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Figure 2 Relative frequencies of the age ofonset of
strabismus in anisometropic patients with (shaded) and
without (unshaded) a relative afferent pupillary defect
(RAPD). Actual patient numbers shown in brackets.

factor (p=0-0188). This suggests that in patients
with a relative afferent pupillary defect it was
either more difficult to gain an improvement or
their acuity was more difficult to stabilise.

Statistical examination of the results of retinal
correspondence, state of fixation, density of
suppression, and contrast sensitivity showed no
significant differences.

Different aspects of visual acuity were
examined including: (a) linear acuity in patients
who had undergone occlusion and those who had
not; (b) presence of crowding; and (c) the inci-
dence of visual acuity being at less than its best
level. The only significant factor (p=00054)
found was the level of visual acuity in patients
who had undergone occlusion (Fig 4). Visual
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Figure 4 Relative frequencies of the range ofvisual acuity
of the amblyopic eye in patients who had undergone occlusion
therapy with (shaded) and without (unshaded) a relative
afferent pupillary defect (RAPD). A: up to 6/9; B: 6/10 5 to
6118; C: 6/21 to 6136; D: 6/48 and below. Actual patient
numbers shown in brackets.

acuity was lower in those with a relative afferent
pupillary defect. (The level of visual acuity was
not significant prior to occlusion.)

Finally nine patients were followed up through
treatment. Three had a relative afferent pupillary
defect and had not had prior treatment. In two of
these the defect disappeared, but in the third it
persisted. Three of the nine had a defect but had
already undergone some occlusion; in one the
defect disappeared, and three showed no relative
afferent pupillary defect and had not been
occluded. In one of these a defect was never seen,
but in the other two a defect appeared in the non-
amblyopic eye which disappeared after occlusion
was stopped.

. RAPD Present Discussion

l ~~~~oRAPD Absent0 RAPD Abse~i
AFFERENT OR EFFERENT?
The present study, owing to the method of
testing used, does not answer this question.
However, the defect has been shown to occur

(9) only on stimulation of the central area of the
retina and not the periphery, and not by stimu-

4_ lation with blue light.'4 Further, there is no delay
in the consensual reaction' on stimulation of
the non-amblyopic eye.

(2)(2
(3) (3) CAUSE

A defect prior to the lateral geniculate nucleus
(LGN) is the most likely explanation, though

1) other reasons may be considered. Inhibition
0--1:1-2 2:1-3 3:1-4 4:1+ either of the retina or the Edinger-Westphalo-1 1:1-2 2:1-3 3:1-4 4:1+ nucleus may occur. Evidence for the presence of

Period of Occlusion (Years:Months) centrifugal fibres in the optic nerve has been
w:published,"6 17 but doubt is now expressed aboutRelative frequencies ofthe period ofocclusion M tubipsed, e'bThdou trisnow vxprssdsaouith (shaded) and without (unshaded) a relative their presence. The central nervous system

upillary defect (RAPD). Actual patient numbers (CNS) has been shown to be capable ofinhibition
brackets. at the level of the Edinger-Westphal nucleus.'
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Pupillary responses in amblyopia

This may play a part in pupillomotor changes in
suppression, but in the testing of amblyopes the
stimulated eye is observed, and no effort of a
psychosensory nature to prevent the reaction is
being made.
A similar sized RAPD has been reported in

optic tract hemianopia," where midnasal pallor
of the optic disc in the ipsilateral eye is present.
Experimentally, cutting of the optic tract (in
monkeys) produces a similar afferent pupillary
defect and pattern of atrophy.2' It is extremely
unlikely that postchiasmal changes in amblyopia
would cause such a pupillary defect in the
presence of a normal disc appearance.

If the retina is considered at the site for the
cause, then again several suggestions may be
made. Retinal haemorrhages at birth could cause
an undetectable retinal defect.2' However, from
a series of babies followed up to an age at which
visual acuity could be measured, these haemor-
rhages did not appear to have any detrimental
effect on the normal development of vision.22

Malorientation of the retinal receptors has
been suggested as a cause of organic amblyopia;23
24 this would result in less light being absorbed.
However, the findings of malorientation of the
receptors is disputed,25 and normal cone electro-
retinogram recordings, suggestive of normal
preganglionic cell function, have been reported
in amblyopia.26

Pattern electroretinograms (PERG), which
reflect the integrity of the ganglion cell layer, are
abnormal in amblyopia,272`0 though this has not
been confirmed by every study.3 132 If the cause of
the abnormal pupillary response lies at ganglion
cell level, then some similarities in the type of
patient having aRAPD and showing an abnormal
PERG may be expected. Where an analysis ofthe
PERG response has been related to different
categories of patients and treatment,2' it was
found that the greatest defects occurred in
anisometropes and those patients who did not
respond well to treatment. Furthermore, reduc-
tion in the amplitude of the PERG in the
occluded, non-amblyopic eye, occurred, which
reversed with the cessation of treatment.2'
X and Y ganglion cell function has been shown

to be abnormal in cats raised with strabismus,33"
though again there is dispute.35 Often the
strabismus (or anisometropia) is produced in the
animal at around 3 to 4 weeks of age,3"3-3 though
sometimes this has varied."' The lower spatial
frequencies (in the cat) are unaffected where
strabismus is produced after eight weeks,39 and
in infants the low frequency end of the contrast
sensitivity function (CSF) curve does seem to
develop to an adult-like shape earlier than the
high frequency end.
The Y and W cells are probably responsible

for the detection of low to medium spatial
frequencies.42 It has been suggested that the
luminance detectors originally identified43 which
showed a regularly increasing frequency of dis-
charge with an increase in adaptation level areW
cells." Thus it is plausible that early-onset
strabismics are more likely to show changes
which result in a RAPD. However, the case for
anisometropes is less clear, as it cannot be
assumed that the difference in refractive error is
present at birth. There is no mention of aniso-

metropia in newborn babies screened with
photorefraction,4517 and the incidence in 6- to 9-
month olds appears far less than in school age
children.484' In fact between the ages of 1 and
31/2 years anisometropia may either develop or
resolve.50 Anisohypermetropia has been pro-
duced by radial keratotomy in kittens,5' and axial
length changes have compensated for this pro-
vided accommodative function is intact and
there is normal visual experience.
Accommodative function may be abnormal in

anisometropic amblyopia. Although defective
accommodation has been reported in ambly-
opia,52 the consensual response when the non-
amblyopic eye is stimulated is normal.53 Unsteady
fixation, perceptual difficulties, or lack of foveal
function may be the cause of this apparent
defect.54 56

If accommodative function is normal, then a
lack of normal visual experience in one eye may
be the cause of the lack of emmetropisation and
the resultant anisometropia. If the cause of such
is an undetectable defect in the retina (post-
receptor level or ganglionic level), this may be the
explanation for the differences in CSF between
anisometropic and strabismic amblyopes57-'" and
be the cause of the RAPD and abnormal PERG
responses.

TREATMENT
During occlusion there may be some reversi-
bility of the RAPD, or it may be that a defect is
beingproduced in the occluded eye, thus masking
that in the amblyopic eye. As mentioned above,2'
the PERG reduces in the occluded eye and
disruption of the orientation of retinal receptors
occurs.'3 Further study is needed to quantify the
pupillary reactions of each eye to determine the
answer to this question. It has been reported3
that increased latencies of contraction become
more normal with treatment. As the level of
visual acuity prior to occlusion therapy is not
significant to the presence of a RAPD, this test
cannot be used as an indicator of the outcome of
occlusion therapy in amblyopia.
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