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Background: Patients with symptomatic esotropia in lateral gaze after lateral rectus recession may not be offered surgery if they are
orthophoric in primary gaze due to concern of creating diplopia in primary gaze. There are currently no reports of the surgical management
of these cases. The purpose of this study was to report our experience and describe the surgical outcomes for these rare patients.
Methods: A comprehensive, retrospective review of all patients undergoing strabismus surgery at Boston Children’s Hospital over an
11-year period identified all cases of orthophoric patients operated on for diplopia in lateral gaze following lateral rectus recession(s).
Surgical approach, pre- and post-operative measurements in diagnostic gaze positions, and surgical outcomes were assessed. We
developed a new lateral incomitance (LI) score to characterize patient disability before and after surgery. Main outcome measures were
improvement in LI score and lateral gaze diplopia, lack of new-onset diplopia in primary gaze, and patient/surgeon satisfaction.
Results: In all cases, previously recessed lateral rectus muscles were advanced 2—-3 mm with an adjustable suture technique despite
anticipated exotropia in primary gaze. Early, large-angle, transient sequential exotropia with diplopia was common. All patients had
resolution of lateral-gaze diplopia with improvement in LI score by 8—18 PD, and none experienced persistent new-onset diplopia in
primary gaze (median follow-up 16 months; range, 8.5-83 months). One patient with a history of surgery for convergence
insufficiency developed a well-controlled intermittent exotropia; no other patient had exotropia in primary gaze.

Conclusion: Small, adjustable advancements of the lateral rectus muscles provided excellent results in our series of patients with
lateral gaze esotropia caused by previous lateral rectus recessions. Despite large, early overcorrections, LI scores improved in all cases,
and no patient had recurrence of symptomatic exotropia. The results will support surgical decision-making in the management of these

challenging cases.

Plain Language Summary:

® Patients with symptomatic esotropia in lateral gaze after lateral rectus recession may not be offered surgery if they are orthophoric
in primary gaze due to concern of creating diplopia in primary gaze.

® In this comprehensive retrospective review, we identified several rare cases meeting strict enrollment criteria of orthophoria in
primary gaze but esotropia and diplopia in lateral gaze following lateral rectus recession(s).

e We found that lateral rectus muscle advancement eliminated lateral gaze diplopia in all cases. Although large, early overcorrections
were common, they resolved spontaneously.

® While there are currently no reports of successful surgical management of these cases, this study demonstrates that orthophoric
patients can benefit from surgical intervention for lateral gaze esotropia.

Keywords: strabismus surgery, consecutive esotropia, lateral gaze incomitance, consecutive exotropia, microstrabismus

Introduction
Asymmetric strabismus surgery is known to cause lateral gaze incomitance,' > but it may be less recognized that large

amounts of symmetric horizontal surgery may cause symptomatic deficits in lateral gaze. In particular, lateral rectus
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muscle recessions for exotropia may cause esotropia in right and left gaze despite the achievement of orthotropia in
primary gaze. While this may be tolerable for many patients, lateral gaze incomitance can produce symptomatic diplopia,
causing functional and social deficits that warrant additional intervention.'*

The management of postoperative diplopia caused by lateral gaze incomitance in orthophoric patients can be
challenging due to the potential for causing recurrence of symptomatic exotropia in primary gaze. To our knowledge,
the results of intervention in these patients has not previously been published. Our practice has been to perform small,
adjustable resection/advancement of the affected lateral rectus muscle(s) when patients seek symptomatic relief. In this
study, we report the outcomes of this surgical strategy in orthophoric patients treated for symptomatic, lateral-gaze
esotropia. To do so required the development of a new assessment of lateral incomitance that we call the lateral
incomitance (LI) score.

Methods

This retrospective study was approved by the Boston Children’s Hospital Institutional Review Board with a waiver of
patient informed consent under the Code of Federal Legislation 45 CFR 46.104 (d). This study was conducted in
compliance with the Declaration of Helsinki and the Health Insurance Portability and Accountability Act. We retro-
spectively reviewed the medical records of all patients who underwent strabismus surgery by a single surgeon (DGH) at
Boston Children’s Hospital from 7/1/2010 to 5/7/2021. From this search, we identified patients who were orthophoric in
primary gaze but who underwent strabismus surgery. Exclusion criteria included Brown syndrome, nystagmus, and
superior oblique myokymia. We then further narrowed the cohort to include only those who had an esodeviation in lateral
gaze following prior lateral rectus recessions. Minimum follow-up was 6 weeks, and all patients were required to have
pre- and post-operative measurements in lateral gaze for inclusion.

The rationale for surgery was to advance the affected lateral rectus muscle to enhance the ability of the eye to abduct,
understanding this carried with it a risk of creating an exotropia in primary gaze. While the goal was to advance the
muscles, some degree of resection is unavoidable in these cases, and so we refer to the procedure as resection/
advancement. The short-tag sliding knot approach®® was used to allow for adjustment up to 1 week after surgery in
case of under- or over-correction, though early overcorrection (sometimes large) was anticipated and therefore the target
that evolved over time was to adjust for any undercorrection but to perform no adjustment for overcorrection unless the
exotropia exceeded 20 PD more than 5 days after the procedure. The short-tag adjustable approach is used in all of these
cases. In our experience, the muscle position can be adjusted up to 1 week after surgery, after which the muscle
adherence to the globe is too strong and there would be in increased risk of suture breakage.’

Surgical Outcome Measures

While most studies of strabismus surgery rely on primary gaze deviation as a main outcome measure, in these cases
primary gaze deviation was “orthophoria” before intervention by design. We therefore developed a new objective
analysis to characterize the change in lateral comitance by determining the difference in deviation from primary gaze
to right gaze and from primary gaze to left gaze, then adding the absolute value of right gaze incomitance + left gaze
incomitance (Figure 1). We called this the lateral incomitance (LI) score.

Pre- and post-operative measurements in at least five gaze directions at distance and in primary gaze at near (1/3 m),
as well as near stereopsis, were recorded for all patients. Ductions were documented on a grading scale from —4 to +4.
Presence of an abnormal head posture, surgery performed, and need for additional surgery were evaluated. Reasons for
surgery were documented. Surgical outcomes were assessed at the scheduled 2-month follow-up visit and at the most
recent available examination (final follow-up).

In addition to post-operative measurements, surgeon assessment of alignment and patient satisfaction were reviewed.
In our practice, post-operative patients often (but not always) receive a satisfaction survey at the 2-month post-operative
visit. This survey asks the patient to categorize their satisfaction on a Likert scale ranging from “very satisfied” to “very
dissatisfied.” Results of this survey were recorded if available, otherwise patient satisfaction was obtained from review of
comments recorded in the clinic note.
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Preoperative deviations Postoperative deviations
Right gaze Central gaze Left gaze Right gaze Central gaze Left gaze
ET 10 ET 14
LHT 6 Ortho LHT 0 E(T)3 Ortho = &)
= |10 - 0| + |14 — 0] = |3—-0|+ |3—-0|
=10 + 14 =3 + 3
= 24 = 6

ALl score=24-6=18

Figure | Calculation of lateral incomitance (LI) score for Case |. Vertical deviations are ignored for the calculation. Final A LI score for this case is 24-6 = 18. All
measurements are in prism diopters.
Abbreviations: ET, esotropia; LHT, left hypertropia; Ortho, orthophoria.

10,11

Study data were collected and managed using REDCap (Research Electronic Data Capture) tools hosted at

Boston Children’s Hospital, with statistical analysis consisting of mean and median calculations only.

Results

The record review identified 44 surgical patients with minimal pre-operative primary gaze strabismus who met exclusion
criteria and follow-up requirements, of whom four had orthotropia in primary gaze with esotropia and symptomatic
diplopia in lateral gaze following lateral rectus muscle recession(s) (Table 1). All patients were female, with a median age
of 21.5 years at surgery (range, 7-58 years). All four patients had previous strabismus surgery, including two also treated
with botulinum toxin in an unsuccessful effort to manage the post-operative diplopia. None had diplopia in primary
position, and all had high-grade stereopsis (20—40 arcsec). Esotropia ranged from 6 PD to 18 PD in a single lateral gaze
direction, with the total targeted correction ranging from 12 PD (ET 6 in right gaze and left gaze) to 26 PD (ET 8 in right
gaze and 18 in left gaze) (Figure 2). The average preoperative LI score was 20 PD (range 12-26 PD). Two patients had
a V-pattern and reported diplopia in downgaze. (Table 2).

All patients underwent adjustable resection/advancement of one or both lateral rectus muscles to treat lateral gaze
esotropia (Table 2)., ranging from a left lateral rectus resection of 3 mm in Case 2 (unilateral) to bilateral lateral
resections of 2-3 mm. Suture adjustment was performed on the day of surgery in cases 1 and 2 for overcorrections of XT
20 PD at distance, XT 40 PD at near (case 1) and XT 20 PD at distance, XT 25 PD at near (case 2). However, case 1 was
then undercorrected at post-op day 4 and so was re-adjusted to again increase the surgical dosage. Case 3 had a very large
overcorrection (XT 30) on the day of surgery but, based on the experience of cases 1 and 2, no adjustment was
performed. By post-op day 6 she remained overcorrected despite the small amount of surgery, with XT 30 PD at distance,
45 PD at near, with diplopia. The left lateral rectus muscle was therefore recessed 2 mm to decrease the XT to 20 PD at
distance and near for net surgery of right lateral rectus resection/advancement of 2 mm.

Surgical Outcomes

Median follow-up was 16 months (range, 8.5-83 months). Esotropia was reduced or eliminated in lateral gaze and LI
Scores improved 8—18 PD in all patients (Figure 3), with no patient reporting diplopia either in primary gaze or lateral
gaze by the time of the 2-month follow-up visit (Table 3).

All patients recovered full abduction except Case 3 who had a symmetric, —1 residual abduction deficit that was
asymptomatic. One patient (case 2) had a recurrence of small-angle, well-controlled intermittent exotropia in primary
gaze. This patient had a history of multiple procedures for convergence insufficiency. She was comfortable managing her
post-operative intermittent exotropia of 8 PD and did not require further intervention.

Clinical Ophthalmology 2025:19 heeps: 3993



b66¢

:sdyzy

61:570T ASojowreyaydo [eauD

Table | Patient Profiles

Case |
(Female, 15 years)

Case 2
(Female, 28 years)

Case 3

(Female, 58 years)

(Female, 7 years)

Case 4

Orriginal diagnosis

V-pattern XT

Accommodative and convergence insufficiency

Acquired ET
LSO palsy
Epiretinal membrane, LE

A-pattern XT

Previous strabismus surgery®

I. Rec RLR 7.5, LLR 7.5
BIO myectomy
2. Botox BMR&LIO

I. Rec LLR; Res LMR (age 7)
2. Rec RLR 4 (12 mm from limbus);
Re-recess LLR I5 mm from limbus

I. Rec LMR 4.5; Res LLR 6

2. Re-recess LMR 3 AT LIO

3. Rec RMR 7.5 Res/Adv LMR 2.5
LIO myectomy

4. Rec RLR 10; Rec LLR 4

5. Botox BMR

6. Rec RSR
Res/Adv RLR

Rec RLR, LLR with downward displacement

Time since last surgery

| year 8 months

6 months

| year 2 months

3 years

Diagnosis ET in lateral gazes ET greatest in left gaze Recurrent ET in lateral gaze V-pattern ET
Residual LHT Persistent LHT
Left IOOA
Comments™® Diplopia in downgaze Diplopia greatest in left gaze Diplopia in downgaze AHP chin-down 5 degrees

Notes: * No patients had previous orbital injuries or other orbital surgery. e All patients had lateral gaze incomitance and limitation of extraocular movements. © No patient had diplopia in primary position.

Abbreviations: LE, Left eye; AHP, Anomalous head posture; ET, Esotropia; XT, Exotropia; LHT, Left hypertropia; RMR, Right medial rectus; LMR, Left medial rectus; BMR, Bilateral medial rectus; RLR, Right lateral rectus; LLR, Left lateral
rectus; RSR, Right superior rectus; LSO, Left superior oblique; LIO, Left inferior oblique; BIO: Bilateral inferior oblique; IOOA, Inferior oblique muscle overaction; Rec, Recession; Res, Resection; Adv, Advancement; AT: Anterior

transposition.
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Figure 2 Lateral incomitance (LI) score. Results for all patients shown. See Figure | for how the LI score is calculated. Patient 4 post-op LI score was 0 as indicated by
a small non-negative bar.

Stereopsis remained within the range of 20-50 arcsec before and after surgery, with two patients showing mild
improvement and one decreasing from 20 to 50 arcsec. That highly myopic patient had developed an epiretinal
membrane, with distortion on Amsler grid testing, and was referred to a retina specialist. One patient (case 4) with
a V pattern and chin-down head posture had resolution of the head posture when the V pattern was eliminated by upward
transposition of the lateral rectus muscles at the time of advancement.

All patients reported satisfaction with the postoperative outcome. No patients required additional surgery. Surgeon
assessment of post-operative alignment was recorded as “excellent” in all cases.

Discussion

While overcorrection is a risk after any surgery for exotropia, most such overcorrections also produce an esotropia in
primary gaze, making subsequent surgical planning relatively straightforward. In rare cases, alignment is satisfactory in
primary gaze, but an overcorrection in lateral gaze can cause disabling diplopia. Such cases are a challenge for strabismus
surgeons, out of concern that treating the lateral gaze esotropia will cause recurrence of the original problem —
symptomatic exotropia in primary gaze.

Three of the 4 patients in our series had relatively symmetric, symptomatic esotropia in lateral gaze and were
orthophoric in primary gaze. Of note, despite performing 2—3 mm resection/advancement of both lateral rectus muscles
in these patients, and with the successful elimination of diplopia in lateral gaze, they did not develop an exotropia in
primary gaze. The reasons for this are a matter of speculation. Perhaps the patients (all of whom had high-grade
stereopsis) had strong fusional divergence in primary gaze and had a pre-operative, primary gaze esotropia that could not
be detected on cover testing. However, we believe that these patients were truly orthophoric in primary gaze, but the
resection/advancement gave better mechanical advantage to the lateral rectus muscles or placed them in a different place
on the length-tension curve without changing primary gaze alignment, improving abduction — essentially the reverse of
a posterior fixation suture. While theoretically a resection might compromise adduction, in these cases the muscles are
being advanced closer to their original physiologic insertion. While there may have been short-term motility restriction,
we did not observe any significant post-operative restriction after either bilateral or unilateral surgery.

An alternative approach to consider in these cases might have been a mini-tenotomy'* or mini-recession of the medial
rectus muscles.'* However, we do not believe this procedure would have been able to correct as much as 26 PD of lateral
gaze incomitance as was achieved in these cases. If mini-tenotomy failed, it might have then made it more difficult to
subsequently advance the lateral rectus muscles to restore their abducting ability without creating a symptomatic
exotropia in primary gaze.

We developed the LI score as a means of quantitatively characterizing lateral gaze incomitance in these patients.
Previous studies have measured lateral incomitance by subtracting the right gaze deviation from the left gaze deviation.'

Clinical Ophthalmology 2025:19 heeps: 3995
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Table 2 Preoperative Measurements

Case | Case 2 Case 3 Case 4
Deviations (PD)
ET 10 ET 10 X4 ET2 ETO ETO
LHT4 | Ortho LHT 0 Rho 1 RhoT6 | RH1 RH 4 Ortho
ET 10 ET 14 E(T) 8 ET 18 ET6 ET6
LHTe | Ortho LHT 0 Rhoo | O | Rnoo RhoT3 | OO [ ryr1 ET8 [ Ortho | ET10
ET12 | EMe6 | ET18 E4 ET6 ET12 | ET10 r14
LHT4 | LHT)1 | LHT4 Rho 0 RhoT2 | RhoT4 | RhoT 3

Procedure

Res/Adv RLR 2
Res/Adv LLR 3
Repeat myectomy LIO

Res/Adv LLR 3

Res/Adv RLR 2, transp up
Res/Adv LLR 2, transp up
Snip recession lateral 1/3 RIR

Res/Adv RLR 2, transp up
Res/Adv LLR 2, transp up

Muscle position (distance from

limbus (mm))

RLR I5
LLR 15 on “weak” attachment

LLR I5

RLR 14 on stretched scar
LLR 12

RLR 15 on “slightly weak” attachment
LLR 12

Suture adjustment
Day 0

Yes (for XT 20, X'T 40)
RE —I mm, net | mm

LE =1 mm, net 2 mm

Yes (for XT 20, X'T 25)

LE —I mm, net 2 mm

No

No

Delayed adjustment

Yes (Day 4)

(for ET 2—4 in lateral gaze)
Adv RLR | (Net Res/Adv 2)
Adv LLR | (Net Res/Adv 3)

No

Yes (Day 6) (for XT 30)
Rec LLR 2 (Net Res/Adv 0)

Note: Cases 3 and 4 had diplopia in downgaze due to 12—14 PD V pattern. Case 4 had a chin-down head posture. All patients had 20—40 arcsec stereopsis. Forced duction testing was normal in each of these cases.

Abbreviations: RE, Right eye; LE, Left eye; mm, millimeter; PD, Prism diopter; Ortho, Orthophoria; ET, Esotropia; E(T), Intermittent esotropia; E, Esophoria; X, Exophoria; XT, Exotropia at distance; X'T, Exotropia at near; RHT, Right
hypertropia; RH, Right hyperphoria; RhoT, Right hypotropia; Rho, Right hypophoria; LHT, Left hypertropia; LH(T), Intermittent left hypertropia; RLR, Right lateral rectus; LLR, Left lateral rectus; LIO, Left inferior oblique; Res, Resection;
Adv, Advancement; transp up, Transposition up.
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Case Preoperative deviations (PD) Postoperative deviations (PD) A LI Score (PD)
1 -18
Right gaze Central gaze Left gaze Right gaze Central gaze Left gaze
ET 10 ET 14
LHT 6 Ortho LHT 0 E(T) 3 Ortho E3
LI Score = [10-0| + [14-0] LIScore = [3-0] + [3-0]
=10 + 14 =3 + 3
=24 =6
2 -10
Right gaze Central gaze Left gaze Right gaze Central gaze Left gaze
E(T) 8 ET 18 Orth X(T)8 Orth
Rho 0 xiho Rho 0 ° M .
Liscore= [8-0| + [18-0] Liscore=|0-8| + [0-8]
= 8 + 18 =8 + 8
= 26 = 16
3 -8
Right gaze Central gaze Left gaze Right gaze Central gaze Left gaze
ET 6 ET 6
RhoT 3 Ortho RHT 1 ET 4 Ortho Ortho
Liscore= |6-0| + [6-0] LI score = [4-0| + [0-0]
=6 + 6 = 4 + 0
=12 =4
4 -18
Right gaze Central gaze Left gaze Right gaze Central gaze Left gaze
ET8 Ortho ET 10 X 4 X 4 X 4
Liscore = [8-0] + [10-0] Liscore = |4-4] + [4-4]
=8 + 10 =0 + 0
= 18 =0

Figure 3 Lateral incomitance (LI) score improvement. The figure demonstrates the LI scoring before and after surgery for every case.

Abbreviations: LI Score, Lateral incomitance score; A LI Score, The difference of preoperative and postoperative LI Scores; PD, Prism diopter.

However, since many of our patients had the same esodeviation in right and left gaze (for example, ET 12 in right and

left gaze but orthophoric in primary gaze), the measured lateral incomitance would have been 0 PD. The disadvantage of

our LI score is demonstrated in case 2, where the post-op esotropia was 0 in right and left gaze, but X(T) 8 PD in primary

Table 3 Postoperative Measurements at Last Visit

Follow-up Case | Case 2 Case 3 Case 4
Period
14 Months 18 Months 8.5 Months 83 Months

Distance Right Central Left Right Central Left Right Central Left Right Central Left
deviation (PD) gaze gaze gaze gaze gaze gaze gaze gaze gaze gaze gaze gaze

E(T) 3 Ortho E3 Ortho X(T) 8 | Ortho ET 4 Ortho Ortho X4 X4 X 4
Near deviation Ortho Ortho X6 Rho | X 4
(PD)

Notes: No patient developed persistent postoperative diplopia in primary position. V pattern resolved in both affected patients. All patients had resolution of side-gaze

diplopia. All patients expressed satisfaction with results, but only patient | completed the structured patient satisfaction survey; they responded, “very satisfied.”

Abbreviations: Ortho, Orthophoria; ET, Esotropia; E(T), Intermittent esotropia; X(T), Intermittent exotropia; E, Esophoria; X, Exophoria; Rho, Right hypophoria; PD,

Prism diopter.
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gaze. In that setting, 8 PD is counted for both right (8-0) and left (8-0) gaze and the lateral incomitance score was 16
when, intuitively, a score of 8 would have seemed to be more appropriate.

No patients experienced new-onset diplopia in primary gaze by the 2-month follow-up visit, and no patients required
additional surgery. All patients reported improved diplopia and demonstrated improvement in lateral gaze at the final
visit, with corresponding improvement in the LI score. Patient satisfaction and surgeon assessment of postoperative
alignment were generally high.

We have described the surgical management of orthophoric patients with more complex, incomitant horizontal and
vertical deviations elsewhere.'® In those cases and in the present series, the use of adjustable sutures was key to assuring
that the post-operative alignment would be within the targeted range. It is remarkable that 3 of the patients had large
overcorrections (XT 20 PD or greater) at post-operative assessment on the day of surgery. Informed by case 1, where we
reduced the advancements, only to find recurrence of the esotropia 4 days later (necessitating a second adjustment to
restore the original surgical dosage), we now accept large amounts of exotropia in the early post-operative period,
adjusting by a small amount only if the overcorrection remains large after 56 days, and definitely adjusting to increase
the surgical dosage for persistent esotropia in lateral gaze. Considering the risk of persistent overcorrection if a large
exotropia is allowed to remain on post-op day 1 without adjustment, we feel that the short-tag sliding knot approach”” is
an essential element of care in these cases. While patients may experience some discomfort during a delayed adjustment,
we and others'> have been able to successfully carry out these delayed adjustments in the office in adult patients without
difficulty in most cases.

This is a limited study, with all of the confounders of retrospective case series applicable. The series includes only
a small number of participants. This limits the generalizability and strength of the conclusions, particularly regarding the
consistency of lateral incomitance correction. Field of binocular single vision, a valuable objective indicator of improved
function, was not routinely mapped in our patients. Surgeon and patient bias may have overstated the degree of subjective
improvement following surgery. The patch test was not performed pre-operatively, meaning that some patients may not
have been truly orthophoric at the pre-operative visit. Despite these limitations, our goal is to provide surgeons facing
orthophoria with symptomatic lateral incomitance following lateral rectus recessions with a surgical approach that was
successful in all four of our patients.

In conclusion, small, adjustable advancements of the lateral rectus muscles provided excellent results in our series of
patients with lateral gaze esotropia caused by previous lateral rectus recessions. Despite large, early overcorrections, LI
scores improved in all cases, and no patient had recurrence of symptomatic exotropia. With the option of delayed suture
adjustment an essential part of the approach considering the early overcorrection sometimes observed, the observed
outcomes in this small case series will support surgical decision-making in the management of these challenging cases.
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