@° PLOS | ONE

Check for
updates

G OPENACCESS

Citation: Kim J-S, Yang HK, Hwang J-M (2017)
Long-term outcomes of augmented unilateral
recess-resect procedure in children with
intermittent exotropia. PLoS ONE 12(10):
€0184863. https://doi.org/10.1371/journal.
pone.0184863

Editor: Ahmed Awadein, Cairo University, EGYPT
Received: December 4, 2016

Accepted: September 1, 2017

Published: October 6, 2017

Copyright: © 2017 Kim et al. This is an open
access article distributed under the terms of the
Creative Commons Attribution License, which
permits unrestricted use, distribution, and
reproduction in any medium, provided the original
author and source are credited.

Data Availability Statement: Al relevant data are
within the paper and its Supporting Information
files.

Funding: The authors received no specific funding
for this work.

Competing interests: The authors have declared
that no competing interests exist.

RESEARCH ARTICLE

Long-term outcomes of augmented unilateral
recess-resect procedure in children with
intermittent exotropia

Jin-Soo Kim*, Hee Kyung Yang*, Jeong-Min Hwang*

Department of Ophthalmology, Seoul National University College of Medicine, Seoul National University
Bundang Hospital, Seongnam, South Korea

} These authors are equivalent first authors on this work.
* hjim@snu.ac.kr

Abstract

Background

Initial overcorrection after exotropia surgery has been considered as a desirable result.
Recently, there had been several studies that reported better surgical results of augmented
bilateral lateral rectus muscle recession procedure over the conventional procedure.

Objectives

To compare the long-term results of augmented unilateral lateral rectus recession-medial
rectus resection procedure (RR) with the original surgery in exotropic children.

Data extraction

A retrospective cohort study was performed on a total of 121 children with exotropia who
underwent RR from February 2005 to December 2012 and were followed-up for at least 24
months. In 64 patients, RR was performed based on the original surgical table (original RR
group). In 57 patients, the amount of medial rectus muscle resection was increased by 1
mm (augmented RR group).

Results

In the original RR group, 47 of 64 patients (73.4%) had a successful outcome, 13 patients
(20.3%) had recurrence, and 4 patients (6.3%) had overcorrection at 2 years after surgery.
In the augmented RR group, 45 of 57 patients (79.0%) were successful, 4 patients (7.0%)
had recurrence and 8 patients (14.0%) had overcorrection at 2 years after surgery. The
recurrence rate was significantly lower in the augmented RR group than the original RR
group, whereas the overcorrection rate was not significantly different between two groups at
2 years after surgery (P=0.036 and P=0.153, respectively). The cumulative probability of
recurrence was lower in the augmented group at 36 months after surgery (P = 0.046, log
rank test).
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Conclusions

The long-term success rate of augmented RR in exotropic children was 79.0% and the
recurrence rate was significantly lower than original RR with comparable overcorrection
rates. Augmented RR can be considered as an alternative procedure in children with basic
and convergence insufficiency type exotropia.

Introduction

Bilateral lateral rectus muscle recession (BLR) and unilateral lateral rectus recession-medial
rectus resection (RR) have been the two most popular surgical techniques for exotropia.[1-8]
There had been many studies comparing BLR and RR in intermittent exotropia showing vari-
ous results.[1-8] RR tended to have better success rates compared to BLR until 1.3 years and
lower success rates after 2 years, but overall surgical outcomes were comparable.[1, 2, 5] Choi
et al [5] showed better final outcomes of BLR over RR, since RR showed continuous recurrence
of exotropia after postoperative 6 months. They suggested that a gradual loss of fusion by inco-
mitance in horizontal gaze and decrease of the tethering effect of the medial rectus muscle by
muscle stretching was the reason for continuous recurrence of exotropia after RR. Augmenta-
tion of the amount of medial rectus resection might overcome such decrease of the tethering
effect. However, to the best of our knowledge, no report has been published comparing surgi-
cal outcomes of augmented RR procedure in exotropia patients.

Initial overcorrection after exotropia surgery has been considered as a desirable result since
postoperative exodrift was common in many observational studies.[1, 5, 8, 9] Although some
studies reported that initial overcorrection cannot predict long-term motor outcomes,[10, 11]
other studies reported that initial overcorrection was a predictor of a successful long-term out-
come after surgery.[9] Recently, there had been several studies that reported better surgical
results of augmented BLR procedure over the conventional BLR procedure.[12, 13] These
studies reported reduced recurrence rates by increasing the amount of lateral rectus muscle
recession. Studies comparing surgical results in convergence insufficiency-type exotropia
showed that the RR procedure was significantly more successful than the BLR procedure.[14,
15] In these studies, the amount of medial rectus resection was based on the near deviation
and amount of lateral rectus recession was based on the distant deviation in the RR group.[14,
15] In our study, we evaluated the long-term surgical outcomes of augmented RR by increas-
ing the amount of medial rectus muscle resection, and compared the results with the original
procedure.

Methods

A retrospective review of medical records was performed on randomly selected 288 children
between 3 and 10 years-old who underwent RR procedure for intermittent exotropia by 1 sur-
geon (J-M.H) between February 2005 and December 2012. The minimum required follow-up
period after surgery was 24 months, except for patients who required reoperation within 24
months after the primary surgery. Surgical outcomes at 3 years after surgery were also assessed
in those who had available data. Patients with paralytic or restrictive strabismus, true diver-
gence excess type intermittent exotropia, preoperative deviation > 50 prism diopters (PD),
anisometropia, developmental anomalies, neurologic disorders, history of previous strabismus
surgery, moderate to severe amblyopia, coexisting ocular diseases other than strabismus, and
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infantile exotropia were excluded. Patients with dissociated vertical deviation, A or V patterns,
simulated divergence excess type intermittent exotropia or oblique muscle overactions not
requiring surgery were included. This study adhered to the Declaration of Helsinki and the
protocol was approved by the institutional review board of Seoul National University Bundang
Hospital. All patient records were de-identified and analyzed anonymously.

Preoperative ophthalmologic examination

All patients underwent a complete preoperative ophthalmologic examination including prism
and alternate cover testing with accommodative targets for fixation at 1/3 and 6 m. In case of
distant deviation exceeding near deviation by 10 PD or more, an additional near measurement
was obtained after 1 hour of monocular occlusion of the habitually deviating eye. True diver-
gence excess-type exotropia was defined when this difference kept exceeding 10 PD even after
occlusion. Convergence insufficiency-type exotropia was defined when near deviation
exceeded distance deviation by 10 PD or more.

Refractive errors were measured by cycloplegic refraction and analyzed as spherical equiva-
lent values. Anisometropia was defined as a spherical equivalent difference > 1.50 diopters (D)
between both eyes. Amblyopia was defined as a difference of 2 lines or more between monocu-
lar visual acuities and only mild amblyopia with a difference of 2 lines were included. Stereop-
sis was evaluated with the Randot stereoacuity test at distance and near. Stereopsis of < 100
seconds of arc was defined as good.

Intraoperative procedures

All surgeries were performed under general anesthesia by one surgeon (J-MH). All patients
underwent RR on the nondominant eye, if present, based on the largest angle of preoperative
deviation measured at distance or near.[16] In the original RR group, those who underwent
surgery between February 2005 and August 2008, the surgical dose was determined according
to the Wright formula.[17] In the augmented RR group, those who underwent surgery
between May 2012 and December 2012, the amount of medial rectus muscle resection was
increased by 1 mm regardless of the preoperative angle of deviation (Table 1).

Postoperative measurements

Postoperative assessments were made at 1, 6 months, and 2 years after the operation. Assess-
ment at 3 years after surgery was also made for those who were available.

Postoperative examinations were taken in the same manner as the preoperative examina-
tions. The eye that did not undergo surgery underwent full-time occlusion until 1 month after
surgery. If consecutive esotropia persistently existed at 1 month after the operation,
hyperopia> +1.00 D was corrected and base-out Fresnel press-on prisms (3M Health Care, St
Paul, Minnesota, USA) were prescribed to facilitate constant fusion. Prism-incorporated regu-
lar spectacles were prescribed in case it was evident that prisms would have to be worn for sev-
eral months.

Surgical success was defined as a postsurgical alignment between 10 PD of esodeviation and
10 PD of exodeviation at distance and near in the primary position. Recurrence was defined as
a postsurgical alignment of > 10 PD of exodeviation, and overcorrection defined as > 10 PD
of esodeviation at distance and/or near. Reoperation for overcorrected patients was performed
if esotropia > 20 PD persisted or increased over 6 months after surgery. Reoperation for recur-
rent or residual exotropia was performed in constant exotropia > 14 PD at distance, despite
any nonsurgical treatments, such as part-time occlusion or minus-lens therapy. Improved
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Table 1. Surgical table.

Group Deviation at distance, PD LR recession, mm Deviation at near, PD MR resection, mm
Original RR 15 4 15 3

20 5 20 4

25 6 25 5

30 7 30 5.5

35 7.5 35 6

40 8 40 6.5
_____________________________ 80 o Q50 T
Augmented RR 15 4 15 4

20 5 20 5

25 6 25 6

30 7 30 6.5

35 7.5 35 7

40 8 40 7.5

50 9 50 8

PD = prism diopters, LR = lateral rectus muscle, MR = medial rectus muscle, RR = lateral rectus muscle recession and medial rectus muscle resection

https://doi.org/10.1371/journal.pone.0184863.t001

stereopsis was defined as a decrease of 2 octaves or more and decreased stereopsis was defined
as an increase of more than 2 octaves or more.[18]

Main outcome measures

Primary outcome measures were surgical success rates at 2 years after surgery and improve-
ment in stereopsis. Secondary outcome measures were risk factors for recurrence and overcor-
rection. Age, sex, angle of deviation, amount of surgery and type of exotropia were evaluated
for possible risk factors for overcorrection and recurrence of exotropia.

Statistical analysis

The student’s t-test, chi-square test, Fisher’s exact test and Mann-Whitney test were used to
compare the patient characteristics and the surgical outcomes. Kaplan-Meier survival analysis
and the log rank test were used to compare the long-term cumulative probability of recurrence
between both groups. P value of < 0.05 was considered as statistically significant. All statistical
analyses were performed with the SPSS software for Windows (version 21.0; SPSS Inc., Chi-
cago, lllinois, USA).

Results
Preoperative patient characteristics

Among the 192 children between 3 and 10 years-old who underwent RR surgery between 2005
and 2012 and were followed-up for more than 24 months, 71 patients who did not meet the eli-
gible inclusion criteria were excluded. A total of 64 patients in the original RR group and 57
patients in the augmented RR group were finally included in analyses. The preoperative patient
characteristics were not significantly different between the two groups except for the amount
of medial rectus muscle resection (Table 2). The maximum preoperative angle of deviation at
distance was 27.4 + 8.3 PD in the original RR group and 27.6 + 6.8 PD in the augmented RR
group (P = 0.905). Thirty-seven patients in the original RR group (68.5%) and 38 patients in
the augmented RR group (71.7%) had good stereopsis, which was not significantly different
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Table 2. Demographics.

Original RR Augmented RR P—uvalue
No. of patients 64 57
Mean age at surgery (years) 6.0+2.3(3-10) 5.9+1.9(3-10) 0.822°
Sex (Male/Female) 31/33 31/26 0.513?
Total follow-up (months) 32.8+10.9 (6-43) 32.9 £ 8.3 (7-43) 0.958°
Classification of exotropia 0.868°
Basic 59 (83.08%) 53 (84.48%)
Convergence insufficiency 5(7.70%) 4 (6.90%)
Preoperative deviation (PD)
At distance 27.4 + 8.3 (14-50) 27.6 +6.8 (14-40) 0.905°
>30 PD at distance 13 (20.31%) 15 (26.32%) 0.4342
At near 28.0 + 8.4 (14-40) 28.6+7.8 (14-40) 0.668°
>30 PD at near 16 (25.00%) 20 (32.09%) 0.226%
Amount of surgery (mm)
LR recession 6.6+ 1.0 (4-8) 6.4+1.1(4-8) 0.262°
MR resection 5.5+0.7 (4-7) 6.2+ 1.0 (4-7.5) <0.001°
Mild amblyopia 8 (12.5%) 10 (17.5%) 0.436%
Good stereopsis 37/54 (68.5%) 38/53 (71.7%) 0.548?

&Chi-square test,
PFisher’s exact test,
°Independent t-test,

RR = lateral rectus recession and medial rectus resection, PD = prism diopters, LR = lateral rectus muscle, MR = medial rectus muscle

https://doi.org/10.1371/journal.pone.0184863.t002

between both groups (P = 0.548). Eight patients in the original RR group (12.5%) and 10
patients in the augmented RR group (17.5%) had mild amblyopia, which was also not signifi-
cantly different between both groups (P = 0.436).

Surgical outcome

In the original RR group, 47 of 64 patients (73.4%) were successful, 13 patients (20.3%) had
recurrence, and 4 patients (6.3%) had overcorrection at the 2-year follow-up examination. In
the augmented RR group, 45 of 57 (79.0%) patients were successful, 4 patients (7.0%) had
recurrence, and 8 patients (14.0%) were overcorrected (S1 Table, Fig 1). Recurrence rate was
significantly higher in the original RR group at 2 years after surgery (P = 0.036) and this con-
tinued up to 3 years after surgery (P = 0.019). Overcorrection rate was significantly higher in
the augmented RR group compared to the original RR group up to 6 months, but the gap con-
tinued to decrease and finally, the overcorrection rate was not significantly higher at 2 years
(P =0.153) and 3 years after surgery (P = 0.180).

The mean time to recurrence after operation was 26.5 + 7.2 months in the original RR
group (n = 20) and 23.6 + 13.3 months in the augmented RR group (n = 7), which was compa-
rable between two groups (P = 0.337, Mann-Whitney test). Twenty-two patients required
reoperation for recurrence, 15 patients (23.4%) in the original RR group and 7 patients
(12.3%) in the augmented RR group, but there was no significant difference in the percentage
of reoperation between both groups (P = 0.104, Fisher’s exact test).

Two patients (3.1%) in the original RR group and no patient (0%) in the augmented RR
group required reoperation for overcorrection. In those two patients, the time to reoperation
for consecutive esotropia after the initial surgery was 6 and 7 months, respectively.
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Fig 1. Surgical outcomes. Percentage of patients resulting in success (A), recurrence (B) and overcorrection (C) at 1 month, 6 months, 2
years and 3 years after the original unilateral lateral rectus recession-medial rectus resection (RR) and augmented RR.

https://doi.org/10.1371/journal.pone.0184863.9001

By Kaplan-Meier survival analysis, the camulative probability of recurrence was lower in
the augmented group (24.6%) compared to the original RR group (42.2%) at 36 months after
surgery (P = 0.046, log rank test, Fig 2). The rates of recurrence per person-year were 11.5% in
the original RR group and 4.6% in the augmented RR group.

Binocular function (stereopsis)

Fifty-four patients in the original RR group and 57 patients in the augmented RR group were
capable to test stereoacuity at 2 years after surgery. Good stereoacuity was present in 70.4%
(38/54) in the original RR group and 73.7% (42/57) in the augmented RR group (P = 1.000,
chi-square test) at the 2-year follow-up examination. Improvement in stereopsis was found in
34.0% (18/53) in the original RR group and 37.7% (20/53) in the augmented RR group,
whereas decreased stereopsis was found in 11.3% (6/53) in the original RR group and 5.7% (3/
53) in the augmented RR group. The sensory outcome was not significantly different between
both groups (P = 0.647, Fisher’s exact test).

Risk factors for recurrence or overcorrection

Recurrence at 1 month after surgery was the only significant risk factor for recurrence at 2
years after surgery by univariate and multivariate analysis of variance. Overcorrection at 1
month after surgery was the only significant risk factor for overcorrection at 2 years after sur-
gery by univariate and multivariate analysis of variance.

Postoperative exodrift

The exodrift rate between postoperative 1 month and 2 years was 2.8 + 3.4 PD/year at distance
in the original RR group and 3.0 £ 4.0 PD/year at distance in the augmented RR group. There
was no significant difference between two groups (P = 0.716). The exodrift rate between post-
operative 1 month to 6 months and 6 months to 2 years also showed no significant difference
between both groups at distance and near (S2 Table). The exodrift rate was significantly slower
after 6 months in both groups at distance and near.

Postoperative complication

There were no patients with noticeable abduction or adduction deficits. No patients com-
plained of definite asymmetric lateral incomitance in both group. Additionally, there were no
other postoperative complications.
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Fig 2. Survival curves. Kaplan-Meier survival curves after the original unilateral lateral rectus recession-
medial rectus resection (RR) and the augmented RR. The cumulative probability of recurrence was lower in
the augmented RR group at 36 months after surgery (P = 0.046, log rank test).

https://doi.org/10.1371/journal.pone.0184863.9002

Discussion

In this study, we performed an augmented RR procedure which increased the amount of
medial rectus muscle resection by 1 mm in intermittent exotropia children, and compared the
surgical outcomes with the original RR procedure. First, the augmented RR showed more suc-
cessful long-term results than the original RR at 36 months after surgery. Second, despite the
concerns of overcorrection, the overcorrection rate in the augmented RR was comparable to
that of the original RR.

Although consecutive esotropia generally recovers over time, persistent overcorrection may
be associated with the risk of amblyopia and loss of stereopsis in young children.[19] In our
study, however, sensory outcomes were not different between both groups despite the higher
rate of overcorrection rate in the augmented RR group during the early postoperative period.
A previous study by our group [20] suggested that prismatic correction can lead to good
motor outcomes while maintaining favorable sensory status in most patients with consecutive
esotropia. We changed our surgical table since 2012 in order to improve surgical outcomes
while preserving binocular sensory fusion.

Previous studies showed that success rates of RR procedure for intermittent exotropia were
33% to 83%.[1-3, 21, 22] Although these studies had variable definition of success and follow-
up periods, most of the surgical failure was due to recurrence of exotropia. In the augmented
RR group in our study, high overcorrection rates resulted in lower success rates at postopera-
tive 1 month. However, overcorrection rates decreased over time and the overall success rates
were not significantly different in the two groups from 6 months to 3 years after surgery.
Cumulative probability of recurrence was lower in the augmented RR group at 36 months
after surgery. Recurrence rates were also significantly lower in the augmented RR group at
postoperative 2 and 3 years. The recurrence rate of 7.0% at postoperative 2 years is remarkably
low compared to previous studies, which ranged between 37.7% and 60.7%.[3, 5-7, 23]
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Exodrift rates were not significantly different between the two groups throughout the post-
operative period (S2 Table). Additionally, the rates of postoperative changes in the angle of
deviation were almost parallel between the two groups, which showed a continuous decrease
after surgery (Fig 3A). This result corresponds with the study by Lee et al[24], who showed
that the yearly amount of the exodrift decreased and was smallest between the fourth year and
the last follow-up. When focusing on the overcorrected patients at 1 month after surgery, the
postoperative angle of deviation also showed a continuous decrease after surgery (Fig 3B).
However, in these patients, the exodrift rate between 1 and 6 months after surgery was signifi-
cantly higher in the original RR group (P = 0.023). This was possibly due to the two cases with
extremely large angles of esotropia in the original RR group that underwent reoperation for
overcorrection at 6 and 7 months after surgery, respectively.

Kaplan-Meyer survival curves (Fig 2) also showed interesting results. The original RR
group showed a continuous increase in recurrence over time, whereas the augmented RR
group showed a first peak of recurrence around postoperative 1 year and a second peak around
postoperative 3 years. Larger studies are needed to verify the difference of early and late
recurrences.

Overcorrection rate was significantly higher in the augmented RR group from 1 to 6
months after surgery, which was predictable before the study. However, this difference kept
decreasing throughout time, and finally overcorrection rates were comparable between the
two groups at postoperative 2 and 3 years. There were 4 patients (6.3%) in the original RR
group and 8 patients (14.0%) in the augmented RR group who were overcorrected at 2 years
after surgery, which was not significantly different (P = 0.153). Two patients (3.1%) in the orig-
inal RR group and no patient in the augmented RR group underwent reoperation for overcor-
rection. All the 12 patients showed overcorrection from 1 month after surgery, and most of
their esodeviation showed a tendency to decrease over time or were stable, except for one
patient whose esodeviation suddenly increased between 2 and 3 years after surgery (S3 Table).
The overcorrection rate of unilateral RR procedure at postoperative 2 years has been reported
to be 0% to 9.7%.[3, 5-7, 23] Our results, both in the original RR group and the augmented RR
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group, were comparable to those results, suggesting that the augmentation did not cause sig-
nificantly more overcorrection than the original RR procedure.

This study has a few limitations. First, the data in this study was retrospectively collected.
Since patients with good postoperative status are likely to be missed at follow-up examinations,
long-term success rates could be underestimated. Survival analyses could have a selection bias
resulting in underestimation or overestimation of long-term success rates. Second, the two
surgical groups underwent surgery at different periods of time and patients were not randomly
allocated in the original or augmented surgery groups. Original RR group was randomly
selected from intermittent exotropia subjects over 3 years of age, who underwent surgery
between February 2005 and August 2008. Augmented surgery was selectively performed after
2012 in intermittent exotropia subjects over 3 years of age. However, as nothing else changed,
such as surgical instruments or suturing techniques during the whole period, it is reasonable
to compare the results of these two procedures. Surgical skills of the surgeon could be different
at those periods and this could affect the results. But taking into consideration that the surgeon
had over 25 years of experience, difference of surgical skills can be ignored. Criteria for reoper-
ation were identical between two groups. Third, our results cannot be applied to patients with
large angles of exodeviation who were excluded from the study.

In conclusion, the long-term success rates were similar between the original RR group and
augmented RR group in children with intermittent exotropia. The overcorrection rate was
higher in the augmented RR group until 6 months after surgery, but no significant difference
was found after 2 years. Since the long-term recurrence rate of the augmented RR group is sig-
nificantly lower than the original RR group and this difference increased over time, higher suc-
cess rates may be expected after a longer follow-up period. A larger prospective study with
long-term follow-up is required to verify this concept.
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