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Abstract

Purpose To evaluate and compare surgical
outcomes with respect to refractive errors in
strabismus surgery for the treatment of
intermittent exotropia (IXT).
Methods The medical records of patients
with IXT who were treated by one surgeon
from January 2005 and June 2011 were
reviewed. Three hundred and thirty-three IXT
patients were included and divided into three
groups according to preoperative refractive
error: IXT with hyperopia (group I), IXT with
emmetropia (group II), and IXT with myopia
(group III). The surgical outcomes with
respect to sensory and motor criteria were
compared among the three groups.
Results The surgical success rates according
to motor criteria and sensory and motor
criteria combined were higher in groups I
(29 patients) and III (124 patients) than in
group II (180 patients) at postoperative 3 and
6 months and at the last follow-up. Stereopsis
was significantly better in groups II and III
than in group I preoperatively (P= 0.002 by
one-way analysis of variance test);
however, the difference was not significant
postoperatively. Twenty patients in group I
(69.0%) were prescribed undercorrected
hyperopic spectacles postoperatively, while
only 22 patients in group III (17.7%) were
prescribed spectacles with more myopic
power than their refractive errors.
Conclusion In the surgical treatment of IXT,
hyperopia was not an indicator of poor
prognosis. Taking into consideration the age
effect, follow-up period after IXT surgery, and
stereopsis improvement, hyperopic refractive
error is rather a good prognostic factor.
Eye (2015) 29, 1555–1560; doi:10.1038/eye.2015.152;
published online 21 August 2015

Introduction

Intermittent exotropia (IXT) is one of the most
common types of strabismus, especially in

Asian patients.1–3 Although it is a widely
studied disease, there are many unanswered
questions regarding best management practices
and prognosis. Controversies partly stem from
the highly variable surgical success rate in the
published literature, ranging from 42 to 81%.4–9

To evaluate the success of IXT surgery,
functional outcomes are emphasized,5–7,10–19 as
well as motor alignment after surgery;
however, few studies have considered
functional outcomes for evaluating surgical
success.5,7,10 Several studies have investigated
factors that possibly affect surgical outcomes,
including refractive errors. The effects of
refractive errors in the management of IXT are
reported as variable, especially with respect to
hyperopia. Generally, hyperopic correction can
decrease the demand on the accommodative
convergence and thus increase exodeviation.20

However, some cases reported a paradoxical
decrease in exodeviation after hyperopic
correction for improved fusional
convergence.21,22 In this study, we reviewed
the records of patients who underwent
strabismus surgery for IXT to evaluate and
compare surgical outcomes considering
refractive errors by motor and sensory criteria
for surgical success rates.

Materials and methods

We conducted a retrospective review of the
medical records of subjects who underwent
surgery for IXT by one surgeon (S-HB) at Kim’s
Eye Hospital between January 2005 and June
2011, with 46 months of postoperative
follow-up. This study was approved by the
Institutional Review Board of the Kim’s Eye
Hospital, Seoul, Korea.
The following preoperative characteristics

were recorded from the patients’ charts: age at
onset, age at surgery, best-corrected visual
acuity, cycloplegic refraction, preoperative
motor alignment at distance and near, and
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stereoacuity. The angle of deviation was determined
by the prism alternate cover technique with an
accommodative target at both distance (6m) and near
(1/3m). Sensory testing was performed using the Titmus
tests. Refractive errors were analyzed by spherical
equivalent values. The difference of 41 dioptre (D) in
spherical equivalent between the refractive errors of each
eye was considered as anisometropia. Patients with a
difference of two lines or more of visual acuity in each
eye, or with visual acuity of each eye o20/30, were
considered to have amblyopia. Patients with constant
exotropia, oblique muscle dysfunction, vertical
strabismus, A–V pattern strabismus, paralytic strabismus,
previous extraocular muscle surgery, severe amblyopia,
anisometropia, nystagmus, and neurological or other
medical problems were excluded from this study.
Patients were classified as having basic IXT if the

difference between distant and near deviation was within
10 prism dioptres (PDs). Convergence insufficiency type
was defined as an IXT at near measurement at least 10
PDs greater than at distance. If the distant angle of
exodeviation was 410 PD larger than the near angle of
exodeviation, the angle of deviation was re-measured
after 41 h of monocular occlusion of the non-dominant
eye to discriminate between pseudo-divergence excess
and divergence excess.
Patients were divided into three groups according to

preoperative refractive error: patients with spherical
equivalent in both eyes ≥+1D were classified as group I
(hyperopic IXT group), patients with spherical equivalent
of both eyes between − 1 D and +1 D were classified as
group II (emmetropic IXT group), and patients with
spherical equivalent of both eyes ≤− 1D were classified as
group III (myopic IXT group). The result was considered
successful when the distant deviation with correction was
≤ 5 PD esodeviation or o15 PD exodeviation by motor
criteria, and when postoperative stereopsis was ≤ 100 arcsec
with sensory criteria. Reoperation was considered a failure
and cases that received reoperation were included in this
study until the last follow-up visit before their reoperation.
The surgical success rates were evaluated at 3, 6, and
12 months after surgery and at the last follow-up according
to motor and functional criteria success, and these were
compared between the three groups.
Glasses were prescribed before surgery whenever

needed, ie, when there were significant myopic,
hyperopic, and/or astigmatic refractive errors. The target
angle for the surgery was the total exotropic angle
obtained with maximum tolerated hyperopic correction
or with full myopic and astigmatic correction. Patients
were prescribed undercorrected hyperopic spectacles and
spectacles more myopic than their own refractive errors
postoperatively when they appeared to show increasing
exodeviation.

For the statistical analysis, one-way analysis of variance
(ANOVA), Chi-square test, and repeated measures
ANOVA were used, with a significance level of Po0.05
without Bonferroni correction or reduced values with
Bonferroni correction when needed. All statistical data
were analyzed using the PASW software for Windows,
version 18.0 (IBM Corp., Armonk, NY, USA).

Results

A total of 333 patients were included, and among them,
29 were sorted into group I, 180 to group II, and 124 to
group III. Comparisons of baseline characteristics
between the three groups are presented in Table 1. There
were statistically significant differences in the ages and
preoperative stereopsis of the groups; patients in group III
were significantly older than the other patients (P= 0.001
by one-way ANOVA test), and preoperative stereopsis
was significantly worse in group I than in the other
groups (P=0.002 by one-way ANOVA test). The follow-up
period seemed to be longer in group I, but statistical
significance was not reached. Other factors, including sex,
time from diagnosis to surgery, preoperative angle of
deviation, type of exotropia, and type of surgery, were not
statistically different between the three groups.
The surgical success rate according to motor criteria

only was higher in group I and III than in group II at
postoperative 3, 6, and 12 months and at the last
follow-up. At the last follow-up, there was a statistically
significant difference in the success rate according to
group (P= 0.001 by Chi-square test); however,
comparisons between group I (62.1%) and group III
(72.1%) demonstrated no significant difference (P= 0.26
by Chi-square test, Figure 1).
There was a significant difference in preoperative and

postoperative stereopsis between the three groups
(P= 0.007 by repeated-measures ANOVA). By post-hoc
comparison with a significant P-value o0.01 with
Bonferroni correction, stereopsis was significantly better
in groups II and III than in group I preoperatively
(P= 0.002 by one-way ANOVA test); however, the
difference was not significant postoperatively (Table 2).
The surgical success rate considering motor and

sensory criteria together was also higher in groups I and
III than in group II at postoperative 3 and 6 months and at
the last follow-up. Again, there was a statistically
significant difference in the success rates between the
three groups at the last follow-up (P= 0.004 by Chi-square
test); however, the difference between group I (61.5%)
and group III (66.1%) was not significant (P= 0.066 by
Chi-square test, Figure 2).
After surgery, glasses were manipulated usually when

the patients showed a tendency to exodrift. Twenty
patients in group I (69.0%) were prescribed

Hyperopic refractive errors in intermittent exotropia surgery
MK Kim et al

1556

Eye



undercorrected hyperopic spectacles postoperatively,
while only 22 patients of group III (17.7%) were
prescribed spectacles that were more myopic than their
own refractive errors (Po0.001 by Chi-square test).

Discussion

This study is a large single surgeon case series assessing
the effects of refractive errors following surgery for IXT
according to motor and functional criteria. As previously

mentioned, success rates of IXT surgery in the literature
vary widely from 42 to 81%.4–9 Pratt-Johnson et al7

explained that when they reported 81% success in motor
alignment, only 41% of patients had good stereopsis.
Pineles et al10 reported that, for an excellent motor result
in their cohort, the determined success rate was 64%, yet,
when considering sensory outcomes, the success rate falls
to 38%. In the present study, without reference to groups,
the final success rate according to the motor criteria is
60.4% overall at the final follow-up visit (unpresented
data), whereas final success rates according to motor and
sensory criteria decreased to 55.1%. Direct comparisons of
success rates between different studies are difficult
because patient populations, follow-up periods, surgical
procedure, and definitions of surgical success differ
among the studies; however, our data generally share
similar results to previous studies in that functional
success rates considering sensory outcome are lower than
motor success rates.
In the present study, the surgical success rate was

similar in hyperopic and myopic patients and their
success rates were better than those with emmetropia
regardless of inclusion of functional criteria for successful
surgery. We hypothesize that hyperopic refractive error is
a good prognostic factor because of the following three
reasons. First, myopic patients in this study were
significantly older than the other groups at the time of IXT
surgery. Lim et al23 reported that increased patient age at

Figure 1 The surgical success rates according to the motor
criteria only indicate higher success rates in groups I and III than
in group II at postoperative 3, 6, and 12 months and at the last
follow-up. At the last follow-up, there was a significant difference
in the success rate among the three groups (P= 0.001); however,
comparisons between group I (62.1%) and group III (72.1%)
demonstrated no significant difference (P= 0.26). *Statistically
significant by Chi-square test with Bonferroni correction.

Table 1 Baseline clinical characteristics of the patients stratified by preoperative refractive errors

Factor Group I (n= 29) Group II (n= 180) Group III (n= 124) P-value

Age at surgery (years) 7.02± 4.48 7.73± 3.94 10.47± 6.35 o0.001*
Sex (M:F) 19: 10 98: 82 63: 61 0.355†

Age at diagnosis (years) 5.56± 4.89 6.51± 4.29 9.51± 6.58 o0.001*
Time from diagnosis to surgery (years) 1.45± 1.43 1.22± 1.46 0.95± 1.68 0.170*
Preoperative distant deviation (PD) 27.03± 6.20 26.85± 6.14 26.54± 7.86 0.905*
Preoperative near deviation (PD) 26.93± 7.69 25.88± 8.89 26.89± 9.37 0.588*
Preop stereopsis (log arcsec) 2.29± 0.58 2.03± 0.41 1.92± 0.34 0.002*

Type of exotropia 0.128†

Basic 22 153 107 Total= 282
Convergence insufficiency 3 5 9 Total= 17
Divergence excess 0 5 3 Total= 8
Pseudodivergence excess 4 17 5 Total= 26

Follow-up period after surgery (months) 35.24± 26.80 26.94± 19.61 26.03± 19.53 0.084*
Immediate preoperative cycloplegic refraction (D) 2.05± 1.47 0.07± 0.44 –2.39± 1.42 o0.001*

First surgery type 0.309†

R and R 27 170 122 Total= 319
BLR recession 1 8 1 Total= 10
Others 1 2 1 Total= 4

Abbreviations: BLR recession, both lateral rectus recession; PD, prism dioptre; R and R, lateral rectus recession and medial rectus recession. *P-value by
one-way ANOVA; †P-value by Chi-square test.
Group I= IXT with hyperopia; Group II= IXT with emmetropia; Group III= IXT with myopia.

Hyperopic refractive errors in intermittent exotropia surgery
MK Kim et al

1557

Eye



surgery was associated with good prognosis. In older
patients, accurate measurements of the angle of deviation
are possible, thus allowing more accurate determination
regarding the amount of surgery required.24,25 Burke26

reported that most children with exotropia have periods
of normal alignment, during which binocular cooperation
can develop normally, so older patients have better
fusional ability. Therefore, older myopic patients may
have better surgical success rates; however, they
demonstrated similar results to hyperopic patients despite
their potentially favorable age in our study. Second,
although not statistically significant, the follow-up period
was longer in hyperopic patients than in other patients. It
is known that, in most cases, exotropic drift occurs after
IXT surgery, and IXT recurrence rate increases with
longer duration of follow-up.6,23,27 Longer follow-up
periods in the hyperopic group could have relatively
worse surgical prognoses, yet their results are similar to
those of myopic patients. Third, preoperative stereopsis
was worse in hyperopic patients than in myopic or
emmetropic patients, and there was no difference with
respect to stereopsis between the three groups after
surgery. This may imply a larger improvement of
stereopsis in hyperopic patients. Considering the age

effect, follow-up period after IXT surgery, and stereopsis
improvement, hyperopic refractive error may be a good
prognostic factor for IXT surgery.
Several studies have investigated factors that possibly

affect surgical outcomes, including refractive errors;
however, there is no consensus regarding the association
between IXT surgical results and refractive errors.
Koklanis and Georglevski28 and Lim et al23 found that
refractive error was not associated with IXT surgical
prognosis. On the other hand, Gezer et al25 suggested that
patients with higher myopic refractive errors respond less
favorably to the same amount of surgery than patients
with emmetropia or hypertropia. They explained this
relationship by suggesting that myopic patients’
measured deviation was slightly larger than their true
angle of deviation owing to the effect of minus lenses that
increase the measured deviation of strabismus, therefore
more of these patients tended to overcorrect.29 Some
reports explained the relationship between refractive
error and surgical response by axial length.30,31 For
instance, small variations in the radius of the eyeball can
have a significant effect on the amount of surgery needed
to correct horizontal strabismus. In other words, to correct
IXT for eyes with longer axial lengths, surgeons should
increase the amount of surgery and vice versa. However,
studies report no clinically significant differences in IXT
surgical prognosis according to axial length.32,33

Hyperopic correction of IXT patients is generally
expected to increase the amount of exodeviation by
decreasing the demand on accommodative
convergence;20 however, it may decrease the amount of
exodeviation. Iacobucci et al21 and Kushner22 report that
some exotropic patients with hyperopia paradoxically
experience a reduction of exotropia after spectacle
correction. These patients had either moderate hyperopia
with presumably low AC/A ratio or severe hyperopia,
and the authors suggested that, without hyperopia
correction, patients may have exerted insufficient
accommodative effort because they are unable to sustain
the amount of accommodation necessary for a clear
image. With spectacle correction, their fusional
convergence may facilitate the resolution of exotropia.
Chung et al34 reported that, in patients with hyperopia,
exodeviation increased significantly after optical

Table 2 Comparisons of preoperative and postoperative stereopsis (log arcsec)

Group I (N= 29) Group II (N= 180) Group III (N= 124) P-value*

Preoperative 2.29± 0.58 2.03± 0.41 1.92± 0.34 0.002†

3 months (log arcsec) 1.99± 0.29 1.92± 0.31 1.85± 0.24 0.130
6 months (log arcsec) 1.87± 0.22 1.88± 0.24 1.85± 0.22 0.813
12 months (log arcsec) 1.89± 0.28 1.84± 0.28 1.71± 0.17 0.055
Final follow-up (log arcsec) 1.89± 0.24 1.82± 0.26 1.83± 0.26 0.012

P-value= 0.007 by repeated-measures analysis of variance, *P-values by one-way analysis of variance; †Po0.05.

Figure 2 The surgical success rates according to motor and
sensory criteria both indicate higher success rates in groups I and
III than in group II at postoperative 3 and 6 months and at the
last follow-up. There was a statistically significant difference in
the success rates between the three groups at the last follow-up
(P= 0.004); however, the difference between group I (61.5%) and
group III (66.1%) was not significant (P= 0.066). *Statistically
significant by Chi-square test with Bonferroni correction.
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correction in many patients by more than 10 PD at both
near and distance. In their report, the increasing exotropia
with spectacles was more pronounced in patients with
IXT who had pure hyperopia than in patients with IXT
who had hyperopic astigmatism (4± 1.50 D of
astigmatism) or amblyopia. The authors explained that
spectacle correction in astigmatism or amblyopia resulted
in clearing blurred retinal images and might have
improved fusional convergence with a consequent
reduction of exotropia,34 whereas hyperopic correction in
patients without these concomitant conditions reduces the
need for accommodative convergence and thus increases
exodeviation. In our study, no patient in group I had
45.00 D of hyperopia and the mean AC/A ratio was
within the normal range. Furthermore, amblyopic
patients were excluded and 73.68% of group I had mainly
hyperopia (with o± 1.50 D of astigmatism) rather than
hyperopic astigmatism. Thus, in our study, hyperopic
correction is expected to decrease the demand on
accommodative convergence and increase exodeviation,
while undercorrection of hyperopic refractive error can do
the opposite, ie, decrease the degree of exodeviation.
In the present study, 62.1% of group I patients were
prescribed undercorrected hyperopic spectacles after IXT
surgery and this might be a contributing factor for better
surgical outcome.
This study is a retrospective study and has several

limitations. First, there is variability within our patient
population. The sample size of the hyperopia group was
much smaller than that in the other groups and thus the
age and follow-up time ranges are wide, and the age
effect could not be properly accounted for. Second,
stereopsis was evaluated using only near stereoauity
measures (Titmus test) in this study. Distance stereoacuity
has been commonly used to monitor deterioration of IXT,
because it is known to correlate better with the course of
IXT than near stereoacuity.35–37 However, Holmes et al38

reported that monitoring near stereoacuity is reasonable
in children with IXT, because the functional importance of
near stereoacuity in children, as well as distant
stereoacuity, has been clearly established, and younger
children are more interested in near works and functional
works such as pegboard task, water task, and bead task,
which are related to near stereoacuity.39 In our study,
most patients were relatively young children, therefore
improvement in near stereopsis is an important result.
Nonetheless, further studies without these limitations are
warranted.
In conclusion, hyperopic refractive error was a good

prognostic factor in IXT surgery in this patient
population. Furthermore, postoperative undercorrection
of hyperopic refractive error might be a contributing
factor to surgical outcome in hyperopic IXT.

Summary

What was known before
K Several studies have investigated factors that possibly

affect surgical outcomes, including refractive errors. The
effects of refractive errors in the management of IXT are
reported as variable, especially with respect to hyperopia.

What this study adds
K In the present study, the surgical success rate was similar

in hyperopic and myopic patients and their success rates
were better than those with emmetropia, whether the
functional criteria for successful surgery was included
or not.

K In the surgical treatment of IXT, taking into consideration
the age effect, follow-up period after IXT surgery, and
stereopsis improvement, hyperopic refractive error is
rather a good prognostic factor.
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