereoacuity is time-consuming.

A number of studies have attempted to identify
the location of the amblyopic defect. A continuing
debate has been whether there is retinal involve-
ment in amblyopia. Flash-elicited electroretinograms
(ERGs) are generally normal in amblyopia®* " %,
however, the ERG second-harmonic amplitude is
abnormal in some amblyopes, as is the impulse re-
sponse obtained with pseudorandom binary se-
quences.*” Lateral interaction anomalies in am-
blyopes that are determined by using VEP estimates
of Westheimer functions suggest an anomaly prior to
the cortex.*” Some studies have observed a reduced
pattern ERG (PERG) amplitude in amblyopic eyes
even after controlling for fixation errors.” ¥ 6373
Others have found no PERG amplitude reduction if
patterns are presented at the retinal locus that elicits
the largest PERG amplitude.” ?* 32 The utility of
PERG amplitude reduction in identifying amblyopes
in the clinic has not been examined.

In summary, electrophysiological assessment of
amblyopia has proved interesting theoretically but
has not proved itself in the clinic. Experimental re-
searchers have often ignored the diversity of the am-
blyopic conditions, and clinicians have often failed
to employ stimulus conditions or combinations of
stimulus conditions that optimally distinguish the
visual processes affected by amblyopia. In the ab-
sence of a short, proven clinical test, we caution the
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clinical electrophysiologist not to rely on the results
of one measure of one stimulus condition in evaluat-
ing amblyopia and suggest that VEP acuity assess-
ment seems the safest strategy if the time constraints
permit it.
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