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Abstract

Objective To evaluate the clinical

characteristics and surgical outcomes of

early-onset exotropia and to compare

differences between constant and

intermittent exotropia at presentation.

Methods The medical records of 45 exotropia

patients with a reported onset before 1 year

of age who were operated on between 2008

and 2011 were reviewed, and the clinical

characteristics and surgical outcomes of these

patients were analyzed retrospectively. Patients

were then divided into two groups according to

type of exotropia at presentation: a constant (XT)

group and an intermittent (X(T)) group. Clinical

features and surgical results of exotropia were

then compared between these two groups.

Results The mean age of onset of

exodeviation in 45 patients was 9.3±3.8 months.

Mean age at surgery was 4.5±2.4 years, and the

mean postoperative follow-up period was

17.3 months (range, 6–37 months). Of the 45

patients, 67% showed alignment of less

than±10 prism diopters (PD) at final visit.

Gross stereopsis was achieved in all 34

testable patients, and bifixation developed in

10 patients (29%). Eleven patients were

included in XT group and 34 patients in X(T)

group. No significant intergroup difference

was found between surgical success rates and

binocularities.

Conclusion Surgical outcomes, both motor

and sensory, were not poor in early-onset

exotropia patients, even in patients with

constant deviation. Good binocular results

following surgery can be achieved in

children presenting with apparently constant

early-onset exotropia.
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Introduction

Surgical treatment of intermittent exotropia or

constant exotropia, preceded by a period of

intermittency, is directed at normalization of

binocular function.1 It is reported that there is a

greater chance of maintaining high-grade

stereopsis when surgical alignment is

performed at a younger age, after a shorter

duration of exotropia, or while the exotropia

remains intermittent.2

Exotropia in a healthy child younger than

1 year of age is known to be rare, and only

limited studies are done on early-onset

exotropia.3–5 Unlike older children with

intermittent exotropia, few patients presenting

with onset of exotropia during the first year of

life ultimately achieved high-grade stereopsis,

even after early surgical correction.3–5

In this study, we evaluated early-onset

exotropia patients who underwent surgery, and

compared the clinical features and surgical

outcomes of patients with constant exotropia

and intermittent exotropia at presentation.

Materials and methods

The records of patients with a reported onset of

exotropia before 1 year of age who underwent

surgery at Seoul National University Hospital

from December 2008 to September 2011 were

reviewed retrospectively. Patients with any

history of previous eye muscle surgery were

excluded, as were patients followed for

o6 months. Patients were also excluded if they

had any other ocular or systemic diseases such

as a neurologic disorder or genetic defect.

Informed written consent for the surgical

procedures was obtained from all patients and

their parents. The following information was

recorded when available: age at onset, gender,

preoperative angle of exotropia, age at surgery,
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surgical outcomes, binocular sensory status, and the

presence of associated ocular motility disorders or

systemic diseases.

Age at onset was considered as the age at which a

parent or guardian first noticed an ocular misalignment,

and this was confirmed by checking past photographs of

the patient. Initial angle of deviation was measured for

fixation at 1/3 and 6 m using the alternate prism cover

test in most patients. The Krimsky method was used

when patients were too young or their cooperation was

too poor for the alternate prism cover test. The angle of

deviation was measured on at least three different visits

to get reliable measurements.

All patients were checked for coexisting ocular

conditions, such as manifest or latent nystagmus,

dissociated vertical deviation (DVD), and inferior/

superior oblique muscle overaction (SOOA). The Worth-

4-dot test and the Titmus test were performed on

cooperative patients to assess binocular sensory status.

Gross stereopsis was defined as perception of the stereo

fly on the Titmus test.

Surgery was recommended in patients with constant

deviation at presentation and when the frequency or

magnitude of exotropia deteriorated in patients with

intermittent deviation. Part-time occlusion therapy was

attempted in patients with small-angle exodeviation, and

in those whose parents wanted to postpone surgical

intervention.

All surgeries were performed under general anesthesia

by a single surgeon (SJK), using the surgical formula

based on the surgeon’s experience (Table 1). Surgical

dosage was based on the angle of distant deviation.

Patients underwent unilateral/bilateral lateral rectus

muscle recession or unilateral recession-resection for

exotropia. Besides surgery for exotropia, inferior oblique

muscle weakening surgery (marginal myotomy or

myectomy) or superior oblique posterior tenectomy was

performed together for prominent oblique muscle

overaction, and superior rectus muscle recession was

performed for manifest DVD.

Postoperative alignments at distance and near were

measured in the immediate postoperative period, at 1, 6,

and 12 months after surgery, and at last visits. Patients

were divided into constant or intermittent exotropia

groups according to alignment at presentation, and the

two groups were compared with respect to clinical

characteristics and surgical outcomes.

Statistical analysis was performed using SPSS for

Window version 19.0 (SPSS, Chicago, IL, USA).

Mann–Whitney test was used to compare the

preoperative angle of deviations between two groups.

The independent t-test was used to compare other mean

values, and Fisher’s exact test was used to compare

categorical variables. Two-tailed P-values ofo0.05 were

considered statistically significant. This study was

approved by the Institutional Review Board of the Seoul

National University Hospital, which was conducted in

accordance with the Declaration of Helsinki.

Results

Forty-five patients were included in the study. Eleven

patients (24%) presented with constant deviation (XT

group) and 34 patients (76%) with intermittent deviation

(X(T) group). The mean age of onset of exodeviation was

9.3±3.8 months in all study subjects, 8.5±3.7 months in

the XT group, and 9.5±3.8 months in the X(T) group.

Mean age at first visit for the 45 study subjects was

3.7±2.3 years, and in the XT group and X(T) group were

4.0±3.0 and 3.6±2.1 years, respectively. The mean age at

surgery for all study subjects was 4.5±2.4 years, and in

the XT and X(T) groups were 4.4±3.0 and 4.6±2.2 years,

respectively. Mean follow-up period for all study subjects

was 17.3±9.3 months (range, 6–37 months), and in the

XT and X(T) groups were 15.7±10.6 months (range,

6–37 months) and 17.8±8.9 months (range, 6–36

months), respectively. No significant intergroup

difference was found for mean age at onset of

exodeviation, age at surgery, age at first visit, or

follow-up period (P40.05 for all comparisons).

Mean preoperative exodeviation at distance in 44 of

the 45 study subjects was 31.8±7.8 PD; range, 20–50 PD),

and in the XT and X(T) groups were 34.8±9.1 PD

(range, 25–50 PD) and 30.8±7.3 PD (range, 20–45 PD),

respectively. Mean preoperative exodeviation at near in

all study subjects was 32.9±9.4 PD (range, 12–50 PD),

and in the XT and X(T) groups was 37.5±9.6 PD

(range, 25–50 PD) and 31.5±9.0 PD (range, 12–50 PD),

respectively. Preoperative exodeviation at distance and

near were both larger in the XT group, but not

significantly different in two groups.

Surgical outcomes in the two groups are summarized

in Table 2. When orthophoria or an alignment of less

Table 1 Surgical dosage used for exotropia in this study

Prism diopters BLR, mm R&R, mm ULR, mm

15 4 8
20 5.5 5/4 9
25 6 6/4 9.5
30 6 6/5
35 7 7/5
40 8 8/5
45 9 8/6
50 9.5 9/6

Abbreviations: BLR, bilateral lateral rectus muscle recession; R&R,

recession and resection procedure of one eye; ULR, unilateral lateral

rectus muscle recession.

The surgical doses used for treatment of exotropia in this study were

based on the surgeon’s experience.
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than±10 PD at distance was regarded as surgical

success, the success rate at 6 months postoperatively was

73% (33/45) in all study subjects, and 91% (10/11) and

68% (23/34) in the XT and X(T) groups, respectively. At

final visits, success rates in all study subjects and the XT

and X(T) groups were 67% (30/45), 82% (9/11), and 62%

(21/34), respectively. Success rates at 6 months

postoperatively and at final visits were not significantly

different in the two groups. Reoperations were

performed in five patients in the X(T) group; four for

recurrent exotropia, and one for consecutive esotropia,

but no patient in the XT group needed reoperation.

Other than exotropia, inferior oblique muscle

overaction (IOOA) was found in 12 of the 45 patients

(27%), SOOA in 2 (4%), and DVD in 6 (13%) patients. No

significant intergroup difference was found between the

prevalences of IOOA, SOOA, or DVD (Table 3). Eight of

the forty-five patients (18%) underwent surgical

correction for associated ocular motility disorders; five

for IOOA, two for SOOA, and one for DVD. No patient

showed manifest or latent nystagmus.

Binocularity testing was performed in 34 patients; 7 in

the XT group and 27 in the X(T) group. All 34 patients

had gross stereopsis and 10 patients (29%) developed

bifoveal fixation (stereopsis of 6000 or better). No

significant difference was observed between sensory

outcomes in the two groups (Table 4).

Discussion

Exodeviation in a healthy child younger than 1 year old

is known to be rare, and few studies have addressed this

disease entity. In 1983, Hiles and Biglan6 first used the

term ‘infantile exotropia’ in their report of 28 patients

with early-onset exotropia who received surgery before

24 months. In 1988, Rubin et al7 defined infantile

exotropia as a condition characterized by a large angle

and constant exotropia, which begins during the first

year of life in an otherwise healthy child. Studies of

infantile exotropia have shown a trend toward the

inclusion of patients with intermittent deviation since the

mid-1990s, whereas only constant exotropia patients

were included in earlier studies.6–9

Early studies reported that, although successful motor

alignment is achieved by surgery, it is difficult to achieve

binocular single vision in infantile exotropia.3,8,9

However, sensory outcomes have been somewhat better

in recent studies of infantile exotropia. Hunter et al4

reported that 7 of 10 testable patients (70%) achieved

gross fusion (fusion response on Worth 4-dot near testing

or stereo fly perception) and Paik et al5 reported that 7 of

11 testable patients (64%) developed stereopsis of 20000 or

better.

Choi and Kim10 recently classified early-onset

exotropia patients on the basis of stereopsis outcome.

Patients who showed excellent stereopsis of Z6000 were

defined as early-onset intermittent exotropia group,

whereas patients with stereopsis of r8000 were classified

as primary infantile exotropia group. In their study, 50%

of early-onset exotropia patients presented as constant

exotropia, and 2 of 12 patients (17%) with constant

exotropia showed bifoveal fixation. In present study,

10 patients (29%) of early-onset exotropia achieved

bifoveal fixation, and it is noteworthy that sensory

Table 2 Basic characteristics and surgical outcomes of the patients

Entire group (n¼ 45) Constant XT (n¼ 11) Intermittent XT (n¼ 34) P-value*

Gender (M:F) 13:32 5:6 8:26 0.251
Age of onset (months) 9.3±3.8 (0B12) 8.5±3.7 (3B12) 9.5±3.8 (0B12) 0.431
Age of first visit (years) 3.7±2.3 (0.4B9.0) 4.0±3.0 (0.8B9.0) 3.6±2.1 (0.4B8.4) 0.601
Age at surgery (years) 4.5±2.4 (1.0B9.3) 4.4±3.0(1.2B9.3) 4.6±2.2(1.0B9.1) 0.820

Preoperative deviation
Distance (PD) 31.8±7.8 (20B50) 34.8±9.1 (25B50) 30.8±7.3 (20B45) 0.237
Near (PD) 32.9±9.4 (12B50) 37.5±9.6 (25B50) 31.5±9.0 (12B50) 0.084

Postoperative 6-month deviationo10PD
Distance (%) 73 90 68 0.241
Near (%) 71 82 68 0.467

Final deviation o10PD
Distance (%) 67 82 62 0.288
Near (%) 62 73 59 0.765

Reoperations 5 0 5
Follow-ups (months) 17.3±9.3 (6B37) 15.7±10.6 (6B37) 17.8±8.9 (6B36) 0.247

Abbreviations: PD, prism diopters; XT, exotropia.

*P-value refers to intermittent versus constant XT.
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outcome was not poor even in the patients who

presented with constant exotropia.

As it is well known that slight overcorrection of

exotropia during the early postoperative period produces

best long-term results,11,12 our surgery intended to cause

slight initial esotropia in all patients. When successful

alignment after surgery was defined as orthophoria or

alignment less than±10 PD, success rates were not

significantly different between our two study groups.

This shows that the surgical prognosis is not as poor in

early-onset exotropia, even in patients with constant

deviation at presentation.

DVD is often related with early-onset exotropia, and

reported incidences of DVD in infantile exotropia vary

from 15 to 90%.3–5,7–9,13 In our study, DVD developed in

six patients (13%) and the XT group had a higher

prevalence of DVD than the X(T) group; however, the

difference in prevalence was not significantly different

between the two groups. In addition, to DVD, oblique

muscle dysfunction was found in 14 patients (31%) and

there was no difference in the prevalence between

patients with constant or intermittent deviation.

Several limitations of our study deserve consideration.

As the onset of the exodeviation of the patients relies on

parental report and photographs, we could not confirm

whether the deviation was constant or intermittent

before 1 year of age or before the age at presentation.

There is a possibility that some patients included in the

XT group had a period of intermittent deviation before

presentation, and this might have affected the sensory

outcome in this group of patients. Therefore, it is not

appropriate to compare our study results with that of

previous series of early-onset exotropia in which the

children were seen within the first year, and the

distinction between constant and intermittent exotropia

was made then. Our study only intended to compare the

differences between the patients who presented with

constant and intermittent deviation at initial visit.

Relatively short follow-up periods could have been

another study limitation and the long-term follow-up

results should be evaluated in future studies.

Nevertheless, a large number of cases of early-onset

exotropia were included in the present study.

In conclusion, no significant difference was found

between early-onset exotropia patients who presented

with constant or intermittent deviation. Most

importantly, surgical outcomes and binocularity were

similar for intermittent and constant exodeviation, which

supports that even early-onset patients with constant

deviation at presentation can have good motor and

sensory outcome after surgery. Further studies are

needed on natural history and clinical course of early-

onset intermittent exotropia, with an onset before

1 year of age.

Summary

What was known before

K Exotropia in a healthy child younger than 1 year of age is
known to be rare and only limited studies are done on
early-onset exotropia.

K Few patients presenting with onset of exotropia during
the first year of life are known to achieve high-grade
steopsis even after early surgical correction.

What this study adds

K Early-onset exotropia patients can have good motor and
sensory outcome after surgery.

K Good binocular results following surgery can be achieved
in children presenting even with apparently constant
early-onset exotropia.
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Table 3 Associated features other than exotropia

Entire group
(n¼ 45)

Constant XT
(n¼ 11)

Intermittent XT
(n¼ 34) P-value*

DVD 6 (13%) 2 (18%) 4 (12%) 0.624
IOOA 12 (27%) 4 (36%) 8 (24%) 0.448
SOOA 2 (4%) 1 (9%) 1 (3%) 0.433

Abbreviations: DVD: dissociated vertical deviation; IOOA: inferior

oblique overaction; SOOA: superior oblique overaction; XT, exotropia.

*P-value refers to intermittent versus constant XT.

Table 4 Results of the binocular vision assessment

Entire group
(n¼ 34)

Constant XT
(n¼ 7)

Intermittent XT
(n¼ 27) P-value*

Gross
stereopsis

34 (100%) 7 (100%) 27 (100%)

o200 s of
arc

29 (85%) 5 (71%) 24 (89%) 0.268

r60 s of
arc

10 (29%) 1 (14%) 9 (33%) 0.644

Abbreviation: XT: exotropia.

*P-value refers to intermittent versus constant XT.
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