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Original Article

Purpose: The correlation between the existence of the preoperative condition of ≥10 prism diopters (PD) in patients with 
basic type of intermittent exotropia (IXT) and postoperative outcomes was analyzed. 

Methods: The medical records of patients that underwent surgery for IXT were analyzed retrospectively. The analysis was 
conducted by dividing the patients into a group with change of <10 PD (group 1) and ≥10 PD (group 2) before the time of the 
surgery. Patients who received at least 6 months of follow-up after surgery were included. The age, sex, angle of deviation 
and stereoacuity of the patients were studied. Surgical success was defined as exodeviation of <10 PD or esodeviation of <4 
PD at the final visit after the surgery. The correlation between clinical factors and surgical success rate was analyzed by using 
correlative analysis. 

Results: A total of 129 patients participated in the study. There were 108 (83.7%) and 21 (16.3%) patients in groups 1 and 2, 
respectively. There were 89 (82.4%) and 17 (80.1%) patients with surgical successes in groups 1 and 2, respectively (p = 0.18). 
Moreover, 13 (12.0%) patients in group 1 and three (14.3%) patients in group 2 required reoperation, showing no significant 
difference (p = 0.12). There was no statistically significant correlation between surgical success and preoperative change of 
angle of deviation <10 PD (odds ratio, 1.78; p = 0.17).

Conclusions: Among the patients with basic type of IXT subjected to the analysis, 16.3% had a change of ≥10 PD before sur-
gery, and there was no significant correlation between surgical success and preoperative change of angle of deviation.
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Intermittent exotropia (IXT) without surgical treatment 
gradually progresses in frequency and angle of deviation 
and can eventually progress to constant exotropia. von 
Noorden and Campos [1] and Jampolsky [2] reported that 

based on a longitudinal observation of patients with IXT 
between the ages of 5 and 10 years who had not received 
surgical treatment, 75% of the patients showed a progress 
in frequency and angle of deviation [1], and other study 
also reported a significant increase in short-distance angle 
of deviation based on a 2-year follow-up observation of pa-
tients who did not undergo surgical treatment [3].

Treatment options for IXT can be divided into non-sur-
gical treatment, such as correction of refractive error, 
prism glasses, and occlusion therapy, and surgical treat-
ment. Cases where patients have 15 to 20 prism of angle of 
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deviation or greater, strabismus is seen in more than half 
of the waking hours, and there is marked decline in quality 
of life are indicated to surgical treatment [1]. While the re-
currence rate after surgery in patients with IXT varied de-
pending on the criteria for reoperation and study group [4-
6], recurrence rates of 28.6% and 37.8% of have been 
reported based on longitudinal observations of 2 years or 
longer [7,8].

Numerous studies investigated the effects of various fac-
tors affecting postoperative results of IXT patients by 
studying the effect of factors such as preoperative angle of 
deviation [9], myopic refractive error [10], difference in 
myopic and hyperopic angle of deviation, age at the time 
of surgery [11,12], and postoperative overcorrection [13,14] 
on surgical success. However, there was no study on the 
correlation between the preoperative change of IXT and 
postoperative outcomes. 

This study aimed to analyze postoperative outcomes and 
investigate clinical impacts on surgical success according 
to the preoperative change of angle of deviation in patients 
with basic type of IXT. 

Materials and Methods

This study was conducted after obtaining approval from 
the institutional review board of the Guro Hospital of Ko-
rea University (2020GR0171) and adhered to the Declara-
tion of Helsinki. Written informed consent was waived due 
to the retrospective nature of the study. Medical records 
from patients who underwent unilateral or bilateral lateral 
rectus recession surgery between March 1, 2015 and De-
cember 31, 2019 for basic type of IXT diagnosed at Guro 
Hospital of Korea University.

Patients who underwent other ophthalmic surgeries, in-
cluding different surgeries for strabismus, patients who 
underwent surgeries on oblique and superior/inferior rec-
tus muscles, patients with lateral incomitancy, patients 
who had been diagnosed with neurological diseases, unco-
operative patients and patients who had been observed for 
less than 6 months before or after surgery were excluded. 

Sex, age, preoperative observation period, number of 
visits before surgery, refractive errors, preoperative near 
and distant angle of deviation, and near stereoacuity (Tit-
mus; Stereo Optical, Chicago, IL, USA) of all patients were 
analyzed, and angles of deviation were examined at distant 

(6 m) and near (1/3 m) by conducting alternate cover tests. 
The angle of deviation was measured using an alternating 
cover test (prism diopters, PD) and measured under the 
best-corrected visual acuity at each visit. The patients were 
observed at intervals of 2 to 12 months after surgery. 

The surgeon (SGH) performed unilateral or bilateral lat-
eral rectus recession based on the preoperative angle of de-
viation. Postoperatively, follow-up observations of patients 
were conducted after 1, 3, and 6 months, after which ob-
servations were conducted at 6-month intervals. Patients 
were divided into two groups based on the change of pre-
operative angle of deviation between at first and final visit 
prior to surgery: a group of patients with ≥10 PD (group 1) 
and <10 PD (group 2) in distant angle of deviation. 

Postoperative success was defined as an exodeviation of 
<10 PD and esodeviation of <4 PD based on the measure-
ments at the time of the final visit. Surgical outcomes were 
compared between the two groups. Continuous variables 
were expressed as mean ± standard deviation, and negative 
angle of deviation was presented as esodeviation.

The correlation between clinical variables, such as sex, 
age, number of visits before surgery, refractive error, pre-
operative distant and near angle of deviation, and stereo-
acuity, and the success of the surgery was analyzed to de-
termine the inf luence of these clinical variables on the 
success of the surgery. 

In the statistical analysis, IBM SPSS Statistics ver. 21.0 
(IBM Corp., Armonk, NY, USA) was used. Mann-Whit-
ney test and Fisher exact test were used to analyze the clin-
ical variables of the two groups. Univariate logistic regres-
sion analysis was employed to analyze the correlation of 
clinical factors and success of surgery. A statistically sig-
nificant difference was defined as a case where the p-value 
was ≤0.05.

Results 

Of the 129 patients enrolled in the study, 58 (45.0%) were 
male, and 71 (55.0%) were female, with a combined preop-
erative age of 9.4 ± 7.1 years (range, 3–20 years). The mean 
preoperative distant and near angles of deviation were 26.2 
± 8.4 PD (range, 12–50 PD) and 26.8 ± 8.1 PD (range, 14–
50 PD), respectively. The median stereopsis was 1.90 log 
arcsec (range, 1.60–2.30 log arcsec), and the patients visited 
3.1 ± 1.8 times (range, 3–7 times) at 7.7 ± 4.5 months (range, 
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6–12 months) before surgery.
There were 108 patients (83.7%) in group 1 and 21 

(16.3%) in group 2. The age was not significantly different 
between the two groups (p = 0.39) as the age was 9.8 ± 7.2 
years (range, 4–20 years) in group 1 and 8.6 ± 6.3 years 
(range, 3–18 years) in group 2. The mean preoperative dis-
tant and near angles of deviation were 27.1 ± 7.5 PD (range, 
12–50 PD) and 27.4 ± 7.4 PD (range, 14–50 PD), respective-
ly, in group 1 and 29.3 ± 6.7 PD (range, 20–40 PD) and 
28.6 ± 9.6 PD (range, 14–40 PD), respectively, in group 2, 
exhibiting no significant difference between the groups (p 
= 0.43 and p = 0.55, respectively). The angles of deviation 
on postoperative day 1 was -12.1 ± 8.4 PD (range, -20–2 
PD) in Group 1 and -11.5 ± 8.8 PD (range, -15–8 PD) in 
group 2, showing no significant different between the 
groups (p = 0.43). The postoperative follow-up periods 
were 21.1 ± 6.5 months (range, 12–60 months) in group 1 

and 23.1 ± 8.7 months (range, 12–54 months) in group 2 (p 
= 0.44). The postoperative distant angles of deviation at the 
final visit were 7.1 ± 8.9 PD (range, -10–25 PD) in group 1 
and 6.4 ± 9.7 PD (range, -8–20 PD) in group 2 (p = 0.13). 
During the follow-up period, there was no statistically sig-
nificant difference in the reoperation rate between the 
groups, as thirteen (12.0%) patients in group 1 and three 
(14.3%) patients in group 2 underwent reoperation (p = 
0.12). In group 1, twelve patients underwent reoperation for 
recurrent exotropia >15 PD, only one patient for consecu-
tive esotropia >10 PD during follow-up period. In group 2, 
all of three patients underwent reoperation for recurrent 
exotropia >15 PD during follow-up period. There were 89 
(82.4%) and 17 (80.1%) patients with surgical successes in 
groups 1 and 2, respectively (p = 0.18) (Table 1). Details of 
preoperative and postoperative clinical data are showed in 
Table 1 and Fig. 1. 

Table 1. Comparison of clinical characteristics according to change of angle of deviation before surgery

Group 1 (n = 108) Group 2 (n = 21) p-value
Age (yr) 9.8 ± 7.2 (4–20) 8.6 ± 6.3 (3–18) 0.39*

Male 48 (44.4) 10 (47.6) 0.34†

Refractive error (D) -2.4 ± 3.9 (-4.7–2.1) -2.5 ± 5.1 (-3.6–3.8) 0.37*

Preoperative follow-up period (mon) 7.8 ± 1.2 (6–12) 6.9 ± 1.8 (6–10) 0.13*

Preoperative change of angle of deviation (PD)
Distant 5.2 ± 1.3 (0–8) 12.5 ± 1.7 (10–14) 0.25*

Near 5.1 ± 1.9 (0–8) 11.9 ± 2.0 (10–18) 0.22*

Preoperative angle of deviation (PD)
Distant 27.1 ± 7.5 (12–50) 29.3 ± 6.7 (20–40) 0.43*

Near 27.4 ± 7.4 (14–50) 28.6 ± 9.6 (14–40) 0.55*

Postoperative angle of deviation at POD 1 (PD)
Distant -12.1 ± 8.4 (-20–2) -11.5 ± 8.8 (-15–8) 0.17*

Near -13.3 ± 8.8 (-20–4) -14.7 ± 7.8 (-18–6) 0.11*

Postoperative angle of deviation at the final visit (PD)
Distant 7.1 ± 8.9 (-10–25) 6.4 ± 9.7 (-8–20) 0.13*

Near 7.9 ± 9.1 (-14–25) 7.1 ± 8.5 (-12–18) 0.11*

Median stereoacuity at the final visit (log arcsec) 1.90 (1.60–2.30) 1.90 (1.60–2.30) 0.99*

Postoperative follow-up periods (mon) 21.1 ± 6.5 (12–60) 23.1 ± 8.7 (12–54) 0.44*

Reoperation 13 (12.0) 3 (14.3) 0.12†

Success 89 (82.4) 17 (80.1) 0.18†

Refractive error is calculated as spherical equivalent, minus value means myopia or esodeviation; Values are presented as mean ± stan-
dard deviation (range), number (%), or median (interquartile range).
D = diopters; PD = prism diopters; POD 1 = postoperative day 1.
*Mann-Whitney test; †Fisher exact test.
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Univariate logistic regression analysis revealed that pa-
tient’s age, sex, refractive error, preoperative angle of devi-
ation, and change of angle of deviation (<10 PD) before 
surgery upon the success of the surgery were analyzed. 
Age at the time of surgery (odds ratio [OR], 0.11; p = 0.21), 
sex (OR, 0.32; p = 0.54) and refractive error (OR, 0.84; p = 
0.32) did not have a significant correlation with the success 
of surgery. Preoperative angle of deviation had no signifi-
cant association with the success of surgery (OR, 0.14; p = 
0.43). The angle of esodeviation on postoperative day 1 had 
significant effect on the surgical success (OR, 2.14; p = 
0.03). Whether the change of deviation (<10 PD) before 
surgery was did not have a statistically significant effect 
on the success of the surgery (OR, 1.78; p = 0.12).

Discussion 

There was no statistically significant difference in the 
success and reoperation rates after surgery between the 
patient group with IXT ≥10 PD increase in angle of devia-
tion and patient group with an increase of <10 PD prior to 
surgery. There was no statistically significant correlation 
between the success rate of surgery and change in angle of 
deviation observed during the preoperative period. 

The clinical effects of various factors on the outcome of 

the surgery for IXT, including studies on preoperative an-
gle of deviation [9], myopia [10], preoperative angle of de-
viation, age at the time of surgery [11,12], and postopera-
tive overcorrection [12-14]. Particularly, the study by Gezer 
et al. [15] showed that the success rate of surgery increases 
when the preoperative angle of deviation is lower, but there 
have been no studies the effect of change of angle of devi-
ation during a certain preoperative period on surgical out-
come in patients with IXT. The IXT has been reported to 
exacerbate as the angle of deviation and frequency of de-
viation increases over time [1,2], but the appropriate timing 
of surgery has been controversial.

Incidence of consecutive esotropia and recurrence fol-
lowing surgery for IXT could be increased when patients 
are younger at the time of the surgery [1,12] and prevalence 
of amblyopia and deterioration stereopsis after surgery 
were lower in the patient group with age >4 years. Howev-
er, another study also showed that the success rate of sur-
gery was higher in patients who were aged ≤4 years [8], 
and that the success rate improved when the surgery was 
performed at an earlier point of time [16]. Other studies re-
ported that the success rate of surgery was significantly 
lower when there was preoperative decline in stereopsis 
[17,18], but there was no significant correlation found in 
this study.

Previous studies reported that postoperative overcorrec-
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tion is a factor that lowers reoperation rate in patients with 
IXT. Regarding postoperative overcorrection that shows a 
high success rate, studies have investigated various de-
grees of overcorrection, such as >10 PD and >10–20 PD 
[13,19,20]. In this study, among all clinical variables used 
in this study, overcorrection on the day after the surgery 
was found to be the only factor that has significant correla-
tion with the success of the surgery. 

In surgery for IXT, there are several factors to be con-
sidered, but when the angle of deviation progresses rapidly 
during the preoperative observation period, it can be diffi-
cult to predict the surgical outcome. In addition, when de-
termining the amount of surgery based on the time of sur-
gery and angle of deviation, if the angle of deviation 
progresses rapidly during the observation period, deter-
mining the time of surgery and required amount of sur-
gery can become challenging. This study compared the 
surgical outcomes based on varying rates of preoperative 
change of angle of deviation in patients undergoing sur-
gery for basic type of IXT. This study has demonstrated 
that the preoperative change of angle of deviation does not 
have a significant effect on the surgical outcome by com-
paring the surgical outcomes of patients who had change 
of ≥10 PD to those of patients who had change of <10 PD 
before the surgery.

There are several limitations in this study. The first lim-
itation of this study was that it only targeted patients with 
basic type of IXT. This study did not include patients with 
divergence excess or convergence insufficiency IXT. Fu-
ture studies that include other types of IXT will be neces-
sary. Second, this study was analyzed by e retrospective 
design. A prospective study on this will be needed in the 
future.

Of patients with IXT, 16.3% had change of ≥10 PD be-
fore surgery. The preoperative change of angle of deviation 
did not affect the postoperative recovery and reoperation 
rate. The authors believe that the results of this study will 
aid in the prediction of prognosis of IXT surgery and that 
the preoperative change of angle of deviation in IXT has a 
minimal impact on the prognosis after surgery. This study 
can aid clinician illustrating the prognosis following sur-
gery to patients and their carers who are experience great 
anxiety from the rapid change of the angle of deviation.
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