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Abstract
Background/Objectives The objective of this study is to compare the long-term outcomes of bilateral and unilateral medial
rectus (BMR/UMR) resection for recurrent exotropia after bilateral lateral rectus (BLR) recession.
Subjects/Methods Retrospective study was performed of 99 patients who underwent BMR resection (BMR group) or UMR
resection (UMR group) for recurrent exotropia of 20–30 prism diopters (PD), with a minimum follow-up of 5 years. Surgical
outcomes including success rate, exodrift rate, and average effect of MR resection were compared between two groups. The
risk factors associated with poor outcomes were evaluated.
Results At 5 years after surgery, 57% in the BMR group and 62% in the UMR group showed successful outcome. Success
and recurrence rates were not significantly different between two groups, whereas the overcorrection rate was significantly
higher in the BMR group (35% vs. 15%; p= 0.039). The average effect of MR resection was significantly greater after BMR
throughout the whole postoperative period. The average effect of UMR resection was significantly greater in those who had
previously undergone a large amount of BLR recession compared with those with a smaller dosage (p= 0.006). By
multivariate analysis, a large amount of previous BLR recession and initial overcorrection of >10 PD of esotropia were
found to be significant risk factors of overcorrection.
Conclusion In moderate angles of recurrent exotropia, large UMR resection is a safe and efficient procedure. However, if a
large BLR recession was performed previously, surgical dosage for UMR resection should be reduced because of the high
risk of long-term overcorrection.

Introduction

Recurrence after surgery for intermittent exotropia is
relatively common. The recurrence rates vary from 22% to
59%, and up to 30% of patients require more than one
surgery to maintain ocular alignment [1–3]. The second
surgery for recurrent exotropia depends on the previous

surgery undertaken [4, 5]. Bilateral medial rectus (BMR)
resection is commonly used to treat patients who under-
went bilateral lateral rectus (BLR) recession as the pri-
mary surgery [5]. Unilateral MR (UMR) resection may be
another option for small-to-moderate angles of recurrent
exotropia with the advantage of requiring less surgical and
anesthesia time, placing only one eye at the risk of pos-
sible complications, and preserving the fellow muscle for
future use [6–8].

To date, there is scarce evidence in the literature deter-
mining long-term outcomes of BMR resection and/or UMR
resection in recurrent exotropia [7, 9]. Luk et al. [10] and
Kim et al. [11] evaluated surgical outcomes of BMR and
UMR resection in recurrent exotropia; however, only a
small number of patients were included in those studies
with short durations of follow-up periods. In our previous
study, we compared the two procedures and reported that
UMR resection can be a safe and effective procedure in
small-to-moderate angles of recurrent exotropia ranging
from 14 to 25 prism diopters (PD), but it was relatively a
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short-term result [12]. In the current study, we compared the
long-term surgical outcomes over more than 5 years after
BMR and UMR resection for the treatment of moderate
angles of recurrent exotropia, and investigated the risk
factors associated with poor surgical outcomes after
reoperation.

Materials and methods

A retrospective review of medical records was performed
on 99 patients who underwent BMR or UMR resection for
recurrent exotropia of 20–30 PD between November 2004
and December 2012 at Seoul National University Bundang
Hospital by a single experienced surgeon (J-MH). The
minimum required follow-up period after reoperation was
5 years. All patients had previously undergone BLR
recession for intermittent or constant exotropia by the same
surgeon. Patients with paralytic or restrictive strabismus,
ocular disease other than strabismus, and systemic disorders
such as congenital anomalies or neurologic disorders were
excluded. Patients who had moderate to severe amblyopia
were also excluded in this study. The study protocol was
approved by the Institutional Review Board of Seoul
National University Bundang Hospital and adhered to the
tenets of the Declaration of Helsinki.

Preoperative ophthalmologic examination

The angle of deviation was measured by prism and alternate
cover test at distance (6 m) and near (1/3 m) with refractive
correction. Refractive errors were measured by cycloplegic
refraction and analyzed as spherical equivalent values.
Anisometropia was defined as a spherical equivalent dif-
ference of >1.5 diopters (D) between two eyes. Amblyopia
was defined as a difference of two lines or more between
monocular visual acuities. Lateral incomitance was defined
as a change of 5 PD or more in lateral gaze. Sensory status
was evaluated using the Randot stereoacuity test (Stereo
Optical Company, Inc., Chicago, IL) in cooperative patients.
Good stereoacuity was defined as 100 arcsec or better.

Intraoperative procedures

All surgeries were performed under general anesthesia
using the same surgical table by a single experienced sur-
geon (J-MH). BMR resection was performed based on the
largest angle of preoperative deviation measured at distance
or near, whereas, UMR resection was performed by a uni-
form surgical dose of 10 mm for patients with 20 PD or
more exotropia. A uniform 10 mm of UMR resection was
performed for recurrent exotropia of 20–30 PD, as this was
considered safe without causing significant limitation of

abduction and long-term overcorrection [12]. The surgical
dosage is presented in Table 1.

Postoperative measurements

Postoperative angle of deviation at distance in the primary
position was noted at 1 month, 6 months, 1 year, 2, 3, and
5 years postoperatively and afterwards. Sensory status was
evaluated with the same manner as the preoperative
examination. Patients with diplopia associated with con-
secutive esotropia underwent alternating full-time patching
for 1–4 weeks until diplopia resolved. If the esotropia did
not resolve with patching in 4 weeks, base-out prism glasses
were prescribed until the esotropia resolved [13, 14].

Main outcome measures

Primary outcome measures included the final success rate
and the improvement of stereopsis at 5 years after reo-
peration. The risk factors associated with recurrence and
overcorrection were evaluated. Successful surgical outcome
was defined as exodeviation <10 PD or esodeviation <5 PD.
Exodeviation of 10 PD or more was defined as under-
correction and esodeviation of 5 PD or more was defined as
overcorrection. Improved stereopsis was defined as a
decrease of more than two octaves after reoperation [15].
Primary outcomes were compared between two groups.

Secondary outcome measures were exodrift rates and the
average effect of MR resection. Exodrift rate was defined as
the change of alignment toward exodeviation per year after
reoperation. A positive value represents exodeviation and
negative value represents esodeviation. The average effect of
MR resection was calculated by the average deviation cor-
rected per millimeter of MR resection at each postoperative
period.

Surgical analysis

Statistical analysis was performed using SPSS for Window
version 22.0 (SPSS, Inc., Chicago, IL, USA). The Student’s

Table 1 Surgical table of BMR and UMR resection for patients with
recurrent exotropia after BLR recession

Deviation (PD) Amount of resection (mm)

BMR group (n= 23) UMR group (n= 76)

20 4.5 10

25 5.0

30 5.5

BLR bilateral lateral rectus; BMR bilateral medial rectus muscle
resection; PD prism diopters; UMR unilateral medial rectus muscle
resection
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t-test, Mann–Whitney U-test, χ2- test, and Fisher’s exact test
were used to compare the patients’ characteristics and sur-
gical outcomes. Univariate analysis and multivariate logistic
regression were performed to identify the factors affecting
surgical outcomes including age at onset, gender, age at
surgery, preoperative angle of exodeviation before reo-
peration, amount of previous BLR recession, best-corrected
visual acuity, spherical equivalent, anisometropia, dis-
sociated vertical deviation, oblique dysfunction, lateral
incomitance, vertical deviation, stereopsis, and initial post-
operative alignment at 1 month after reoperation. P-values
of <0.05 were considered to be statistically significant.

Results

Ninety-nine patients were included in this study. Twenty-
three patients underwent BMR resection and 76 patients
underwent UMR resection for recurrent exotropia. The
preoperative characteristics were not significantly different
between two groups (Table 2). The mean follow-up period
after reoperation was 7.2 ± 2.5 years (range, 5.0–11.5 years)
in the BMR group and 6.6 ± 1.1 years (range, 5.2–9.9 years)
in the UMR group.

Surgical outcomes

After 5 years of follow-up in the BMR group, 13 (57%) of
23 patients had successful outcome, 2 (9%) had under-
correction, and 8 (35%) had overcorrection. In the UMR
group, 47 (62%) of 76 patients had successful outcomes, 18
(24%) had undercorrection, and 11 (15%) had over-
correction (Fig. 1).

The undercorrection rate was significantly lower in the
BMR group at 2 years after reoperation (p= 0.019; Fisher’s
exact test), but did not show any difference at 5 years. One
patient (4%) in the BMR group and 16 patients (21%) in the
UMR group required a third operation for recurrent exo-
tropia after a mean duration of 3.1 ± 1.1 years from reo-
peration (p= 0.108).

The overcorrection rate was significantly higher in the
BMR group compared with the UMR group at 5 years after
reoperation (p= 0.039). At the final follow-up examination
after 6.8 ± 1.6 years from reoperation, persistent over-
correction was found in 6 patients (26%) of the BMR group
with a mean esodeviation of 9.8 ± 4.4 PD (range, 5–16 PD)
and in 9 patients (12%) of the UMR group with a mean
esodeviation of 10.7 ± 3.8 PD (range, 6–16 PD). However,
all patients maintained fusion and good ocular alignment
with prismatic correction. One patient (4%) in the BMR
group required a third operation for consecutive esotropia of
30 PD at 1.5 years after reoperation. At the final follow-up
examination, seven (9%) patients in the UMR group had

lateral incomitance. However, no significant limitation was
observed during abduction and no patient reported diplopia
on lateral gaze. Possible complications, such as abduction
limitation or lateral incomitance, were not significant in
both groups at the last follow-up examination.

Stereopsis

Good stereopsis of 100 arcsec or better was found in 78%
(18/23) of the BMR group and 86% (65/76) of the UMR
group at the last follow-up examination. Improved ste-
reopsis of more than 2 octaves after reoperation was

Table 2 Preoperative characteristics in the BMR resection group and
the UMRgroup

BMR group
(n= 23)

UMR group
(n= 76)

P-value

Male gender 7 (30%) 38 (50%) 0.099a

Mean age of onset (years) 2.9 ± 1.9 3.0 ± 1.8 0.685b

Mean age at surgery (years)

Primary operation 5.2 ± 1.8 4.8 ± 1.8 0.063b

Reoperation 7.6 ± 2.5 7.5 ± 2.6 0.513b

Preoperative deviation at
primary operation (PD)

Distance 32.1 ± 8.8 32.3 ± 8.3 0.800b

Near 31.7 ± 9.6 29.2 ± 8.2 0.229b

Preoperative deviation at
reoperation (PD)

Distance 24.4 ± 4.3 23.4 ± 4.0 0.327b

Near 25.7 ± 4.6 23.8 ± 4.3 0.077b

Best-corrected visual acuity
(LogMAR)

OD 0.06 ± 0.10 0.07 ± 0.13 0.653b

OS 0.06 ± 0.09 0.06 ± 0.19 0.738b

Refractive errors (D) −1.51 ± 1.94 −1.38 ± 1.97 0.792 C

Anisometropia 2 (9%) 11 (14%) 0.727d

Associated features

Dissociated vertical
deviation

2 (9%) 7 (9%) 1.000d

Oblique dysfunction 5 (22%) 26 (34%) 0.258a

Lateral incomitance 4 (17%) 8 (11%) 0.466d

Vertical deviation ≥5 PD 1 (4%) 7 (9%) 0.679d

Follow-up period (years) 7.2 ± 2.5 6.6 ± 1.1 0.954b

Good stereopsis 18 (78%) 65 (86%) 0.518a

BMR bilateral medial rectus resection, D diopters, LogMAR logarithm
of the minimum angle of resolution, PD prism diopters, UMR
unilateral medial rectus resection, y year (s)
a χ2-test
b Mann–Whitney U-test
c Student’s t-test
d Fisher’s exact test
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observed in 39% (9/23) of the BMR group and in 34%
(26/76) of the UMR group. The incidence of improved
stereopsis were not significantly different between two
groups (p= 0.703; Fisher’s exact test).

Postoperative exodrift rate

The exodrift rate was most rapid in the first year after
reoperation in both groups, which was significantly greater
in the BMR group (10.5 ± 7.8 PD/year vs. 5.5 ± 6.5 PD/
year; p < 0.001; Mann–Whitney U-test). The exodrift rate
significantly decreased after 1 year up to 2 years (3.7 ± 6.1
PD/year vs. 3.3 ± 6.0 PD/year; p= 0.726) in both groups
and remained nearly constant after 2 years (0.9 ± 1.2 PD/
year vs. 0.5 ± 1.3 PD/year; p= 0.088) (Fig. 2).

Average effect of MR resection

At 5 years after reoperation, the average effect of MR
resection was 2.5 ± 0.9 PD/mm in the BMR group and 1.9
± 1.1 PD/mm in the UMR group. The average effect of MR
resection was significantly greater in the BMR group (p=
0.016; Mann–Whitney U-test).

Analysis of the risk factors for poor surgical
outcomes

By multivariate analysis, a large amount of previous BLR
recession (p= 0.039) and initial postoperative alignment of
>10 PD of esotropia (p= 0.002) were found to be sig-
nificant risk factors of overcorrection. Age at onset, gender,
age at surgery, preoperative deviation before reoperation,
best-corrected visual acuity, spherical equivalent, anisome-
tropia, dissociated vertical deviation, oblique dysfunction,
lateral incomitance, vertical deviation, and stereopsis were
not significantly associated with poor surgical outcome.

Subgroup analysis was performed according to the initial
postoperative alignment at 1 month after reoperation. The
5-year success rate was highest in the group with an initial
overcorrection of 10 PD esotropia or less. Undercorrection
rate was highest in the group with initial orthotropia or
exotropia (p < 0.001; Linear-by-linear association). Over-
correction rate was highest in the group with initial over-
correction of >10 PD (p < 0.001) (Supplementary Table 1).

Regarding the amount of previous BLR recession,
overcorrection was observed in 41% (7/17) of patients who
previously underwent a large BLR recession of 10 mm and
15% (12/82) of patients who underwent a smaller dosage of
BLR recession, which was significantly higher in patients
who had underwent a large BLR recession previously (p=
0.019; Fisher’s exact test). In particular, when UMR
resection was performed as the second operation, the

Fig. 1 Surgical outcomes at postoperative 1 year, 2 years, 3 years, and
5 years in the bilateral medial rectus (BMR) resection group and the
unilateral medial rectus (UMR) resection group. After 5 years, the
success rate and the undercorrection rate were not significantly

different between two groups. However, the overcorrection rate was
significantly higher in the BMR group than in the UMR group
(35% vs. 15%; p= 0.039). *p < 0.05 by Fisher’s exact test

Fig. 2 Longitudinal changes of postoperative mean angle of deviation
at distance in the bilateral medial rectus (BMR) resection group and
the unilateral medial rectus (UMR) resection group. The greatest
exodrift rate was observed in the first year after reoperation in both
groups, which was significantly greater in the BMR group than in the
UMR group (10.5 ± 7.8 prism diopters (PD)/year vs. 5.5 ± 6.5 PD/year;
p < 0.001). *p < 0.05 by Mann–Whitney U-test
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average effect of MR resection was significantly greater in
those who had underwent a large BLR recession of 10 mm
than those who underwent a smaller dosage (2.7 ± 1.1 PD/
mm vs. 1.7 ± 1.0 PD/mm; p= 0.006; Mann–Whitney
U-test) (Table 3). The average effect of BMR resection did
not differ according to the amount of previous LR surgery,
which was similar to the effect of UMR resection after a
large BLR recession (p= 0.813).

Discussion

Our study provides important information on performing
UMR/BMR resection to treat recurrent exotropia of 20–30
PD after BLR recession. The overcorrection rate was sig-
nificantly higher after BMR resection compared with UMR
resection even after 5 years from reoperation. Long-term
results suggest that a large UMR resection is a relatively
safe procedure to treat patients with moderate angles of
recurrent exotropia, although recurrence may increase with
time. However, if a large BLR recession was performed as
the first surgery, long-term overcorrection was frequent
even after UMR resection.

Success rates have been reported to be 80–95% at
6 months, and 72.7% and 82% at 2 years after UMR
resection for recurrent exotropia [5–8, 16]. Our previous
study had shown that UMR resection was an effective
procedure in patients with small to moderate angles of
recurrent exotropia [12]. The success rates were 54% in the
BMR group and 80% in the UMR group after a mean

follow-up of 22 months [12]. In this study, the 5-year
success rates were 57% in the BMR group and 62% in the
UMR group. The relatively low success rate in our study
may be mainly due to the long follow-up period and dif-
ference in preoperative alignments, and definition of suc-
cess might also have affected the results.

The exotropic drift after surgery for intermittent exotropia
has been reported by many authors. Scott et al. [17] reported
that exodrift stabilized in the first 6 weeks after surgery and
Hahm et al. [18] noted that exotropic drift was more pro-
nounced during 2 years after surgery. Our study was in close
agreement with the previous reports. In both BMR and UMR
groups, the greatest amount of exodrift was observed in the
first year after reoperation and the exodrift rates stabilized after
2 years postoperatively. One thing to note is that the exodrift
rate was significantly greater in the BMR group during the first
year after surgery (p < 0.001). The greater exodrift in the first
year after BMR resection may be explained by the larger
initial overcorrection after BMR resection. Ruttum et al. [19]
and Yam et al. [20] found that a large initial overcorrection
was associated with a large postoperative exodrift. However,
our results show that the effect of initial overcorrection on the
rate of exodrift was not significant after 1 year.

In the BMR group, the overcorrection rate was higher at
5 years after surgery and the average effect of MR resection
was significantly greater than the UMR group throughout the
whole postoperative period. Suh et al. [21] analyzed the dif-
ference in the effects between BMR resection and UMR
resection for recurrent exotropia. The average effects were 4.1
PD/mm in the BMR group and 4.2 PD/mm in the UMR group
at postoperative 1 month, and no significant difference was
noted between the two groups [21]. Our study showed different
results as the average effects of MR resection were 2.5 ± 0.9
PD/mm in the BMR group and 1.9 ± 1.1 PD/mm in the UMR
group at 5 years after reoperation, which was significantly
greater in the BMR group (p= 0.016) resulting in a high rate
of long-term overcorrection. Therefore, when planning BMR
resection for the treatment of recurrent exotropia, one may
consider reducing the surgical dosage from the original table.

Various factors have been reported to affect surgical
outcomes such as age at surgery, preoperative angle of
deviation, lateral incomitance, divergence excess type,
amblyopia, anisometropia, and sensory status [22–27]. In
our study, none of these factors were found to be relevant.
On the other hand, patients who previously underwent
10 mm of BLR recession had a greater chance of develop-
ing overcorrection after UMR resection as well as BMR
resection. In the UMR group, 29% (4/14) of those who
underwent a previous BLR recession of 10 mm had per-
sistent overcorrection at the final follow-up examination.
Conversely, those who underwent a smaller dosage of BLR
recession were relatively safe from overcorrection after
UMR resection. The reason is unclear, but after a large BLR

Table 3 Surgical outcomes at 5 years after reoperation and average
effect of medial rectus resection according to the amount of previous
lateral rectus recession

Amount of lateral rectus recession P-value

BLR < 10 mm
(n= 82)

BLR 10 mm
(n= 17)

Surgical outcome

Success 52 (63%) 8 (47%) 0.209a

Undercorrection 18 (22%) 2 (12%) 0.511a

Overcorrection 12 (15%) 7 (41%) 0.019a

Average effect of MR resectionb

(PD/mm)

BMR group 2.4 ± 0.9 2.9 ± 0.8 0.355c

UMR group 1.7 ± 1.0 2.7 ± 1.1 0.006c

BLR bilateral lateral rectus recession, BMR bilateral medial rectus
resection; MR medial rectus; PD prism diopters; UMR unilateral
medial rectus resection
aFisher’s exact test
bAverage angle of deviation corrected per millimeter of medial rectus
resection
cMann–Whitney U-test
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recession, the tonus of the lateral rectus muscle may
decrease, and as a result, the large amount of antagonist
muscle resection may lead to a significant effect. Another
possible cause is a structural change in the rectus pulleys.
Although shifting horizontal extraocular muscle insertions
by 4–7 mm is known to have little effect on pulley positions
[28], a large MR resection after 10 mm LR recession may
affect the orbital pulley as well as the global pulley, leading
to pulley shift. Thus, the amount of previous LR recession
should be considered before planning the surgical procedure
for UMR resection in recurrent exotropia.

Early postoperative overcorrection of more than 10 PD is
known to be a predictive factor of successful outcomes after
exotropia surgery [29, 30]. However, in our study, the
desirable amount of initial overcorrection was 10 PD or less
after BMR/UMR resection for recurrent exotropia. These
results may be due to the differences in surgical methods
[31] or the difference in exodrift rates between the first
operation and reoperation[9].

This study has several limitations. First, because of its
retrospective nature, surgical indications and treatment
options were not randomized. In addition, as the minimum
required follow-up period was relatively long ( ≥5 years after
reoperation), selection bias might have occurred. As patients
with favorable outcome tend to be lost during follow-up,
long-term success rates might be underestimated. Second, in
the UMR group, a maximum amount of 10mm UMR
resection was performed on patients with different amount of
preoperative deviations ranging from 20 to 30 PD. Despite
several limitations, our results are based on a large number of
patients with a longer follow-up period compared with the
previous studies [6–8, 11, 12, 16].

In conclusion, BMR resection was associated with a high
risk of long-term overcorrection. A large UMR resection of 10
mm is safe and efficient for moderate angles of recurrent
exotropia after BLR recession. However, if a large BLR
recession was performed as the first surgery to treat intermittent
exotropia, the surgical dosage for UMR resection should be
reduced because of the high risk of long-term overcorrection.

Summary

What was known before

● Bilateral medial rectus resection for recurrent exotropia
is associated with a high risk of overcorrection.

What this study adds

● Patients who previously underwent 10 mm of bilateral
lateral rectus recession had a greater chance of
developing overcorrection after unilateral medial rectus

resection as well as bilateral medial rectus resection for
recurrent exotropia.
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