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Abstract

e AIM: To evaluate the relation between preoperative
hyperopia and surgical outcomes of infantile esotropia in
patients younger than 24 months of age.

e METHODS: Medical records of patients who underwent
bilateral medial rectus muscle recession for infantile
esotropia between November 1, 2002 and December 1,
2011 were retrospectively reviewed. Patients were divided
into two groups according to the degree of preoperative
hyperopia. Group | had less than +3.0 diopter (D) of
hyperopia and group Il had between +3.0 and +5.0 D of
hyperopia. Postoperative alignments were evaluated
1wk, 3, 6mo, and 1y after surgery. Following the 1-year
postoperative visit, patients were monitored yearly.
Relationships between preoperative factors including
hyperopia and postoperative outcomes were evaluated.

e RESULTS: Forty-six patients were included, with
33 patients in group | and 13 patients in group Il. The
preoperative mean refractive error was +0.88 D in group
| and +3.45 D in group Il. Surgical outcomes were not
significantly different between groups at any postoperative
time point examined. Cumulative probability of surgical
success, prevalence of inferior oblique overaction,
dissociated vertical deviation, and re-operation rate were
not significantly different between groups.

o CONCLUSION: Preoperative moderate hyperopia (less
than +5.0 D) did not affect the surgical outcome of infantile
esotropia. Therefore, the surgical correction of esotropia
should be considered when the angle of esodeviation
is unchanged following hyperopia correction, even in
children with moderate hyperopia.
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INTRODUCTION

nfantile esotropia develops before 6 months of age and is

defined as a non-accommodative concomitant esotropia
without neurological deficits''?. Patients with infantile
esotropia have an angle of esodeviation of 30 prism diopters
(PD) or more and a refractive error is similar to that of normal
infants'*. Most of infantile esotropia patients with large and
constant esodeviation require surgical intervention to restore
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binocular vision and improve stereoacuity'
pediatric ophthalmologists should consider the effect of
refractive error on esotropia because esodeviations can be
accommodative.

Prior studies have shown that esodeviation could spontancously
decrease in infantile esotropia patients with hyperopia*"”.
However, few studies have examined the effect of hyperopia
on the surgical outcome of infantile esotropia, with even fewer
studies on moderate hyperopia. Therefore, we evaluated the
relation between preoperative hyperopia and surgical outcomes
following bilateral medial rectus muscle recession in infantile
esotropia patients younger than 24 months of age.

SUBJECTS AND METHODS

Subjects This nonrandomized, retrospective case series was
ethically approved by the Institutional Review Board of Seoul
National University Hospital. All study conduct adhered to the
tenets of the Declaration of Helsinki.

Patients who underwent standard bilateral medial rectus
muscle recession for infantile esotropia between November 1,
2002 and December 1, 2011, and followed for more than 6mo
were included. All surgeries were performed by one surgeon
(Kim SJ). Written informed consent for all surgical procedures
was obtained from the patients’ parents or guardians. Patients
with an underlying neurological defect or paralytic condition
(e.g. cerebral palsy, hydrocephalus, prior strabismus surgery, or
other comorbid ocular disease) were excluded. Patients were
examined at least two times following 4wk of spectacle use.
Patients with a >10 PD change in the angle of esotropia after

hyperopic correction were assumed to have an accommodative
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component and were excluded from analyses. Patients with
amblyopia, defined as presenting strong fixation preference
after occlusion therapy provided before surgery, were also
excluded.

Factors including age, sex, preoperative refractive errors,
presence of anisometropia, preoperative and postoperative
angle of deviation, and prevalence of dissociated vertical deviation
(DVD) or inferior oblique overaction IOOA) were retrospectively
reviewed. Postoperative follow-up examinations were
performed 1wk, 3, 6mo, and 1y after surgery. All patients were
reexamined yearly beginning 2y after surgery.
Ophthalmologic Examination and Procedure of Surgery
All patients underwent a comprehensive ophthalmologic
examination before surgery, including a cycloplegic refraction
with 1% cyclopentolate hydrochloride. Prescription glasses
to correct hyperopia were made and refractive error was
fully corrected in patients with +3.0 or more diopters (D) of
hyperopia. Preoperative angle of esodeviation was measured
on at least three occasions in all patients by one experienced
examiner using the alternate prism cover test at near (0.33 m) and
distance (6 m) fixation in the primary gaze, with appropriate
spectacle correction if required. A modified Krimsky method
was used to examine uncooperative patients. If the angle of
esodeviation was more than 50 PD, the angle of deviation was
measured using two loose plastic prisms (Luneau, France) held
in one hand. Prisms were held over each eye separately (not
stacked), with the apex facing the nose.

In patients with IOOA, surgical correction was determined
according to the severity of IOOA (grades ranged from 0 to
+4.0). An IOOA was considered to be clinically significant if it
was more severe than a grade +1. Patients with an [OOA grade
of +1 underwent inferior oblique (I0) myotomy. Patients with
an IOOA grade between +1.5 and +2 underwent IO myectomy.
Patients with an IOOA grade greater than or equal to +2
underwent IO anterior transposition.

All surgeries were performed after esodeviation was stable and
remained greater than 30 PD (as confirmed by more than two
consecutive examinations). Surgeries were performed under
general anesthesia, and surgical dosages were applied using
Parks’ surgical protocol for graded bilateral medial rectus
muscle recession'.

Evaluation of Surgical Outcomes Patients were divided into
two groups according to the degree of preoperative hyperopia
(mean spherical equivalent of both eyes). Group I had less
than +3.0 D of esotropia and group II had between +3.0
and +5.0 D of esotropia. Surgical outcomes were categorized
into four groups using a modified version of von Noorden’s

criteria™"”

, which are based on postoperative angle of
deviation: orthotropia/mini-microtropia, microtropia (5-10 PD),
small-angle deviation (11-20 PD), and large-angle deviation

(>20 PD). In addition, each subgroup was further divided into
1964

the following three subgroups based on the postoperative angle
of deviation at distance: overcorrection (exophoria/tropia >10 PD),
success (esophoria/tropia or exophoria/tropia <10 PD), and
undercorrection/recurrence (esophoria/tropia >10 PD).
Surgical outcome was determined using the deviation at the
last follow-up visit. However, in cases of reoperation, the final
angle of deviation was defined as the angle measured during
the last visit before reoperation. The time between surgery and
recurrence was calculated. Reoperations were performed for
recurrent esotropia or consecutive exotropia when the maximal
angle of deviation was >15 PD and patients had poor fusional
control, in which an increase in the manifest phase of esotropia
was frequently noticed by parents and/or clinicians.

Statistical Analysis The Mann-Whitney U test, Fisher’s exact
test, and Kruskal-Wallis test were used for comparing factors.
Kaplan-Meier survival analysis and a log-rank test were used
for comparing the recurrence rates. Statistical significance was
defined as P<0.05. Statistical analyses were conducted using
SPSS software for Windows version 18.0 (SPSS Inc., Chicago,
[llinois, USA).

RESULTS

Patient Demographics Forty-six patients were ultimately
included in this study. Mean age at the time of the initial
surgery was 12.3+4.0mo (range 6-22mo). The preoperative
angle of esodeviation was 59.5£17.5 PD (range 30-85 PD) and
the preoperative refractive error was +1.61+1.47 D. Patients
were followed after surgery for 38.3+31.3mo.

Patient Clinical Characteristics in Each Preoperative
Refractive Error Group Thirty-three patients were in group |
and 13 patients were in group II. Mean preoperative refractive
error was +0.88+1.01 D in group I and +3.45+0.51 D
in group II (P<0.001). Significant anisometropia was not
observed in either group (group I: 0.35+0.29 D, group II:
0.23+0.30 D; P=0.427). Mecan subject age at the time of
surgery was 12.5£3.8mo in group I and 11.8+4.5mo in group
II and mean preoperative angle of esodeviation was 58.6+17.9 PD
in group I and 61.9+16.8 PD in group II (P=0.633 and 0.560,
respectively). Patients were followed for 41.7+30.2mo and
52.0431.2mo after the initial surgery in groups I and II,
respectively (P=0.305; Table 1).

The prevalence of IOOA and DVD was not significantly
different between groups before or after surgery. After the
surgery, DVD was observed in 10 patients (30.3%) in group I
and 4 patients (30.8%) in group II (P=0.999) and IOOA was
observed in 16 patients (48.5%) in group I and 5 patients
(38.5%) in group II (P=0.744).

Surgical Outcomes in Patients Grouped by Preoperative
Mean Refractive Error Table 2 summarizes surgical outcomes,
as determined using a modified version of von Noorden’s
criteria. Both groups were evaluated at 1wk and 3, 6, 12, 24,
and 36mo after surgery.
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Table 1 Demographic and clinical characteristics of patients with infantile esotropia who underwent bilateral medial rectus muscle

recession before 24mo of age

Factors Group I (n=33) Group II (n=13) P

Age at initial visit, mo (range) 8.4+4.1 (3-20) 7.8+4.4 (4-17) 0.632°
Sex (M:F) 12:21 3:10 0.497°
Age at surgery, mo (range) 12.5+3.8 (7-22) 11.8+4.5 (6-20) 0.633"
Preop. mean refractive errors (D) +0.88+1.01 (-1.25 to +2.50) +3.45+0.51 (+3.00 to +4.50) <0.001°
Preop. anisometropia (D) 0.35+0.29 (0.00-1.13) 0.2340.30 (0.00-0.88) 0.427°
Preop. angle of esodeviation (PD) 58.6+17.9 (30-85) 61.9+16.8 (30-80) 0.560°
Preop. DVD, n (%) 1(3.0) 1(7.7) 0.490°
Preop. IOOA, n (%) 11 (33.3) 4 (30.8) 0.999°
Postop. follow-up period (mo) 41.7£30.2 (6-112) 52.0+£31.2 (9-110) 0.305°

Group [: Patients with preoperative mean refractive errors <+3.0 D; Group II: Patients with preoperative mean refractive errors >+3.0 D and <+5.0 D;

PD: Prism diopters; DVD: Dissociated vertical deviation; IOOA: Inferior oblique overaction. “Fisher’s exact test, bMann-Whi‘mey U test.

Table 2 Surgical outcomes in patients with infantile esotropia who underwent bilateral medial rectus muscle recession before 24mo of

age using a modified version of von Noorden’s criteria n (%)

Orthotropia or mini-microtropia Microtropia (5-10 PD) ET/XT Small angle (11-20 PD) ET/XT Large angle (>20 PD) ET/XT

Follow-up

(group I/IT) Group 1 Group II Group I Group II Group 1 Group 11 Group I Group 11
1wk (33/13) 19 (57.6) 5(38.5) 6/1(18.2/3.0) 3/1(23.1/7.7) 5/0(15.2/0.0) 2/0(15.4/0.0)  2/0(6.1/0.0) 2/0(15.4/0.0)
3mo (33/13) 21 (63.6) 9(69.2) 5/0 (15.2/0.0) 3/0(23.1/0.0) 5/2(15.2/6.1)  1/0(7.7/0.0) 0/0 (0.0/0.0)  0/0 (0.0/0.0)
6mo (33/13) 23 (69.7) 7(53.9) 3/1(9.1/3.0) 2/1(15.4/7.7) 1/0(3.0/0.0)  2/0(15.2/0.0)  4/1 (12.1/3.0) 1/0(7.7/0.0)
12mo (30/11) 19 (63.3) 5(45.5) 0/1(0.0/3.3)  3/1(27.3/9.1) 6/1(20.0/3.3)  1/0(9.1/0.0) 2/1(6.7/3.3)  1/0(9.1/0.0)
24mo (23/10) 16 (69.6) 3(30.0) 2/0 (8.7/0.0)  1/2(10.0/20.0) 6/0 (26.1/0.0) 2/1(20.0/10.0)  0/1 (0.0/4.4)  1/0 (10.0/0.0)
36mo (12/9) 6 (50.0) 1(11.1) 2/0 (16.7/0.0) 4/3 (44.4/33.3) 2/0(16.7/0.0) 0/1(0.0/11.1) ~ 1/1(8.3/8.3)  0/0 (0.0/0.0)

Group I: Patients with preoperative refractive errors <+3.0 D; Group II: Patients with preoperative refractive errors >+3.0 D and <+5.0 D. PD: Prism

diopter; ET: Esotropia; XT: Exotropia.

Group I had a 69.7% success rate and group II had a 61.5%
success rate (P=0.730). Group I had 7 patients (21.2%) with
undercorrection or recurrence and group II had 3 patients
(23.1%) with undercorrection or recurrence (P=0.999). Group
I had 3 patients (9.1%) with overcorrection and group II had 2
patients (15.4%) with overcorrection (P=0.612; Table 3).
Survival Analysis and Preoperative Mean Refractive
Error According to The Surgical Outcomes The Kaplan-
Meier survival analysis revealed that recurrence of of >10 PD
of esophoria/tropia or consecutive exophoria/tropia (based
on cumulative probability of success) was not significantly
different between groups at 6, 12, 24, 36, 48, 60, 72, and 84mo
after surgery (all P>0.05; Figure 1).

The preoperative mean refractive error was not significantly
different between groups divided according to the surgical
outcome: +1.59+1.51 (range -1.13 to +4.50) D in the
success group, +1.31+1.54 (range -1.25 to +3.56) D in the
undercorrection/recurrent esotropia group, and +2.34+1.02
(range +0.94 to +3.50) D in the overcorrection group (Kruskal-
Wallis test, P=0.431).

Table 3 Surgical outcomes of patients with infantile esotropia who
underwent bilateral medial rectus muscle recession before 24mo

of age according to the preoperative mean refractive errors

No. of patients (%)

Factors

Groupl  Group II P
Success (%) 23(69.7) 8(61.5) 0.730°
Undercorrection/recurred ET (%) 7 (21.2) 3 (23.1)  0.999°
Consecutive XT (%) 309.1) 2(154) 0.612°
Reoperation (%) 8(24.2) 4(30.8) 0.702°

Group I: Patients with preoperative refractive errors <+3.0 D; Group
II: Patients with preoperative refractive errors >+3.0 D and <+5.0 D.

ET: Esotropia; XT: Exotropia. “Fisher’s exact test.

DISCUSSION

Visual accommodation in infants fully develops to the adult
level by 4 months of age""”. Therefore, accommodative factors
may confound infantile esotropia, making it important to
evaluate the degree of hyperopia in these patients. Hyperopia
should be fully corrected prior to measuring the amount of

surgical correction”>",
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Figure 1 Kaplan-Meier survival analysis after bilateral medial rectus
recession for infantile esotropia according to the preoperative
mean refractive errors in two groups Analysis showed that there
is no significant difference in the cumulative probability of success
between two groups (P=0.800, log-rank test). Group I: Patients
with preoperative refractive errors <+3.0 D; Group II: Patients with
preoperative refractive errors >+3.0 D and <+5.0 D.

Several ophthalmologists have studied the association between
refractive errors and the natural course or surgical outcome of
infantile esotropia. Costenbader” found that the distribution
was similar between patients with and without infantile
esotropia and that refractive error and degree of deviation were
not correlated. In that study, 5.6%, 46.4%, 41.8%, and 6.4% of
patients with infantile esotropia had myopia, mild hyperopia,
moderate hyperopia, and severe hyperopia (more than +5.25 D).
Burian"* found that pediatric patients with a refractive error
of +4.00 D or greater tended to have a decrease in the angle of
esodeviation over time. Although this information is important
for clinically managing infantile esotropia, it cannot be used to
determine whether surgical management should be suggested
in cases of infantile esotropia with hypertropia, because of the
wide range in the degree of esodeviation (from 6 PD to >50
PD) and lack of results regarding the change in esodeviation
after correction of hyperopic refractive error, which
distinguishes accommodative esotropia from true infantile
esotropia. In contrast, the Congenital Esotropia Observational
Study reported that only 46 patients (27%) showed
spontaneous resolution with hyperopic correction. Patients
with a constant deviation >40 PD presenting after 10 weeks of
age had a low likelihood of spontaneous resolution, suggesting
the need for early surgical correction in these patients. In
addition, there was no correlation between refractive errors

[21

and spontaneous resolution of esodeviation”'!. Stager

221 also did not find a correlation between refractive error

et al
and postoperative alignment in patients who underwent surgery

for infantile esotropia before 1 year of age.

1966

The current study examined surgical outcomes in 46 patients
who underwent bilateral medial rectus muscle recession for
infantile esotropia before 24 months of age, according to the
degree of preoperative hyperopia.

We excluded patients with early-onset accommodative
esotropia by evaluating hyperopia prior to surgery. Only
patients that did not have a change in the angle of esodeviation
after wearing glasses were included in analyses. We found
that patients with concomitant moderate hyperopia from
+3.0 D to +5.0 D did not have significantly different clinical
characteristics (e.g. age at the time of surgery, preoperative
angle of esodeviation, concomitant IOOA or DVD, amount
of bilateral medial rectus muscle recession, and postoperative
deviation angle) or long-term success rates than patients with
no or mild hyperopia. In addition, when patients were grouped
according to the surgical outcome (orthotropia, consecutive
exotropia, and undercorrection or recurrent esotropia groups),
the degrees of preoperative refractive error were not found to
be correlated with surgical outcomes for infantile esotropia
among the groups. This finding is in agreement with that
of Stager et al** and supports the notion that preoperative
moderate hyperopia does not affect the surgical outcomes.
Therefore, our study suggests that surgical correction can be
considered for correcting infantile esotropia with moderate
hyperopia.

This study had several strengths. Our study population was
relatively homogeneous and all subjects underwent bilateral
medial rectus muscle recession at a very young age (<24 months

of age). Hiles et al'*”

reported no correlation between the
refractive error and the development of an exodeviation or
anatomic outcomes in patients with infantile esotropia who
underwent bilateral medial rectus muscle recession before
1 year of age. However, in their study, only 8 of 54 patients
had hyperopia greater than +3.00 D, which poses a limitation
in determining the effect of hyperopia on postoperative
alignment. Bae et al™ also reported no apparent correlation
between the refractive error and anatomical outcomes in
patients with infantile esotropia who underwent bilateral
medial rectus muscle recession. However, patient age at the
time of surgery was 67mo and was highly variable (range
6mo-55y). Moreover, 64.3% of their patients were over 24
months of age at the time of surgery. Our study also had some
limitations, mainly related to its retrospective design and
relatively small sample size (particularly group II, as in the
study by Hiles et al*"). Furthermore, we did not have access to
stereoacuity testing results before or after surgery. Prospective,
systematic studies that include a larger number of patients are
needed.

In conclusion, preexisting moderate hyperopia prior to bilateral
medial rectus muscle recession for infantile esotropia has no

effect on the surgical outcome. Therefore, surgical correction
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of esotropia could be helpful for patients with preoperative
refractive errors between +3.0 and +5.0 D when the angle of
esodeviation is unchanged following hyperopic correction.
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