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ABSTRACT

Purpose: First, to determine if thresholds exist for the development of
amblyopia and subnormal binocularity with various types of anisometropia
and to confirm or refute existing guidelines for its treatment or observa-
tion. Second, to delineate any association between the degree or type of
anisometropia and the depth of amblyopia and severity of binocular sen-
sory abnormalities.

Methods: Four hundred eleven (411) patients with various levels of ani-
sometropia, no previous therapy, and no other ocular pathology were eval-
uated. The effect of anisometropia (both corrected and uncorrected) on
monocular acuity and binocular function was examined.

Results: Spherical myopic anisometropia (SMA) of >2 diopters (D) or
spherical hypermetropic anisometropia (SHA) of >1 D results in a statis-
tically significant increase in the incidence of amblyopia and decrease in
binocular function when compared to non anisometropic patients.
Increasing levels of SMA and SHA beyond these thresholds were also
associated with increasing depth (and in the case of SHA, incidence as
well) of amblyopia.

Cylindrical myopic anisometropia (CMA) or cylindrical hyperopic ani-
sometropia (CHA) of > 1.5 D results in a statistically significant increase in
amblyopia and decrease in binocular function. A clinically significant
increase in amblyopia occurs with >1 D ofCMA or CHA. Increasing lev-
els ofCMA and CHA beyond >1 D were also associated with an increased
incidence (and in the case of SMA, depth as well) of amblyopia.

Conclusions: This study provides guidelines for the treatment or observation
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of anisometropia and confirms and characterizes the association between
the type and degree of anisometropia and the incidence and severity of
amblyopia and subnormal binocularity.

INTRODUCTION

Anisometropia, a relative difference in the refractive state of the 2 eyes, is
well known to be associated with amblyopia both in the presence and
absence of strabismuis. A considerable voluime of literature supports the
supposition that anisometropia (even in the absence of strabismus) is a
significant risk factor for the development of amblyopia.'-' The term "ani-
sometropic amblyopia""2 is widely accepted to describe amblyopia pre-
sumed to be caused by anisometropia alone.

A great deal of information has been published during the past half-
century regarding the prevalence, natural history, diagnosis, and treatment
of anisometropia and associated strabismus and amblyopia. Nevertheless,
critical questions regarding this relatively common clinical entity remain
and are the focus of this study.

First, disagreement exists in the published literature as to the nature
of, or even existence of, an association between anisometropia and the
incidence or severity of am-blyopia.5h1'323 A majority of investigators
acknowledge such an association, yet no study to date has clearly delineat-
ed it. The risk of developing amblyopia and/or subnormal binocular vision
for a given degree or type of anisometropia has not previously been quan-
tified. Furthermore, when amblyopia develops in association with ani-
sometropia, it remains uncertain if the severity of amblyopia is directly
related to the degree or type of anisometropia. The current study
attempts to evaluate and define this association.

Second, although it is generally agreed that anisometropia (unassociated
with strabismus) with associated amblyopia does require treatment, it has
not been established what degree of anisometropia should be corrected
when amblyopia is either absent (in order to prevent its development) or
cannot be confirmed (eg, preverbal patients). The American Academy of
Ophthalmnology Preferred Practice Pattern (AAO-PPP) for am-blyopia rec-
ommends levels at which variouis types of anisometropia should be treated
or monitored to prevent the developmeint of acmblyopia.4 However, these
guidelines are based on clinical impression and not supported by published
data. The cuirrent study attemupts to confirm or refuite these guidelines.

Third, despite a clear association between increasing anisomnetropia
and decreasing stereoacuity aind binocular function having been estab-
lisbed experimentally in normlal subjects,'43 considerably less attention has
been devoted to the sensory findings in anisometropic patients.'fi4 The
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effect of natuirally occurring anisometropia on binocular sensory fuinction
has not been adequately investigated. The current study attempts to fur-
ther examine this.

PATIENTS AND METHODS

All new patients presenting to the Children's Medical Center ophthalmol-
ogy department during a period of 42 months (January 1, 1995 through
June 30, 1998) were considered for inclusion in this study. Criteria were
established to include all patients with puire refractive error (no other ocu-
lar pathology) and no previous ocular treatment of any kind.

Patients were excluded from the study for any 1 or more of the following:

1. History of glasses wear.
2. History of occlusion or penalization therapy.
3. Previouis ocular surgery.
4. Any ocular pathology (includ(ling any strabismus*) noted on complete

initial ophtlhalmic examination.
5. Incomplete records or inadequiate follow-uip to evaluate best-correct-

ed visual status if spectacles were prescribed.
6. An age too young to obtain reliable visual acuiity and/or sensory data.

Since patients were also excluided from this study if significant strabis-
mus secondary to anisometropia was present (beyond that of microtropia
or monofixational range), the results of this study likely underestimate the
true overall imorbidity of anisometropia. The incidence of patients with
amblyopia and subnormal binocularity for a given level of anisometropia
would certainly be higher if these patients were included in the analysis.
However, exclusion was necessary since the separate effects of strabismus
and anisomiietropia on the development of amiiblyopia and subnorimal
binocularity couild not be distinguished. For this reason, the conclusions
derived in this study are meant to apply to non strabismic aniisometropic
patients and are not necessarily representative of the anisoinetropic
population as a whole.

The fact that previously treated patients were excluded should also be

PTatienits wkith "ioiicrotropia" or mianifest (lexiations within thie ivioooofixation Synldrome ranlge
(oip to 8 prismii (lipters of horizontal tropia) were also exclli(le(l. Soiclb simiall dieviations (with
a foveal scotooisa aod eccentric fixation) (1o frequently occoir secondarilN to aiiisoioetropia atnd
cooIld reinforce or wNorseo any existing almiblvopia. Siolee this stuldIy by designi iiclll(les groups
of patienits with little or nio anisometropia, iniclusioni of sinall-angle strabismi-otis p1atielnts w7ith-
otit aniisomiietropia p)ossibly wooldl bias, in a negative way, the ac-iitv data in these grotups.
MoniofixLationi sn(ldrome or mnicrotropia patiensts may alone, w\rithout anlisomlletr-opia, iosaniifest
amniblyopia in the nionipreferred eve
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taken into consideration wlven interpreting the findings of this study.
Patients thus excluded might, in fact, represent a subset of patients thlat
are more severely affected than the patients studied, as detection at an
earlier age mlay result from m-ore severe or easily detectable visual disabil-
ity. However, exclusion of these patients was also necessary, since the orig-
inal (pretreatment) levels of amblyopia could not be accuirately deter-
mined. If amblyopia therapy had been successfiul, even partially, the effect
of anisometropia would be underestimatedl by including these patients.
Thus, the actuial impact of anisometropia (in the absence of strabismus) on
the development of amblyopia may, in fact, be more significant than that
determine(d by this study.

Inclusion of younger patients would also halve been desirable; howev-
er, preferenitial looking acuiities were not considered acceptable for this
study because of concerns of overestimation of acuity in amblyopic eyes
and the incability to obtain reliable binocularity data in these patients.3536

Patients included in the study underwent a complete initial ophthal-
mologic examination. The following data were obtained:

1. Un1ai(ded isual acuity in each eye.
2. Stereo-acuiity witlh the Titmus stereo test.
3. Presence or absence of a mnonofixationi response (with the 4-diopter base-

out prismn test at (listance or clistance fusion of the Worth 4-dot test).
4. Cycloplegic refraction with 1% or 2% cyclopentolate.
5. Funduiscopic examiniation.

Visual acuiity was againi recorded with best correction after cycloplegic
refractioni. If equial, stereoacuiity, with best correction and a +3.00 add,
and distanice monofixation response, with best correction, were retested if
they were suibnormal prior to cycloplegic refraction. No fuirther follow-up
data were re(qlired.

All patienits with unequial best-corrected visual acuity at the initial visit
were prescribed spectacles. Visual acuity and binocularity were reassessed
at a subse(quent visit and amblyopia therapy then instituted if indicated.

For the purpose of analysis, patients with anisometropia were divided
into 4 types: spherical hyperopic anisometropia (SHA), spherical myopic
anisometropia (SMA), astigim-catic or cyliin(lrical hyperopic aniisometropia
(CHA), and astigmatic or cylindrical myopic anisometropia (CMA).
Patients with no anisomietropia (NA) were analyzed separately and used as
a control grouip. Patients with "mixed" anisomiietropia (1 eye hyperopic, the
fellow eye being myopic) were too few in nulmber (27/412) for fuirther clas-
sification based on severity and meaningfuil analysis as a specific type of
anisometropia. Therefore, these patients were classified as eitlher hyper-
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metropic or myopic based on the more ametropic eye. For example, a
patient with the refraction OD = +1.50 and OS = -.50 was classified as a
patient with 2 diopters (D) hyperopic spherical anisometropia (SHA).

The best means of analysis of patients with combined spherical and
cylindrical errors has frequently confounded other investigators reporting
on this subject. The most commonly used methods for analysis include
either calculating the degree of anisometropia based on the spherical
equivalent of the refractive error alone, ignoring astigmatic error, or cal-
culating anisometropia based on the largest difference at any 1 meridian,
ignoring the spherical equivalent. Each of these methods has merits but
also limitations. Use of spherical equivalents alone can mask the effect of
astigmatic anisometropia. For example, a patient with the refraction OD
= plano + 4.00 x 90 and OS = +2.00 would have no calculated ani-
sometropia, potentially increasing the amblyopia incidence in patients
classified as "nonanisometropic."

Contrarily, use of the largest difference in any one meridian to calcu-
late anisometropia does not distinguish spherical and cylindrical ani-
sometropia and may mask large differences between patients. For exam-
ple, the refraction OD = plano + 4.00 x 90 and OS = +2.00 sphere has the
same degree of calculated anisometropia (+2 D in the largest meridian) as
a patient with the refraction ofOD = plano and OS = + 2.00 sphere. This
method of analysis ignores the fact that not only is there a 2 D difference
in spherical equivalent of anisometropia, but also a 4 D difference in cylin-
drical anisometropia between these 2 patients.

Other methods, attempting to calculate the combined effect of cylin-
drical and spherical errors in a compound refraction, have also been used
to study anisometropia. These methods, however, are mathematically
complex, difficult to apply in clinical situations, and often no more predic-
tive of amblyopia than use of spherical equivalents alone.23

To avoid these pitfalls, patients with significant cylindrical ani-
sometropia were analyzed separately from patients with significant spher-
ical anisometropia. Patients with 1 D or less of cylindrical anisometropia
were analyzed based on spherical equivalents alone and included in the
myopic or hyperopic spherical groups. Patients with more than 1 D of
astigmatic (cylindrical) anisometropia were analyzed separately as "cylin-
drical" aniso-metropes (if the overall spherical equivalent of anisometropia
was 1 diopter or less).

Astigmatic or cylindrical anisometropia was calculated as the differ-
ence of the astigmatic error of the 2 eyes. All patients with significant
astigmatic error had cylindrical axes that were within 100 of each other, or
within 100 of symmetry (eg, 450 OD and 1350 OS), and therefore axis of
astigmatism was not considered in calculating the degree of astigmatic ani-
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sometropia. The non anisometropic patients had zero spherical or cylin-
drical anisometropia.

The 4 aforementioned types of anisometropia were further broken
down according to degree of anisometropia (Table I). Each group was
limited to the first of 50 subjects, for statistical analysis. The initial plan
was to analyze each type of anisometropia in one-half diopter groups (eg,
0 to .5, >.5 to 1); however, the smaller numbers of patients with >1 D of
spherical anisometropia required larger intervals of 1 D to perform mean-
ingful statistical analysis.

Each group was analyzed for the following information after convert-
ing Snellen fractions to the logMAR scale:233738

1. Mean acuity better eye.
2. Mean acuity worse eye.
3. Interocular acuity difference (IOAD) (mean of difference in logMAR

acuity of better versus worse eye).
4. Mean acuity amblyopic eye (corrected patients only).
5. Number of amblyopic patients in each group (corrected patients only).
6. Rate of monofixation response of the total group.
7. Degree of near stereoacuity.

For statistical analysis, patients with no stereopsis were assigned the
worst measurable value (3000 sec/arc) by the Titmus stereo test.

The incidence and severity of amblyopia was determined with best
correction and defined as 1 full Snellen line or greater of acuity difference
between the 2 eyes.

RESULTS

Patients included in the study are summarized in Table I. Patients were
divided into 5 types:

1. No anisometropia, or controls (NA, n = 50).
2. Spherical myopic anisometropia (SMA, n = 138).
3. Spherical hyperopic anisometropia (SHA, n = 139).
4. Cylindrical myopic 'anisometropia (CMA, n = 44).
5. Cylindrical hyperopic anisometropia (CHA, n = 40).

The 4 types of anisometropia were further broken down according to
the amount of anisometropia. The patients were grouped in this fashion to
determine the threshold at which each type of anisometropia is associated
with increased amblyopia and decreased binocular function. In analyzing
results, the suibgroups in each type of anisometropia were compared to the

992 Wleakley



Absence of Strabismus 993

TABLE 1. SUMMARY OF PATIENTS IN STUDY (N=411)

1. No sphierical or cylindrical aniisomnetropia (controls stibtotal (n = 50)

2. Spherical miiyopic anisometropia (in diopters)
>10 (I1 = 9)
>4 to 10 (n = 13)
>3 to 4 (n = 6)
>2 to 3 (n = 6)
>1 to 2 (n = 15)
>.5 to 1 (n = 39)
Oto .5 ( n =50)
Subtotal (n= 138)

3. Cylindrical myopic anisometropia (in diopters)
> 2 (n =8)
>1.5 to 2 (n =8)
>1 to 1.5 (n = 13)
.5 to I (n =15)
Subtotal (n = 44)

4. Spherical hyperimietropic ainisomiietropia (in diopters)
>4 to 10 (n = 13)
>3 to 4 (n = 12)
>2 to 3 (n = 13)
>1 to 2 (n = 26)
>.5 to I (n = 25)
O to .5 (n = 50)
Subtotal (n = 139)

5. Cylindrical hyperopic anisometropia (in diopters)
>2 (n = 8)
>1.5to2 (n = 6)
>1 to 1.5 (nI = 1)
.5 to 1 (n = 15)
Subtotal (n = 40)

non anisometropic "controls" as well as to one another. The mean age of
all patients was 105 months (8.75 years) (range, 37-174 months).

RESULTS IN UNCORRECTED ANISOMETROPIA
Monocular acuity data and binocular sensory data in uncorrected patients
are summarized in Tables II through V. The group of 50 patients with no
spherical or cylindrical anisometropia (NA) is represented in the first col-
umn of each table for comparison.

First, trend analysis reveals a significant trend for increasing interocu-
lar acuity difference (IOAD), worsening acuity in the "worse" eye, and



decreasing stereopsis (all P=.001 by Jonckheere-Terpstra Test) and an
increasing rate of monofixation (P=.001 by Cochran-Armitage Trend Test)
in all 4 types of anisomnetropia (SMA, SHA, CMA, CHA) as anisometropia
increases across the subgroups defined above.

Second, group (interval) analysis using the Ryan-Einot-Gabriel-
Welsch Multiple Range Test (REGWVQ) was performed on the samne vari-
ables in each type of unlcorrected anisometropia to detect any significanit
differences in IOAD and stereopsis among the subgroups for each type of'
anisometropia. Differences in the incidence of monofixation among
groups was also analyzed (Tukey type comparison of multiple proportions
at P=.05). Better and worse acuities were not analyzed in uncorrected
patients, since the overall degree of refractive error can mask the effect of
the anisometropia.

A valuie with a significant difference from the nonanisometropic "con-
trols" is indicated by (*), while a value that is significantly different from
the adjacent (less anisometropic) group is signified by an asterisk (ft) next
to the value in each of the tables. For example, in Table IL, patients with
uncorrected spherical myopic anisometropia developed a significant
increase in IOAD in the group where anisometropia was >-2 to -3 D when
compared to the less anisometropic groups. The group with >-3 to -4D of
anisometropia also differed significantly from these less anisometropic
groups, but not from the >-2 to -3 group. The IOAD of the >-4 to-10 D
group likewise differed significantly from the first 4 groups, but also from
the >-2 to -3D and >-3 to -4D groups. The IOAD of the >-10D group was
significantly worse than the >-4 to -1OD group and all previous groups.

When analyzing stereopsis, a significant decrease was first noted in the
group with >-3 to -4D of anisometropia as compared to the >-2 to -3D
group and all groups with less anisometropia. The >-4 to -IOD group had
significantly worse stereopsis than the >-3 to -4 group (all by REGWQ
multiple comparison). In terms of monofixation, all groups beginning with
the group with > -1 to -2D of anisometropia had significantly higher rates
of monofixation than the non-anisometropic patients, although they did
not differ significantly from one another (Tukey type multiple comparison
of proportions at P=.05)

The significant levels of change in IOAD, near stereopsis, and
monofixation incidence in the uncorrected spherical hypermetropic ani-
sometropia are summarized in Table III. Notably, IOAD increased signif-
icantly first in the >1 to 2D anisometropia group and again in the >3 to 4D
anisometropia group. Stereopsis first deteriorated significantly in the >2
to 3D anisometropia group and again in the >3 to 4 diopter grouip
(REGWQ multiple comparison). The monofixation rate increased first in
the >1 to 2D group and increased again in the >2 to 3D group (Turkey-
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Type multiple comparison).
The results for the uncorrected cylindrical anisometropic patients

were similar for both the hypermetropic and myopic varieties (Tables IV
and V). A significant increase in IOAD occurred in both types when cylin-
drical anisometropia reached the > 1 to 1.5 D level as compared to the con-
trol and the >.5 to ID groups. The monofixation rate also increased sig-
nificantly at the >1 to 1.5 D level in both the hypermetropic and myopic
types. However, a significant decrease in stereopsis was noted only in the
>2D groups for both CMA and CHA.

In summary, in uncorrected patients, binocularity as measured by
monofixation versus bifixation, worsened significantly at relatively low lev-
els of uncorrected anisometropia, regardless of type, while stereo-acuity
did not decrease significantly until higher levels of anisometropia. On the
other hand, IOAD increased significantly at >-2D in spherical myopic,
>1D in spherical hypermetropic anisometropia, and >ID in either hyper-
metropic or myopic cylindrical anisometropia.

Limited conclusions should be drawn from the uncorrected acuity and
binocuilarity data. It is unclear how much uncorrected refractive errors
negatively affect binocularity test results, and corrected data muist be con-
sidered in establishing any treatment guidelines. Furthermore, it is impos-
sible to separate decreased vision caused by uncorrected refractive error
from decreased vision caused by amblyopia. It is interesting to note, how-
ever, that the levels of anisometropia at which IOAD first increased signif-
icantly are the same levels in the uncorrected and corrected SMA and SHA
patients. In CMA and CHA, uncorrected patients developed a statistically
significant increase in IOAD at a slightly lower level than the corrected
patients. However, as will be noted, a clinically (but not statistically) sig-
nificant increase in IOAD did occur in the corrected CMA and CHA
patients at the >ID level, the same level as in the uincorrected patients.

RESULTS IN CORRECTED ANISOMETROPIA

The best-corrected acuity and binocularity data were obtained from
patients with equal corrected acuiity at the time of the initial evaluation.
Patients with unequal corrected acuity were prescribed spectacle correc-
tion at the time of the initial visit. These patients were allowed time to
wear the correction (mean, 14.8 weeks from the initial visit) before obtain-
ing best-corrected data at the next visit. Spectacle correction alone, in
anisometropia, has been reported to improve acuity (and presumably ani-
sometropic amblyopia) over time.3'40 Therefore, the follow-up data were
obtained from the second office visit, allowing for adjustment to the glass-
es, but soon enouigh to have minimal effect on improving any existing
amblyopia.
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Tables VI throuigh IX summarize the best-corrected monocular acuity
and binocular sensory results. Mean acuity data are shown for each group
of patients and were calculated in the same fashion as the uncorrected
acuity data. Mean acuity data were recorded for the better eye and the
worse eye. In any group with patients having unequal best-corrected "bet-
ter" or "worse" eyes, mean acuity was also recorded for the amblyopic
eyes. Mean interocular acuity difference for each group was also record-
ed as logMAR (.10 equals approximately 1 Snellen line of acuity differ-
ence). Thus, severity of amblyopia could be analyzed 3 ways:

1. By evaluating the mean acuiity of only the amblyopic eyes in each group.
2. By evaluating the mean interocular acuity difference of each grouip.
3. By evaluiating the mean acuity of the "worse" eye in each group.

Each of these methods yielded essentially identical results except where
noted.

Mean acuities of the better, worse, and amblyopic eyes were recorded
both as logMAR and the Snellen equivalent.

Grouips with no amblyopic patients had mean acuity data that were the
same for the better eyes and the worse eyes with no data for amblyopic
eyes. Contrarily, groups in which all patients were amblyopic had mean
acuity data that were the same for the worse eyes and the amblyopic eyes.
Grouips in which some but not all patients are amblyopic had mean acuity
data that are better in the "worse" eyes than the "amblyopic" eyes, since
the "worse" eyes included both normal and amblyopic eyes.

Incidence of amblyopia was evaluated by comparing the number of
amblyopic patients in each group. Stereopsis was again measured with the
Titmus stereo test. The presence or absence of the monofixation response
was again determined with the distance Worth 4-dot and/or 4-diopter
base-out prism test.

In Tables VI through IX, the first column in each table again includes
the data for the patients with no spherical or cylindrical anisometropia
(NA) for comparison. The mean visual acuities in the better eye (20/20)
and the worse eye (20/21) in this group provide a means for comparison to
the anisometropic patients (both spherical and cylindrical). The mean near
stereoacuity in these patients was 53 sec/arc, with 2 of 50 (4%) having a
difference in visual acuity between the 2 eyes (amblyopia) and the same 2
patients (4%) also having a positive monofixation response. While these 50
patients were entered into the study in the same fashion as the ani-
sometropic patients, they were considered "controls," to which the acuity
and binocularity of other groups were compared.

A significant trend was again noted in all 4 types of anisometropia
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(SMA, SHA, CMA, CHA) for each variable studied. These variables
included worsening stereoacuity and worsening visual acuity in worse eye
(P=.001 by Joncklheere-Terpstra Test in all cases, except stereo versus
cylindrical hypermetropia (P=.012), and stereo versus cylindrical myopia
(P=.010)). Increasing IOAD and an increasing incidence of monofixation
response were likewise significant as levels of anisometropia increased in
each of the 4 types (all P=.001 by Cochran-Armitage Trend Test).

Table VI summarizes the monocular acuity and binocular sensory data
in patients with spherical myopic anisometropia (SMA). REGWQ multi-
ple comparison of the groups demonstrated a significant increase in IOAD
(also decrease in mean acuity worse eye and amblyopic eye) when ani-
sometropia reached the >-2 to -3D level. Each group with increasing ani-
sometropia beyond this level was also significantly worse than each previ-
ous group by all 3 measures of amblyopia severity. Stereoacuity (also
REGWQ multiple-comparison test) monofixation incidence, and ambly-
opia incidence (Tukey type multiple comparison test) all first showed sig-
nificant changes at the >-2 to -3D level as well. Since the monofixation
and amblyopia rates both equaled 100% in the first group to have a signif-
icant increase (>-2 to-3D), an increased incidence in these variables did
not occur in the other groups with increasing anisometropia. These data
demonstrate both a threshold for the development of amblyopia (at the >-
2 to -3 diopter level) and a significant increase in its severity (as measured
by IOAD and mean acuity in worse and amblyopic eyes) as anisometropia
increased beyond >-2 to -3 D in SMA.

Table VII summarizes the data for spherical hypermetropic ani-
sometropia (SHA). The visual acuity data indicate a similar, though less
sharply demarcated, relationship between the degree of anisometropia
and both the incidence and severity of amblyopia. Patients in the > 1 to 2D
group of anisometropia were the first to show a statistically significant
increase in the IOAD (and a decrease in the mean acuity of the worse eyes
and amblyopic eyes) as compared to nonanisometropic patients. The
IOAD also increased (and mean acuity worse eye decreased) significantly
with each group with increasing anisometropia beyond the > 1 to 2D level.
The mean amblyopic acuity in the >1 to 2D and >2 to 3D groups did not
differ significantly; however, both groups had significantly better ambly-
opic acuity than the >3 to 4D and >4 to 10D groups. Stereoacuity
followed a similar pattern.

The incidence of amblyopia and positive monofixation responses also
increased significantly first in the group of patients with >1 to 2 diopters
of SHA. The incidence of amblyopia increased significantly in 2 groups
(>1 to 2D and >2 to 3D), after which it leveled off at 100%. Again the data
supported a threshold for the development of amblyopia (>1 to 2 D of
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SHA) as well as an increase in its severity and incidence with increasing
anisometropia.

The level at which patients with SHA began to demonstrate amblyopia
and subnormal binocularity was both lower and less sharply delineated
than in the patients with SMA.

The >1 to 2 D group of SHA was further analyzed to assess if any
patients within the group were more likely to be amblyopic. Within the
group there was no significant difference between amblyopic and nonam-
blyopic patients with regard to age, overall degree of anisometropia (with-
in the >1-2D range), or overall degree of ametropia.

The corrected acuity and binocularity data for the cylindrical myopic
and hyperopic anisometropic patients are summarized in tables VIII and
IX. In cylindrical myopic anisometropia (CMA), IOAD, mean acuity in
the worse eyes, and mean acuity amblyopic eyes showed statistically sig-
nificant worsening in the >-1.5 to -2D group. A statistically significant
increase in the incidence of amblyopia and monofixation also occurred in
the >1.5 to 2D group. A significant decrease in stereopsis occurred only
in the >2D group.

In cylindrical hyperopic anisometropia (CHA), IOAD and mean visu-
al acuity of the worse eye both showed a statistically significant increase in
the > 1.5 to 2D group, although the mean acuity of the amblyopic eyes did
not change significantly among the groups. A statistically significant
increase in frequency of amblyopia and monofixation rate also occurred in
this group (>1.5 to 2D) and also in the >2 D group. Stereopsis worsened
significantly only in the > 1.5 to 2D group.

Patient numbers were more limited than with spherical anisometropic
patients, and differences among groups were less drastic, making statistical
analysis somewhat more limited. In both types of astigmatic or cylindrical
anisometropia, a statistically significant deterioration of monocular and
binocular function was first noted in the > 1.5 to 2D groups. The CMA and
CHA data support a statistical threshold for the development of amblyopia
at the > 1.5D level of anisometropia. However, there was a notable increase
in the frequency of amblyopia, especially with CHA, but also with CMA
patients in the >1 to 1.5D group, although this was not statistically signifi-
cant. However, one might argue that >11D of cylindrical anisometropia
more fairly represents the clinically significant threshold for an increase in
the incidence of amblyopia in these patients. In CMA, the incidence of
amblyopia went from 0% to 15%, and in CHA from 0% to 27% at this level.
As noted previously, the uncorrected acuity data also supported this to be
the first level of statistically significant increase in IOAD.

Severity of amblyopia (as measured by IOAD and mean acuity
amblyopic eye) increased further when cylindrical anisometropia
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increased to >2D. While there was also a trend for increased incidence of
amblyopia in CHA patients with >2D anisometropia, this was not statisti-
cally significant. Binocularity as measured by stereopsis and frequency of
monofixation worsened significantly for CMA and CHA at either the
>1.5D or >2D levels. The correlation between increasing anisometropia
and IOAD was weaker in the cylindrical than the spherical anisometropia
patients (Figs 1 and 2). Unlike the findings with spherical anisometropia
patients, there appeared to be no significant difference in the effect of
myopic versus hyperopic cylindrical anisometropia, the threshold for the
development of amblyopia. This was not surprising when one considers
that these patients had no significant spherical equivalent difference
between the 2 eyes; hence the retinal blur caused by hyperopic cylindrical
anisometropia would be expected to be the same as myopic cylindrical ani-
sometropia of the same magnitude.

Figures 1 through 4 demonstrate some of these results graphically. The
degree of correlation between the interocular acuity difference and the
degree of anisometropia in corrected patients (both spherical and cylin-
drical) is characterized in Figures 1 and 2. The threshold for the develop-
ment of amblyopia with each type of anisometropia is also apparent from
these figures.

In Figures 3 and 4, the association between the degree of ani-
sometropia and the incidence of monofixation, amblyopia, and subnormal
stereopsis is characterized. Each of these outcomes is represented as a
percentage of patients affected in each anisometropia group. Since
stereoacuity was much better in the patients with cylindrical ani-
sometropia than spherical anisometropia, different definitions of subnor-
mal stereoacuity were used in these 2 figures (>200 sec/arc for spherical
and > 60 sec/arc for cylindrical anisometropia).

DISCUSSION

ANISOMETROPIA AND AMBLYOPIA

Copps14 in 1944, was the first to attempt to confirm an association
between "pure anisometropia" (anisometropia in the absence of strabismus)
and amblyopia in 44 patients with 1 D or more of anisometropia (spheri-
cal equivalent). Although this study was without the benefit of statistical
analysis, he nevertheless concluded that the initial degree of amblyopia
was proportionate to the degree of anisometropia. Copps further noted
amblyopia to be more likely in hypermetropic than myopic anisometropia.

These findings were later confirmed by Jampolsky and associates in
1955.17 These investigators also demonstrated decreasing "best" acuities in
the worse eye of patients with increasing amounts of anisometropia. This
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FIGURE I
Degree of spherical anisometropia versus interocular acuity difference (TOAD). Correlation
was highest in spherical myopic anisometropia (r = .86, P < .0001), but also highly significant
in spheric-al hyperopic anisometropia as well (r = .73, P < .0001).
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FIGURE 2

Degree of cylindrical anisometropia and interocular acuity difference (IOAD). While the
threshold for development of amblyopia (>1D) was well demonstrated, correlation between
severity of amblyopia and IOAD was weaker than in spherical patients for CMA (r = .47; P
= .0012) with CHA there was no correlation (r = .23, p = .16).
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FIGURE 4
Cylindrical anisometropia versus amblyopia, monofixation, and subnormal stereopsis.
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amblyopia are noted in the >ID groups for both CMA and CHA.



study evaluated 207 patients up to 55 years of age with at least 1 D of
spherical or cylindrical anisometropia. The investigators also noted
unequal corrected acuities to be both more frequent and more significant
in hyperopic than myopic anisometropia. They did not however, demon-
strate a strong correlation between the degree of refractive difference and
the degree of corrected acuity difference.

The predominance of the literature in the ensuing 40 years has gener-
ally supported some type of correlation between the degree of ani-
sometropia and depth of amblyopia prior to treatment and, in some
instances, the type of anisometropia as well.5"58',20,23,41 However, not all
studies have found such an association.'316'9

Helveston"' refuted any association between depth of amblyopia and
degree of anisometropia in a small series of 37 non strabismic amblyopes.
Kutschke and associates'9 likewise found no association between initial
visual acuity and the degree of anisometropia in 75 non strabismic ambly-
opes. Bhatia and Pratap' 3 found no true association between ani-
sometropia and amblyopia in 61 non strabismic amblyopes, and DeVries5
noted only that of 17 patients with anisometropia, more had amblyopia
than 15 patients without anisomiietropia.

On the other hand, Hardman,"9 Ingraml, Kivlin,'" MacDiarmlid,2" Sen, 22
Tanlamai,4' and Townshend23 all found varying associations between initial
acuity or amblyopia and the degree of anisometropia. However, even in
studies where an association between severity of amblyopia and the degree
of anisometropia has been found, study design limitations generally pre-
clude any meaningful analysis of the amblyopia/anisometropia association.

These conflicting conclusions regarding the association between ani-
sometropia and amblyopia have stemmed from a number of important fac-
tors. All published studies to date, with one exception,4' have included
only amblyopic patients for analysis or have evaluated only patients with
an arbitrarily defined level of "significant" anisometropia (such as >1 D),
or both. Failure to include anisometropic patients, both with and without
amblyopia, precludes the ability to determine the true incidence of ambly-
opia for a given degree of anisometropia, since patients with anisometropia
but no amblyopia would be excluded from analysis. In other words, this
methodology ignores patients with anisometropia but good binocular
function and acuity. Additionally, if only patients with a predetermined
degree of anisometropia are studied, the threshold or degree at which ani-
sometropia truly becomes "significant" cannot be determined. Additional
confusion hals resulted from the differing definitions of both amblyopia
and anisometropia among the various investigators. Most analyses have
also suffered from 1 or more additional shortcomings, such as examination
of only adults, use of noncycloplegic or autorefractions, failuire to excluide

1010 Weakley



Absence of Strabismus

patients with previous treatment for amblyopia, strabismus or refractive
error,4' and failure to separate types of anisometropia.

This study has attempted to avoid these pitfalls by including patients
with and without amblyopia and has not predefined a specific level of
"significant" anisometropia. The data in this series of patients demon-
strate a convincing association between both the degree and type of ani-
sometropia and the incidence and depth of amblyopia. In this study, the
incidence of patients developing amblyopia and subnormal binocularity
increased in a statistically significant fashion once anisometropia reached
a certain level in all 4 types of anisometropia defined in this study. This
relatively sharp demarcation, especially in spherical anisometropia,
allowed for the development of useful guidelines for careful monitoring or
treatment of at-risk patients. These findings closely parallel the recent
guidelines4 previously supported only by clinical impression and experi-
ence. This study confirmed that >2 D of spherical myopic anisometropia
(SMA), >1 D of spherical hyperopic anisometropia (SHA), and >1.5 D of
cylindrical myopic or hyperopic anisometropia (CMA or CHA) should
alert the clinician to the high likelihood of developing amblyopia and sub-
normal binocularity if the anisometropia persists.

As mentioned, in the case of the cylindrical anisometropia patients
(CMA and CHA), lower levels of anisometropia (>1D) may also be a cause
for concern. In the cylindrical anisometropia groups, while a statistically
significant increase in amblyopia from the control groups was not noted
until the level of anisometropia reaches >1.5 D, there was clearly a trend
for an increase in the amblyopia incidence with less anisometropia. In
CMA a 15% incidence of amblyopia was noted in the >1 to 1.5 group and
in CHA, a 27% incidence of amblyopia is noted at this level. This increased
incidence in CHA of > 1 to 1.5 is statistically significant when compared to
zero (P = .05) but not when compared to the control group. It is likely that
larger numbers of patients with astigmatic anisometropia would have
resulted in a statistically significant increase in amblyopia incidence from
the control group at the >ID level. Furthermore, the IOAD data in the
uncorrected CMA and CHA patients supports the lesser amount of ani-
sometropia as resulting in a statistically significant increase in IOAD.

While comparison of best or worst acuities among groups is not useful
with uncorrected refractive error, the IOAD would still be expected to be a
useful outcome to compare (Tables IV and V). In light of these findings, it
seems appropriate to define the "threshold" for the development of ambly-
opia to be the lower level (>1D) in both CMA and CHA patients. With
uncorrected spherical myopic and hyperopic anisometropia, a significant
increase in IOAD occurred at the same threshold level as in the corrected
patients (>1 to 2 D in SHA and >-2 to -3 D in SMA) (Tables II and III).
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In comparing the findings of this study to the guidelines of the American
Academy of Ophthalmology Preferred Practice Pattern (AAO-PPP)4 similar
but slightly lower levels of anisometropia were of concern.' In this study,
SMA >-2 D (eg, -2.25 or more) of myopic anisometropia was .75 D less
than the AAO-PPP guidelines (> 3 D). SHA of >1 D (eg, +1.25 or more)
was .25 D less than the AAO-PPP guideline, and in CMA and CHA in this
study, >1D (eg, ± 1.25D or more) was also .25 D less than the AAO-PPP
guidelines.

In addition to examining thresholds for the development of amblyopia,
this study was also designed to confirm any association between the degree
and type of anisometropia and an increased incidence and/or severity of
amblyopia. The incidence of amblyopia in patients with spherical myopic
anisometropia (SMA) was 100% in the first group with any significant
degree of amblyopia and remained at that level for all groups with increas-
ing anisometropia. Thus, for SMA, there was no significant increase in the
incidence of amblyopia with increasing anisometropia beyond the >-2 to
-3D threshold. However, the severity of amblyopia, as measured by
IOAD (r = .86, P < .0001) and amblyopic acuity (r = .86, P < .0001) was
strongly associated with the degree of SMA (see Table VI). In spherical
hyperopic anisometropia (SHA), both the incidence and severity of ambly-
opia increased significantly as SHA increased. The incidence of amblyopia
increased first in the >1 to 2D group and again in the >2 to 3D group,
after which the incidence remained at 100%. The severity, as measured
by IOAD and amblyopic acuity, increased significantly in the >1 to 2D
group and again in the > 3 to 4D group. The overall level of correlation
between SHA and IOAD (r = .73, P < .0001) and amblyopic acuity (r = .63,
P < .0001) was also significant (Table VII).

The association between the degree of cylindrical anisometropia and
the incidence and severity of amblyopia was less clear in this study, again
possibly because of fewer patients. In both cylindrical myopic ani-
sometropia (CMA) and cylindrical hyperopic anisometropia (CHA), there
was only 1 group of patients (>2D) with a greater degree of anisometropia
than the first group (>1.5 to 2D) to have a statistically significant increase

° The method of grouping writhin each type of anisometropia in this sttuldy defines the lower
level of a grouip as greater than(>), not greater than or equal to 2. Thus, the grouip > 1 to 2D
of SHA does not incluide patients with 1D of SHA; these patients are in the previous grolup.
Thuis, in general, except in rare cases where mathematical calculations leads to a patient with
1.125 D of anisometropia, this group generally includes patients with 1.25 to 2 D of ani-
sometropia. The same is true for the other groups as well. This should be noted when com-
paring to the AAO-PPP guLidelinies, which classify cut-off levels of anisometropia as greater
than or equal to >.
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in the incidence of amblyopia. The incidence of amblyopia did not
increase between these 2 groups for either CMA or CHA; however, the
severity did. In CMA, the amblyopic acuity, mean acuity worse eye, and
IOAD worsened significantly between these groups. In CHA, the IOAD
and mean acuity worse eye (but not amblyopic acuity) worsened signifi-
cantly between the groups. Furthermore, if the lower level of >11D was
taken to define the threshold of a clinically significant increase in ambly-
opia incidence in CMA and CHA patients, then increased severity of
amblyopia was noted across all 3 groups (>1 to 1.5D, > 1.5 to 2D, and >2D)
as measured by IOAD and mean acuity of the worse eye.

In summary, these data support a strong correlation between increasing
degrees of anisometropia (all 4 types) and an increasing severity of ambly-
opia. There was also an association between the degree of anisometropia
and the incidence of amblyopia, at least in terms of a threshold for its
development.

In most,'2'471 1921 but not all,'8 previous publications, in which the issue
has been addressed, findings have suggested that the amblyopia associated
with hypermetropic anisometropia is more severe or more frequent than
that associated with myopic anisometropia. The data in this study confirmed
the tendency for the development of amblyopia at lower levels of hyperop-
ic (SHA) (>1 to 2D) than myopic (SMA) (>-2 to -3D) anisometropia ie, a
higher incidence and increased severity of amblyopia in the >1 to 2 D SIHA
group than the >-1 to -2 SMA group. However, in the patients with equal
levels of SMA and SHA beyond > 2 D, both the incidence and the severity
of amblyopia were remarkably similar (Tables VI and VII).

ANISOMETROPIA AND BINOCULARITY

Considerably less attention has been paid to the association between ani-
sometropia and binocularity than to the association between ani-
sometropia and monocular acuity or amblyopia. Studies examining the
effects of naturally occurring anisometropia rarely address the issue of
binocularity. While it is tempting to assume the levels at which ani-
sometropia effects monocular acuity and binocular function are similar,
this has not previously been substantiated in the literature.

A significant amount of literature has addressed the effects of artifi-
cially induced anisometropia on the binocularity of normal subjects.
Brooks and associates24 have shown a foveal scotoma to occur and
stereoacuity to decrease in proportion to experimentally induced ani-
sometropia in adults. As little as 1 D of hyperopic, myopic, or cylindrical
anisometropia resulted in significant deterioration of binocular function in
this study. Simpson3' likewise has documented the "suppression" effect
with development of a facultative foveal scotoma in simulated
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anisometropia. A number of other investigators have previously demon-
strated similar findings with regard to stereoacuity and experimentally
induced anisometropa 25-28:30:32,33,42

Much less is known with regard to the effects of naturally occurring
anisometropia on binocularity. The studies previously referenced make lit-
tle or no mention of the effects of naturally occurring anisometropia (both
treated and untreated) on binocularity. Hardman and associates43 have in
fact, argued that increasing anisometropia does not affect the loss or
absence of bifoveal fusion. No studies to date have attempted to ascertain
the level of anisometropia at which binocularity deteriorates significantly
from normal, a question that has been addressed in this manuscript.

It is well known that anisometropia of sufficient severity will result in
abnormal binocular vision and subnormal stereopsis. In Parks' initial
description of the "monofixation syndrome"44 6 of the 100 patients in the
study were anisometropic without strabismus. Helveston and von
Noorden45 also noted anisometropia to be a causative factor in a number
of patients with "microtropia." Furthermore, it has also been documented
that in some anisometropic patients this abnormal binocuilar state,
whether one prefers the term "microtropia" or "monofixation," can be
reversed with appropriate treatment.447*

Deterioration of binocular function, as measured by the rate of
monofixation and decreased stereoacuity, did in fact parallel the develop-
ment of amblyopia quite closely in all types of anisometropia in this study.
Patients with corrected SMA and SHA developed a significant decrease in
stereopsis and increase in monofixation when anisometropia reached > -2
diopters (SMA) and >1 diopters (SHA), the same levels at which ambly-
opia increased significantly (Tables VI and VII).

'Differing termninology to describe subnormal binocularity in patients without detectable
strabismus (or very small angle strabismus) has led to some confusion in the literature. The
term "microtropia"45 includes patients with or without small angle strabismuns on1 cover test-
ing. The more recent term "microtropia with identity" hlas been coined to describe a subset
of these patienits wvith no deviation with cover testing yet who are felt to have a small angle
strabismus and extrafoveal fixation.) Patients with "monofixation syndrome"' likewise may
or may not hlave a smiall anigle deviationi (tip to 8 prismii diopters) o00 cover testing. These
patients also have a foveal scotomai(and extrafoveal fixation.

Thuis, imiicrotropia vith or wvithout "identity" and monofixation patienits are clinically
identical. However, patients described as "microtropia" or "inicrotropia witlh identity" are felt
(by those who prefer this terminology) to have anonmalous retinal corresponidence (ARC).
Contrarily, those patients described as having "monofixation syndrome" are felt by those pre-
ferring this termiiinology to have niormiial retinal correspon(lence (NRC).

For the puirpose of evaltuating patients in this series, we have adlhered to the concept of
minonofixation as initially described by Parks.
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Patients with corrected CMA developed a statistically significant
increase in monofixation with >-1.5D of anisometropia and decreased
stereopsis with >-2D of anisometropia. Patients with corrected CHA
developed a statistically significant decrease in stereopsis and an increase
in the monofixation rate with > -1.5D of anisometropia (Tables VIII and
IX). Again, because of fewer patients in the cylindrical groups, reliance
only on statistically significant changes ignores findings that are not statis-
tically significant, but may well be clinically significant. In CMA patients,
the monofixation rate increased from 0% to 15% when anisometropia
increased to >ID and stereoacuity decreased from 56 to 77 sec/arc when
anisometropia increased to > 1.5D. In CHA patients, monofixation
increased from 0% to 36% when anisometropia increased to >1D and
stereoacuity decreased from 50 to 73 sec/arc at the same level. Again,
these levels closely correlated with the levels at which amblyopia increased
significantly.

Binocularity data for patients with uncorrected anisometropia yield
slightly different results. A significant increase in monofixation rate gen-
erally occurred at the same level as a significant increase in IOAD (all
types except SMA, where monofixation increased at a lower level than
IOAD); however, a significant decrease in stereopsis occurred at higher
levels of anisometropia. However, as mentioned previously, the monocu-
lar acuities and binocularity results must be interpreted cautiously with
significant uncorrected refractive error.

VARIABILITY OF ANISOMETROPIA
The prevalence of anisometropia in population-based studies varies wide-
ly, ranging from 1% to 8.1% in toddlers and young children to as high as
25% in newborns or infants." 48,55 Certainly muclh of this variation can be
attributed to different definitions of anisometropia as well as the different
ages and types of populations studied (eg, a hospital population versus a
school population). Nevertheless, regardless of the true prevalence of ani-
sometropia (which clearly does vary among groups studied), it remains a
significant factor in the development of amblyopia and a significant public
health concern.'

While longitudinal studies of anisometropia generally show little
change in its prevalence over time, many of these studies have confirmed
a considerable variability in its presence or severity among individuals fol-
lowed over time. This seems particularly true of young children 1 to 4
years of age. On the other hand, some studies have demonstrated relative
stability in an individual's anisometropia over time.

Abrahamsson and associates'356 in a cohort of patients followed for up
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to 9 years, have reported that while the overall prevalence of ani-
sometropia is relatively stable, individual patients develop, lose, or have
changes in the magnitude of their anisometropia when followed longitudi-
nally. A number of other studies have supported this general rule of a rel-
atively consistent overall prevalence of anisometropia with considerable
variability among individuals.~" 495'5052 Other investigators have disputed
this, arguing for a more consistent natuiral history of anisometropia over
time.5155' DeVries5 reported relative consistency in anisometropia over
time with two thirds of patients unchanged over 2 to 8 years (mean, 4
years). Hardman and colleagues'5 likewise noted little change in ani-
sometropia over a 3-year period. Hirsch5' noted 8 of 9 patients with ani-
sometropia at age 5 to 7 to still have it 12 years later.

Nevertheless, there is clearly a potential for variation of anisometropia
in individuals over time, making it impossible to know the duration or con-
stancy of anisometropia in newly diagnosed patients. Thus, if amblyopia is
present in association with anisometropia, it is likely a function of not only
the magnitude of anisometropia, but also its duration and consistency over
time. A different "history" of anisometropia (duration, consistency),
unknown to the examiner, may well account for the fact that 2 different
patients with the same degree of anisometropia can have significantly dif-
ferent levels of amblyopia or subnormal binocularity. However, in young
patients whose anisometropia persists or increases, the case for an
increased risk for the development of amblyopia is convincing.'1:3,710,56

The inability to determine the past history of anisometropia of the
patients in this study was unavoidable with the study design (examination
only of new patients with no previous treatment). Therefore, application
of guidelines for treatment of anisometropia derived from this study
should be applied cautiously to younger patients in whom anisometropia
may be changing. Nevertheless, the association between a given degree
and type of anisometropia and amblyopia is both clear and consistent in
this study, and the thresholds established herein should be a valuable
guide to the clinician.

TREATMENT OF ANISOMETROPIC AMBLYOPIA

This manuscript has not addressed the issue of the treatment of
anisometropic amblyopia, but instead has focused on refining guidelines
to aid in its early detection and prevention. One frequently agreed upon
conclusion in the literature regarding the treatment of anisometropic
amblyopia is that the severity of the amblyopia at the onset of treatment is
the factor most predictive of outcome. Age at presentation, amount of
anisometropia, compliance with or duration of occlusion therapy, and
other factors much less consistently predict ultimate visual outcomes.
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5 151,19212234,57-60 Alternatively stated, early detection and treatment of
anisometropia before or early in the development of amblyopia is likely to
yield better visual outcomes than current treatment.

With the advent of newer technologies, such as photoscreening or pho-
torefraction 61,62 it is likely that anisometropia will be identified in increas-
ing numbers of patients at younger ages. However, the decision to observe
or treat patients with significant anisometropia but without evidence of
amblyopia can be problematic. It is unclear whether, or at what age, spec-
tacle correction negatively influences the emmetropization process.
While some investigators have suggested that spectacle correction can
inhibit emmetropization, at least in monkeys,63 others4 have refuted this
interpretation. Ingram and associates65 and Dobson and colleagues39 have
shown that early correction for hypermetropia, while reducing the inci-
dence of refractive esotropia, also slows the loss of hypermetropic refrac-
tive error. Abrahamsson and Sjostrand3 have noted, however, that signifi-
cant anisometropic refractive errors often increase in spite of spectacle
correction. Certainly the age at which anisometropia is identified must be
taken into consideration before prescribing spectacles, as it seems to
become more stable beyond infancy.5

While there is clearly a great deal still to learn about the natural histo-
ry and effects of anisometropia on the developing visual system, it is hoped
that the conclusions derived from this study can aid in its management. It
seems most appropriate to use the guidelines developed in this study as
levels of anisometropia that warrant careful observation and, depending
on patient age and the physician's level of concern, spectacle correction
when indicated.

SUMMARY

A number of conclusions regarding the nature of the effect of ani-
sometropia (corrected and uncorrected) on the visual system can be drawn
from the evaluation of the patients in this study.
1. The incidence and severity of amblyopia and subnormal binocularity

were related to both the degree and type of anisometropia.
2. A trend for worsening acuity in the worse eye, increased interocular

acuity difference, worsening amblyopia, worsening stereoacuity, and
an increasing rate of monofixation became apparent as anisometropia
(both corrected and uncorrected) increased in each type of ani-
sometropia defined in this study.

3. Spherical hyperopic anisometropia (SHA) resulted in a statistically
significant increase in amblyopia at lower levels than cylindrical hyper-
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opic (CHA), cylindrical myopic (CMA), or spherical myopic ani-
sometropia (SMA). SMA was the best-tolerated anisometropia, with
CMA and CHA falling between the 2 spherical varieties in terms of
tendency to cause amblyopia.

4. While SHA resulted in amblyopia at lower levels than SMA, the inci-
dence and severity of amblyopia were similar for both types with equal
anisometropia of >2 D.

5. The threshold amount of anisometropia beyond which the incidence of
amblyopia first demonstrated a statistically significant increase from
the nonanisometropic patients was as follows: (SMA = >-2D, SHA = >
ID, CMA = >-1.5D, and CHA = >1.5D). In astigmatic patients, a
"clinically" significant increase in amblyopia occurred at the next low-
est level defined in this study (> 1 diopter of CMA or CHA). These
thresholds can be used as a guide for the need to correct or observe
nonstrabismic anisometropic patients.

6. The severity of amblyopia increased relative to the magnitude of ani-
sometropia beyond these thresholds in each type of anisometropia
defined in this study except CHA.

7. The incidence of amblyopia increased relative to the magnitude of ani-
sometropia beyond these thresholds except in patients with CMA,
where the incidence was 100% in the first affected group.

8. Deterioration of stereopsis and an increase in the rate of monofixation
closely paralleled the development of amblyopia in each type of ani-
sometropia defined in this study.
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