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Abstract
Aim—To evaluate the eVect of the extent of
hypermetropic anisometropia on the long
term visual acuity results in amblyopic
eyes following their treatment by occlu-
sion.
Methods—The visual acuity of 86 patients,
who had been treated for unilateral am-
blyopia by occlusion of the fellow eye and
followed up at least to the age of 9 years,
was examined 6.4 years, on average, after
cessation of treatment. Patients were
divided into two groups—those with a
small amount of hypermetropic ani-
sometropia, where the spherical equiva-
lent diVerence between the eyes ranged
between 0 and +1.50 dioptres, and those
with a large amount of hypermetropic
anisometropia, where the diVerence was
+1.75 dioptres or greater.
Results—Deterioration of visual acuity
after cessation of occlusion treatment
occurred in 51% of the patients in the
group with a small amount of ani-
sometropia and in 75% of the patients in
the group with a large amount. At cessa-
tion of treatment, the average visual
acuity in both groups was 20/40+. At the
long term follow up examination, how-
ever, the average visual acuity was 20/40−
and 20/70, respectively. This diVerence
was statistically significant.
Conclusions—Hypermetropic anisometro-
pia greater than 1.50 dioptres appears to
be a risk factor for deterioration of visual
acuity in the long term, following treat-
ment of amblyopic eyes by occlusion of the
fellow eye.
(Br J Ophthalmol 1998;82:55–58)

Occlusion of the fellow eye is the most widely
accepted and probably the most eVective
method of treatment for unilateral amblyopia.
Upon cessation of treatment, however, the
improved visual acuity in the amblyopic eye
tends to deteriorate. In a previous study,1 we
showed that deterioration of visual acuity had
occurred in 55% of treated eyes when exam-
ined at a long term follow up examination. The
age at which treatment was started did not sig-
nificantly aVect the extent of deterioration or
the mean visual acuity in the long term. In
another study2 we found that low initial visual
acuity in the amblyopic eye before treatment
and strabismic anisometropic amblyopia are
risk factors for deterioration of visual acuity in
the long term. In the present study we consid-
ered an additional variable, the amount of
hypermetropic anisometropia, as a possible

risk factor and examined its long term eVect on
the deterioration of visual acuity in eyes that
had earlier been treated for amblyopia.

Patients and methods
Between l974 and l979, 350 children with uni-
lateral amblyopia were diagnosed and treated
in the outpatient eye clinic of Kaplan Medical
Centre, Rehovot. Our report of that series3

contains a detailed description of the patients
and methods, which is also applicable to the
present work. Treatment consisted only of the
use of spectacles and occlusion of the fellow
eye. In each case, after the best visual acuity in
the amblyopic eye was attained, we continued
to monitor vision every 3 months for a year.
Thereafter, visual acuity was checked during
the course of a complete eye examination per-
formed at least once a year until the child was
9 years old. If the visual acuity had deteriorated
occlusion of the fellow eye was reinstated, usu-
ally for a few weeks, in order to restore vision to
the level previously attained.
Inclusion of a patient in the present long

term follow up study was contingent on the
following criteria being met at the time that
amblyopia was diagnosed and during the
subsequent period of treatment and monitor-
ing up to the age of 9:
(1) Compliance with an age suitable Snellen

chart for the initial visual acuity examination.
An exception was made for 12 children with
unilateral tropia who were too young (between
2 and 3 years of age) at the beginning of the
study to be tested in this way.We estimated the
visual acuity of the amblyopic eye in these chil-
dren by determining the density of the filter
required to induce a shift of fixation to the
squinting or presumed amblyopic eye. Only
two children of whom the initial visual acuity
was determined by the above technique
fulfilled all the criteria and were included in the
present study.
(2) An initial visual acuity of 20/60 or worse

in the amblyopic eye.
(3) Full compliance with the instructions of

the medical staV during the period of therapy
and follow up.
(4) Cessation of occlusion treatment for at

least a year before the present study.
On the basis of these criteria 157 children

were eligible for inclusion in the present study,
and 104 (66%) of them responded to our invi-
tation and presented themselves for the long
term follow up examination. Of these 104 chil-
dren, 94 had been monitored for visual acuity
up to at least the age of 9 years. Eight of them
had myopic anisometropia and were excluded
from the study because of the small sample
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size. The study population, therefore, consisted
of 86 patients. At the long term follow up
examination, the best corrected visual acuity
on the Snellen chart was recorded. When nec-
essary, cycloplegic refraction was performed 1
hour after administration of cyclopentolate
1%, twice during a 10 minute interval,
followed by subjective refraction a week later.
Orthoptic and fundal examinations were also
performed.
According to the diVerence in cycloplegic

refraction between the two eyes at the child’s
initial examination, two groups of patients were
defined:
(1) small amount of anisometropia; in 74

patients the diVerence between the spherical
equivalents of the amblyopic eye and the good
eye was less than or equal to +1.50 dioptres.
(2) large amount of anisometropia; in 12

patients the diVerence between the spherical
equivalents was +1.75 dioptres or greater.

DATA ANALYSIS AND CALCULATION OF VISUAL

ACUITY DETERIORATION

Following Moseley and Jones4 we converted
each visual acuity score on the Snellen chart to
its logarithmic value, termed the logMAR
value. Means and standard errors of each
group were computed using the logMAR
values, as were the statistical significance levels
of visual acuity diVerences between the groups.
For brevity, we will refer to these logMAR val-
ues as “visual acuity scores", except where oth-
erwise stated.
The visual acuity score at the long term fol-

low up examination was compared with that
attained by the child upon termination of
occlusion treatment. The diVerence between
the two was the “deterioration score", which

reflects the amount of deterioration in visual
acuity. For each of the two groups defined
above, the average deterioration was calculated
by dividing the sum of the deterioration scores
by the number of children in the group. In
addition, each patient’s “improvement score”
was defined as the diVerence between the
visual acuity score at the long term follow up
examination and at the commencement of
treatment. It should be stated that an improve-
ment or deterioration of 0.3 logMAR is a halv-
ing or doubling of the visual angle that can be
resolved.
The data for each child, including visual

acuity before occlusion treatment was started,
refraction of both eyes, cover test findings at
the commencement of treatment as well as best
visual acuity at termination of treatment, and
best visual acuity at the long term follow up
examination, were prepared for analysis. The
Student’s t test and the ÷2 test were used for
statistical evaluation. Results were assumed to
be significant if p < 0.05.

Results
Of the 86 patients included in this study, 41
were males and 45 were females. Their ages at
the initial examination ranged from 2 to 11.5
years (in 80% of the patients from 3 to 8 years).
Their ages at the present long term follow up
examination ranged from 9.0 to 20.0 years
(mean 13.7 (SD 2.5)). The latter examination
was performed between 1.1 and 9.8 years
(average 6.4 (1.9)) after discontinuation of
occlusion treatment. Most of the children
included in the study (84%) were examined
between 4 and 9 years after the treatment was
discontinued. In 70 children (81%) strabismus
was found in the initial examination, while 16
children (19%) were orthophoric.
Thirty nine (45%) of the examinees were

found to have maintained the visual acuity they
had achieved when occlusion treatment was
terminated, while in 47 (55%) the visual acuity
had deteriorated.

AMOUNT OF ANISOMETROPIA AND LONG TERM

VISUAL ACUITY DETERIORATION

Deterioration in visual acuity was seen in both
groups at the long term follow up examination
(Table 1). The diVerence between the two
groups was not statistically significant.
Table 2 presents the mean visual scores in

logarithmic values as well as in Snellen chart
values obtained by the two groups at the
beginning and end of treatment and at the long
term follow up examination.
Table 3 presents the average amount of dete-

rioration and of overall improvement (defined
as in Methods) in visual acuity in the two
groups, expressed as logMAR values. Although
the two groups had similar visual acuity scores
at the beginning and at the end of treatment,
the amount of deterioration in visual acuity at
the long term examination was significantly
higher in the group with a large amount of ani-
sometropia (p <0.05). The overall improve-
ment was significantly better in the group with
a small amount of anisometropia (p <0.05).

Table 1 Number (%) of patients who showed
deterioration in visual acuity (VA) at the long term follow
up examination

Anisometropia
No (%) of patients who showed
deterioration in VA

<1.50 D (n=74) 38 (51)
>1.75 D (n=12) 9 (75)

Table 2 Mean visual acuity scores (SE) in logMAR values and their equivalent Snellen
chart values at the beginning and at the end of occlusion therapy and at the long term
follow up examination

Anisometropia

VA at commencement of
occlusion treatment

VA at termination of
occlusion treatment

VA at long term follow
up

logMAR Snellen logMAR Snellen logMAR Snellen

<1.50 D 0.89 (0.05) 20/155 0.26 (0.02) 20/36 0.34 (0.02) 20/44
>1.75 D 0.87 (0.09) 20/149 0.26 (0.03) 20/36 0.55 (0.10) 20/70

VA = visual acuity; logMAR = logarithm of the minimum angle of resolution.

Table 3 Average amount of visual acuity deterioration* (SE) and average amount of
overall improvement* in visual acuity (SE) in the two groups at the long term follow up
examination in logMAR values

Anisometropia
Average deterioration in visual
acuity (SE)

Average overall improvement in
visual acuity (SE)

<1.50 D −0.08 (0.02) 0.55 (0.04)
>1.75 D −0.28 (0.10) 0.33 (0.14)

p<0.021 p<0.031

*Deterioration is defined as the diVerence between the visual acuity score at the long term follow
up examination and at the end of treatment, and overall improvement is defined as the diVerence
between the visual acuity score at the long term follow up examination and at the commencement
of treatment.
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Discussion
In our previous reports1 2 on patients from the
same study group as the present one, the long
term results of occlusion treatment for amblyo-
pia were analysed 6.4 years, on average, after
treatment was discontinued. We found that
visual acuity attained at the end of occlusion
treatment was maintained in 47% of the
treated amblyopic eyes. This finding concurs
with the results of other investigators,5–11 who
reported that 10% to 44% of treated eyes
maintained their visual acuity at examinations
performed 1 to 10 years after termination of
occlusion treatment. We assume that the
higher success rate in our case can be explained
by the fact that we restricted participation in
the study to those children who had complied
fully with the instructions of the medical staV
during the period of therapy and monitoring
and were followed up to at least the age of 9
years.
The age at which therapy was initiated did

not significantly aVect the visual acuity results
or the amount of deterioration of visual acuity
measured at the long term follow up
examination.1 However, low initial visual acuity
and strabismic-anisometropic amblyopia were
found to be significantly associated with
greater deterioration of vision at the long term
follow up examination of treated eyes.2

In the present study we evaluated the extent
to which the amount of hypermetropic ani-
sometropia aVects the stability of visual acuity
attained at the end of occlusion treatment,
measured 6.4 years on average after termina-
tion of the therapy.
Long term visual acuity outcome was

compared in two groups of patients with
unilateral amblyopia—a group with a small
amount of anisometropia where the diVerence
in spherical equivalent between the two eyes
ranged from 0 to +1.50 dioptres and a group
with a large amount of anisometropia, where
the diVerence between the eyes was +1.75
dioptres or greater. The determination of the
amount of anisometropia for each group was
based mainly on our clinical experience which
bears out that larger amounts of anisometropia
have a worse prognosis for successful treat-
ment. More meaningful results could be
obtained by analysing subgroups with incre-
ments of 0.50 dioptres. However, statistical
analysis in this case would be meaningless. We
studied consecutive cases of amblyopia pre-
senting to our paediatric strabismus clinic and
therefore the naturally occurring prevalence of
the varying severity of anisometropic hyper-
metropia in children with amblyopia is re-
flected in our study (the low anisometropia
group has six times as many patients as the
high group). Moreover, the subdivision used in
this study enabled a comparison of the long
term visual acuity results of treated amblyopic
eyes with low versus high anisometropia. Our
findings showed that the visual acuity results at
the long term follow up examination of the lat-
ter group compared unfavourably with those of
the former. Although the two groups had
achieved equal visual acuity results (average
20/40+) at the end of occlusion treatment, at

the long term follow up examination the group
with a larger amount of anisometropia showed
significantly greater deterioration in vision
(average visual acuity of 20/70 compared with
20/40 in the group with a small amount of ani-
sometropia). Treatment of anisometropic am-
blyopia has a high success rate. Flynn and Cas-
sady reported a success rate of almost 80% in
achieving visual acuity of 20/40 in amblyopic
eyes with strabismic anisometropia or
anisometropia.11 Sen reported improvement of
at least two lines on the Snellen chart in 63.7%
of patients treated for anisometropic
amblyopia.12 However, the long term stability
of the visual improvement was not addressed in
either of those studies.
Kutschke et al 13 treated 124 patients with

anisometropic amblyopia. In that study the 42
patients with hypermetropic anisometropia
had a mean initial visual acuity of 20/136, and
their best visual acuity at the end of treatment
was 20/26. In 16 patients with compound
hypermetropic astigmatism, the mean initial
visual acuity was 20/187 and the best visual
acuity achieved at the end of therapy was
20/33. The above study population can be
compared with that of the present study, as we
had included patients with hyperopia and
compound hyperopic astigmatism. In our
series, the initial visual acuity for the whole
group was 20/150 and the best visual acuity
achieved at the end of occlusion therapy was
20/40+ on average. Kutschke et al reported
that of 66 who had completed the prescribed
occlusion treatment, 16 (24.2%) deteriorated
by two or more lines of visual acuity after
occlusion treatment was discontinued. The
length of the follow up period after cessation of
occlusion treatment was not mentioned. In our
study, 55% of patients in both groups showed
deterioration in visual acuity; these results were
recorded 6.4 years, on average, after all occlu-
sion treatment was discontinued.
WoodruV et al 14 analysed data on 961

patients who were treated for amblyopia by
occlusion treatment at seven orthoptic centres.
The visual acuity value used for analysis of the
outcome of therapy in each patient was the best
visual acuity recorded within three visits of
treatment termination. In children with ani-
sometropia, the final visual acuity was found to
be significantly related to the diVerence in
spherical equivalent between the two eyes. The
worst final visual acuities were associated with
the highest degrees of anisometropia.
We conclude that a large amount of hyper-

metropic anisometropia—that is, a diVerence
of more than +1.50 dioptres in spherical
equivalent between the amblyopic and the fel-
low eye, has an unfavourable eVect on the long
term maintenance of visual acuity after discon-
tinuation of occlusive treatment. This raises
the question whether monitoring and treat-
ment should be continued until a later age in
children with hypermetropic anisometropia
and amblyopia higher than 1.50 dioptres.
Further studies are needed to clarify this
assumption.
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