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Objective: To evaluate the efficacy and safety of a stratified surgical strategy for convergence insufficiency-type exotropia (CIX(T))
tailored to the magnitude of near deviation, with a primary outcome of postoperative motor success (orthophoria) and a secondary
outcome of stereopsis improvement.

Methods: This retrospective cohort study included 85 CIX(T) patients (near deviation > distance deviation by 15A) treated
between July 2015 and June 2022. Patients were stratified into three groups based on near deviation magnitude. Group 1 (n=15,
<30A) underwent unilateral medial rectus resection; Group 2 (n=38, 30-80A) received unilateral lateral rectus recession combined
with medial rectus resection; Group 3 (n=32, 85-130A) underwent bilateral lateral rectus recession plus unilateral medial rectus
resection. Ocular alignment (prism cover test) and stereopsis (Titmus test) were assessed preoperatively, at 1 week (short-term), and 3
months (intermediate-term) postoperatively.

Results: Baseline characteristics were comparable across groups, except for the stratification variable of near deviation. At the
3-month follow-up, motor success was achieved in 20.0% of Group 1, 89.5% of Group 2, and 87.5% of Group 3. Group 1 showed
a high rate of undercorrection (80.0%), whereas Groups 2 and 3 demonstrated stable alignment with minimal undercorrection (10.5%
and 9.4%, respectively). Stereopsis scores significantly improved from preoperative levels in Group 2 (P<0.001) and Group 3
(P<0.001), but regressed in Group 1 (P>0.05). A planned slight initial overcorrection (10—15A) at distance was significantly correlated
with better intermediate-term alignment (r = 0.68, 95% CI: 0.51 to 0.80, P<0.001).

Conclusion: These findings support a stratified surgical approach for CIX(T) based on near deviation magnitude. While combined
recession-resection procedures are effective for moderate-to-large angle deviations, unilateral medial rectus resection for small-angle
CIX(T) resulted in high rates of undercorrection. This suggests that the surgical plan for small-angle CIX(T) may require more
aggressive dosages or alternative strategies.

Keywords: convergence insufficiency-type exotropia, surgical treatment, retrospective study, near deviation, binocular vision,
stratified medicine

Introduction

Convergence insufficiency-type exotropia (CIX(T)) is a distinct subtype of intermittent exotropia, primarily characterized
by a near deviation (at 33 cm) that is at least 15 prism diopters (A) greater than the distance deviation (at 6 m)." It is often
associated with a reduced accommodative convergence to accommodation (AC/A) ratio and can lead to a progressive
deterioration of binocular vision.>* Patients, particularly adolescents and young adults, commonly report asthenopic
symptoms such as reading fatigue, transient diplopia, and difficulty concentrating on near tasks.* If left untreated, CIX(T)
can progress from an intermittent to a constant exotropia, diminishing asthenopic complaints but severely compromising

stereopsis.” While the prevalence of intermittent exotropia in pediatric populations is well-documented,® the specific
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prevalence of the CIX(T) subtype is estimated to be between 6.4% and 19.5% of all exotropia cases, highlighting it as
a significant clinical challenge.7’8 Recent studies affirm that intermittent exotropia (IXT) remains the most common
exotropia subtype globally,” with the convergence insufficiency type representing a substantial portion of these cases in
clinical cohorts,® reinforcing its impact on management strategies.

The surgical management of CIX(T) is notoriously complex due to the significant disparity between near and distance
deviation, which creates a high risk of postoperative undercorrection at near or overcorrection (consecutive esotropia) at
distance.'” Historically, surgical plans based solely on the distance deviation yielded poor motor outcomes, with success
rates as low as 18% to 50%."*> More contemporary strategies, such as basing surgical amounts on the average of near
and distance deviations or solely on the near deviation, have improved success rates to approximately 69% to 77%.'"!?
Despite these advances, a consensus on the optimal surgical approach remains elusive, particularly for patients at the
extremes of the deviation spectrum.

Significant gaps persist in the literature. First, there is a lack of evidence-based guidelines for small-angle CIX(T) (eg,
near deviation <30A), where single-muscle procedures often result in undercorrection, as observed in our cohort. Second,
the surgical management of very large-angle CIX(T) (eg, >85A) is not well-documented. Third, while motor alignment is
often the primary outcome, intermediate-term binocular vision recovery across these different deviation ranges remains
understudied. This study aims to address these gaps by evaluating the outcomes of a stratified surgical strategy tailored to
the magnitude of near deviation. We categorized patients into small (<30A), moderate (30-80A), and large (85-130A)
angle groups and assessed both motor alignment and stereopsis at 1 week and 3 months postoperatively. By analyzing the
efficacy of deviation-specific procedures, we seek to provide a preliminary framework for optimizing surgical planning,
enhancing intermediate-term stability, and minimizing adverse outcomes.

Materials and Methods

Study Design and Participants

A retrospective cohort study was conducted on patients diagnosed with CIX(T) who underwent surgery at Eye Good
Hospital between July 2015 and June 2022. The study protocol was approved by the Institutional Review Board and
Ethics Committee of Eye Good Hospital (S2015-03B-02) and adhered to the tenets of the Declaration of Helsinki.
Written informed consent was obtained from all adult participants or from the parents or legal guardians of pediatric
patients. The study followed the STROBE reporting guidelines.'® A total of 120 patient records were initially screened
for eligibility. Of these, 85 patients met the inclusion criteria and were included in the final analysis. The patient selection
process is detailed in the study flowchart (Figure 1).

Inclusion and Exclusion Criteria

Inclusion criteria were: (1) age > 3 years; (2) diagnosis of CIX(T), defined as an exodeviation at near (33 cm) exceeding
the distance deviation (6 m) by >15A, with a distance deviation of at least 10A; (3) ability to cooperate with ocular
motility examinations; (4) best-corrected visual acuity (BCVA) > 0.6 in each eye, with an inter-ocular difference of <2
lines; and (5) no significant preoperative horizontal eye movement limitations. Exclusion criteria were: (1) A- or
V-pattern strabismus; (2) significant vertical deviation (>8A); (3) dense amblyopia; (4) history of previous strabismus
surgery, ocular trauma, or paretic strabismus; (5) evidence of neurological abnormalities (eg, convergence spasm,
supranuclear palsies) confirmed through comprehensive neurological and ophthalmological examination, including full
duction and version testing.

Preoperative Assessment and Surgical Strategy

All patients underwent a comprehensive ophthalmic examination, including visual acuity, slit-lamp biomicroscopy, and fundus
examination. Cycloplegic refraction was performed for all patients under 14 years old (1% atropine for age <6; 0.5% compound
tropicamide for age 6—14). Ocular alignment was measured using the prism and alternate cover test (PACT) with accommo-
dative targets at both near (33 cm) and distance (6 m). All measurements were performed by two experienced orthoptists and
repeated three times to ensure reliability. For large deviations (=85A), a stepwise prism superposition method was used to ensure
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Records of patients with CIX(T) reviewed
(July 2015 - June 2022)
(n=120)

Excluded (n = 35)

Did not meet inclusion criteria or met exclusion
criteria (e.g., A/V pattern, previous surgery,
vertical deviation 2824, etc.).

Assessed for Eligibility

Eligible

Total patients included in the study
(n = 85)

Y

Stratified based on preoperative near
deviation magnitude

Y Y \ 4
Group 1 (n =15) Group 2 (n = 38) Group 3 (n = 32)
Near Deviation <302 Near Deviation 30-804 Near Deviation 85-1302
(Unilateral MR Resection) (Unilateral R&R) (BLR-Rec + Uni MR-Res)

Figure 1 STROBE flowchart of the patient selection process. The diagram illustrates the screening of 120 patient records, exclusion of 35 patients, and stratification of the
final 85 eligible patients into three study groups based on preoperative near deviation magnitude.

accuracy. Stereopsis was assessed using the Titmus stereo test (at 33 cm). The Titmus stereo test was used for its consistent
availability and standardized use in our clinic throughout the study period, allowing for uniform longitudinal assessment.

Patients were stratified into three groups based on their preoperative near deviation magnitude. The surgical
procedure was selected according to a predefined institutional protocol tailored to the deviation size. The thresholds,
including the discrete gap between Group 2 (30—80A) and Group 3 (85-130A), were based on established institutional
protocols designed to differentiate standard versus extensive surgical interventions based on clinical experience with
deviation stability. The 3-month follow-up was chosen as the primary endpoint, as this period typically reflects the
stabilization of ocular alignment before significant long-term drift may occur.'® For unilateral or asymmetric procedures
(Groups 2 and 3), surgery was preferentially performed on the non-dominant eye, as determined by the hole-in-the-card
test.

e Group 1 (n=15, near deviation <30A): Unilateral medial rectus resection (MR-Res). Surgical dosage was based on
the near deviation, with a target correction of approximately 10A per Imm of resection.'*

e Group 2 (n=38, near deviation 30—80A): Unilateral lateral rectus recession (LR-Rec) combined with medial rectus
resection (R&R). The surgical dosage was calculated based on the near deviation, with the recession and resection
amounts adjusted to balance near and distance alignment.

e Group 3 (n=32, near deviation 85-130A): Bilateral lateral rectus recession (BLR-Rec) combined with unilateral
medial rectus resection (MR-Res). This three-muscle surgery was designed to address the very large near angle
without inducing significant distance overcorrection.'®
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Outcome Measures and Efficacy Evaluation

The primary outcome was motor success at the 3-month postoperative follow-up, defined as orthophoria (a residual
horizontal deviation of <8A at both near and distance). Deviations >8A were classified as undercorrection (residual
exotropia) or overcorrection (consecutive esotropia). The secondary outcome was the change in binocular vision,
assessed by stereopsis. For analysis, Titmus sterecopsis results were converted to a 4-point ordinal scale: 0 points for
no stereopsis (>8001 ;(” point for gross stereopsis (4002 ;("800—" points for moderate stereopsis (1407200—"); and 3
points for fine stereopsis (<100").

Statistical Analysis

Data were analyzed using SPSS version 26.0 (IBM Corp., Armonk, NY, USA). Baseline characteristics between groups
were compared using one-way ANOVA for continuous variables and the chi-square (x?) test for categorical variables.
Postoperative motor outcomes (orthophoria rates) were compared using the y’-test or Fisher’s exact test. For post-hoc
pairwise comparisons of categorical outcomes between the three groups, a Bonferroni correction was applied, with
statistical significance set at P<0.017. Pre- and postoperative stereopsis scores and deviation angles within each group
were compared using paired t-tests or Wilcoxon signed-rank tests, depending on data distribution as assessed by the
Shapiro—Wilk test. Effect sizes for significant changes in stereopsis were calculated using Cohen’s d. The correlation
between short-term overcorrection and intermediate-term deviation was assessed using Pearson’s correlation coefficient.

A p-value of <0.05 was considered statistically significant for all tests, unless otherwise adjusted.

Results

Baseline Characteristics

The study included 85 patients (47 male, 38 female) with a mean age of 13.2 + 2.3 years (range, 3—45 years). The
baseline demographic and clinical characteristics of the three groups are presented in Table 1. There were no statistically
significant differences among the groups in terms of age, gender distribution, preoperative distance deviation, or duration
of symptoms (all P>0.05). As expected, the preoperative near deviation and near-distance disparity were significantly
different across the groups (P<0.001), consistent with the stratification criteria.

Postoperative Ocular Alignment

Postoperative motor outcomes at the short-term (1 week) and intermediate-term (3 months) follow-ups are summarized
in Table 2 and visualized in Figure 2. At the 1-week follow-up, the orthophoria rates were 73.3% in Group 1, 84.2% in
Group 2, and 81.3% in Group 3. However, at the 3-month follow-up, the orthophoria rate in Group 1 dropped sharply to
20.0%, with 80.0% of patients developing significant undercorrection. In contrast, Groups 2 and 3 maintained high
success rates of 89.5% and 87.5%, respectively. The intermediate-term undercorrection rates in these groups were
substantially lower (10.5% and 9.4%).

Table | Baseline Demographic and Clinical Characteristics of Patients

Characteristic Group | (n=15) Group 2 (n=38) Group 3 (n=32) Total (n=85) P-value
Age (years), mean * SD 12.8 + 2.1 135+ 25 13.1 £2.2 132 £23 0.581*
Gender (Male/Female), n (%) 8/7 (53.3%/46.7%) 21/17 (55.3%/44.7%) 18/14 (56.3%/43.7%) 47/38 (55.3%/44.7%) 0.952°
Pre-op Distance Deviation (A), mean + SD 123 £ 2.1 11819 12.1 £ 24 120 + 2.1 0.615*
Pre-op Near Deviation (A), mean * SD 285+ 1.2 543 + 148 101.1 £ I1.5 69.4 £ 289 <0.001*
Near-Distance Disparity (A), mean + SD 162 £ 24 425 + 147 890+ 11.2 574 + 285 <0.001*
Duration of Symptoms (months), mean * SD 245 + 8.1 28.1 £95 26.7 £9.0 268 £ 9.1 0.398°

Notes: *One-way ANOVA for continuous variables. ®Chi-square test for categorical variables.
Abbreviations: SD, Standard Deviation; A, Prism Diopters.
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Table 2 Postoperative Ocular Alignment Outcomes

Group Time Orthophoria Overcorrection | Undercorrection | Mean Distance
Point N (%) N (%) N (%) Deviation (A) £ SD

Group I-week 11 (73.3%) 0 (0%) 4 (26.7%) 6834

I (n=15) 3-month 3 (20.0%) 0 (0%) 12 (80.0%) 152 £ 5.1*

Group I-week 32 (84.2%) 6 (15.8%) 0 (0%) —10.1 £ 42%

2 (n=38) 3-month 34 (89.5%) 0 (0%) 4 (10.5%) 56+28

Group I-week 26 (81.3%) 5 (15.6%) | (3.1%) —11.2 £ 49t

3 (n=32) 3-month 28 (87.5%) | (3.1%) 3 (9.4%) 49 +3.0

Notes: Orthophoria defined as <8A horizontal deviation at both near and distance. P-values for 3-month orthophoria comparison between groups
(Chi-square test with Bonferroni correction, significance at P<0.017): Group | vs Group 2 (P<0.001); Group | vs Group 3 (P<0.001); Group 2 vs
Group 3 (P=0.77). *P<0.01 compared to |-week follow-up within the same group (paired t-test). +Negative values indicate esophoria/esotropia
(overcorrection).

Postoperative Binocular Vision Function

Changes in stereopsis are presented in Table 3 and Figure 3. In Group 1, there was no significant change in stereopsis
from preoperative levels to the 3-month follow-up (mean score: 2.00 vs 1.80; P=0.334), mirroring the motor outcome
regression. In stark contrast, both Group 2 and Group 3 demonstrated highly significant and sustained improvements in
stereopsis at the 3-month follow-up compared to preoperative levels (Group 2: pre-op vs 3-month mean score: 0.92 vs
1.53; P<0.001, Cohen’s d=0.88, indicating a large effect size; Group 3: 0.56 vs 1.68; P<0.001, Cohen’s d=1.58, indicating
a very large effect size). Furthermore, stereopsis continued to improve from the short-term to the intermediate-term
follow-up in these two groups (P<0.05).

Correlation and Dose-Response Analysis
To investigate factors associated with stable motor outcomes, a correlation analysis was performed across all patients.
This revealed a significant positive correlation between the magnitude of distance deviation at the 1-week follow-up and

. 1-week Follow-up
. 3-month Follow-up

100 _ T 1

Orthophoria Rate (%)

Group 1

Group 2 Group 3

Patient Group

Figure 2 Comparison of motor success (orthophoria) rates at |-week and 3-month postoperative follow-ups across the three surgical groups. Group | shows a significant
decline in success, whereas Groups 2 and 3 maintain high success rates (*P<0.001 vs Group | at 3 months).
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Table 3 Preoperative and Postoperative Binocular Vision Function (Stereopsis)

Group

Time Point

Mean Score
SEM

Mean Stereoacuity
(arcsec) £ SD

Effect Size
(Cohen’s d)

Group | (n=15)

Group 2 (n=38)

Group 3 (n=32)

Pre-op
I-week
3-month
Pre-op
I-week
3-month
Pre-op
I-week
3-month

2.00 + 0.26
220 + 0.24
1.80 £ 0.17
0.92 £ 0.15
1.34 £ 0.17*
1.53 + 0.15%*
0.56 + 0.12
1.06 + 0.16*
1.68 + 0.14+*

180” £ |55
155” + 140
210” + 165
580” + 250
390" + 210
280" + 195
690” £ 215
480" = 240
310” + 205

N/A
0.13
—0.14
N/A
0.55
0.88
N/A
0.78
1.58

Notes: Stereopsis was converted to an ordinal scale for analysis: 0=No stereopsis (>800"); 1=Gross (400”-800");
2=Moderate (140”-200"); 3=Fine (<100”). Effect size (Cohen’s d) calculated relative to preoperative baseline.
*P<0.0] compared to Pre-op. **P<0.001 compared to Pre-op and P<0.05 compared to |-week (Paired t-test or
Wilcoxon signed-rank test).
Abbreviations: SEM, Standard Error of the Mean; SD, Standard Deviation; arcsec, seconds of arc; N/A, not applicable.

the final deviation at 3 months (r = 0.68, 95% CI: 0.51 to 0.80, P<0.001), as shown in Supplementary Figure S1. This
suggests that achieving a planned initial overcorrection (represented by negative values) is associated with a higher

likelihood of intermediate-term orthophoria. The surgical dosages applied and the corresponding corrective effects are

detailed in Table 4. The dose-response data shows that in Group 1, the mean medial rectus resection was insufficient for

stable correction, whereas the combined procedures in Groups 2 and 3 provided a more robust and lasting effect on the

near deviation.

Discussion

This study evaluated a stratified surgical strategy for CIX(T) based on the magnitude of near deviation. Our findings

indicate that while this tailored approach appears effective for moderate- and large-angle CIX(T), the management of

small-angle cases remains a significant clinical challenge. The core issue in CIX(T) management is to adequately correct

3.0 ]

2.5 4

2.0 4

Mean Score (0-3 points)

0.5 ]

0.0

Group 1

Group 2

. Preoperative
. 1-week Follow-up
. 3-month Follow-up

Group 3

Patient Group

Figure 3 Mean stereopsis scores (on a 0-3 point scale) at preoperative, |-week, and 3-month time points. Groups 2 and 3 show significant and sustained improvement,
while Group | shows regression by the 3-month follow-up. Error bars represent SEM. (*P<0.01 vs Pre-op; **P<0.001 vs Pre-op).
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Table 4 Surgical Dose-Response Summary by Group

Group Surgical Procedure Mean Near Mean Surgical Dose Applied Achieved Effective
Correction (mm) Correction at Correction
Target (A) 1-Week at per mm (A/mm)
Near (A)
Group | Unilateral MR Resection 28.5 2.9 (Resection) 243 84
Group 2 Unilateral LR Recession + MR Resection 54.3 6.5 (Recession) + 4.3 (Resection) 62.6 58
Group 3 Bilateral LR Recession + Unilateral MR Resection 101.1 6.1 per LR + 5.1 (Resection) 110.8 6.4

Notes: This table summarizes the average surgical dosages and the resultant initial corrective effect at near fixation. The “Effective Correction per mm” is a simplified ratio
of total achieved correction to the total millimeters of surgery (sum of recession and resection values) to illustrate the relative potency of the procedures.
Abbreviations: MR, Medial Rectus; LR, Lateral Rectus; A, Prism Diopters.

the large near deviation without causing a consecutive esotropia at distance.'® Our stratified protocol was designed to
address this dilemma directly.

For patients with small-angle CIX(T) (<30A), our use of a single medial rectus resection resulted in an 80%
undercorrection rate at 3 months. This is consistent with previous reports highlighting the inadequacy of conservative,
single-muscle surgery for this condition.'®'” The high regression rate may be multifactorial. First, the surgical dosage,
while based on a standard nomogram, may have been insufficient to counteract the underlying convergence weakness and
any progressive nature of the disease.'*'® Our dose-response data (Table 4) supports this, showing a less potent effect
than desired. An alternative or adjunctive approach, such as combining the resection with postoperative vision therapy,
might be necessary to achieve stable long-term outcomes.'’

In contrast, patients with moderate (30-80A) and large (85-130A) angle CIX(T) who received combined recession-
resection procedures (R&R or three-muscle surgery) achieved excellent motor success (around 90%) and significant,
sustained improvement in stereopsis. This success is likely attributable to two factors. First, the combination of
weakening an antagonist (lateral rectus) and strengthening an agonist (medial rectus) creates a more powerful and
balanced corrective effect.'”~° Second, our strategy of aiming for a slight initial overcorrection of 10—15A at distance
appears to be a key factor for intermediate-term stability, as demonstrated by our correlation analysis. This controlled
overcorrection is a widely accepted strategy designed to compensate for the natural tendency of exotropia to drift
outward over time, thereby improving long-term motor stability.?'

The management of the very large deviation group (Group 3) is noteworthy. A three-muscle surgery (bilateral LR
recession plus unilateral MR resection) proved highly effective. This approach provides a powerful effect at near by
addressing three horizontal recti, while the symmetric recession of the lateral recti helps to minimize the risk of
significant ductional imbalances.'® The excellent outcomes in this unique cohort provide valuable evidence for managing
this challenging clinical scenario.

Improving long-term binocular vision outcomes remains a central goal. Our results clearly link stable motor
alignment with stereopsis recovery. The failure to improve stereopsis in Group 1 was directly tied to motor regression.
Conversely, the stable alignment in Groups 2 and 3 facilitated a progressive recovery of stereopsis. This underscores that
achieving and maintaining orthophoria is a prerequisite for functional success. However, optimizing these outcomes
likely requires a comprehensive approach that extends beyond surgery alone. While postoperative vision therapy was
recommended, adherence was not systematically tracked in this retrospective analysis, and its potential contribution to
the observed outcomes could not be measured.'**

This study has several limitations inherent to its retrospective design, including susceptibility to selection bias,
information bias from reliance on medical records, and unmeasured confounding variables. Second, the sample size,
particularly in the small-angle group, is limited, which reduces the statistical power and generalizability of the findings.
Third, the 3-month follow-up period is intermediate-term; longer-term studies are needed to assess the true stability of
these surgical outcomes. Fourth, the wide age range of participants introduces potential confounding from factors like
accommodative ability. Furthermore, the reliance on the Titmus test, which can be susceptible to monocular cues, may
not reflect the full spectrum of binocular sensory status; future studies could benefit from including random-dot
stereotests. Finally, this was not a comparative study; we evaluated a single, stratified protocol, and therefore cannot
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make direct claims about the superiority of one surgical technique over another. Future prospective, randomized
controlled trials are needed.

Conclusion

This study provides evidence supporting a stratified surgical strategy for CIX(T) based on the magnitude of near
deviation. For moderate-to-large angle deviations (>30A), combined recession-resection procedures, aimed at achieving
a slight initial overcorrection, yield excellent motor and sensory outcomes at 3 months. However, for small-angle
CIX(T), unilateral medial rectus resection as performed in our cohort appears an insufficient primary procedure, leading
to a high rate of undercorrection. This highlights an urgent need to refine surgical strategies for this specific subgroup,
potentially through more aggressive surgical dosages or the integration of non-surgical therapies.
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