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ABSTRACT

Purpose: To evaluate the effect of refractive error management on resolution of accommodative esotropia, deterioration of
accommodative esotropia, and the natural history of hypermetropia in accommodative esotropia.

Methods: Retrospective cohort study and nested case-control study of patients with accommodative esotropia untreated prior to
diagnosis by the author. Eligibility criteria included esodeviation of >10 prism diopters (PD) on distance and near fixation on initial
examination, hypermetropia, distance esodeviation <10 PD with full cycloplegic refraction correction on first follow-up examination,
and at least 2 years of follow-up.

Results: The study included 285 patients with mean follow-up of 102 months. After age 7 years, mean annual decrease in
hypermetropia was .24 D for patients wearing full cycloplegic refraction and for patients in whom hypermetropia was undercorrected
by 1.00 D or more. Age at diagnosis (P <.0001), oblique muscle dysfunction (P < .0001), and abnormal distance-near relationship (P
= .007) were associated with deterioration of accommodative esotropia. Of 51 patients with an intermittent abnormal distance-near
relationship, 19 (37%) had increased hypermetropia on cycloplegic refraction, and prescription of the increased correction normalized
the distance-near relationship.

Conclusions: The possibility that undercorrecting hypermetropia speeds its resolution is not supported by this study. Accommodative
esotropia is usually stable, but younger age at diagnosis, oblique muscle dysfunction, and abnormal distance-near relationship are
associated with deterioration. Undercorrection of hypermetropia can cause an abnormal distance-near relationship, which in turn can
cause deterioration of accommaodative esotropia. Aggressive undercorrection of hypermetropia should be pursued carefully, because
the risk may outweigh the potential advantages.
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HYPOTHESIS

Careful management of refractive error is critical to the treatment outcome of accommodative esotropia. Undercorrection of
hypermetropia may result in instability of accommodative esotropia, with eventual deterioration of control in some patients, and
undercorrection of hypermetropia may not improve the chance of resolution of accommaodative esotropia.

INTRODUCTION

Accommodative esotropia is a convergent deviation of the eyes associated with the accommodative effort necessary to overcome the
blurred image caused by hypermetropia.* Accommodative esotropia usually presents in preschool years, and is often intermittent, and
the deviation is typically eliminated by controlling the accommodative effort with optical correction of the hypermetropia.
Accommodative esotropia has been classified as both refractive, caused by the accommodative effort on distance and near fixation
associated with hypermetropia, and nonrefractive, where the eyes are aligned on distance fixation but esotropic on near fixation.
Accommodative esotropia is common, accounting for approximately one half of all childhood esotropia.® At first glance, treatment
seems straightforward, and one would expect good results from standard treatment. However, published evidence indicates that
accommodative esotropia treatment outcomes are inconsistent and often less than ideal. Amblyopia is common in these cases, many
accommodative esotropia patients do not have bifoveal fusion, and strabismus surgery is sometimes necessary after initially successful
optical treatment of the esotropia.®™®

The purpose of this study is to determine the influence of refractive error management on the natural history and treatment
outcomes of a population of accommodative esotropia patients examined in a faculty pediatric ophthalmology practice. This study is
unique in that one physician performed all initial examinations, all treatment, and all follow-up examinations. Characteristics of this
patient group were evaluated and compared with those in previously published studies to address several unresolved issues regarding
accommodative esotropia.

HISTORICAL BACKGROUND

Frans Cornelius Donders, a Dutch physiologist and physician, first described accommodative esotropia." Donders had published an
essay in Dutch entitled Ametropie en hare gevolgen (Ametropia and Its Results) and was invited by Sir William Bowman to present
his findings to The New Sydenham Society in London. The resulting text, On the Anomalies of Accommodation and Refraction of the
Eye," not only described his series of 133 patients with accommodative esotropia but contained extensive discussions of
accommodation, refractive errors, and the contribution of anisometropia to the development of amblyopia.

From the Department of Ophthalmology, Louisiana State University School of Medicine, New Orleans, Louisiana. This study was performed at The Pediatric
Eye Care Center, Baton Rouge, Louisiana. The author discloses no financial interest or any other relationship with the manufacturers of any of the products
discussed in this thesis.
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Although Donders contributed to many disciplines of human physiology, he is best known for his description of accommodative
esotropia. He met with resistance from both physicians and patients and wrote, “If the squint sets in very early in life, wearing
spectacles is of course attended with difficulties, and particularly when the patients are of the female sex, they are unwilling to be
condemned to wear glasses during their whole life.”* Today, management of hypermetropia in strabismus patients varies greatly
among ophthalmologists, possibly compromising appropriate treatment of accommaodative esotropia. Although in the minority, some
ophthalmologists have advocated strabismus surgery for fully accommodative esotropia with removal of the hypermetropic
correction.”?! Published rebuttals to this approach have emphasized its long-term consequences.*®?%%*

PROBLEMS

The overriding issue in the treatment of accommodative esotropia is the management of hypermetropia. Initial correction of
hypermetropia, management of hypermetropic correction when small-angle esotropia persists with correction, undercorrection of
hypermetropia, and the use of bifocals can all affect the level of fusional status and incidence of deterioration of accommodative
esotropia. A failure to determine the basic deviation in infantile esotropia may cause underdiagnosis of early-onset accommodative
esotropia with resultant unnecessary surgery and possible reoperation for secondary surgical exotropia. Undercorrection of
hypermetropia without careful attention to alignment will result in poorer treatment outcomes. Variation in the management of
hypermetropia in accommodative esotropia, as well as the degree of patient compliance may account for differences in stereoacuity
levels, in the incidence of abnormal distance-near relationship, and in the incidence of deterioration of control of the accommodative
esotropia with resultant strabismus surgery from one study to another.
This thesis studies the following issues that remain unresolved in the current literature:

Change in hypermetropia in accommodative esotropia and resolution of accommodative esotropia: Traditional teaching
suggests that optical correction may be discontinued in the accommodative esotropia patient by the early teenage years***?°; however,
accommodative esotropia is known to persist through the teenage and adult years.***" Hypermetropia typically remains unchanged or
increases until 7 years of age?*** and typically decreases after 7 years of age.’** Management of hypermetropia varies from
decreasing the hypermetropic correction after the patient reaches 6 years of age in an attempt to improve fusional vergence®**# to
maintaining the full hypermetropic correction.*® Hypermetropia decreases minimally after age 7 in the typical accommodative
esotropia patient.**” Whether undercorrection of the hypermetropia may stimulate a more rapid decrease of the hypermetropia is
unresolved.*“°

This thesis addresses the issues of the incidence of spontaneous resolution of accommodative esotropia, the natural history of
hypermetropia in the accommodative esotropia patient, the effect of undercorrection of hypermetropia on the natural history of
hypermetropia, and the patient characteristics that allow undercorrection of hypermetropia.

Early-onset accommodative esotropia: Accommodative esotropia may occur in the first year of life,” ™ sometimes associated with
only mild hypermetropia, and may be misdiagnosed as nonaccommodative infantile esotropia. There are conflicting published reports
regarding treatment outcomes of early-onset accommodative esotropia compared with outcomes in later-onset accommodative
esotropia.***® This thesis evaluates and compares stability and quality of stereoacuity in accommodative esotropia with onset in the
first year of life to later-onset accommodative esotropia.

Deterioration of accommodative esotropia: Deterioration of optical control of accommodative esotropia requiring strabismus
surgery does occur, sometimes after years of good control of the esotropia. Deterioration of accommodative esotropia has been
associated with abnormal distance-near relationship and with inferior oblique overaction, but results have differed among
studies.” 4% This thesis will examine the incidence of deterioration of accommodative esotropia, the effect of an abnormal
distance-near relationship and the effect of oblique muscle dysfunction on the stability of control of accommodative esotropia, and the
association between increasing hypermetropia and the apparent development of an abnormal distance-near relationship.

QUESTIONS

This thesis addresses the following:

Regarding the change in hypermetropia in accommodative esotropia and resolution of accommodative esotropia: Does
accommodative esotropia typically resolve? Does hypermetropia decrease significantly in accommodative esotropia, and can
undercorrection of hypermetropia result in a greater decrease of the hypermetropia?

Regarding early-onset accommodative esotropia: Do patients with early-onset accommodative esotropia have poorer treatment
outcomes than patients with later-onset accommodative esotropia?

Regarding deterioration of accommodative esotropia: Does incomitance related to obliqgue muscle dysfunction contribute to
deterioration of accommodative esotropia? Does abnormal distance-near relationship contribute to deterioration of accommodative
esotropia? Is apparent abnormal distance-near relationship associated with undercorrection of hypermetropia?

METHODS

41-44

The protocol for this study was submitted to the author’s institutional review board, which determined that the protocol was exempt
from further review because of the retrospective nature of the study. Data collection and analysis conformed to guidelines of the
Health Insurance Portabililty and Accountability Act.
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DEFINITIONS

Terminology and inclusion criteria vary among studies of accommodative esotropia. The terminology presented here helps clearly
define the patient population for easier comparison to prior studies. Other investigators may use different terminology, and this
language will be discussed when it is pertinent. But, in general, the terms used for this study are as follows:

Basic deviation: Deviation measured when fusional and accommodative vergences are suspended. Basic deviation is measured by
prism and alternate cover testing with full cycloplegic optical correction and with the patient fixing on a distance target. In
accommodative esotropia, basic deviation can be reliably measured only after the patient has consistently worn the full hypermetropic
correction determined by cycloplegic refraction.*

Abnormal distance-near relationship: Esodeviation on prism and alternate cover testing on near fixation is at least 10 prism
diopters (PD) greater than the esodeviation on prism and alternate cover testing on distance fixation with full cycloplegic correction in
place. Abnormal distance-near relationship was considered consistent if present on a majority of examinations during follow-up. In
some studies in the ophthalmic literature, an abnormal distance-near relationship has been considered clinical evidence of a high
accommodative convergence to accommodation (AC/A) relationship.®"44°

Fully accommodative esotropia: Orthophoria on distance and near fixation with full cycloplegic correction on the first follow-up
examination after initiation of optical treatment. In fully accommodative esotropia, there is no basic deviation, and the distance-near
relationship is normal.

Amblyopia: At least 2 lines difference in linear Snellen or Snellen equivalent visual acuity with best correction. On fixation
preference testing in nonverbal children, the child’s failure to maintain fixation with one eye was used as evidence of amblyopia.

Bifoveal Fusion (sensory): 50 seconds of arc or better Titmus stereoacuity (Stereo Optical, Chicago, Illinois). This level of
stereoacuity has been used to indicate “bifixation” in existing literature.’

Early-onset accommodative esotropia: Accommodative esotropia diagnosed at 12 months of age or younger. This definition has
been used in the existing literature.*>**

Deterioration of accommodative esotropia: Increase in the horizontal basic deviation requiring strabismus surgery.
Resolution of accommodative esotropia: No esodeviation is present without correction, or the amount of esodeviation is not
significantly different with and without correction, allowing optical correction to be discontinued.
INCLUSION CRITERIA
Records were reviewed from the author’s pediatric ophthalmology faculty practice to find patients who met the following criteria:
o Initial examination performed by the author between 1982 and 2000.
e Esodeviation of 10 PD or greater on distance and near fixation at initial examination.
e Hypermetropia of any amount.
o Distance deviation of less than 10 PD with spectacles containing full cycloplegic refraction at the first follow-up examination.
o No previous optical, medical, or surgical treatment for strabismus.

o A minimum of 2 years of follow-up and treatment, all performed by the author.

TESTING METHODS
The following diagnostic tests were used at initial examination and follow-up.

Visual acuity: Determined with linear Snellen optotypes at 6 m. In younger children, visual acuity was measured with linear Allen
figures, and in nonverbal children, fixation preference was evaluated on distance and near fixation.

Esodeviation: Cover-uncover testing was used to distinguish constant from intermittent esotropia, and the deviation was quantified
with prism and alternate cover testing with the patient fixing at 6 m and at 33 cm on an accommodative target. In several patients who
presented in infancy, the esodeviation initially was measured only on near fixation, but all patients were measured on distance fixation
on follow-up examinations.

Incomitance: Esodeviation in diagnostic positions of gaze was measured with prism and alternate cover testing with correction. V
pattern of 15 PD or greater and A pattern of 10 PD or greater were considered significant.

Oblique dysfunction: Oblique muscle overaction was graded on a +1 to +4 scale. Any hypertropia in lateral gaze was measured by
prism and alternate cover test.

Hypermetropia:  Cycloplegic refraction by retinoscopy was typically done 30 to 40 minutes following instillation of 1%
cyclopentolate eyedrops. In some patients with darkly pigmented irides or in whom cycloplegia did not appear adequate following the
use of cyclopentolate, refraction was done following instillation of 1% atropine ointment for 3 days prior to the examination.
Alignment on follow-up examination: The basic deviation was determined by prism and alternate cover testing, and alternate cover
testing was done with fixation at 33 cm to determine the distance-near relationship.
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TREATMENT

Initial Treatment

In all cases, the esodeviation was initially treated with spectacles containing the full cycloplegic refraction. Patients were reexamined
after 4 to 6 weeks of spectacle wear. If any esodeviation was present with spectacle correction on the first follow-up examination, the
cycloplegic refraction was repeated, and if increased hypermetropia was uncovered, the increased correction was placed in the
spectacles.

Undercorrection of Hypermetropia

If the patient was orthophoric on distance and near fixation on the initial follow-up examination or on subsequent examinations, the
spectacle correction was not changed, even if cycloplegic refraction showed increased hypermetropia. Thus in some patients the
hypermetropia was undercorrected from an early stage in the treatment of the accommodative esotropia. In other patients, if possible,
the hypermetropia was undercorrected beginning at about 5 to 6 years of age. The hypermetropia was undercorrected as long as
alignment was maintained with the decreased correction. However, the hypermetropia was not aggressively undercorrected to produce
more than a small-angle esophoria on distance or near fixation with correction.

DATA COLLECTED
The following data were collected:
e Age at initial examination and at most recent examination
o Age at onset of esotropia by history
e Amount of esotropia in prism diopters without correction on distance and near fixation at the initial examination
e Amount of esotropia with and without correction on the first follow-up examination
o Any difference in distance and near esotropia with correction on any examination during follow-up
o Refractive error on initial and most recent examinations
o Incidence of amblyopia on initial examination, on most recent examination, and at any time during follow-up
o Quality of sensory fusion on most recent examination as determined by Titmus stereoacuity
o Incidence of oblique muscle dysfunction and/or incomitance

o Incidence of strabismus surgery

CHANGE IN HYPERMETROPIA AND RESOLUTION OF ACCOMMODATIVE ESOTROPIA

This retrospective cohort study included a subgroup of patients who had refractive error measured within 6 months of their seventh
birthday. Total change in spherical equivalent was determined from initial examination to the examination near the seventh birthday.
Patients were further divided into three groups:

Group 1: Patients wearing full cycloplegic refraction at the last examination

Group 2: Patients in whom the hypermetropia was undercorrected by less than 1.00 diopter (D)

Group 3: Patients in whom the hypermetropia was undercorrected by 1.00 D or more

The change in spherical equivalent from the examination near the seventh birthday to the most recent examination was calculated as
change in diopters per year. The decrease in hypermetropia in diopters per year from age 7 until the most recent examination was
calculated for each group, and the number of patients in each group with resolution of the accommodative esotropia was determined.
Changes in hypermetropia were compared among the three groups to determine if undercorrection of hypermetropia contributed to a
greater incidence of resolution of accommodative esotropia and to a greater decrease in hypermetropia.

EARLY-ONSET ACCOMMODATIVE ESOTROPIA

Patients in whom esotropia was found on examination at less than or equal to 12 months of age were included in a retrospective cohort
study. Incidence of high-grade stereopsis and incidence of strabismus surgery were determined for this patient group and compared to
the incidence among patients in whom diagnosis of accommodative esotropia was made after 2 years of age.

DETERIORATION OF ACCOMMODATIVE ESOTROPIA

Patients were identified in whom strabismus surgery was performed after initially successful alignment with spectacles, and possible
factors contributing to deterioration were examined in a nested case-control study. Patients with abnormal distance-near relationship
on any examination during follow-up were identified, and incidence of bifocal wear was determined. If the distance-near relationship
was abnormal on a specific examination for a given patient, change in refractive error was determined for that particular examination
to evaluate the effect of undercorrected hypermetropia on the distance-near relationship. The effect of the abnormal distance-near
relationship on the level of stereopsis and on the incidence of strabismus surgery was evaluated.
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RESULTS

Two hundred eighty-five patients met the inclusion criteria, 156 (55%) female and 129 (45%) male. Sixty-four patients (22%) had a
sibling with accommodative esotropia. Mean age at diagnosis was 41 months (range, 3 to 144 months), and mean age at last
examination was 143 months (range, 31 to 271 months) for a mean follow-up of 102 months (range, 24 to 227 months). Mean
hypermetropic spherical equivalent on presentation was 4.33 = 1.71 D. Figure 1 shows the distribution of spherical equivalent at initial
examination. Table 1 shows esodeviation measurements at initial examination, first follow-up examination, and last examination.
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FIGURE 1.
Distribution of spherical equivalent on initial examination (285 patients, 570 eyes). D = diopter.

TABLE 1. PRIMARY POSITION ESODEVIATION (285 PATIENTS)*

EXAMINATION DISTANCE FIXATION NEAR FIXATION
MEAN + SD RANGE MEAN + SD RANGE
Initial examination, without correction 19+8 10-55 218 10-50
Follow-up examination, with correction 16+25 0- 8 44+54 0-30
Last examination, with correction 1.0+£25 0-16 3.0+43 0-20

SD = standard deviation.
*All measurements in prism diopters.

Amblyopia was a common diagnosis in this patient population. Amblyopia often resolved with treatment, but if persistent, visual
acuity in the amblyopic eye at last examination was usually mildly decreased (Figure 2). Ninety-seven of the 285 patients (34%) were
treated for amblyopia at some time during their follow-up. Sixty-six of the 285 patients (23%) had amblyopia on the first follow-up
examination, and 47 of the 285 patients (16%) had amblyopia on their last examination.

Titmus stereoacuity testing was done on the most recent examination in 258 of the 285 patients, and of these, 112 (43%) had 50
seconds of arc or better stereoacuity.

Oblique dysfunction was uncommon but was frequently associated with deterioration. Twenty-four patients (8.4%) had inferior
obligue overaction during their follow-up, and 17 patients had inferior oblique muscle surgery. Five patients (1.8%) had superior
oblique overaction, and four of these had surgery for A-pattern and superior oblique overaction.
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FIGURE 2.
Level of amblyopia on most recent examination (47 patients).

CHANGE IN HYPERMETROPIA AND SPONTANEOUS RESOLUTION OF ACCOMMODATIVE ESOTROPIA

Intentional undercorrection of hypermetropia was most likely to be achieved in patients with orthophoria on distance and near fixation
at the first follow-up examination as well as at the last examination and was least likely to be achieved in patients with abnormal
distance-near relationship (Table 2).

TABLE 2. FACTORS POSSIBLY INFLUENCING ABILITY TO UNDERCORRECT HYPERMETROPIA

FACTOR GROUP1" GROUP2t GROUP 3% PROBABILITYS
Bifoveal fusion' 25/58 (43%) 35/81 (43%) 26/45 (58%) P=.16
Orthophoria on first follow-up exam 21/63 (33%) 32/85 (38%) 30/45 (67%) P <.001
Orthophoria on last exam 16/63 (25%) 40/85 (47%) 25/45 (56%) P <.001
Deterioration of horizontal deviation 15/63 (24%) 10/85 (12%) 7/45 (16%) P=.19
requiring strabismus surgery

Abnormal distance-near relationship® 27163 (43%) 16/85 (19%) 1/45 ( 2.2%) P <.0001
Obligue dysfunction 11/63 (17%) 8/85 (19.4%) 5/45 (11%) P=.27

*Full cycloplegic refraction.

tHypermetropia undercorrected less than 1.00 diopter.

THypermetropia undercorrected by 1.00 diopter or more.

8Chi-square test for trend.

150 seconds of arc or better Titmus stereoacuity.

#Near esodeviation greater than distance esodeviation by 10 prism diopters or more on majority of examinations.

Accommodative esotropia did not typically resolve. Hypermetropic correction was discontinued for patients with enduring
adequate alignment in 37 of the 285 patients (13%) at a mean age of 11.6 years (range, 7 to 17). On their last examination, 11 of those
patients were wearing glasses or contact lenses for myopia, astigmatism, anisometropia, or a combination of the three, and many had
some residual hypermetropia (Figure 3). Residual deviations without correction in patients with resolution of accommodative
esotropia are shown in Figure 4. For the 37 patients with resolution of accommodative esotropia, mean hypermetropia on initial
examination was 3.18 D compared with 4.50 D for the group without resolution of accommodative esotropia (P<.0001, t test). If only
patients 12 years of age or older at last examination were included, 28 (20%) of 138 patients no longer required a hypermetropic
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correction to maintain adequate alignment. Kaplan-Meier survival analysis predicts hypermetropic correction would be discontinued
in 30% of the patient population 15 years after initiation of treatment.
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FIGURE 3.

Spherical equivalent on last examination in patients with resolution of accommodative esotropia (74 eyes). D = diopter.
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Residual deviation without correction in patients with resolution of accommodative esotropia (37 patients). All
deviations measured < 10 prism diopters.ET = constant esotropia; E(T) = intermittent esotropia; X(T) =
intermittent exotropia; XT = constant exotropia.

The majority of patients had an increase in hypermetropia from initial examination to age 7 years and a decrease in hypermetropia
from age 7 to the last examination (P < .0001; chi-square test; Figure 5). In patients diagnosed before 6 years of age and refracted
within 6 months of their seventh birthday, mean hypermetropic spherical equivalent increased from 4.28 D at initial examination to
4.93 D at age 7 years, a rate of .15 D per year. In patients refracted within 6 months of their seventh birthday, mean hypermetropic
spherical equivalent decreased from 4.88 D at age 7 to 3.85 D on last examination, a mean annual decrease of .17 D.
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Change in hypermetropia (spherical equivalent) before and after age 7 years. A difference of <.25 D was considered no change.

Undercorrection of hypermetropia did not cause a greater rate of decrease of the hypermetropia. Of the 193 patients with
determination of refractive error within 6 months of their seventh birthday, 63 were wearing full cycloplegic refraction at their last
examination (Group 1). In 85 patients, the hypermetropia was undercorrected by less than 1.00 D (Group 2), and in 45 patients, the
hypermetropia was undercorrected by 1.00 D or more (Group 3). In Group 2, the undercorrection was started at a mean age of 6.4
years, and the mean duration of the undercorrection was 6.6 years. In Group 3, the undercorrection was started at a mean age of 5.0
years, and the mean duration of the undercorrection was 7.7 years. Mean annual decrease of hypermetropia in each group is shown in
Figure 6. The mean annual decrease in hypermetropia in Group 2 was significantly smaller than in Groups 1 and 3 (P = .008; one-way
analysis of variance).

Children in whom hypermetropia was undercorrected did not have a higher incidence of resolution of accommodative esotropia
than those who wore full cycloplegic refraction. One hundred eleven patients who had refractions within 6 months of their seventh
birthday were older than 12 years on their last examination, and 26 (23%) of those no longer required hypermetropic correction.
Hypermetropic correction was discontinued in 12 (29%) of 41 patients in Group 1, 10 of 47 (21%) in Group 2, and four of 23 (17%) in
Group 3. There was no significant trend among groups of decreasing proportions outgrowing accommodative esotropia with
increasing amounts of undercorrection (P = .25; chi-square test for trend).

Thirty-one of the 37 patients with resolution of accommodative esotropia were refracted within 6 months of their seventh birthday.
The mean decrease of hypermetropia in this group was .37 D per year compared with .16 D per year for the group without resolution
of accommodative esotropia (P = .001; t test).

Seventy-three patients had determination of refractive error within 6 months of their 12th birthday and also on their last
examination. Mean follow-up after age 12 in this group was 45 months, and mean decrease in hypermetropia was .16 D per year.

EARLY-ONSET ACCOMMODATIVE ESOTROPIA

Level of stereoacuity at last examination was related to age at diagnosis of accommodative esotropia (Figure 7). Twenty-one patients
were 12 months of age or younger at the time of their initial examination, and 224 patients were older than 2 years at the time of initial
examination. Distance deviation, near deviation, and spherical equivalent at the time of initial examination, as well as length of
follow-up, were similar in the two groups (Table 3). Mean time from onset of esotropia by history to diagnosis of accommodative
esotropia in the early-onset group was 3.1 months. Deterioration of accommaodative esotropia requiring strabismus surgery and oblique
muscle dysfunction were more common in the early-onset group, and amblyopia was more common in the later-onset group (Table 4).
Mean duration from diagnosis of accommodative esotropia to strabismus surgery was 38 months in the early-onset group (range, 14 to
84 months).
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FIGURE 6.

Decrease in hypermetropia after age 7 years, diopters (D)/year. Group 1: Patients wearing full cycloplegic
refraction. Group 2: Patients with hypermetropia undercorrected by < 1.00 diopter. Group 3: Patients with
hypermetropia undercorrected by > 1.00 diopter. Error bars denote one standard deviation.
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FIGURE 7.
Incidence of bifoveal fusion (50 seconds of arc or better Titmus stereoacuity) by age at diagnosis (258 patients).

DETERIORATION OF CONTROL OF ACCOMMODATIVE ESOTROPIA

Younger age at diagnosis, oblique muscle dysfunction, and abnormal distance-near relationship were associated with deterioration of
control of accommodative esotropia, and deterioration was less likely to occur in patients with fully accommodative esotropia (Table
5). Forty-four patients (15%) had strabismus surgery during their follow-up. The mean time from initial optical treatment to surgery
was 38 months. Of these 44 patients, 21 had oblique muscle dysfunction. Figure 8 shows the type of surgery performed. Five patients
had oblique muscle surgery for incomitance related to oblique dysfunction but did not have primary position misalignment requiring
horizontal rectus muscle surgery, so the incidence of deterioration of primary position alignment was 39 of the total 285 patients
(14%). Kaplan-Meier survival analysis predicts a 19% incidence of deterioration requiring strabismus surgery at 18 years after
initiation of optical treatment. None of the five patients who had oblique muscle surgery required horizontal rectus muscle surgery
later.

Trans Am Ophthalmol Soc / Vol 104/ 2006 311



Refractive Error Management in Accommodative Esotropia

TABLE 3. COMPARISON OF EARLY AND LATER-ONSET ACCOMMODATIVE ESOTROPIA PATIENTS

VARIABLE EARLY ONSET (N =21)* LATER ONSET (N =224)f PROBABILITY%
MEAN + SD RANGE MEAN + SD RANGE

Age at diagnosis, months 912 3-12 48 + 20 25-144 P <.0001

Distance deviation, initial exam, PD 219 10-35 19+ 8 10-55 P=.38

Near deviation, initial exam, PD 23+8 10-40 21+ 8 10-50 P=.32

Spherical equivalent, initial exam, D 470+2.11 1.75- 8.62 4.29+1.64 1.12-11.00 P=.40

Follow-up, months 126 + 71 24 — 227 100 + 45 24 - 219 P=.12

D = diopters; PD = prism diopters; SD = standard deviation.
*Diagnosed at or before 12 months of age.

tDiagnosed after 24 months of age.

1t test.

TABLE 4. COMPARISON OF EARLY- AND LATER-ONSET ACCOMMODATIVE ESOTROPIA PATIENTS

VARIABLE EARLY ONSET* LATER ONSETTt PROBABILITY?
E(T) on presentation 12/21 (57%) 87/224 (39%) P=.16
Aligned on first follow-up examination® 13/21 (62%) 95/224 (42%) P=.14
Anisometropia on initial examination" 3/21 (14%) 64/224 (29%) P=.25
Amblyopia 2121 ( 9.5%) 76/224 (34%) P=.04
Oblique muscle dysfunction 8/21 (38%) 16/224 ( 7.1%) P <.0001
Strabismus surgery 9/21 (43%) 22/224 ( 9.8%) P <.0001
Abnormal D-N relationship” 5/21 (24%) 48/224 ( 21%) P =.80

D-N = distance-near; E(T) = intermittent esotropia.

*Diagnosis at or before 12 months of age.

tDiagnosis after 24 months of age.

1Chi-square test.

80rthophoria on distance and near fixation with correction.

11.00 diopter or greater difference in spherical equivalent or cylindrical correction.

#Near esodeviation greater than distance esodeviation by 10 prism diopters or more on majority of examinations.

One hundred sixteen of the 285 patients (41%) had an abnormal distance-near relationship on at least one examination during
follow-up. In 65 (23%) of the 285 patients, the abnormal distance-near relationship was consistent. The difference between distance
and near esotropia in these 65 patients is shown in Figure 9.

Of the 51 patients with an abnormal distance-near relationship on at least one examination but not consistently present, 19 (37%)
had increased hypermetropia on cycloplegic refraction, and new spectacles with the increased correction normalized the distance-near
relationship. Mean increase of spherical equivalent in the preferred eye was .92 D (range, .50 to 1.62), and mean difference between
the distance and near esodeviation was 12 PD. None of these 51 patients wore bifocals at any time.

Patients with a consistently abnormal distance-near relationship were younger at diagnosis and had less hypermetropia than the
rest of the study population. Deterioration of accommodative esotropia was more common and high-grade stereoacuity was less likely
in this group (Table 6). Twenty-six of the 65 patients (40%) with a consistently abnormal distance-near relationship wore bifocals
during their follow-up, and in 16 patients the bifocals had been discontinued at the time of the last examination. Table 7 compares
patients with a consistently abnormal distance-near relationship who wore bifocals to those with a consistently abnormal distance-near
relationship who did not wear bifocals.
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TABLE 5. FACTORS ASSOCIATED WITH DETERIORATION OF CONTROL OF ESODEVIATION
REQUIRING STRABISMUS SURGERY

NO
DETERIORATION DETERIORATION
FACTOR (N = 39) (N = 246)
MEAN £ SD MEAN # SD PROBABILITY*
Age at diagnosis, months 25+ 14 43+ 22 P <.0001
Spherical equivalent at diagnosis, D 3.95+1.77 4.39 +1.69 P=.15
ET at diagnosis, PD 21+9 19+8 P=.40
Incidence Incidence Probabilityt
Constant ET at diagnosis 28 (72%) 145 (59%) P=.18
Fully accommodative ET* 11 (28%) 117 (48%) P=.04
Amblyopia during follow-up 19 (49%) 78 (32%) P=.06
Abnormal distance-near relationship® 16 (41%) 49 (20%) P =.007
Oblique dysfunction and/or incomitance 17 (44%) 12 (4.9%) P <.0001
D = diopters; ET = esotropia; PD = prism diopters; SD = standard deviation.
*1 test.

tChi-square test.
tOrthophoria on distance and near fixation with correction on first follow-up examination.
8Near esodeviation greater than distance esodeviation by 10 PD or more on majority of examinations.
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FIGURE 8.
Types of strabismus surgery (44 patients).
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FIGURE 9.

Difference between distance and near esodeviation in patients with consistent abnormal distance-near relationship,
measured in prism diopters with optical correction (65 patients). Dcc = distance deviation with correction; Ncc = near
deviation with correction; PD = prism diopters.

TABLE 6. INFLUENCE OF ABNORMAL DISTANCE-NEAR (D-N) RELATIONSHIP

VARIABLE ABNORMAL D-N NORMAL D-N PROBABILITY
Mean age at diagnosis, months (+SD) 34+14 43 +24 P =.0004t
Mean spherical equivalent, D (xSD) 357+£1.39 455+1.72 P <.0001%
Bifoveal* 18/62 (29%) 94/196 (48%) P =.018
Amblyopia 26/65 (40%) 71/220 (32%) P=.318
Deterioration of accommodative ET 16/65 (25%) 23/220 (10%) P =.007§
Resolution of accommodative ET 10/65 (15%) 27/220 (12%) P =.668

D = diopters; ET = esotropia; SD = standard deviation.

*Near esodeviation greater than distance esodeviation by 10 prism diopters or more on majority of examinations.
Tt-test.

150 seconds of arc or better stereoacuity.

8Chi-square test.
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TABLE 7. BIFOCALS COMPARED TO NO BIFOCALS IN PATIENTS WITH ABNORMAL DISTANCE-
NEAR RELATIONSHIP*

VARIABLE BIFOCALS NO BIFOCALS PROBABILITY
Mean age at last examination, months (£SD) 148 + 59 157 + 41 P = .50t
Mean amount abnormal D-N relationship, PD (+SD)” 237 164 P <.0001f
Bifoveal® 8/25 (32%) 10/37 (27%) P =.89§
Amblyopia 8/26 (31%) 18/39 (46%) P =.338
Hypermetropic correction discontinued 6/26 (23%) 4/39 (10%) P=.298
Strabismus surgery 8/26 (31%) 11/39 (28%) P =.82§

D-N = distance-near; PD = prism diopters; SD = standard deviation.
*Near esodeviation greater than distance esodeviation by 10 PD or more.
Tt test.

150 seconds of arc or better Titmus stereoacuity.

§Chi-square test.

DISCUSSION

The major error in managing childhood esotropia is inadequate control of accommodation, which can confuse the diagnosis and lead
to incorrect treatment.*’ Comparison of accommodative esotropia studies is difficult because definitions and inclusion criteria vary
among studies, and inclusion criteria are not always clearly defined. Authors often do not clearly explain how they manage
hypermetropia regarding initial spectacle prescription or undercorrection of hypermetropia during follow-up. It is often unclear
whether full cycloplegic refraction is prescribed as initial treatment and whether cycloplegic refraction is repeated when residual
esotropia or distance-near disparity is present. Failure to fully correct the hypermetropia in these situations leads to greater rates of
distance-near disparity as well as to greater rates of deterioration. In treating accommodative esotropia properly, the physician must
always be aware of the basic deviation. Preferred practice pattern guidelines suggest spectacle prescription for hypermetropia of >
+1.50 D when associated with esotropia and also stress the need for a subsequent cycloplegic refraction when esotropia is not
controlled with current spectacles.”® Comparison of cyclopentolate and atropine use for initial cycloplegic refractions showed failure
of cyclopentolate to uncover the full amount of hypermetropia, especially in children with hypermetropia of more than +2.00 D.*° This
emphasizes the importance of a follow-up cycloplegic refraction once spectacles have been prescribed, and esotropia should not be
considered nonaccommodative until this follow-up cycloplegic refraction has been done.

In approximately two thirds of patients, hypermetropia can be gradually undercorrected, possibly improving fusional vergence. But
how aggressively should the hypermetropia be undercorrected? Approaches may vary from maintaining orthophoria with correction to
allowing intermittent esotropia with correction. More aggressive undercorrection of hypermetropia may lead to a lower incidence of
high-grade stereoacuity and a higher incidence of deterioration.

Amblyopia in this patient population was common, responded well to treatment, and when present on the last examination, was
usually mild. These findings are consistent with findings in the existing literature.®*°

Even though the incidence of sensory bifoveal fusion was higher in this study than that previously reported,’ the majority of
accommodative esotropia patients did not have high-grade stereoacuity. Bifoveal fusion was very rare in children diagnosed with
accommodative esotropia in the first year of life.

In this study, 50 seconds of arc or better Titmus sterecacuity was used to indicate sensory bifoveal fusion. It is well known that
monocular clues allow recognition of some Titmus circles up to 140 to 200 seconds of arc (circles 4 and 3).°>*? Fawcett and Birch®
compared results of stereoacuity testing with Titmus, Randot circles (Stereo Optical, Chicago, Illinois), and the Randot Preschool
Stereoacuity Test (Stereo Optical). They found agreement among the tests in patients with better than 100 seconds of arc stereoacuity.
The authors stated, “The examiner can have confidence in stereoacuity scores of 160 seconds of arc or better. However, caution is
suggested when interpreting stereoacuity scores >160 seconds of arc because it is within this range that monocular form cues may
invalidate test results....”®® In this study, no assumptions were made based on lower-grade stereoacuity. The studies of stereoacuity
testing mentioned here would support using 50 seconds of arc or better stereoacuity to imply sensory bifoveal fusion.

Even though oblique muscle dysfunction was not prevalent in this study, it was associated with deterioration of control of
accommodative esotropia, and the majority of patients requiring oblique surgery also needed horizontal rectus muscle surgery. Wilson
and Parks® found a higher incidence of inferior oblique overaction in 150 patients with accommodative esotropia. One third of their
accommodative esotropia patients required strabismus surgery, but unlike the current study, inferior oblique overaction was not
associated with a higher incidence of deterioration of optical control of the esotropia. Raab’ found a 17% overall incidence of inferior
oblique overaction in his series of 193 accommodative esotropia patients. He also found that inferior oblique overaction was
associated with deterioration of control of the esotropia. Miller and Guyton®™ reported that A or V patterns frequently occurred in
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patients with esotropia following surgery for intermittent exotropia and proposed that A and V patterns develop as a result of loss of
fusion. In this series, of the 21 patients who required oblique muscle surgery, 17 developed oblique dysfunction with A or V patterns
after initiation of optical treatment. Most of these patients had some esodeviation with optical correction, and only one was bifoveal.

CHANGE IN REFRACTIVE ERROR AND SPONTANEOUS RESOLUTION OF ACCOMMODATIVE ESOTROPIA

Accommodative esotropia did not resolve in the majority of patients studied. Swan®® described persistence of accommodative
esotropia into adulthood, and Raab and Spierer®! found that esotropia “subsided” in 24.4% of their accommodative esotropia patients.
Kaplan-Meier survival analysis of this study population predicts a 30% resolution at 15 years follow-up.

Raab*® found an annual decrease of .18 D of hypermetropia in accommodative esotropia patients after age 7 years, and Repka and
coworkers®” found an annual decrease of .11 D of hypermetropia. The .17 D per year decrease in hypermetropia in this study confirms
the very modest decrease of hypermetropia that occurs in accommodative esotropia after age 7 years. In this study, it is interesting that
the gradual decrease in hypermetropia continues through the teenage years at about the same rate as the decrease between ages 7 and
12 years. Even so, most patients continue to have significant hypermetropia into adulthood.

Patients in this study who wore full cycloplegic refraction were as likely to have resolution of accommaodative esotropia as patients
who wore spectacles with the hypermetropia undercorrected. Decrease of hypermetropia was no less in patients who wore full
cycloplegic correction than in patients who wore an undercorrected hypermetropic correction. Flitcroft and coworkers found an annual
decrease of only .005 D of hypermetropia in accommodative esotropia patients who wore full cycloplegic refraction, and they
suggested that treatment with full cycloplegic refraction may interfere with emmetropization (Flitcroft DI, Investigative
Ophthalmology and Visual Science, 1998, Abstract). Studies of the natural history of hypermetropia in preschool children have led to
conflicting conclusions, with one study suggesting a trend toward impeded emmetropization by spectacle correction,®® another
showing no difference in emmetropization between children with and without hypermetropic correction,® and another suggesting that
hypermetropia behaves differently in strabismic children than in nonstrabismic children.® All of these studies reported refractive error
changes in preschool children, and most subjects were nonstrabismic, so it is difficult to apply the findings to older children with
accommodative esotropia. In studying the effect of overcorrecting minus lens therapy for intermittent exotropia, Kushner found no
greater decrease in hypermetropia in patients treated with overminus spectacles than in those hypermetropic patients not treated with
overminus spectacles.”

Lambert and coworkers* have suggested that aggressive undercorrection of the hypermetropia may eliminate the need for optical
correction to control the accommodative esotropia. They considered a child successfully weaned from glasses if the child was
“orthotropic” on distance and near correction without optical correction. In their series, 70% of patients had less than 3.00 D of
hypermetropia on presentation, and patients successfully weaned from spectacles had a mean spherical equivalent of only 2.40 D at
presentation. The actual decrease of hypermetropia was not evaluated, and the investigators suggested improved fusional vergence as
the main reason glasses could be discontinued.

It is evident from these previous studies that the natural history of hypermetropia in accommodative esotropia is not clear, and that
there is no consensus on the effect of spectacle correction on the course of hypermetropia in accommodative esotropia. In the patient
population for this study, hypermetropia usually increased from initial examination to age 7 years, but only by a mean .65 D (.15 D
per year). This may represent a true increase in hypermetropia, but the change may also be influenced by more hypermetropia being
uncovered on subsequent cycloplegic refractions after a child wore glasses. In a moderate to high hypermetrope, an apparent .65 D
increase in refractive error would not be unusual just from the relaxation of ciliary muscle tone.

Prior studies generally agree that hypermetropia decreases after age 7 but, on average, by only a small amount. The average child
in this study presented with hypermetropia of 4.28 D, which increased to 4.93 D by age 7. With a mean annual decrease of .17 D of
hypermetropia after age 7, this child would be almost 11 years old before hypermetropia had again reached 4.28 D. It is not likely this
average child would experience enough further decrease of the hypermetropia to allow resolution of accommaodative esotropia.

Resolution of accommodative esotropia in this study most often occurred in children who started with a lesser degree of
hypermetropia than the typical accommodative esotropia patient, and in whom the hypermetropia decreased at a faster rate than the
average for the entire population. Patients with resolution of accommodative esotropia often had some residual hypermetropia,
suggesting that resolution of accommodative esotropia is due to a combination of some decrease of the hypermetropia and improved
fusional vergence. In patients with good alignment without optical correction but with some residual hypermetropia, it is possible that
accommodative esotropia will reoccur in adulthood when increased accommodative effort may be necessary to overcome the
hypermetropia. Because most patients with resolution of accommodative esotropia in the present study still had a small-angle
esophoria or intermittent esotropia, reoccurrence of accommodative esotropia in adulthood appears to be a strong possibility.
Shippman and coworkers® reported 11 adults in whom accommodative esotropia reoccurred between 20 and 65 years of age. Six of
these patients had hypermetropia of less than 2.00 D. Thus not only do a small percentage of patients experience resolution of
accommodative esotropia as young teenagers, some of these patients are likely to develop accommodative esotropia again as adults.

The results of this study indicate that undercorrecting the hypermetropia in accommodative esotropia does not cause the
hypermetropia to decrease faster and eventually resolve. It is possible that the undercorrected patients were not undercorrected
aggressively enough to produce a faster decrease of hypermetropia. Whether a patient can be undercorrected and the amount of the
undercorrection are determined by the control of esotropia. Greater undercorrection of hypermetropia can cause less stability of optical
control, resulting in a greater incidence of strabismus surgery and a lower incidence of bifoveal fusion. Aggressive undercorrection of
hypermetropia may improve fusional vergence, but there is no evidence that this will cause a more rapid decrease of the
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hypermetropia. Patients with fully accommaodative esotropia had the most stable alignment and the best stereoacuity during follow-up,
and this group could most effectively be optically undercorrected. In many children there is no choice. Full cycloplegic refraction is
required to maintain adequate alignment and to achieve the best possible binocular vision result.

This is the only study, to the author’s knowledge, that examines the outcome of refractive error in children with accommodative
esotropia with fully corrected hypermetropia compared to those with undercorrected hypermetropia. These results indicate that
undercorrection of hypermetropia does not cause faster decrease of hypermetropia. The most important factor predicting resolution of
accommodative esotropia is the amount of hypermetropia at the time of diagnosis.

EARLY-ONSET ACCOMMODATIVE ESOTROPIA

Early-onset accommodative esotropia is associated with poor stereoacuity and a high rate of deterioration. Pollard* first described
early-onset accommodative esotropia, presenting two patients with onset before 6 months of age, one at 4.5 months, the other at 5
months. Hypermetropia was 4.50 D in one patient and 3.50 D in the other, and the esotropia was controlled with spectacles in both
patients. Baker and Parks* studied 21 patients with early-onset accommodative esotropia. Of their reported patients, 48% had
deterioration of optical control of the esotropia and required strabismus surgery, and all but one patient continued to require a
hypermetropic correction. Dickey and Scott® described 13 patients with a history of esotropia onset in the first year of life followed
for at least 10 years, but they did not report the age at which spectacles were prescribed. Ten of their 13 patients (77%) eventually had
deterioration of control of accommodative esotropia and required strabismus surgery. Coats and coworkers* reported a series of 17
patients diagnosed with accommodative esotropia in the first year of life and compared them with a control group with onset after 2
years of age. Eighteen percent of the early-onset group had strabismus surgery vs 4% of the control group, but the difference was not
statistically significant. The authors concluded that the early-onset group did not have worse outcomes than the later-onset control
group. Their mean follow-up was a relatively short 34 months for the early-onset group, compared with 88 months in the Baker series
and 126 months in this study. In this study population, strabismus surgery was done a mean of 38 months after optical treatment was
initiated, and in four of nine patients who required surgery, the strabismus surgery was done more than 34 months after optical
treatment was started. Thus longer follow-up in the Coats series might have resulted in a higher rate of deterioration of the
accommodative esotropia. Coats and coworkers stated, “Prompt spectacle correction may lead to long-term stable alignment and
measurable stereoacuity, with relatively few patients requiring surgery.” In the Coats study, mean time from onset by history to
optical correction of the esotropia was 5.1 months, and for patients in this study, mean time was 3.1 months. Coats and coworkers
emphasized the need for full cycloplegic correction at the time of diagnosis. All patients in the current study were corrected with
spectacles containing full cycloplegic refraction. Thus, despite full cycloplegic correction and the short interval from onset to
treatment, deterioration requiring strabismus surgery was common for those patients.

The early-onset group in this study is similar to the group reported by Baker and Parks** (Table 8). Age at onset is similar, and in
both groups, most children with early onset had intermittent esotropia on initial examination. Incidence of deterioration of optical
control in the Baker and Parks study was similar to that of my patient population, both much higher than the incidence of deterioration
in the study by Coats and coworkers.*® In the Baker and Parks study, all surgical procedures were for esotropia without oblique
dysfunction. In the current study group, four patients had only horizontal rectus muscle surgery for esotropia, four had inferior oblique
surgery in addition to horizontal rectus surgery, and one had superior oblique surgery in addition to horizontal rectus surgery.

TABLE 8. COMPARISON OF EARLY-ONSET ACCOMMODATIVE ESOTROPIA GROUPS FROM PREVIOUS
STUDIES TO THE CURRENT STUDY

VARIABLE BAKER, PARKS (1980) COATSET AL (1998) CURRENT STUDY
Patient number 21 17 21

Mean age at diagnosis, months 8.1 9.0 8.6

Mean follow-up, months 88 34 126

Incidence of intermittent esotropia 71% NA 57%
Incidence of amblyopia 62% 0% 10%
Incidence of strabismus surgery 48% 18% 43%

It is likely that there is some overlap between early-onset accommodative esotropia and infantile esotropia (honaccommaodative),
and many early-onset accommodative esotropia patients behave more like infantile esotropia patients than typical accommodative
esotropia patients. A mixed form of esotropia occurs in infancy where there is an accommodative component to infantile esotropia and
some accommodative esotropia remains after surgical correction,”®* but even in infants who have good alignment with hypermetropic
correction, bifoveal fusion is rare, and the esotropia is much less stable than in later-onset accommodative esotropia. Even though the
delay from onset (by history) to diagnosis of the accommodative esotropia was fairly short, and intermittent esotropia was common in
the early-onset group, bifoveal fusion was rare in the early-onset group and common in the control group. Oblique dysfunction was
more common in the early-onset group. Mean hypermetropia was high in the early-onset group, but early-onset accommodative
esotropia occurred with hypermetropia as low as 1.75 D. This has significance in the management of esotropia in infancy. In an infant
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presenting with esotropia with a moderate amount of hypermetropia, full cycloplegic correction should be prescribed, especially if the
deviation is of moderate amplitude and is intermittent. Even if surgery is required in the mixed accommodative
esotropia/nonaccommodative infantile esotropia patient, the surgery will be more predictable and the postoperative deviation will be
more stable if the amount of accommodative component is determined by prescribing glasses preoperatively. In some cases, the
esotropia will be entirely accommodative, and unnecessary surgery and probable secondary surgical exotropia will be avoided.
Infantile esotropia, accommodative or nonaccommodative, can only be managed appropriately if one has determined the basic
deviation.

DETERIORATION OF CONTROL OF ACCOMMODATIVE ESOTROPIA

Deterioration of accommodative esotropia in this series is similar to that reported by Raab’ and Dickey and Scott.® Raab found
inferior oblique overaction to be associated with deterioration, but found that abnormal distance-near relationship was not a
contributing factor. Dickey and Scott identified age at onset as a significant factor in deterioration of accommaodative esotropia and
also found that high accommodative convergence to accommodation relationship measured by the gradient method did not contribute
to deterioration. Ludwig and coworkers* found a 30.3% deterioration rate and found deterioration to be more common in patients
with an abnormal distance-near relationship. In their study, age at onset and amblyopia were not contributing factors.

In the current series, younger age at diagnosis, oblique dysfunction, and abnormal distance-near relationship contributed to
deterioration of the accommodative esotropia with resultant strabismus surgery. Fully accommodative esotropia was associated with a
lower incidence of deterioration. Prior to the onset of accommodative esotropia, there is an opportunity for bifoveal fusion to develop,
but in early-onset accommodative esotropia, this window of opportunity is small. In children with constant esotropia at diagnosis, or in
those who were not orthophoric after optical correction, there might have been no opportunity for the development of bifoveal fusion.
Oblique dysfunction (incomitance) and abnormal distance-near relationship cause a lack of stability of control, leading to a loss of
fusion and often deterioration of optical control of the accommodative esotropia.

One of the most significant contributing factors in this series is oblique muscle dysfunction. Raab also found inferior oblique
overaction to be a contributing factor. If Miller and Guyton® are correct in their suggestion that oblique dysfunction and A and V
patterns are the result of loss of fusion, it makes sense that the esotropia control may deteriorate from that loss. Perhaps deterioration
and A-V patterns are both isolated manifestations of that loss of fusion, and the oblique dysfunction, despite being associated with
deterioration, is not actually a cause. But oblique dysfunction with A or V pattern could be a direct cause of the deterioration of the
accommodative esotropia. The instability associated with the incomitant deviation would cause some intermittent suppression even if
the eyes were still aligned in primary position, and it would eventually lead to primary position deviation.

The mechanism of deterioration of accommodative esotropia is not well explained. One might expect that some gradual
contracture of medial rectus muscles related to incomitance, small-angle intermittent esotropia with correction, or less than full-time
wear of spectacles would be a reasonable explanation. Are there other explanations? Do some of these patients “lose fusion”? In
patients requiring surgery, mean time from diagnosis and initiation of spectacle treatment to surgery was 38 months. But one patient
had surgery 13 years after diagnosis. What would cause this patient to lose fusion after that amount of time? The mechanical
explanation of muscle contracture related to instability of control appears to be the best explanation.

In several large accommodative esotropia case series, authors have defined a high AC/A relationship as near deviation greater than
distance deviation.>”'*** In this thesis, this finding is described as an abnormal distance-near relationship, as it may not always
represent a high AC/A relationship. In a patient wearing hypermetropic spectacles, a greater amount of accommodation per unit
distance is required on near fixation than in an emmetrope.® This increase in required accommodation is significant with spectacle
power of +3.00 D or more, and the near esodeviation may be greater than the distance esodeviation, not because of a high AC/A
relationship but because of the increased accommaodative effort on near fixation required by the optical system of spectacle correction
of the hypermetropic eye. As stated by Sampson, “...it should be obvious that the true synkinetic response between convergence and
accommodation in high refractive errors is actually unaltered, but erroneously measured, when spectacle lenses are used to correct the
refractive error.”®® Havertape and coworkers® suggested that arbitrarily using the difference of near and distance esodeviation
measurements to determine high AC/A relationship may be inaccurate. They found that in many patients with an abnormal distance-
near relationship, AC/A relationship was normal when measured by the gradient method. Arnoldi and Shainberg®* also cautioned that
an abnormal distance-near relationship did not necessarily correlate with AC/A relationship.

In this study, abnormal distance-near relationship was related to deterioration of accommodative esotropia with resultant
strabismus surgery, but incidence of abnormal distance-near relationship was lower in this study than in previously published studies.
The significant factor associated with deterioration of accommodative esotropia is instability, that is, intermittent esotropia on near
fixation in the case of abnormal distance-near relationship. Ludwig and coworkers™ found that an abnormal distance-near relationship
contributed to a greater incidence of deterioration of control of accommodative esotropia, but Raab’ found that an abnormal distance-
near relationship was not associated with deterioration of accommodative esotropia, and Dickey and Scott™ found that high gradient
AC/A did not contribute to deterioration of control of the esotropia with spectacles.

The data from this patient population suggest that the majority of accommodative esotropia patients with an abnormal distance-
near relationship do not need bifocals. Many patients with an abnormal distance-near relationship were not treated with bifocals
because they had an intermittent esotropia or esophoria on near fixation or a constant esotropia on distance fixation. There was no
statistically significant difference in the rate of deterioration between those patients with an abnormal distance-near relationship
wearing bifocals and those with an abnormal distance-near relationship not wearing bifocals. Even in the patient wearing bifocals, it is
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likely that esotropia is present intermittently when a child fixates on objects closer than 33 cm or fixates on near objects without using
the bifocal. Treatment with bifocals did not contribute better stability in this study, but this finding is influenced by patient selection,
as patients wearing bifocals were more likely to have a larger abnormal distance-near relationship than patients not wearing bifocals.

Not only is there a questionable need for bifocals in abnormal distance-near relationship, the use of bifocals is not without
consequences. Pratt-Johnson and Tillson®® found that patients wearing bifocals for accommodative esotropia and an abnormal
distance-near relationship had no better sensory outcome than patients not wearing bifocals with the same problem. Arnoldi and
Shainberg® studied patients with a high AC/A relationship measured by the gradient method. At 5-year follow-up, those patients not
wearing bifocals had better control of the near esodeviation than those wearing bifocals. In both groups, the near deviation decreased
during the 5-year follow-up, but in patients wearing bifocals, the gradient AC/A relationship increased.

Some patients in this study had an abnormal distance-near relationship related to undercorrected hypermetropia on at least one
examination, and these patients had normalization of the distance-near relationship after the hypermetropia was fully corrected. A
prescription change of as little as .50 D normalized the distance-near relationship in some patients. A cycloplegic refraction should be
done on any patient presenting with an apparent abnormal distance-near relationship. If hypermetropia is undercorrected, a new
spectacle correction without bifocals should be prescribed. This study demonstrates that many of these patients will have good
alignment without bifocals and that unnecessary prescribing of bifocals can be avoided by following this procedure. Undercorrection
of hypermetropia may explain the higher incidence of abnormal distance-near relationship and higher deterioration rate in some
studies of accommodative esotropia compared with this study. Also, bifocals should not be prescribed as the initial optical correction
when the diagnosis of accommodative esotropia is first considered. The deviation in accommodative esotropia is caused by
accommodative effort, and prior to spectacle prescription, the deviation on near fixation is often greater than the distance deviation.
An abnormal distance-near relationship cannot be diagnosed until the patient is wearing a full cycloplegic refraction. In this study, the
majority of patients with an apparent abnormal distance-near relationship on initial examination never wore bifocals during their
follow-up.

CONCLUSIONS

The overriding factor in treatment of accommodative esotropia is management of refractive error. On the basis of this study, the
following conclusions regarding hypermetropia management and accommodative esotropia can be made:

1. Accommodative esotropia usually does not resolve. The most important factor in predicting resolution of accommodative
esotropia is the amount of hypermetropia at the time of diagnosis. The possibility that undercorrecting hypermetropia hastens its
resolution is not supported by this study.

2. Age at onset appears to be a variable for long-term stability of accommodative esotropia. In the early-onset patients, incidence of
high-level stereoacuity is much lower, and incidence of deterioration of control requiring strabismus surgery is much higher.

3. Accommodative esotropia is usually stable, and deterioration of control is not the rule. Oblique muscle dysfunction is not
common in the diagnosed population, but it is frequently present in patients with deterioration of control.

4. Abnormal distance-near relationship is associated with deterioration of accommodative esotropia. Patients wearing less than full
cycloplegic correction may appear to have an abnormal distance-near relationship, but with prescription of full cycloplegic
correction, the distance-near relationship is normal.

5. Undercorrection of hypermetropia should be pursued with care. Undercorrection can easily be accomplished in many patients,
but in others it may allow development of an abnormal distance-near relationship, which in turn can lead to deterioration of
accommodative esotropia. The risk of aggressive undercorrection may outweigh potential benefits of that approach.

Strengths of this study include a comparatively large patient population with long-term mean follow-up by a single investigator,
allowing for a consistent treatment philosophy. The study’s weakness is its retrospective nature. Data collection was done by the
author, a potential source of bias. Retrospective cohort and case-control studies are not ideal methods to prove a hypothesis but may
show trends and result in questions deserving further study. This is especially true in the section concerning the natural history of
hypermetropia and the effect of undercorrection of hypermetropia. A prospective, randomized clinical trial was not practical for this
thesis, because it would require many years to complete, but would be appropriate to further study the effect of undercorrection of
hypermetropia. Nevertheless, this is the first study, to the author’s knowledge, that addresses the influence of undercorrection of
hypermetropia on the natural history of hypermetropia.
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