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Exotropia in healthy children younger than 1 year of age is rare, and several studies have been conducted on this 
disease entity [1-7]. Occlusion therapy alone is not suffi-
ciently effective in reducing exodeviation, and surgery is 
the most promising treatment for early-onset exotropia as 
well as intermittent exotropia [8].  

Although non-surgical treatments, including occlusion 
therapy, have limitations as a single treatment for intermit-
tent exotropia [9], surgery in combination with preopera-
tive occlusion therapy has been found to more effective in 
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Purpose: To investigate the effect of preoperative part-time occlusion therapy on long-term surgical success 

in early-onset exotropia.

Methods: The medical records of patients who underwent surgery for exotropia with onset before the first 

year of age and who were followed for ≥3 years were reviewed. Patients were divided into two groups ac-

cording to the degree of compliance with part-time occlusion therapy: the good compliance group (>50% 

adherence rate) and the poor compliance group (≤50% adherence rate). Surgical success was defined as 

orthophoria to exodeviation less than 10 prism diopters both at distance and near. The level of postoperative 

stereopsis was compared between the two study groups among total enrolled patients and among those 

with constant exotropia.

Results: Of the 51 patients, 26 were assigned to the good compliance group and the remaining 25 patients to 

the poor compliance group. The surgical success rate was significantly higher in the good compliance group 

than in the poor compliance group (80.8% vs. 52.0%, p = 0.040). Among 24 constant exotropia patients (12 

patients for each group), the success rate was insignificantly higher in the good compliance group than in the 

poor compliance group (75.0% vs. 58.3%, p = 0.448). The good compliance group had a better level of ste-

reopsis than the poor compliance group (p = 0.045 for all 44 patients, p = 0.020 for 19 patients with constant 

exotropia).

Conclusions: Preoperative part-time occlusion therapy was useful for improving the surgical outcome of ear-

ly-onset exotropia and postoperative stereopsis.
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reducing exodeviation and has shown a superior success 
rate compared to that of surgery alone [10]. 

Occlusion therapy is frequently recommended for pa-
tients with exotropia to prevent amblyopia or/and suppres-
sion [11]. However, no studies have investigated whether 
preoperative occlusion therapy is effective in reducing re-
currence after surgery for early-onset exotropia. Therefore, 
we investigated the effect of preoperative part-time occlu-
sion therapy on long-term outcome after surgery for early-
onset exotropia. 

 

Materials and Methods

The study was approved by the ethics committee of Ga-
chon University Gil Hospital, in Korea. We conducted a 
retrospective review of the medical records of 51 consecu-
tive patients who had undergone surgery for early-onset 
exotropia in our clinic (Department of Pediatric Ophthal-
mology, Gachon University Gil Hospital) between March 
1998 and December 2010, and who were followed postop-
eratively for at least 3 years. In this study, early-onset exo-
tropia was defined as either constant or intermittent exo-
tropia with onset prior to 1 year of age. Patients with 
exotropia who had history of prematurity (defined as a 
gestational age <37 weeks), trauma or neurological prob-
lems (such as developmental delay, seizures, or cerebral 
palsy), ocular diseases that could affect vision or ocular 
alignment, history of previous ocular muscle surgery, and 
follow-up duration <3 years after primary exotropia sur-
gery were excluded. All patients were referred to a pedia-
trician to exclude neurological disorders [1].

Patients data of gender, age at onset, age at diagnosis, 
preoperative and postoperative angles of deviation, inter-
mittent versus constant phase before surgery, age at sur-
gery for exotropia, follow-up period after surgery, preop-
erative refractive status, associated inferior oblique muscle 
weakening procedure performed simultaneously with sur-
gery for exotropia, amblyopia, postoperative stereopsis at 
the final visit, and compliance with part-time occlusion 
therapy were recorded. 

All patients underwent a full initial ophthalmologic and 
orthoptic examination before surgery and were strongly 
advised to undergo daily part-time occlusion therapy using 
adhesive patches during a preoperative follow-up period of 
at least 6 months. Occlusion therapy was prescribed as fol-

lows: monocular patching in the dominant eye or alternate 
patching in the absence of a dominant eye. Eye dominance 
was determined using results from the cover–uncover test 
on each eye and the hole-in-the card test performed repeat-
edly. For the hole-in-the-card test, patients were instructed 
to view a distant object through the hole with both eyes 
open. Then, the examiner determined which eye the pa-
tient was using to see through the hole. Occlusion time was 
decided in consideration with the children’s ages (1.5 to 2 
hours for children younger than 3 years to minimize the 
risk of occlusion amblyopia and 3 hours for children older 
than 3 years). The occlusion therapy was advised to be per-
formed at home under the surveillance of parents. Using 
self-report calendar logs and clinical interviews, compli-
ance with occlusion therapy was calculated as the ratio of 
the number of hours when occlusion was actually per-
formed (that were estimated by the parents) against the 
number of hours for which it had been prescribed. Compli-
ance was graded as the following: “1” (for no compliance), 
“2” (for 1%–25%), “3” (for 26%–50%), “4” (for 51%–75%), 
or “5” (for 76%–100%). Patients with early-onset exotropia 
were followed preoperatively every 3 months, and the 
compliance rate was calculated at every follow-up session 
and averaged at the end of follow-up. 

Age at onset was defined as the age at which a family 
member first observed ocular misalignment. These esti-
mates were confirmed using previous patient photographs 
or video records. The angle of deviation was measured us-
ing an alternate prism cover test at distance (6 m) and at 
near (1/3 m) with an accommodative target with spectacles. 
The modified Krimsky test was applied in a few patients 
in whom the alternate prism cover test had not been possi-
ble. Constant exotropia was defined as a clinic control 
score ≥5, in accordance with the revised Newcastle control 
score [12]. A score ≥5 was determined when exotropia 
manifested spontaneously both in near and distant viewing 
conditions or when exotropia occurred spontaneously in 
one condition and remained manifest after dissociation/
prolonged fixation in the other condition. The preoperative 
refractive status was defined as the mean spherical equiva-
lent of both eyes measured by cycloplegic refraction with 
topical administration of 1% tropicamide (Mydriacyl; Al-
con, Puurs, Belgium) and 1% cyclopentolate hydrochloride 
(Cyclogyl; Alcon Laboratories, Fort Worth, TX, USA). 
Amblyopia was determined using results from recognition 
acuity tests or regarded as being present when a preverbal 
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child consistently appeared uncooperative in fixation be-
havior while covering of one eye. Near stereopsis was 
measured using the Titmus stereoacuity test (Stereo Opti-
cal, Chicago, IL, USA) and was graded into four catego-
ries: stereopsis of 100 arcsec or better, 140 to 400 arcsec, 
800 to 3,000 arcsec, and nil stereopsis. 

The surgical procedure, which was performed by the se-
nior surgeon (HJP), was primarily bilateral lateral rectus 
muscle recession, and surgical dosages were applied using 
a standard table [13]. When there was associated inferior 
oblique muscle overaction (with/without V pattern) or dis-
sociated vertical deviation, an inferior oblique muscle 
weakening procedure was performed simultaneously. 
Among the enrolled patients in this study, there were no 
cases of surgery on the vertical rectus or superior oblique 
muscles.

Surgical outcome was regarded as being successful 
when ocular alignment was measured as orthophoria to 
exodeviation less than 10 prism diopters (PD) both at dis-
tance and near. Reoperation was recommended when a 
cosmetically objectionable deviation (usually exotropia ex-
ceeding 20 PD or esotropia exceeding 15 PD) was ob-
served. When consecutive esotropia was observed, patients 
were followed up for at least 6 months before reoperation 
was recommended.  

In order to investigate the effect of preoperative occlu-
sion therapy on the long-term surgical outcome of early-
onset exotropia after surgery, we compared the long-term 
surgical success/recurrence/consecutive esodeviation  and 
the level of postoperative stereopsis between patients with 
good compliance with part-time occlusion therapy (>50% 
adherence rate, grades 4 and 5) and those with poor com-
pliance (≤50% adherence rate, grades 1, 2, and 3). Addi-
tionally, in order to investigate the effect of preoperative 
occlusion therapy on patients with constant exotropia, we 
compared these factors between patients with good com-
pliance and patients with poor compliance in the constant 
exotropia patients.

We conducted the Fisher’s exact test, Mann-Whitney U-
test, and Kaplan-Meier survival analysis using SPSS ver. 
17.0 (SPSS Inc., Chicago, IL, USA). The p-values less than 
0.05 were considered statistically significant.

Results

In all 51 early-onset exotropia patients who underwent 
surgery during the study period, the mean duration of pre-
operative occlusion therapy was 10.2 ± 5.4 months (range, 
6 to 28 months). The mean follow-up duration after sur-
gery for exotropia was 78.0 ± 28.1 months (range, 36 to 135 
months). Overall, the final success rate of surgery for ear-
ly-onset exotropia was 66.7%. Five patients (9.8%) showed 
persisting consecutive esotropia and eventually underwent 
surgical correction for these consecutive esotropia at a 
mean age of 18.8 months (range, 8 to 40 months) after the 
primary surgery for exotropia. Meanwhile, 12 patients 
(23.5%) showed recurrence of exotropia greater than 10 
PD, and four patients (7.8%) underwent surgical correction 
for recurrent exotropia during the follow-up period after 
the initial surgery. 

With the exception of three patients who experienced 
both 1.5 to 2 hours of patching and 3 hours of patching due 
to continued occlusion treatment around 36 months of age, 
38 patients were younger than 3 years and were prescribed 
1.5 to 2 hours of patching (compliance rate, 2.7 ± 1.6), and 
10 patients were older than 3 years and prescribed 3 hours 
of pathing (compliance rate, 3.1 ± 1.5). The compliance 
rates were not different according to patching hours (p = 
0.626). Fig. 1 depicts the compliance rates of the 51 en-
rolled patients. Twenty-six patients fulfilled part-time oc-
clusion therapy with >50% adherence rate (grades 4 and 5) 
and were assigned to the good compliance group. The re-
maining 25 patients who underwent part-time occlusion 
therapy with a ≤50% adherence rate (grades 1, 2, and 3) 

Fig. 1. The distribution of compliance rates with part-time occlu-
sion therapy in 51 patients who underwent surgery for early-onset 
exotropia.
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were assigned to the poor compliance group. The demo-
graphic and clinical data of these 51 patients are presented 
in Table 1. There were no significant differences between 
the two study groups except for the improvement-to-dete-
rioration ratio of the angle of deviation during the preoper-
ative follow-up period. Improvement in the angle of devia-
tion of more than 10 PD was shown in 10 patients. Among 
these patients, nine completed the occlusion therapy with a 
>50% adherence rate. Meanwhile, no patients in the good 
compliance group showed deterioration. 

The success rate of surgery was significantly higher in 
the good compliance group (21 of 26 patients, 80.8%) than 
in the poor compliance group (13 of 25 patients, 52.0%) (p 
= 0.040). There were also significant differences between 
the two study groups in the undercorrection/recurrence 
rate (p = 0.049). The recurrence rate was higher in the 
poor compliance group (nine of 25 patients, 36.0%) than in 
the good compliance group (three of 26 patients, 11.5%). 
The Kaplan-Meier estimates also showed significant dif-

ferences in the success rate (p = 0.049) (Fig. 2A) and the 
competing risk analysis for undercorrection/recurrence (p 
= 0.046) (Fig. 2B). The overcorrection/consecutive exode-
viation rates were similar between the good compliance 
group (two of 26 patients, 7.7%) and the poor compliance 
group (three of 25 patients, 12.0%) (p = 0.614). 

Postoperative stereopsis could be measured in 44 of the 
51 patients in our cohort. The good compliance group had 
a better level of stereopsis than the poor compliance group 
(p = 0.045) (Fig. 3A).

When comparing the success rate according to compli-
ance with part-time occlusion therapy among the 24 pa-
tients who had surgery for constant exotropia, the success 
rate was greater in the good compliance subgroup (nine of 
12 patients, 75.0%) than in the poor compliance subgroup 
(seven of 12 patients, 58.3%). However, this result was not 
statistically significant (p = 0.448). Meanwhile, the level of 
stereopsis was significantly better in the good compliance 
subgroup than in the poor compliance subgroup in the 19 

Table 1. Comparison of demographic and clinical data between both groups according to occlusion compliance in patients who 
underwent surgery for early-onset exotropia 

Good compliance group (n = 26) Poor compliance group (n = 25) p-value

Male sex 9 (34.6) 6 (24.0) 0.541*

Age at onset (mon) 8.3 ± 2.4 (3–11) 7.8 ± 2.3 (3–12) 0.488†

Age at diagnosis (mon) 22.4 ± 10.6 (9–45) 24.2 ± 11.3 (6–61) 0.565†

Age at surgery for exotropia (mon)  33.7 ± 10.4 (18–52)  35.3 ± 14.1 (18–80) 0.641†

Duration of preoperative occlusion therapy 
(mon)

10.7 ± 5.4 (6–28) 9.6 ± 5.4 (6–28) 0.137†

Preoperative phase of exotropia (constant : 
intermittent)

12 : 14 12 : 13 1.000*

Control score for exotropia 4.0 ± 1.4 (2–6) 3.9 ± 1.5 (1–6) 0.861†

Preoperative angle of deviation (PD)

Distance 33.0 ± 9.4 (20–65) 31.8 ± 9.0 (20–65) 0.655†

Near 31.4 ± 9.8 (20–65 ) 31.5 ± 9.0 (18–65) 0.971†

Preoperative change in angle of deviation 
more than 10 PD after occlusion therapy 
(improvement : deterioration)

1 : 2 9 : 0 0.011*

Preoperative refraction (SER, D) +0.864 ± 0.850 (–0.625 to +2.250) +0.875 ± 0.828 (–1.125 to +2.625) 0.961†

Combined surgical procedure 3 (11.5) 6 (24.0) 0.291*

Follow-up duration after surgery (mon) 79.6 ± 24.1 (36–121) 81.7 ± 29.4 (36–138) 0.778†

Amblyopia 4 (15.4) 2 (8.0) 0.668*

Values are presented as number (%) or mean ± standard deviation (range). 
PD = prism diopters; SER = spherical equivalent refraction; D = diopters.
*Fisher’s exact test; †Mann-Whitney U-test.
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patients who had early-onset constant exotropia and who 
underwent stereoacuity testing (p = 0.020) (Fig. 3B).

Discussion 

Several studies have investigated the factors influencing 
surgical outcomes of exotropia in patients younger than 1 
year of age. However, the factors that predict the long-term 
surgical success of early-onset exotropia have not been 
well established [3,4]. Although smaller preoperative devi-
ation was found to be associated with more favorable out-
comes at 6 weeks after surgery, smaller preoperative devi-
ation did not guarantee the long-term outcome at 1 year 
following operation, according to results from a study by 
Yam et al. [3] and Park and Kim [4] also reported that no 
single preoperative factor affected the surgical outcome of 

early-onset exotropia at 1 year after surgery. Among pa-
tients who showed exotropia within the first year of life, 
age of onset did not influence the surgical outcome (p = 
0.488). With 6 months of age at onset as a reference, the 
number of patients who showed exodeviation before 6 
months of age was also not different between groups (nine 
patients in the poor compliance group and six patients in 
the good compliance group, p = 0.368).

In this study, preoperative part-time occlusion therapy 
was suggested to be a possible factor improving long-term 
surgical outcome. During the preoperative follow-up peri-
od, patients with early-onset exotropia were strongly ad-
vised to undergo part-time occlusion therapy and asked to 
record their compliance with part-time occlusion therapy. 
Then, we identified higher long-term success and lower re-
currence rate in the good compliance group than in the 
poor compliance group. In addition, with respect to senso-
ry outcomes, fulfillment of occlusion therapy was associ-
ated with better postoperative levels of stereopsis. 

The beneficial effect of occlusion therapy on intermittent 

Fig. 2. The Kaplan-Meier estimates of surgical outcome in the 
two study groups according to the degree of compliance with 
part-time occlusion therapy: (A) success rate (p = 0.049), (B) re-
currence rate among a total of 51 enrolled patients (p = 0.046). 
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Fig. 3. The level of stereopsis in the two study groups according 
to the degree of compliance with part-time occlusion therapy: (A) 
among a total of 44 enrolled patients (p = 0.045), (B) among 19 
patients with early-onset constant exotropia (p = 0.020).
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exotropia has been reported frequently [14-18]. These stud-
ies have reported that occlusion therapy decreased the an-
gle of exodeviation in intermittent exotropia or even that 
occlusion therapy postponed surgical intervention by con-
verting exotropia to orthophoria or exophoria. A recent 
randomized controlled trial also showed less deterioration 
of intermittent exotropia in patients who underwent part-
time occlusion compared to those who did not (6.1% vs. 
0.6%, p = 0.004) [11]. Occlusion therapy limits binocular 
stimulation, avoiding and correcting abnormal retinal cor-
respondence and suppression [19]. Occlusion therapy has 
both sensory and motor effects on intermittent exotropia 
by reducing scotoma size and improving fusional vergence 
amplitude [20]. In addition to these positive effects on in-
termittent exotropia, part-time occlusion therapy in chil-
dren with intermittent exotropia helped to solve the con-
centration problem psychosocially [21]. The results of our 
study support the previous hypothesis emphasizing the 
usefulness of occlusion therapy even in early-onset exotro-
pia [10,11,14-20]. 

Among patients with constant exotropia, we failed to 
find a statistically significant difference in surgical success 
in the motor aspect (p = 0.448). Meanwhile, there was a 
statistically significant difference in the level of stereopsis 
among patients with constant exotropia (p = 0.020). The 
level of stereopsis was better in the good compliance sub-
group than in the poor compliance subgroup (Fig. 3B). The 
lack of significant difference in the motor aspect between 
subgroups may be due to small sample size within each 
subgroup and may indicate the need for larger sample size 
to compare the surgical success among early-onset con-
stant exotropia patients.

There are several limitations in this study. The design of 
this study was retrospective in nature. In addition, onset of 
early-onset exotropia was based on patient history, and this 
could be affected by recall bias. However, we confirmed 
these estimates using a number of old photographs or vid-
eo records provided by patients. As another limitation re-
lated with retrospective design, this investigation was an 
observational study rather than a case-control study. We 
advised parents to ensure that their children underwent 
part-time occlusion therapy stringently. Then, we checked 
the level of compliance with occlusion therapy at every 
follow-up session and averaged these to obtain more reli-
able data related to compliance. Third, we assessed and 
ruled out any children who were suspected to have devel-

opmental difficulties that could influence poor compliance 
and surgical outcomes, with consultation from pediatri-
cians. Although we excluded these patients, a few patients 
with subtle developmental difficulties may have been in-
cluded in the enrolled patients, and this might inf luence 
the compliance rate with preoperative occlusion therapy 
and the surgical outcomes of exotropia. One of the biggest 
limitations was the small number of subjects. However, the 
small number of subjects in this study is an inherent limi-
tation since exotropia in healthy children younger than 1 
year of age is rare [22]. This study included a relatively 
larger number of subjects compared to previous studies. 
We suggest that a large, case-control study is needed to 
confirm the usefulness of preoperative occlusion therapy 
in early-onset exotropia surgery. 

Although the effect of preoperative occlusion therapy on 
the success rate of constant exotropia was insignificant, 
preoperative occlusion therapy was useful for improving 
surgical outcomes among patients who underwent surgery 
for exotropia. In addition, preoperative occlusion therapy 
also improved postoperative stereopsis in all patients who 
underwent surgery for early-onset exotropia and even in 
those who underwent surgery for constant exotropia. 
Therefore, preoperative part-time occlusion therapy should 
be proposed and explained to the family during the preop-
erative follow-up period to improve surgical outcomes.
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