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Abstract

Purpose: To compare long-term outcomes after bilateral lateral rectus recession (BLRc) or 

unilateral recess-resect (R&R) for primary treatment of childhood intermittent exotropia (IXT).

Design: Multicenter randomized clinical trial

Participants: 197 children, age 3 to <11 years, with basic-type IXT, largest deviation by prism 

and alternate cover test at any distance of 15-40Δ, and near stereoacuity of at least 400 arc-seconds

Methods: Random assignment to BLRc or R&R. Masked examinations were conducted every 6 

months postoperatively for 3 years.

Main Outcome Measure: The proportion of participants who met suboptimal surgical outcome 

by 3 years, defined as: 1) exotropia ≥10Δ at distance or near using simultaneous prism and cover 

test (SPCT), or 2) constant esotropia ≥6Δ at distance or near using SPCT, or 3) loss of ≥2 octaves 

stereoacuity from baseline, at ANY masked examination; or 4) reoperation without meeting any of 

these criteria.

Results: The cumulative probability of suboptimal surgical outcome by 3 years was 46% 

(43/101) in the BLRc group versus 37% (33/96) in the R&R group (treatment-group difference of 

BLRc minus R&R = 9%; 95% CI = −6% to 23%). Reoperation by 3 years occurred in 9 (10%) 

participants in the BLRc group (8 of 9 met suboptimal surgical outcome criteria), and in 4 (5%) 

participants in the R&R group (3 of 4 met suboptimal surgical outcome criteria) (treatment-group 

difference of BLRc minus R&R = 5%; 95% CI = −2% to 13%). Among participants who 

completed the 3-year visit, 29% (25 of 86) in the BLRc group and 17% (13 of 77) in the R&R 
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group underwent reoperation or met suboptimal surgical outcome criteria at the 3-year visit 

(treatment-group difference of BLRc minus R&R = 12% favoring R&R; 95% CI = −1% to 25%).

Conclusions: We did not find a statistically significant difference in suboptimal surgical 

outcome by 3 years between children with IXT treated with BLRc compared with R&R. Based on 

these findings, we are unable to recommend one surgical approach over the other for childhood 

IXT.

Graphical abstract

Introduction

Intermittent exotropia (IXT) is the most common form of childhood-onset exotropia.1 If 

untreated, IXT may rarely lead to loss of binocular vision and can have negative 

psychosocial consequences.2, 3 When there is poor fusional control of an exodeviation, 

surgery is often the treatment of choice.4-6

The two most common surgical procedures are bilateral lateral rectus recession (BLRc) and 

unilateral lateral rectus recession combined with a medial rectus resection in the same eye 

(R&R). However, there is no agreement as to which procedure provides the greatest 

likelihood of short-term and long-term success.

We report the results of a large multi-center randomized trial comparing the effectiveness of 

BLRc with R&R for the surgical treatment of basic-type IXT in children 3 to <11 years old, 

with 3 years of post-operative follow-up.

Methods

The study was supported through a cooperative agreement with the National Eye Institute of 

the National Institutes of Health, and was conducted according to the tenets of the 

Declaration of Helsinki by the Pediatric Eye Disease Investigator Group (PEDIG) at 

Page 2

Ophthalmology. Author manuscript; available in PMC 2020 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



academic- and community-based clinical sites. The protocol and Health Insurance 

Portability and Accountability Act (HIPAA)–compliant informed consent forms were 

approved by institutional review boards, and a parent or guardian of each study participant 

gave written informed consent. An independent data and safety monitoring committee 

provided study oversight. The study is listed on www.clinicaltrials.gov (NCT01032603, 

accessed 6/01/18). The full study protocol is available on the PEDIG website 

(www.pedig.net, accessed 6/01/18).

Eligibility

We enrolled children aged 3 to <11 years with IXT, who had not undergone previous 

strabismus surgery, and had near stereoacuity of 400 arcsec or better on the Randot 

Preschool Stereotest (Stereo Optical Co., Chicago, IL). Eligibility and exclusion criteria are 

shown in Table 1, including five criteria specific to the magnitude of the IXT (manifest 

deviation) (see item #2).

In addition to a primary cohort of basic-type IXT participants with angles ranging from 15 to 

40Δ, the study had two secondary cohorts (participants with pseudo-divergence excess type 

IXT with 15 to 40Δ angles of deviation, and participants with either basic or pseudo-

divergence excess type IXT with larger angles (45 to 50Δ) which will be reported in a 

separate manuscript. Pseudo-divergence-excess-type IXT was defined as a deviation at near 

which increased to within 10 prism diopters of the distance deviation when measured either 

with +3.00D lenses (unless high AC/A ratio ≥6:1 by −2.00 D gradient method in distance) or 

after 45 minutes of occlusion.

Enrollment/Randomization

At enrollment, near stereoacuity was measured using the Randot Preschool test at 1/3 m, 

control of the exodeviation was assessed at distance (6 m) and at near (1/3 m) using the 

Office Control Score,7 which ranges from 0 (phoria) to 5 (constant exotropia) (Table S2 – 

online only) and ocular alignment was assessed using the cover/uncover test, simultaneous 

prism and cover test (SPCT), and prism and alternate cover test (PACT) at distance (6 m) 

and at near (1/3 m). In addition, health-related quality of life (HRQOL) was assessed using 

the Intermittent Exotropia Questionnaire (IXTQ).8 This questionnaire consists of 3 

components which assess IXT-related HRQOL as reported by children (separate versions for 

5 to 7 year olds vs. those ≥8 years), the child’s HRQOL as perceived by the parents (proxy), 

and the parents’ own HRQOL on three subscales on psychosocial, functional, and surgical 

domains. All components use Likert-type response scales and Rasch-based scoring9, 10 

transformed to a 0 (worst HRQOL) to 100 (best HRQOL) scale.

On the day of surgery or the day before, participants were randomly assigned (using a 

permuted block design stratified by site) with equal probability to BLRc or R&R, using the 

study website.

Surgical Procedures

Surgical dose was based on the largest preoperative exodeviation by PACT measurements at 

remote distance (at least 50 feet), distance (6 meters), or near (1/3 meter) (Table 3). 
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Surgeons could adjust the surgical dose within 1.0 mm for each muscle at their discretion to 

account for participant variables, such as lateral incomitance and age. Adjustable techniques 

were not permitted, and hangback techniques were allowed only if episcleral bites also were 

taken at the intended scleral insertion site. For R&R procedures, choice of eye was at 

investigator discretion.

Data on surgical complications were collected at the 1-week and 8-week follow up visits.

Follow-up Visits

Postoperative visits occurred at 1 week (± 3 days) and 8 weeks (± 2 weeks), followed by 

masked exam visits at 6 months (± 1 month), and then every 6 months (± 2 month) through 3 

years after randomization.

At each follow-up visit, a study-certified examiner (pediatric ophthalmologist, pediatric 

optometrist, or certified orthoptist) masked to the participant’s treatment group measured 

stereoacuity, exotropia control, and ocular alignment. If one or more protocol-specified 

criteria for suboptimal surgical outcome (Table 4) were met on the initial masked exam 

testing, testing specific to that criterion was repeated by the masked examiner after a 10-

minute break, with suboptimal surgical outcome declared only when both the test and repeat 

test met the criteria.

At 6-month and 3-year visits, health-related quality of life (HRQOL) was reassessed using 

the IXTQ.8

Treatment during Post-operative Follow Up

If a constant esotropia ≥6 Δ by SPCT at distance and near was present at the 8-week 

postoperative visit, prism treatment was prescribed, selecting the minimum prism strength 

needed to neutralize the angle. At each subsequent visit, investigators were to attempt to 

reduce or discontinue prism at both distance and near.

Other than prism treatment at 8 weeks, any nonsurgical treatment of any recurrent or 

residual exodeviation, esodeviation, or diplopia was at investigator discretion throughout the 

study. Reoperation or treatment with botulinum toxin were permitted only between 6 months 

and 3 years and only after criteria for suboptimal surgical outcome were met (Table 4).

Statistical Methods

The sample size of 189 participants provided 90% power with a type 1 error rate of 5% to 

detect a difference if the treatment group failure rate was 50% in the BLRc group vs. 25% in 

the R&R group, assuming 10% loss to follow up.

The primary outcome was suboptimal surgical outcome by 3 years (originally termed 

“failure” and herein referred to as “suboptimal surgical outcome”), defined as: 1) ≥10Δ XT 

by SPCT at distance or near); 2) constant esotropia of ≥6Δ; or 3) loss of ≥2 octaves 

stereoacuity compared with baseline, at any masked follow-up examination between 6 

months and 3 years (Table 4). We chose SPCT because we felt that from the standpoint of 

motor alignment, a manifest tropia of specific magnitude was more important than the total 
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deviation after dissociation. We allowed a small angle esotropia because some patients with 

IXT are primary monofixators and may have a small angle tropia both pre-operatively and 

post-operatively, without diplopia. In addition, participants were also classified as having a 

suboptimal surgical outcome if they underwent reoperation without first meeting any of 

these criteria. For the primary analysis, the cumulative proportion of participants meeting 

criteria for suboptimal surgical outcome by 3 years was obtained using the Kaplan-Meier 

(K-M) method and compared between treatment groups using the Z test. A treatment-group 

difference and a corresponding 95% confidence interval were also calculated.

Each of the 3 individual components of the suboptimal surgical outcome criteria was 

specified post hoc as a secondary outcome. These cause-specific outcomes differ from the 

primary outcome in two ways: 1) the primary outcome refers to the first occurrence of any 
suboptimal surgical outcome criterion (or reoperation) being met, whereas the cause-specific 

outcomes refer to the first occurrence of a particular suboptimal surgical outcome criterion 

being met.

For each of the three cause-specific outcomes, participants who met any criteria other than 
the particular criterion being assessed remained “at risk” for the criterion of interest unless 

they underwent reoperation, in which case they were censored at the time of reoperation. 

The cumulative probability of each cause-specific outcome by 3 years and a 95% CI were 

obtained using the K-M method. It is acknowledged that the three cause-specific outcomes 

are not independent because reoperation is a competing risk for each (e.g., participants who 

met the exotropia outcome only and subsequently underwent reoperation were by definition 

censored without meeting the stereo loss or constant esotropia outcomes).

Additional secondary outcomes were suboptimal surgical outcome at the 3-year visit (pre-

specified) and complete or near-complete resolution (specified post hoc) at the 3-year visit. 

Suboptimal surgical outcome at the 3-year visit was defined as meeting any of the three 

suboptimal surgical outcome criteria at the 3-year visit (regardless of whether the criterion 

had been met at an earlier visit), or undergoing reoperation at any time. Complete or near-

complete resolution was defined as meeting all of the following at the 3 year visit: 1) 

exodeviation <10 Δ (tropia or phoria) by both SPCT and PACT at distance and near and ≥10 

Δ reduction in PACT magnitude from the largest of the distance and near angles at 

enrollment, 2) esotropia <6 Δ at distance and near by SPCT, 3) no decrease in Randot 

Preschool stereoacuity of ≥2 octaves from the enrollment stereoacuity or to nil, 4) no 

reoperation or treatment with botulinum toxin, and 5) no non-surgical treatment for a 

recurrent or residual exodeviation. The proportion of participants with suboptimal surgical 

outcome at 3 years was compared between treatment groups using Barnard’s exact test, and 

an exact 95% CI on the treatment-group difference was calculated using Farrington-

Manning scores.11

For all participants who completed the 3-year visit, (regardless of whether they had 

undergone reoperation and/or whether they had a suboptimal surgical outcome by 3 years), 

changes in exotropia control, PACT magnitude, and stereoacuity between baseline and 3 

years timepoints were compared between treatment groups in linear regression models that 

adjusted for the corresponding baseline value.

Page 5

Ophthalmology. Author manuscript; available in PMC 2020 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



The cumulative proportion of reoperation by 3 years was also compared between treatment 

groups using methods similar to the primary analysis.

For the each of the two age-specific versions of the child IXTQ, the proxy questionnaire, and 

for each of the three parent questionnaire subscales, mean Rasch-based HRQOL scores9, 10 

at 3 years were compared between treatment groups using the Wilcoxon rank sum test.

All treatment-group differences were calculated as the BLRc group minus the R&R group. 

Analyses were conducted using SAS version 9.4 (SAS Institute Inc. Cary, NC).

Results

Baseline Characteristics

Between July 2010 and February 2014, 197 children were enrolled at 35 clinical sites with 

101 assigned to the BLRc group and 96 assigned to the R&R group. Mean age was 6.2 

(±2.0) years, 122 (62%) were female, and 113 (57%) were white. The mean preoperative 

angle (largest at distance, near, or remote distance) was 28Δ (±6Δ). Baseline demographic 

and clinical characteristics appeared similar for both treatment groups (Tables 5-7).

Surgical Complications

There were no intraoperative complications reported in either group. Post-operative 

complications were reported at the 1-week or 8-week visits in 0 participants in the BLRc 

group and in 3 participants in the R&R group (one each of small epithelial cyst, dell, and 

conjunctival edema overlying MR resection site), none of which was serious, and all of 

which resolved without sequelae.

Visit Completion

In the BLRc and R&R groups respectively, 88% (89 of 101) and 84% (81 of 96) of 

participants contributed to the primary outcome analysis by either completing the 3-year 

visit or by meeting suboptimal surgical outcome criteria prior to the 3-year visit. There did 

not appear to be any meaningful baseline differences between those completing the 3-year 

visit, and those who did not (Table 8).

Postoperative Nonsurgical Treatment

Postoperative nonsurgical treatment was prescribed for XT, ET, and/or diplopia in 18 (18%) 

BLRc and 36 (38%) R&R group participants (Table S9- online only). Orthoptic exercises 

(alone or with other treatments) were prescribed for 6 (6%) and 8 (8%) of participants in the 

BLRc and R&R groups respectively (P = 0.53); patching (alone or with other treatments) 

was prescribed for 4 (4%) and 25 (26%) of participants in the BLRc and R&R groups, 

respectively (P <0.001). Over the 3 years, 11 (11%), 6 (6%), and 1 (<1%) participants in the 

BLRc group and 10 (10%), 23 (24%), and 3 (3%) participants in the R&R group were 

prescribed nonsurgical treatment for exodeviation, esodeviation, or for both exo-and eso-

deviations, respectively.
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Primary Outcome – Suboptimal Surgical Outcome by 3 Years

Suboptimal surgical outcome by 3 years (at a masked exam between 6 months and 3 years 
after surgery or reoperation at any time) occurred in 43 of 101 participants in the BLRc 

group and in 33 of 96 in the R&R group. The cumulative probability of suboptimal surgical 

outcome by 3 years was 46% in the BLRc group compared with 37% in the R&R group 

(treatment-group difference of BLRc minus R&R = 9%; 95% CI = −6% to 23%) (Figure 2) 

(Table 10). In both treatment groups, the first suboptimal surgical outcome criterion that was 

met most often was residual or recurrent exotropia (29 of 43 [67%] in BLRc group; 21 of 33 

[64%] in R&R group).

Reoperation by 3 Years

A reoperation was performed by 3 years in 9 (10%) participants in the BLRc group (8 of 9 

met suboptimal surgical outcome criteria) and in 4 (5%) participants in the R&R group (3 of 

4 met suboptimal surgical outcome criteria) (treatment-group difference of BLRc minus 

R&R = 5%; 95% CI = −2% to 13%); reasons for reoperation are listed in Figure 3.

Suboptimal Surgical Outcome at 3-year Visit

Among participants who completed the 3-year visit, 29% (25 of 86) in the BLRc group and 

17% (13 of 77) in the R&R group met suboptimal surgical outcome criteria at the time of the 

3-year visit (regardless of whether criteria were met at any previous visits) or had undergone 

reoperation (treatment-group difference of BLRc minus R&R = 12%; 95% CI = −1% to 

25%).

Among the 38 BLRc group participants who met suboptimal surgical outcome criteria 

before 3 years and returned for the 3-year visit, 8 had undergone reoperation, 15 met the 

suboptimal surgical outcome criteria at 3 years, 5 met criteria for complete or near-complete 

resolution and 10 met neither (Table S11a – online only). Among the 26 R&R group 

participants who met suboptimal surgical outcome criteria before 3 years and returned for 

the 3-year visit, 4 had undergone reoperation, 7 met suboptimal surgical outcome criteria at 

3 years, 7 met criteria for complete or near-complete resolution and 9 met neither (Table 

S11b – online only). Among the participants with suboptimal surgical outcomes identified 

before 3 years and who had not undergone reoperation, the proportion who no longer met 

suboptimal surgical outcome criteria at the 3-year visit was 50% (15 of 30) in the BLRc 

group compared with 70% (16 of 23) in the R&R group (P = 0.17).

Complete or Near-complete Resolution

Among participants who completed the 3-year visit, criteria for complete or near-complete 

resolution at the 3-year visit were met by 30% (26 of 86) in the BLRc group, and 45% (35 of 

77) in the R&R group at the 3-year visit (treatment-group difference of BLRc minus R&R = 

−15%; 95% CI = −30% to −0.0003% favoring the R&R group). The proportions of patients 

who met complete or near-complete resolution at 3 years and never met suboptimal surgical 

outcome criteria were 24% (21 of 86) in the BLRc group and 36% (28 of 77) in the R&R 

group (treatment-group difference of BLRc minus R&R = −12%; 95% CI = −26% to 3%).
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Constant Esotropia Suboptimal Surgical Outcome

The cumulative probability of constant esotropia ≥6Δ at distance and/or near at any exam 

from 6 months through 3 years was 3% in the BLRc group and 10% in the R&R group 

(treatment-group difference of BLRc minus R&R = −7%; 95% CI = −14% to 0.23%) (Table 

12). In both treatment groups, 67% of participants who met the constant esotropia 

suboptimal surgical outcome were prescribed non-surgical treatment (2 of 3 in the BLRc 

group and 6 of 9 in the R&R group). Among participants who had constant esotropia who 

did not undergo reoperation and completed the 3-year visit, constant esotropia ≥6Δ at 

distance and/or near was no longer present in 1 of 2 in the BLRc group versus 7 of 7 in the 

R&R group.

Exotropia Suboptimal Surgical Outcome

The cumulative probability of having exotropia ≥10Δ at distance and/or near at any exam 

from 6 months through 3 years was 34% in the BLRc group and 26% in the R&R group 

(treatment-group difference of BLRc minus R&R = 8%; 95% CI = −6% to 21%) (Table 12). 

Of these cases, 23% (7 of 31) underwent reoperation in the BLRc group vs. 5% (1 of 22) in 

the R&R group. Among participants with residual exotropia who did not undergo 

reoperation and completed the 3-year visit, exotropia ≥10Δ at distance and/or near was no 

longer present in 9 of 20 (45%) in the BLRc group versus 8 of 15 (53%) in the R&R group.

Change in Exotropia Control, PACT Magnitude, and Stereoacuity Over 3 Years

In the BLRc and R&R groups, respectively, the proportion of participants with distance 

exotropia control of 2 or better at the 3-year visit were 29% (29 of 101) and 26% (25 of 96) 

at baseline and 81% (70 of 86) and 85% (64 of 77) at the 3-year visit. Mean improvement in 

exotropia control over 3 years was 2.3 vs. 2.5 points at distance (P=0.44) and 1.3 vs. 1.1 

points at near (P=0.64) for the BLRc and R&R groups, respectively (Table 13). The mean 

reduction in PACT magnitude over 3 years was 16Δ vs. 18Δ at distance (P=0.21) and 15Δ vs. 

16Δ at near (P=0.38) (Table 13) (Figure 4). In both treatment groups, mean improvement in 

stereoacuity at 3 years was 0.1 log arcsec at distance (P = 0.82) and 0.2 log arcsec at near (P 

= 0.93) (Table S14 – online only).

Health-related Quality of Life

There were no significant differences between the BLRc and R&R treatment groups in the 

distribution of 3-year IXTQ scores as assessed by the child IXTQ (median = 91 vs. 86, P = 

0.30 for participants 5 to 7 year olds at 3-year follow up; median = 82 vs. 82, P = 0.77 for 

participants 8 to 13 years olds at 3-year follow up); parent proxy IXTQ (median = 86 vs. 91, 

P = 0.51); and parent psychosocial (median = 97 vs. 100, P = 0.42), parent function (median 

= 83 vs. 86, P = 0.68), and parent surgery (median = 83 vs. 92, P = 0.64) subscales of the 

parent version of the IXTQ.

Discussion

In this randomized trial, we compared BLRc and R&R in 197 children with basic IXT aged 

3 to less than 11 years. We found the cumulative probability of a suboptimal surgical 

outcome through 3 years of follow-up was 46% in the BLRc group and 37% in the R&R 
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group, a difference of 9% in favor of the R&R group (with a 95% CI of −6% to 23%). 

Although the difference was not statistically significant, the confidence interval reasonably 

rules out a moderately-sized benefit in favor of BLRc but cannot rule out the possibility of a 

moderately-sized benefit in favor of R&R.

We also compared several secondary outcome measures. The first was the rate of suboptimal 

surgical outcome at the 3-year masked examination, ignoring the results from the earlier 

masked examinations. This analysis was performed to account for surgical overcorrections 

that improved spontaneously prior to the 3-year visit. The rates of suboptimal surgical 

outcome at 3 years did not differ statistically, nor did the reoperation rates differ between 

groups. However, it is noteworthy that 6 of 9 reoperations in the BLRc group were for 

recurrent exotropia whereas 3 of the 4 reoperations in the R&R group were for esotropia. 

Both procedures improved mean control score and reduced deviation magnitude similarly. 

Because a post-hoc outcome of "complete or near-complete resolution at 3 years” favored 

the R&R procedure, (45% in the R&R group versus 30% in the BLRc group), and because 

suboptimal surgical outcomes during the 3 years, at the end of 3 years, and rates of 

reoperation were in the direction of favoring R&R but were not statistically significant, there 

may be slightly more support for the R&R procedure than for BLRc. However, because 

these outcomes are correlated with each other, we might expect them to all favor the same 

procedure, regardless of whether the overall results of our particular study reflect the 

underlying truth in the population of interest.

Our study used a standard dose of surgery for each group. Differing amounts of surgery may 

have produced different results. Using a greater amount of recession than we used for 

bilateral lateral rectus muscle recessions (augmenting) has been advocated.12 While 

augmented recession may decrease failure rates due to residual exotropia, it might do so at 

the expense of increasing failure rates due to overcorrection.

Kushner reported the only other prospective randomized clinical trial comparing these two 

procedures, with a follow-up period ranging from 12 to 15 months.13 He found 82% of 17 

patients who underwent R&R had a successful outcome, compared with only 52% of 19 

patients who underwent BLRc (P<0.05).13 His definition of a satisfactory outcome was 

alignment ranging between 0 and 5Δ of esophoria and 0 and 10 Δ of exophoria. In addition, 

any intermittent or constant esotropia or exotropia was considered an unsatisfactory 

outcome, as was any reoperation, prism treatment after surgery, or adjustment of spectacle 

power to alter alignment. Although our primary outcome measure differs in many ways from 

that of Kushner, the results of the two studies are not entirely inconsistent because our study 

could not rule out a moderate benefit of R&R.

Only a small number of our participants had constant esotropia at or after the six-month 

follow-up examination, and nearly all of those who did not undergo reoperation resolved 

spontaneously (1 of 2 BLRc group; 7 of 7 in the R&R group). The resulting 11% (1 of 9) 

observed rate of initial overcorrections that were longstanding (i.e., at 3 years) is 

substantially lower than that reported by Buck et al14 who found that among initial surgical 

overcorrections, defined as any manifest esotropia at distance or near, 40% (10 of 25) 

remained at 2 years. However, direct comparison to our study is difficult because of 
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differences in surgical doses and follow-up periods, and the lack of randomization in the 

Buck et al study.

The strengths of this study include the large sample size, the relatively long follow-up, a pre-

defined masked outcome measure, and its multi-center design. Our study also has several 

limitations. Our secondary outcome analyses (suboptimal surgical outcome at 3 years, 

reoperation, and complete or near-complete resolution) were all subject to investigator bias, 

because reoperation was at investigator discretion once suboptimal surgical outcome criteria 

were met, and the previous type of surgical procedure may have impacted the decision to 

reoperate. An additional limitation of our secondary outcomes was that “complete or near-

complete resolution” and the cause-specific suboptimal surgical outcomes were defined post 

hoc. Another limitation of the three cause-specific suboptimal surgical outcomes by 3 years 

is their non-independence because reoperation is a competing risk for each. The low overall 

rate of reoperation minimizes the impact of this lack of independence; however, because 

participants in the BLRc group were slightly more likely to be censored due to reoperation, 

we may have slightly underestimated the outcome rates in this group.

We did not find a statistically significant difference in the suboptimal surgical outcome rate 

by 3 years between children treated with BLRc compared with R&R. Our results reasonably 

rule out a moderately-sized benefit in favor of BLRc but cannot rule out the possibility of a 

moderately-sized benefit in favor of R&R. Nevertheless, based on our findings, we are 

unable to recommend one surgical approach over the other. Although the 3-year 

postoperative results reported here were obtained from over 80% of enrolled participants and 

represent the longest-term follow-up for a prospective randomized cohort of children with 

IXT who received surgery, 3 years of follow-up is a relatively short period of time for 

assessing treatment of IXT. Accordingly, an extension study has begun that will follow these 

children for an additional 5 years.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Flow of Participants through Study.
BLRc = bilateral lateral rectus muscle recession; R&R = unilateral lateral rectus recession 

combined with a medial rectus resection in same eye. *One participant in the R&R group 

was withdrawn from the study without undergoing surgery.
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Figure 2. Suboptimal Surgical Outcome By 3 Years (N=197).
Cumulative probability of suboptimal surgical outcome by 3 years from Kaplan-Meier 

analysis. Treatment-group difference of BLRc minus R&R = 9% (−6% to 23%). BLRc = 

bilateral lateral rectus muscle recession; R&R = unilateral lateral rectus recession combined 

with a medial rectus resection in same eye
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Figure 3: Reoperation by 3 Years (N=197).
BLRc = bilateral lateral rectus muscle recession; R&R = unilateral lateral rectus recession 

combined with a medial rectus resection in same eye; XT = exotropia; ET = esotropia
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Figure 4a and 4b: Baseline vs. 3-Year PACT Magnitude (N=86 for BLRc and 77 for R&R) for 
Distance (4a) and Near (4b) Deviations.
A deviation is defined as a tropia (O) if a tropia was present by cover/uncover test at 3 years; 

otherwise it was defined as phoria (X). BLRc = bilateral lateral rectus muscle recession; 

R&R = unilateral lateral rectus recession combined with a medial rectus resection in same 

eye
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Table 1:

Study Eligibility and Exclusion Criteria

ELIGIBILITY CRITERIA

1. Age 3 to < 11 years

2. Intermittent exotropia (manifest deviation) meeting all of the following:

  • Intermittent exotropia at distance OR constant exotropia at distance and either intermittent exotropia or exophoria at near

  • Exodeviation at least 10Δ at distance AND near by PACT

  • Exodeviation at least 15Δ at distance OR near by PACT

  • Largest exodeviation at distance, near OR remote distance between 15 and 40Δ (inclusive) by PACT

  • Basic type (distance and near exodeviation within 10Δ by PACT)

3. Stereoacuity of 400 arcsec or better at near by Randot Preschool stereotest (better of 2 measures if initial test shows worse than 40 arcsec)

4. Visual acuity in the worse eye 0.3 logMAR or better (20/40 by ATS HOTV for participants < 7 years old or 70 letters E-ETDRS testing for 
participants ≥ 7 years old)

5. No hyperopia greater than +3.50 D spherical equivalent in either eye.

6. Participants must be wearing spectacles or contact lenses for at least one week if refractive eR&Ror (based on cycloplegic refraction 
performed within 6 months prior to enrollment) meets any of the following:

  • Myopia > −0.50 D spherical equivalent in either eye

  • Anisometropia > 1.00 D spherical equivalent

  • Astigmatism > 2.00 D in either eye if ≤ 5 years old and > 1.50D if > 5 years old

  Refractive correction for participants meeting the above refractive eR&Ror criteria must meet the following guidelines:

  • Anisometropia spherical equivalent must be within 0.25 D of full correction

  • Astigmatism cylinder must be within 0.25 D of full correction and axis must be within 5 degrees of full correction.

  • For hyperopia, the spherical component can be reduced at investigator discretion provided the reduction is symmetrical. Prescribing any 
refractive correction to yield lenses that are more myopic than −0.50 D spherical equivalent (SE) is considered deliberate overminus and is not 
allowed at enrollment. However, prescribing no correction or prescribing less than the full cycloplegic hyperopic correction (i.e., prescribing 
reduced plus) is not considered the same as overminusing for this protocol and is allowed because most participants without intermittent 
exotropia and hyperopic SE refractions in this range would not typically be prescribed a refractive correction.

  • For myopia, the intent is to fully correct, but the spherical component can be undercorrected by investigator discretion provided the 
reduction is symmetrical and results in no more than −0.50 D SE residual (i.e., uncorrected) myopia. Prescribing a correction that yields more 
than 0.50 D more minus SE than the cycloplegic refraction SE is considered deliberate overminus and is not allowed at enrollment.

  • Participants who have undergone treatment with prism or deliberate overminus refractive correction (as defined above) must have 
discontinued prism and/or any deliberate overminus for at least one week prior to enrollment.

  Note that the refractive correction guidelines and the requirement to wear refractive correction for at least one week apply not only to 
participants who require refractive correction under the above criteria but also to any other participant who is wearing refractive correction.

7. No atropine use within the last week

8. Gestational age > 34 weeks

9. Birth weight > 1500 grams

10. Investigator plans to perform surgery, is willing to perform either surgical procedure, and is not planning to use adjustable sutures

11. Parent understands protocol, has agreed to surgery, and is willing to accept randomization to one-eye surgery or two-eye surgery

12. Parent has home phone (or access to phone) and is willing to be contacted by Jaeb Center staff

13. Relocation outside of area of an active PEDIG site within next 3 years is not anticipated

EXCLUSION CRITERIA

1. Coexisting vertical deviation, oblique muscle dysfunction, DVD, or A or V pattern, any of which the investigator plans to address with 
vertical transposition of horizontal rectus muscles, oblique surgery, or vertical rectus muscle surgery, i.e., only small vertical deviations, oblique 
muscle dysfunction, DVD, and A or V patterns not requiring surgery are allowed

2. Limitation of ocular rotations due to restrictive or paretic strabismus

3. Craniofacial malformations affecting the orbits
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EXCLUSION CRITERIA

4. Interocular visual acuity difference of more than 0.2 logMAR (2 lines on ATS HOTV for participants 3 to < 7 years old or 10 letters on E-
ETDRS for participants ≥ 7 years old) and/or investigator plans to initiate amblyopia treatment at this time.

5. High AC/A ratio (exclude > 6:1 by gradient method)

6. Prior strabismus surgery or botulinum toxin injection

7. Ocular disorders that would reduce visual acuity (except refractive error)

8. Prior intraocular or refractive surgery

9. Significant neurological impairment such as cerebral palsy. Participants with mild speech and/or learning disabilities are eligible.

10. Investigator planning to change refractive correction at this time (if the participant is otherwise eligible, the investigator should consider 
prescribing refractive correction and bringing the participant back at a later time for enrollment).
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Table 3:

Surgical Dose
a

Bilateral Lateral Rectus Recession (BLRc)

Magnitude of Largest
Deviation by PACT

Amount to Recess Each

Lateral Rectus Muscle
b

16 Δ 4.0 mm

18 Δ 5.0 mm

20 Δ 5.0 mm

25 Δ 6.0 mm

30 Δ 7.0 mm

35 Δ 7.5 mm

40 Δ 8.0 mm

45 Δ 8.5 mm

50 Δ 9.0 mm

Unilateral Lateral Rectus Recession with Medial Rectus Resection (R&R):

Magnitude of Largest
Deviation by PACT

Amount to Recess

Lateral Rectus Muscle
b

Amount to Resect

Medial Rectus Muscle
b

16 Δ 4.0 mm 3.0 mm

18 Δ 5.0 mm 4.0 mm

20 Δ 5.0 mm 4.0 mm

25 Δ 6.0 mm 5.0 mm

30 Δ 7.0 mm 5.5 mm

35 Δ 7.5 mm 6.0 mm

40 Δ 8.0 mm 6.5 mm

45 Δ 8.5 mm 6.5 mm

50 Δ 9.0 mm 7.0 mm

a
Refers to largest angle by PACT at remote distance (at least 50 feet), distance (6 meters), or near (1/3 meter).

b
For recessions, the measurement of surgical dose was to be made from the insertion of the muscle after muscle disinsertion. For resections, the 

measurement of surgical dose was to be made from the insertion of the muscle prior to muscle disinsertion.

PACT = prism and alternate cover test; Δ = prism diopters
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Table 4:

Definition of Suboptimal Surgical Outcome by Three Years

Suboptimal Surgical Outcome by Three Years (Primary Outcome)

A participant’s IXT was considered to be a suboptimal surgical outcome if at any visit occurring 6 months or later, ANY of the following 
criteria are present by masked examiner testing:

1. Exotropia at distance OR near at any time during the exam (i.e., can be constant or intermittent; determined by a cover/uncover test) with a 
magnitude of ≥10Δ by SPCT, confirmed by a retest

2. Constant esotropia at distance OR near (determined by at least 3 cover/uncover tests—one must be before any dissociation) with a magnitude 
of ≥6Δ by SPCT, confirmed by a retest

3. Decrease in Randot Preschool near stereoacuity ≥2 octaves (≥0.6 log arcsec) from enrollment, or to nil, confirmed by a retest

 Randot Preschool Stereotest (Stereo Optical, Chicago, Illinois)

Baseline Stereoacuity,
in arcsec

Stereoacuity level needed at follow-up visit
to meet suboptimal surgical outcome

criteria, in arcsec

40” 200” or worse

60” 400” or worse

100” 400” or worse

200” 800” or worse

400” Nil

Participants who underwent reoperation (or treatment with botulinum toxin) without first meeting any of the above suboptimal surgical outcome 
criteria were also counted as suboptimal surgical outcomes in the primary analysis.

IXT = intermittent exotropia; SPCT = simultaneous prism and cover test; Δ = prism diopter; arcsec = seconds of arc
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Table 5:

Baseline Demographic and Clinical Characteristics by Treatment Group (N=197)
a

BLRc R&R

N % N %

All 101 100 96 100

GENDER

Female 64 63 58 60

Male 37 37 38 40

RACE/ETHNICITY

White 58 57 55 57

African American 13 13 14 15

Hispanic 19 19 25 26

Other 11 11 2 2

AGE AT RANDOMIZATION (YEARS)

3-<4 14 14 15 16

4-<5 19 19 24 25

5-<6 14 14 20 21

6-<7 15 15 10 10

7-<8 15 15 11 11

8-<9 10 10 4 4

9-<10 9 9 10 10

10-<11 5 5 2 2

Mean (SD) 6.4 (2.1) 5.9 (1.9)

PRIOR NONSURGICAL TREATMENT

No treatment 49 49 49 51

Patching alone 36 36 29 30

Overminus spectacles alone 6 6 4 4

Vision therapy alone 2 2 3 3

Combination or other 8 8 11 11

RANDOT PRESCHOOL STEREOACUITY (ARCSEC)

40 15 (15) 16 (17)

60 22 (22) 20 (21)

100 28 (28) 31 (32)

200 12 (12) 13 (14)

400 24 (24) 16 (17)

Mean (SD) (log arcsec) 2.1 (0.4) 2.0 (0.3)

Range (log arcsec) 1.6 to 2.6 1.6 to 2.6

DISTANCE RANDOT STEREOACUITY (ARCSEC)
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BLRc R&R

N % N %

60 27 (27) 25 (27)

100 14 (14) 19 (20)

200 18 (18) 16 (17)

400 20 (20) 13 (14)

Nil 20 (20) 20 (22)

Mean (SD) (log arcsec) 2.3 (0.4) 2.3 (0.4)

Range (log arcsec) 1.8 to 2.9 1.8 to 2.9

BLRc= bilateral lateral rectus muscle recession; R&R = unilateral lateral rectus recession combined with a medial rectus resection in same eye

a
Note that percentages for each factor may not total 100% exactly due to rounding.

b
Participants were required to have 400 arcsec or better of stereoacuity at enrollment. arcsec = seconds of arc; SD = standard deviation
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Table 8:

Clinical Characteristics According to Study Completion

Participants
Withdrawn from

Study
(N=34)

Participants
Completing 3-Year

Visit
(N=163)

BLRc
(N=15)

R&R
(N=19)

BLRc
(N=86)

R&R
(N=77)

Baseline age 6.6 5.6 6.3 6.0

Baseline stereo, log arcsec 2.2 2.0 2.0 2.0

Baseline control at distance, points 2.7 3.4 3.5 3.5

Baseline control at near, points 1.8 1.9 2.0 1.7

Baseline PACT at distance, Δ 26 23 26 27

Baseline PACT at near, Δ 25 20 25 25

Previous non-surgical treatment, N (%) 4 (27) 8 (42) 48 (56) 39 (51)

Pre-operative surgical exodeviation, Δ 27 24 28 28

Last follow up visit control at distance, points 1.0 1.6 1.2 1.0

Last follow up visit PACT at distance, Δ −1 6
a 10 9

a
Distance PACT is missing at the last completed visit for one RR group participant who was withdrawn from the study.

BLRc= bilateral lateral rectus muscle recession; R&R = unilateral lateral rectus recession combined with a medial rectus resection in same eye

Δ = prism diopter; PACT = prism and alternate cover test; arcsec = seconds of arc
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Table 13:

3-Year Exotropia Control and Ocular Alignment (N=163)

DISTANCE NEAR

BLRc
(N=86)

R&R
(N=77)

BLRc
(N=86)

R&R
(N=77)

N (%) N (%) N (%) N (%)

Exotropia Control
a

At 3 years

 Not applicable (no exodeviation) 19 (22) 25 (32) 20 (23) 21 (27)

 (0) No exotropia unless dissociated, recovers <1 secs 25 (29) 22 (29) 36 (42) 32 (42)

 (1) No exotropia unless dissociated, recovers 1-5 14 (16) 11(14) 16 (19) 13 (17)

 (2) No exotropia unless dissociated, recovers >5 secs 12 (14) 6 (8) 6 (7) 4 (5)

 (3) Exotropia <50% of 30-second observation 5 (6) 4 (5) 1 (1) 4 (5)

 (4) Exotropia >50% of 30-second observation 6 (7) 4 (5) 6 (7) 3 (4)

 (5) Constant exotropia 5 (6) 5 (6) 1 (1) 0 (0)

 Mean (SD) 1.2 (1.6) 1.0 (1.6) 0.7 (1.2) 0.6 (1.1)

 Range 0 to 5 0 to 5 0 to 5 0 to 4

Change between baseline and 3 years
b

 Mean (SD) 2.3 (1.7) 2.5 (1.7) 1.3 (1.6) 1.1 (1.6)

 Range −3 to 5 −2 to 5 −3 to 4 −3 to 4

Prism and Alternate Cover Test (Δ)
a

At 3 years

 No deviation 10 (12) 21 (27) 11 (13) 15 (19)

 1-9Δ Exo 23 (27) 17 (22) 21 (24) 24 (31)

 10-14Δ Exo 15 (17) 12 (16) 16 (19) 9 (12)

 15-18Δ Exo 10 (12) 7 (9) 11 (13) 5 (6)

 20-25Δ Exo 16 (19) 12 (16) 13 (15) 14 (18)

 30-35Δ Exo 3 (3) 2 (3) 3 (3) 3 (4)

 40-45 Exo 0 0 1 (1) 0

 10-14Δ Eso 2 (2) 0 1 (1) 0

 1-9Δ Eso 7 (8) 6 (8) 9 (10) 7 (9)

 Mean (SD) 10 (10) 9 (10) 10 (11) 9 (10)

 Range −14 to 35 −6 to 30 −14 to 40 −6 to 30

Change between baseline and 3 years
b

 Mean (SD) 16 (11) 18 (10) 15 (12) 16 (12)

 Range −10 to 44 −5 to 36 −14 to 40 −12 to 41

BLRc= bilateral lateral rectus muscle recession; R&R = unilateral lateral rectus recession combined with a medial rectus resection in same eye; Δ = 
prism diopters; eso = esodeviation; exo = exodeviation, SD = standard deviation

a
For treatment group comparisons of mean 3-year control using linear regression models adjusting for baseline control, P values = 0.44 and 0.64 

for distance and near control, respectively. For treatment group comparisons of mean 3-year PACT using linear regression models adjusting for 
baseline PACT, P values = 0.21 and 0.38 for distance and near PACT, respectively.
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b
Change is defined as the baseline value minus the 3-year value, therefore positive change = improvement. If the 3-year PACT is an esodeviation, 

change in PACT from baseline is the reduction in the exodeviation plus the amount of the 3-year exodeviation.
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