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Abstract
Aim—To ascertain whether recovery of
visual function in amblyopic eyes is likely
to occur when the fellow eye is lost as a
result of age related macular degenera-
tion.
Methods—The records of 465 patients
with an established diagnosis of age
related macular degeneration who had
attended a specialist macular clinic be-
tween 1990 and 1998 were scrutinised. A
full clinical examination and standardised
refraction had been carried out in 189 of
these cases on a minimum of two occa-
sions. Cases were looked for where an
improvement of one or more lines of
either distance or near acuity was re-
corded in the eye unaVected by macular
disease. In each one of these cases the
improvement in visual acuity could not be
attributed to treatment of other existing
pathology.
Results—12 such cases were detected. In
nine of these the eye showing improve-
ment of acuity had a history of amblyopia.
The mean improvement in distance and
near acuity in amblyopic eyes by 12
months was 3.3 and 1.9 lines logMAR
respectively. The improvement in acuity
generally occurred between 1 and 12
months from baseline and remained
stable over the period of follow up.
Conclusions—Older people with a history
of amblyopia who develop visual loss in
the previously normal eye can experience
recovery of visual function in the ambly-
opic eye over a period of time. This recov-
ery in visual function occurs in the wake of
visual loss in the fellow eye and the
improvement appears to be sustained.
(Br J Ophthalmol 2000;84:952–956)

Amblyopia is a reduction in visual acuity as a
result of a developmental disorder of spatial
vision arising from strabismus, anisometropia,
or form deprivation early in life.1 2 The latter
three conditions lead to insuYcient exposure
to sharply focused images and a diVerence in
the quality of the inputs from the two eyes to
the binocular visual centres of the brain. The
brain then continually favours the eye with
better vision to the eventual detriment of visual
development in the other eye. The accepted
treatment of amblyopia involves forcing the
patient to depend visually on the eye with
diminished acuity and this is usually accom-
plished through occlusion therapy of the
non-amblyopic eye.3

The visual system is thought to be sensitive
to the eVects of abnormal experience only dur-

ing a limited period of time early in life when it
is immature and plastic, and thus it is believed
that occlusion therapy must be implemented
between 6 months and 9 years of age in order
to be eVective.3 Improvement in visual acuity
in young children is often dramatic after initia-
tion of occlusion therapy of the non-amblyopic
eye. However, there is conflicting evidence
overall on the eVectiveness of occlusion
therapy for amblyopia.4 Standard clinical
teaching is that occlusion therapy is ineVective
in older children and adults. None the less,
recent psychophysical studies have demon-
strated significant neural plasticity in adult vol-
unteers with and without amblyopia.5–7 In these
instances the visual improvement was found to
be specific to the orientation in which the vol-
unteers were trained. In other words improve-
ment in visual tasks was found to be specific for
the retinal input.5–7

Pathological processes can aVect the non-
amblyopic eye at any time in life and it may
become naturally occluded. A spate of recent
case reports has indicated that some improve-
ment in visual function occurs in adults in their
amblyopic eye when their previously normal
fellow eye has lost vision.8–10 A common disor-
der in the elderly in which severe and rapid
central visual loss can occur is the neovascular
form of age related macular degeneration
(AMD). In this condition, which is often bilat-
eral, development of disease is frequently
asymmetrical in that one eye is aVected earlier
than the fellow eye. We have recently noted
marked improvements in visual acuity in
amblyopic eyes that were previously consid-
ered to have very poor vision following
profound visual loss in the fellow eye as a result
of choroidal neovascularisation. We therefore
undertook to systemically screen for changes in
visual acuity in the eye unaVected by choroidal
neovascularisation in elderly patients who were
participating in an ongoing longitudinal study
on macular degenerative disease.

Methods
Records of 465 patients with AMD who were
assessed at a specialist macular clinic of the
Royal Victoria Hospital between 1989 and
1998 were scrutinised retrospectively. At this
clinic all patients undergo standardised refrac-
tion and recording of best corrected distance
and near acuity in both eyes. The optometrist
is masked to the patients’ clinical status. In
addition, all patients undergo slit lamp biomi-
croscopy and stereoscopic evaluation of the
macular retina of both eyes. One hundred and
eighty nine patients had been seen on more
than one occasion and had been subjected to
the full clinical examination at each visit.
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We searched for cases where an improve-
ment in either distance or near visual acuity of
two or more lines was recorded in an eye when
the other eye had choroidal neovascularisation.
Twelve such cases were detected. In one case
the patient had temporal arteritis and was tak-
ing systemic corticosteroids. Fluctuating vision
was recorded in both eyes and thus this patient
was not included. In nine of the remaining 11
cases, the eyes demonstrating an improvement
in acuity had previously been diagnosed as
amblyopic. Either this had been recorded by an
ophthalmologist or the patients informed us
that they had had a lazy eye since childhood. In
the two other cases no history of amblyopia
was recorded. Examination of the 189 patient
records detected one additional case where a
history of amblyopia had been recorded. In this
case, both eyes had active choroidal neovascu-
larisation and both eyes showed gradual
deterioration in vision during the period of fol-
low up. This patient is not included in the
analysis.

ACUITY MEASUREMENTS

Distance acuity was measured using ETDRS
charts on the logMAR (log10 of the minimum
angle of resolution) scale.11 The Snellen
nomenclature for logMAR 0.0 is 6/6 and that
of 1.0 logMAR is 6/60 with larger numbers
signifying worse acuity. An increase of 0.1 log-
MAR indicates a worsening by one line and a
decrease of 0.1 logMAR reflects improvement
by one line respectively on the ETDRS chart.
Unlike Snellen charts there is a geometric pro-
gression in letter size with each line in the
ETDRS charts. Letters in adjacent lines are
1.26 times larger than those of the line below
and the change in terms of the visual angle
subtended at a specified distance is linear.

Therefore a three line worsening anywhere on
the chart represents a doubling of the visual
angle.

Near acuity was measured using Bailey-
Lovie near reading charts. This chart uses the
M notation with increasing numbers denoting
increasing sizes of letters read and signifying
worse acuity. A print size of 1M is equivalent to
the Snellen notation of N8 and subtends an
angle of 5 minutes at the requisite viewing dis-
tance. Similar to the distance acuity logMAR
charts, the words in each subsequent line
decrease in size according to the geometric
principle of equal decrements of 0.1 log units
(1.26 times).11 An increase of three steps on the
scale indicates a doubling of the visual angle.

Results
Of the nine patients who had a history of
amblyopia, eight were female and one was
male. The left eye was the amblyopic eye in six
of the cases. The cause of amblyopia was
anisometropia in seven and strabismus in two
(Table 1). Apart from drusen, no significant
macular pathology was detected in any of the
amblyopic eyes. All cases were followed up for
a minimum of 1 year (range 12–36 months
with a mean of 18.6 months). The minimum
number of visits was three and the maximum
was six with a median of four. The change in
distance visual acuity and near visual acuity in
amblyopic (study eyes) and non-amblyopic
(fellow eyes) over 36 months are shown in
Tables 2–5.

DISTANCE ACUITY

Amblyopic study eyes
At presentation, the mean distance visual acu-
ity in amblyopic eyes was 1.2 (SD 0.4) (Snellen
equivalent: 6/95). By 6 months amblyopic eyes
showed an improvement in acuity with the
mean falling to 1.09 logMAR (Snellen equival-
ent 6/75). By 12 months, an average improve-
ment of three lines of acuity was found and this
was maintained over the duration of the study.
Two patients who were both followed for 18
months showed no change in distance acuity
during the period of follow up. In the seven
remaining patients all but one showed im-
provement in acuity within 12 months, and in
one case the improvement in acuity only
became noticeable after 18 months.

Table 1 Laterality of amblyopic eyes showing refractive error if any

No Amblyopic eye Refraction (R) Refraction (L)

1 Left +5.5 +6.5/−1.75 at 75°
2 Right 0.0 0.0
3 Left +4.0 −0.5
4 Right −3.75 +1.0/−0.75at180°
5 Left +1.25/−0.25 at 70° 0.0
6 Left +1.75/+0.5 −13.0
7 Left +0.5 −4.0
8 Left +8.00/−2.0 at 75° +10.0/−2.5 at 90°
9 Right −3.0 −3.0

Table 2 Change in distance acuity in study eyes (amblyopic eyes) as number of lines from baseline at each visit
(categorical intervals in months). Baseline distance acuity is given in logMAR

Patient
Initial acuity
logMAR

Change in distance acuity (number of lines) from baseline

Visit 1
(1–6 months)

Visit 2
(7–12 months)

Visit 3
(13–18 months)

Visit 4
(19–24 months)

Visit 5
(25–30 months)

1 1.2 0 −2
2 0.9 0 0 0
3 0.9 −1 −3 −2 −2
4 1.6 −6 −10 −10 −10 −10
5 1.6 −1 −6 −6 −6
6 1.6 0 0 0 −3 −3
7 1.2 −4 −4
8 1.5 −1 −3 −3
9 0.6 0 0 0
Average 1.2 −1.4 −3.3 −2.9 −5.3 −6.5
SD 0.4 2.1 3.5 3.5 3.6 4.9
Min 0.6 −6 −10 −10 −10 −10
Max 1.6 0 0 0 −2 −3
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Non-amblyopic fellow eyes
At presentation, the mean distance visual acu-
ity of the non-amblyopic fellow eyes was 0.7
(0.3) (6/30). By 12 months, an average of 4.0
lines of acuity was lost. By the final visit, three
patients suVered losses of acuity in excess of six
lines which is a quadrupling of the visual angle.
Only one eye showed no change in distance
acuity from baseline during the period of
follow up.

NEAR ACUITY

Amblyopic study eyes
At initial presentation, mean near visual acuity
was 6.7M (N48). An improvement of approxi-
mately two lines was noted by 12 months
increasing to 2.6 lines by 24 months.

Non-amblyopic fellow eyes
At initial presentation, the mean near visual
acuity was 3.1M (N24). By 12 months, fellow
eyes showed a deterioration of five lines of near
acuity which remained unchanged thereafter.
Only one of the nine eyes showed no deteriora-
tion in near acuity.

Figure 1 illustrates the mean change in
distance visual acuity and near visual acuity
respectively over time.

PATIENTS WITHOUT A HISTORY OF AMBLYOPIA

Two cases with no history of amblyopia were
recorded as having an improvement in acuity.
One case showed a two line improvement in
distance acuity on the second visit from
baseline and no change in near acuity. The

Table 3 Change in distance acuity in fellow eyes as number of lines from baseline at each visit (categorical intervals in
months). Baseline distance acuity is given in logMAR

Patient
Initial acuity
logMAR

Change in distance acuity (number of lines) from baseline

Visit 1
(1–6 months)

Visit 2
(7–12 months)

Visit 3
(13–18 months)

Visit 4
(19–24 months)

Visit 5
(25–30 months)

1 0.4 −1 6
2 0.4 0 3 3
3 0.6 0 10 9 10
4 1 3 3 0 0 0
5 1 3 3 3
6 0.5 1 1 11 11 11
7 1.2 0 4
8 0.8 0 0 0
9 0.6 8 7 10
Average 0.7 1.6 4.0 5.3 6.0 5.5
SD 0.3 2.7 3.5 4.4 5.4 7.8
Min 0.4 −1 0 0 0 0
Max 1.2 8 10 11 11 11

Table 4 Change in near acuity in study eyes (amblyopic eyes) as number of lines from baseline at each visit (categorical
intervals in months). Baseline near acuity is given in M notation

Patient
Near acuity
(months)

Change in near acuity (number of lines) from baseline

Visit 1
(1–6 months)

Visit 2
(7–12 months)

Visit 3
(13–18 months)

Visit 4
(19–24 months)

Visit 5
(25–30 months)

1 10 0 −5
2 1.6 −2 −1 −1
3 1 0 0 1 1
4 4 −1 −2 −6 −6 −6
5 12 0 −2 −2 −3
6 12 0 0 0 * −2
7 12 −6 −7
8 6.3 −1 −2
9 1.6 −1 −1 0
Average 6.7 −1.2 −1.9 −1.9 −2.7 −4.0
SD 4.8 1.9 2.2 2.7 3.5 2.8
Min 1 −6 −7 −6 −6 −6
Max 12 0 0 1 1 −2

*Indicates missing near acuity reading. The change in near acuity was therefore not available for the study eye of patient 6 on the
fourth follow up visit.

Table 5 Change in near acuity in fellow eyes as number of lines from baseline at each visit (categorical intervals in
months). Baseline near acuity is given in M notation

Patient
Near acuity
(months)

Change in near acuity (number of lines) from baseline

Visit 1
(1–6 months)

Visit 2
(7–12 months)

Visit 3
(13–18 months)

Visit 4
(19–24 months)

Visit 5
(25–30 months)

1 2 1 7
2 1 0 7 2
3 1.6 3 8 8 8
4 4 2 1 2 2 2
5 6.3 1 2 2 2
6 3 1 1 7 7 7
7 8 0 0
8 1.2 0 9
9 1.2 9 9 9
Average 3.1 1.9 4.6 5.3 4.8 4.5
SD 2.5 2.8 4.0 3.1 3.2 3.5
Min 1 0 0 2 2 2
Max 8 9 9 9 8 7
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other case showed a three line improvement in
distance acuity accompanied by a one line
improvement in near acuity which occurred
between baseline and the 6 month follow up
visit. No further change in acuity occurred in
these cases with continuing follow up. Both
cases had bilateral AMD. The improvement in
both cases occurred in the first eye to suVer
visual loss after the second eye had developed
overt disease.

Discussion
There is accumulating evidence to show that
neural plasticity exists in adults and that
repetitive practice can improve performance on
a variety of visual tasks in adult humans with
normal visual capacities.6 More recently, evi-
dence has accrued to show that adult ambly-
opes also demonstrate substantial and signifi-
cant perceptual learning of vernier acuity tasks
and that this learning reflects alterations in
early neural processes.5 7 In these cases the
improvement was task and orientation specific
suggesting that it was due to sharpening of
early neural responses localised beyond the site
of convergence of the two eyes.

The present study has shown that an ambly-
opic eye can recover a level of visual function
even in older individuals when the previously
normal fellow eye is lost to disease. Although
the improvement in many cases did not result
in complete reversal of amblyopia with the
mean distance acuity improving from a base-
line of 1.2 logMAR to 0.87 logMAR at 12
months, this suggests that the amblyopic eye
has a functional reserve that is only imple-
mented when the fellow eye undergoes a
significant deterioration in vision. It is gener-
ally believed that if amblyopic eyes are not
treated early any chance of visual improvement
will be lost. The visual potential of amblyopic
eyes is often disregarded. For example, in the
event of a cataract developing in an amblyopic
eye, treatment may be withheld.

Age related macular degeneration causes a
rapid deterioration in visual acuity of the “good
eye” and essentially acts as a form of occlusion
therapy. Patients are then forced to use their
hitherto lazy eye. It is interesting that the
results of Levi et al, whose studies were
conducted entirely under stringent laboratory
conditions, demonstrate that amblyopic eyes

that are trained using stimuli at specific orien-
tations show improvement in that orientation
only.7 By contrast, the present study with
patients from a clinical setting has shown that a
global improvement in visual function can
occur, which is detectable using standard
measures of visual function.

In the present study, we only observed an
improvement of two or more lines of distance
or near acuity in one eye of 12 of 189 patients
whose case records were scrutinised. It was
noteworthy that nine of these 12 patients had a
history of amblyopia. In the two eyes where an
improvement in acuity was noted without a
history of amblyopia, no obvious cause was
found to explain this change. In these two
cases, improvement was limited to two lines
and three lines of distance acuity respectively.
This was in contrast with amblyopic eyes
where much larger sustained improvement in
distance and near acuity was noted in follow up
visits.

It was interesting that of the 10 patients
identified as having amblyopia, all but one had
AMD in the eye without amblyopia. This may
reflect the referral patterns as individuals who
develop AMD in an amblyopic eye are highly
unlikely to notice the visual loss and seek help.
However, there is a possibility that the
amblyopic eye may be protected from AMD.
The present study was not designed to obtain
estimates of the prevalence of amblyopia in
older people. Furthermore, as it was retrospec-
tive it was not possible to identify factors which
could potentially influence recovery from
amblyopia. Longitudinal studies of the natural
history of visual change in AMD on large
numbers of people will be needed to answer
these questions.

A chance observation of marked improve-
ment of vision in an amblyopic eye of a case
with AMD in the fellow eye prompted this
study. Despite the limitations of the present
study we feel we have obtained evidence to
show that visual function in eyes with amblyo-
pia improves substantially when the fellow eye
become visually impaired and that age is not a
barrier to this. In amblyopic eyes improvement
in distance acuity appeared to precede corre-
sponding improvements in near acuity and this
pattern was occasionally the reverse. Most of
the improvement occurred within 12 months

Figure 1 Mean change in distance acuity (A) and near acuity (B) for study eyes and fellow eyes for each visit. Error bars
indicate standard deviation of the mean and broken lines show the trend over time. The x axis shows the visit number and
the y axis shows lines of acuity (positive numbers indicate worsening vision and negative numbers improving vision).
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from initial presentation but in one case the
improvement was not documented until the 24
month visit. Clearly, these findings have
important implications in terms of manage-
ment and rehabilitation of patients who have a
history of amblyopia. Furthermore, these find-
ings provide additional incentive to clinicians
to manage co-morbidity in the amblyopic eyes
of patients more proactively.
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