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Abstract

Purpose Our aim was to report the characteristics

and long-term surgical outcomes of three subgroups of

horizontal strabismus in a single institution (divided

by strabismus subtype) in a developing country and

look into pre-operative factors predictive of surgical

success.

Methods Two hundred and forty-four complete

charts of patients, divided into 152 esotropes (ET)

and 92 exotropes (XT) who had undergone horizontal

strabismus surgeries, were retrospectively reviewed.

Charts of patients with muscle palsy, Duane syndrome

and consecutive strabismus were excluded; 172

patients were included divided into partially accom-

modative ET, congenital ET and intermittent XT.

Surgical success was defined as a post-operative angle

deviation of 12 prism diopters or less.

Results The mean follow-up period of all patients

was 31.64 ± 23.12 months. The subgroups were

divided into partially accommodative ET (60

patients), congenital ET (60 patients), and intermittent

XT (52 patients). Esotropes (both partially accom-

modative and congenital) presented earlier

(p\ 0.001). Also, partially accommodative ET had

a significantly higher spherical equivalent (SE)

compared to congenital ET patients, who had a higher

SE than intermittent XT (p\ 0.001). Congenital ET

patients had a significantly larger angle of deviation

(for both far and near) than both partially accom-

modative ET and intermittent XT patients

(p\ 0.001). The overall success rate was 72.67%

for the whole group with no significant differences

among subgroups. Success rate of partially accom-

modative ET surgery was 78.33% compared to that of

congenital ET at 66.67% and intermittent XT at

73.07%. Significant post-operative improvement in

sensory fusion was observed mainly for patients with

partially accommodative esotropia and intermittent

exotropia.

Conclusion Our results showed that esotropes (both

partially accommodative and congenital) presented

earlier, with a higher spherical equivalent in the

partially accommodative ET subgroup, while the

congenital ET subgroup had the largest angle of

deviation for both distance and near. The overall

surgical success rate for horizontal strabismus surgery

was 72.67% with the 3 subgroups having similar

success rates. A younger age at presentation and

absence of amblyopia were positively correlated with

surgical success in the partially accommodative

esotropia group.
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Introduction

Strabismus is a frequently encountered ophthalmo-

logical condition with a prevalence of 3–5% [1–5]. It

can present at any age and can lead to detrimental

effects including loss of stereoacuity and binocularity

[6]. Additionally, it has several psychosocial sequelae

on the affected individual [7]. When the magnitude is

significant, management is mostly surgical with

bilateral rectus recession or unilateral recession and

resection of opposite recti muscles [8].

Studies have reported success rates of horizontal

strabismus surgeries varying between 53 and 83%

[5, 9–11]. One study compared strabismus surgery

success rates of attending and resident surgeons and

found these values to be 58% and 69% respectively,

without any significant differences between the two

provider groups [12]. Although in one study, a

comparison of the surgical success rates of esotropia

and exotropia did not show a significant difference [5],

several studies on the individual subtypes of esotropia

and exotropia reported more promising outcomes in

accommodative and early-surgery infantile esotropia

than in intermittent exotropia [13–18].

A number of studies have also investigated the

factors influencing surgical success. A pre-operative

deviation angle of more than 30 prism diopters was

associated with a lower chance of surgical success.

Additionally, patients below the age of 6 were found to

have a better outcome than their older counterparts [5].

Esotropia and the absence of amblyopia were reported

to be predictive factors of surgical success [11]. One

study linked non-compliance with post-operative

prescribed treatments (glasses or atropine/patching)

with a poorer surgical outcome [9]. Although ample

literature exists on strabismusmanagement, individual

reports invariably address a specific subtype reporting

its characteristics, surgical treatment and outcomes.

Few have reported horizontal strabismus surgery

outcomes as one group and compared subgroups.

Our aim in this study was to report the character-

istics and long-term surgical outcomes of horizontal

strabismus in a single institution (divided by strabis-

mus subtypes) in a developing country and look into

pre-operative factors predictive of surgical success.

Methods

Study population

This study was approved by the Institutional Review

Board (IRB) at the American University of Beirut

Medical Center and abided by the principles of the

Declaration of Helsinki. Informed consent was waived

due to the retrospective nature of the study. The list of

potential patients was gathered using strabismus

surgery billing codes. The charts were then screened

to exclude patients who had a predominantly vertical

component of strabismus or those that presented for

nystagmus surgeries (Kestenbaum procedures). Charts

with incomplete data or with a follow-up of less than

6 months were likewise excluded. Two hundred and

forty-four complete charts of patients who had under-

gone horizontal strabismus surgeries from January

2007 to January 2020 were reviewed. These were then

divided into 92 patients with exotropia (XT) and 152

patients with esotropia (ET). We further excluded

patients with Duane syndrome or cranial nerve palsies

as well as those presenting with consecutive cases. 172

patients were included divided into subgroups of

strabismus: partially accommodative ET (60 patients),

congenital ET (60 patients) and intermittent XT (52

patients). Demographic parameters recorded included

age, gender, ophthalmological and non-ophthalmo-

logical disorders, past surgeries and current medica-

tions, number and types of strabismus surgery

(bilateral rectus recession vs unilateral recession

and/ or resection).

Eye exam

All patients underwent thorough eye examinations

pre-and post-operatively. Visit parameters recorded

included visual acuity, cycloplegic refraction, slit

lamp and fundoscopy examinations, motility exam,

stereoacuity, and Worth-4-Dot test results to assess

fusion. Visual acuity was tested using ‘‘central, steady

& maintained’’ testing for preverbal children and

vision charts for verbal children (Allen pictures and

Early Treatment Diabetic Retinopathy charts).

Motility examinations were carried out by an

orthoptist and then repeated by the attending ophthal-

mologist. Alternate cover testing was used to measure

the maximum angle of deviation (in prism diopters—

PD). Fundoscopy and manual retinoscopy were
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performed after using Mydriacyl 1% and Cyclopen-

tolate 1% (applied twice 10 min apart) to achieve

complete cycloplegia. As for stereoacuity, the Titmus

stereotest was utilized (Titmus Optical Co, Petersburg,

Virginia, USA). Patients who could not see the fly

wings or could only see the fly wings at best were

marked as having poor (gross) stereopsis (4000

arcsec). Those who could see 1, 2 or 3 animals were

marked as having good stereopsis. Worth-4-Dot

testing was deployed to assess fusion at distance and

near, and results were recorded as: suppression (right

or left), fusion and diplopia. Amblyopia was defined as

a difference in visual acuity of at least two lines

between fellow eyes or a visual acuity less than 20/30

in the affected eye.

Surgeries and outcomes

Patients typically underwent bilateral rectus recession

surgeries or unilateral resection and recession surg-

eries. Surgeries were performed by 3 surgeons using a

similar surgical approach, most of the time via a limbal

approach unless conjunctival scarring precluded lim-

bal dissection. The rectus muscle was hooked first by a

small hook followed by a Jameson hook; a double

armed 6–0 Vicryl suture was interwoven in the muscle

tendon at 1 mm from its scleral insertion (for reces-

sion/ advancement surgery) or in the muscle belly at

the resection length (for resection surgery) and double

locked on each side. The needles were then taken into

partial thickness sclera at the recession site for

recession surgery or at the muscle insertion site for

resection/ advancement surgery. Conjunctiva was re-

approximated using 8–0 Vicryl sutures. Post-opera-

tively, a topical antibiotic and steroid combination was

given for 2 weeks. Surgical success was defined as a

post-operative deviation of 12 prism diopters or less.

Patients were considered ‘‘overcorrected’’ in the case

of more than 12 prism diopter reversal of angle of

deviation at the end of the follow-up period.

Analysis

Data were entered into SPSS V25 (IBM SPSS

Statistics for Windows, Version 25.0. Armonk, NY:

IBM Corp., USA). Means and standard deviations

were calculated for continuous demographic and eye

examination parameters. Means of continuous

variables were compared using one-way ANOVA

(analysis of variance). Categorical variables were

analyzed using Chi square test. Results of stereoacuity

and Worth-4-Dot tests were tallied and reported as

categorical variables. Additionally, success rates were

computed for the whole group after 1, 2 and 3 or more

surgeries and for partially accommodative esotropia,

congenital esotropia and intermittent exotropia

patients separately. To investigate predictive factors

of surgical success for each strabismus subgroup, a

multivariate logistic regression was conducted with

the following independent variables: age, gender,

logMAR vision, angle of deviation at distance and at

near, fusion at distance and at near, stereoacuity and

amblyopia. For all statistical analyses, a p value of

0.05 or less was considered statistically significant.

Results

Two hundred and forty- four patients divided into 152

esotropes and 92 exotropes were included in this

study. The exotropia subtypes were intermittent

(n = 52), sensory (n = 10), congenital (n = 5) and

exotropia due to other conditions such as third cranial

nerve palsy (n = 7). Only the intermittent subgroup

was included. For esotropia, these were partially

accommodative (n = 60) and congenital (n = 60);

excluded were patients with Duane syndrome

(n = 4) and other less common subtypes including

consecutive esotropia and sixth cranial nerve palsy

(n = 28). Table 1 represents the demographics of the

included patients. The mean age of patients in the

partially accommodative ET group was

6.78 ± 8.60 years (1 to 55 years), that of the congen-

ital ETwas 4.66 ± 6.44 years (1 to 33 years), while in

the intermittent XT group, mean age was

12.14 ± 11.32 years (1 to 59 years). The average

age of the entire group was 7.66 ± 9.36 years, with

the esotropia group (both partially accommodative

and congenital) being significantly younger than the

intermittent exotropia group (p\ 0.001). The mean

follow-up period of all patients was

31.64 ± 23.12 months, without any significant dif-

ferences between groups. Spherical equivalent dif-

fered significantly among groups, with partially

accommodative ET patients having a significantly

higher spherical equivalent (SE)—that is were more

hyperopic—compared to congenital ET, who had a
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higher SE than intermittent XT (p\ 0.001). Angles of

deviation were different among the subgroups. Con-

genital ET patients had a significantly larger angle of

deviation (for both far and near) than both partially

accommodative ET and intermittent XT patients (who

had similar angles) (p\ 0.001). The mean distance

deviation angle for congenital ET was 39.30 ± 13.89

PD (6 to 85 PD) versus 25.95 ± 10.93 PD (2 to 50 PD)

for partially accommodative ET and 25.79 ± 9.48 PD

(9 to 50 PD) for intermittent XT (p\ 0.001). This also

applied to the near angle of deviation: 41.98 ± 14.16

PD (2 to 85 PD) for congenital ET versus

29.63 ± 10.47 PD (2 to 50 PD) for partially accom-

modative ET and 26.81 ± 9.31 PD (12 to 52 PD) for

intermittent XT, (p\ 0.001). 16.28% of all partici-

pants had amblyopia on presentation with no signif-

icant differences between study groups (12 patients in

the partially accommodative ET group, 10 in the

congenital ET group and 6 in the intermittent XT

group). Pre-operative management of amblyopia was

Table 1 Initial visit parameters

Total

n = 172

Accommodative

Esotropia

n = 60

Congenital

Esotropia

n = 60

Intermittent

Exotropia

n = 52

p value between

groups

Age (Years; mean ± SD) 7.66 ± 9.36 6.78 ± 8.60 4.66 ± 6.44 12.14 ± 11.32 < 0.001

Gender Ratio (M:F) 1.12: 1 1.07: 1 1.4: 1 0.93: 1 0.54

Spherical Equivalent OD (Diopters;

mean ± SD)

2.08 ± 3.08 3.97 ± 3.112 1.58 ± 2.34 0.32 ± 2.53 < 0.001

Spherical Equivalent OS (Diopters;

mean ± SD)

2.05 ± 3.15 3.97 ± 2.98 1.83 ± 2.77 0.04 ± 2.34 < 0.001

logMAR vision OD (Diopters;

mean ± SD)

0.18 ± 0.21

n = 172

0.23 ± 0.25

n = 60

0.23 ± 0.24

n = 60

0.12 ± 0.14

n = 52

0.039

logMAR vision OS

(Diopters; mean ± SD)

0.16 ± 0.20

n = 170

0.17 ± 0.17

n = 60

0.22 ± 0.29

n = 60

0.11 ± 0.15

n = 52

0.094

Distance Deviation (Prism Diopters;

mean ± SD)

30.56 ± 13.26 25.95 ± 10.93 39.30 ± 13.89 25.79 ± 9.48 < 0.001

Near Deviation (Prism Diopters;

mean ± SD)

33.09 ± 13.30 29.63 ± 10.47 41.98 ± 14.16 26.81 ± 9.31 < 0.001

Amblyopia (n, %) 28 (16.28%) 12 (20%) 10 (16.7%) 6 (11.5%) 0.479

Stereoacuity*

Poor 20 (54.05%)

n = 37

11 (100%)

n = 11

3 (75%)

n = 4

6 (27.27%)

n = 22

< 0.001

Good 17 (45.95%)

n = 37

0 (0%)

n = 11

1 (25%)

n = 4

16 (72.7%)

n = 22

Worth 4 Dot Test Far

Fusion 20 (37.04%)

n = 54

2 (15.38%)

n = 13

1 (14.29%)

n = 7

17 (50%)

n = 34

0.037

Worth 4 Dot Test Near

Fusion 24 (45.28%)

n = 53

3 (23.08%)

n = 13

0 (0%)

n = 6

21 (61.76%)

n = 34

0.004

Average Follow-Up Duration

(months; mean ± SD)

31.64 ± 23.12 31.70 ± 21.36 32.60 ± 24.58 30.46 ± 23.70 0.889

Type of surgery

Unilateral n (%) 19 (11.05%) 6 (10%) 2 (3.33%) 11 (21.2%)) 0.011

Bilateral n (%) 153 (88.95% 54 (90%) 58 (96.67%) 41 (78.8%)

*Titmus Fly Test: Good stereopsis = 1, 2 or 3 animals, Poor stereopsis = none or only fly wings

Bold p values = statistically significant value (p\ 0.05)
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done in these patients. The post-operative improve-

ment in visual acuity in the amblyopic eye was not

statistically significant (p = 0.505). With regards to

stereoacuity at presentation, poor stereoacuity was

encountered in accommodative ET and congenital ET

with 100% of tested patients with partially accom-

modative ET and 75% of tested congenital ET patients

having only poor stereopsis. This is compared to

27.27% in the intermittent exotropia group with poor

stereopsis, with a significant difference mainly

between partially accommodative ET and the inter-

mittent XT subgroups (p\ 0.001). Of note is that only

a small number of patients had a stereoacuity test

result in their charts, as many patients were preverbal

or uncooperative.

The final post-operative visit parameters are por-

trayed in Table 2. The same significant difference in

the spherical equivalent between the three groups was

also seen post-operatively with the partially accom-

modative esotropia group having a significantly higher

hyperopic SE. The post-operative angle of deviation

was significantly different between the three groups

for distance and near (p = 0.026). The mean distance

deviation angle post-operatively for congenital ET

was 7.25 ± 9.23 PD versus 3.97 ± 4.81 PD and

6.92 ± 7.49 PD for partially accommodative eso-

tropes and intermittent exotropes, respectively

(p = 0.026). This also applied to the near angle of

deviation (9.27 ± 9.35 PD for congenital ET versus

5.38 ± 5.82 PD for partially accommodative ET and

6.94 ± 7.92 PD for intermittent XT, p = 0.026). Post-

operatively, intermittent exotropia patients had better

stereoacuity with 89.65% having good stereopsis

compared to only 16.67% and 30% in partially

accommodative and congenital esotropes, respec-

tively (p\ 0.001).

Table 3 demonstrates the overall post-operative

success rates as well as that of the respective

subgroups. The overall success rate was 72.67% for

the whole group. For the 3 groups, success rates were

similar. Among esotropes, the highest success rate was

seen in partially accommodative ET with a value of

78.3% (with their refractive correction). This was

followed by congenital ET (66.67%). In intermittent

XT the success rate was 73.07%. Eleven percent

underwent unilateral surgery while 89% underwent

bilateral horizontal strabismus surgery. For each

subgroup of strabismus, we compared success rates

between bilateral and unilateral surgery in a cross

table. Success rates were as follows for the specific

subgroups: in partially accommodative ET patients,

83.33% of bilateral surgeries done were successful

while 33.33% of unilateral surgeries were successful.

In congenital ET, 65.52% of bilateral surgeries were

successful and 100% of unilateral surgeries were

successful. For intermittent XT, 68.29% of bilateral

surgeries were successful, while 90.90% of unilateral

surgeries were successful. We found out that only for

partially accommodative ET, bilateral surgery was

significantly more successful than unilateral surgery

(p = 0.005). Most patients who achieved surgical

success did so after their first surgery. Six patients

(3.49%) needed to be re-operated once, and 3 (1.74%)

had 3 or more procedures. The proportion of patients

who were overcorrected was 9.88%, with no signif-

icant difference between the groups (13.33% in

congenital ET, vs 11.67% in partially accommodative

ET and 3.85% in intermittent XT).

We compared characteristics of patients who

achieved surgical success to those that did not.

Separate multivariate logistic regression analyses

were performed for each of the partially accommoda-

tive ET, congenital ET and for intermittent XT

between predictor variables (age, gender, vision,

deviation angles at far and near, fusion at far and

near, stereoacuity and presence of amblyopia) and the

binary dependent variable (being surgical success).

Our results showed statistical significance (p\ 0.05)

only in the subgroup of accommodative ET and for the

predictors of age and amblyopia. Patients with

successful surgeries had an average age of 6 years ±

8, while those with unsuccessful surgery had an

average of 9 years ± 11 (p = 0.017). Also, the rate of

amblyopia in the successful group was 19.1%, while it

was 23.1% in the failure group with a statistically

significant difference at p = 0.021. Therefore, a

younger and non-amblyopic patient had a higher

success rate. All other demographic variables did not

differ between the successful and unsuccessful surgery

groups in each strabismus subgroup. Additionally, a

comparison of pre-and post-operative Worth-4-Dot

test results revealed a significant improvement in the

fusion ability of partially accommodative esotropia

subgroup (at both near and distance, p B 0.001). For

patients with partially accommodative esotropia,

fusion for far significantly improved from being

present in 15.38% of patients pre-operatively to

46.15% post-operatively; similarly, for near fusion it
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Table 2 Final visit parameters

Total

n = 172

Accommodative

Esotropia

n = 60

Congenital

Esotropia

n = 60

Intermittent

Exotropia

n = 52

p value

Spherical Equivalent OD (Diopters;

mean ± SD)

1.74 ± 3.24 3.72 ± 3.20 1.13 ± 2.54 0.175 ± 2.87 < 0.001

Spherical Equivalent OS (Diopters;

mean ± SD)

1.87 ± 3.35 3.76 ± 2.85 1.55 ± 3.07 0.098 ± 3.14 < 0.001

logMAR vision OD (Diopters;

mean ± SD)

0.18 ± 0.23

n = 172

0.17 ± 0.22

n = 60

0.26 ± 0.26

n = 60

0.13 ± 0.19

n = 52

0.024

logMAR vision OS (Diopters;

mean ± SD)

0.17 ± 0.23

n = 172

0.14 ± 0.18

n = 60

0.22 ± 0.23

n = 60

0.16 ± 0.29

n = 52

0.236

Distance Deviation (Prism Diopters;

mean ± SD)

5.96 ± 7.52 3.87 ± 4.81 7.25 ± 9.23 6.92 ± 7.49 0.026

Near Deviation (Prism Diopters;

mean ± SD)

7.21 ± 7.95 5.38 ± 5.82 9.27 ± 9.35 6.94 ± 7.92 0.026

Stereoacuity*

Poor 37

(50.68%)

n = 73

20 (83.33%)

n = 24

14 (70%)

n = 20

3 (10.3%)

n = 29

< 0.001

Good 36

(49.32%)

n = 73

4 (16.67%)

n = 24

6 (30%)

n = 20

26 (89.65%)

n = 29

Worth 4 Dot Test Far

Fusion 45

(63.38%)

n = 71

12 (46.15%)

n = 26

8 (57.14%)

n = 14

25 (80.65%)

n = 31

0.034

Worth 4 Dot Test Near

Fusion 50

(69.44%)

n = 72

16 (61.54%)

n = 26

8 (53.33%)

n = 15

26 (83.87%)

n = 31

0.060

*Titmus Fly Test: Good stereopsis = 1, 2 or 3 animals, Poor stereopsis = none or only fly wings

Bold p values = statistically significant value (p\ 0.05)

Table 3 Success rate after horizontal strabismus surgery across groups

Total

n = 172

Accommodative ET

n = 60

Congenital ET

n = 60

Intermittent XT

n = 52

p value

Overall success (with any number of surgeries) 125 (72.67%) 47 (78.33%) 40 (66.67%) 38 (73.07%) 0.743

After 1 surgery

n (%)

116 (67.44%) 45 (75%) 38 (63.33%) 33 (63.46%) 0.479

After 2 surgeries

n (%)

6 (3.49%) 1 (1.67%) 2 (3.33%) 3 (5.77%) 0.450

After more than 2 surgeries

n (%)

3 (1.74%) 1 (1.67%) 0 (0%) 2 (3.85%) 1.000
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significantly improved from 23.08% to 61.54%

respectively. For patients with intermittent exotropia,

fusion for near significantly improved from 61.67%

pre-operatively to 83.87% reporting fusion post-oper-

atively (p = 0.049). For congenital esotropia, fusion

for far and near did not improve significantly. In

contrast, stereoacuity did not significantly change

post-operatively in all the subgroups. Table 4 sum-

marizes the comparison between pre-operative and

post-operative parameters highlighting the statisti-

cally significant ones.

For the intermittent XT group, success rate tended

to decrease with time. At 6 months to 1 year, it was

60%, it decreased to 35.29% at 2 to 3 years follow up

and reached 23.08% at 4–6 years follow up. However,

this change was not statistically significant

(p = 0.271).

Discussion

This study investigated the characteristics and long-

term surgical outcomes of horizontal strabismus in a

single institution in a developing country and looked

into predictive factors of surgical success in different

strabismus subgroups. Comparison between groups

revealed that esotropes (both partially accommodative

and congenital) presented and were operated on earlier

than intermittent exotropes. Partially accommodative

ET patients had significantly more hyperopia com-

pared to congenital ET and intermittent XT. Congen-

ital ET patients had a significantly larger angle of

deviation (for both far and near) than both partially

accommodative ET and intermittent XT.

Moreover, a greater proportion had poor stereoacu-

ity on presentation in the esotropia group. Final

spherical equivalent, fusion and stereoacuity showed

similar patterns to those on presentation. The surgical

success rate was 72.67% for the entire group, with no

significant difference between strabismus subtypes;

for intermittent exotropia (73.07%), for partially

accommodative esotropia (78.33%) and congenital

esotropia (66.67%). Post-operatively, an improvement

in fusion was observed in the 3 groups. As for

predictive factors of surgical success, only in partially

accommodative esotropia patients, surgical success

was associated with a younger age at surgery and

absence of amblyopia.

Similar to the literature, both of our esotropia

subgroups presented at an early age [19–22], hence the

lower average age than that of intermittent exotropes.

Age at presentation of congenital esotropia found in

the literature was mostly in the first year of life and that

of accommodative esotropia was 2–4 years [20, 23]

while age at presentation of intermittent exotropia (the

most commonXT subtype) was in late infancy or early

Table 4 Comparison of pre-operative and post-operative parameters

Accommodative ET Congenital ET Intermittent XT

Pre-operative Post-

operative

Pre-operative Post-

operative

Pre- operative Post-

operative

Distance Deviation (Prism

Diopters; mean ± SD)

25.95 ± 10.93* 3.87 ± 4.81* 39.30 ± 13.89* 7.25 ± 9.23* 25.79 ± 9.48* 6.92 ± 7.49*

Near Deviation (Prism

Diopters; mean ± SD)

29.63 ± 10.47* 5.38 ± 5.82* 41.98 ± 14.16* 9.27 ± 9.35* 26.81 ± 9.31* 6.94 ± 7.92*

Stereoacuity**

Poor 100% 83.33% 75% 70% 27.27% 10.3%

Good 0% 16.67% 25% 30% 72.7% 89.65%

Worth 4 Dot Test Far

Fusion 15.38%* 46.15%* 14.29% 57.14% 50% 80.65%

Worth 4 Dot Test Near

Fusion 23.08%* 61.54%* 0% 53.33% 61.76%* 83.87%*

*Difference was statistically significant (p\ 0.05) between pre-operative and post-operative values

**Titmus Fly Test: Good stereopsis = 1, 2 or 3 animals, Poor stereopsis = none or only fly wings
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childhood [24, 25]. Along the same line, the ET group

had a higher spherical equivalent, as significant

hyperopia is invariably associated with accommoda-

tive esotropia [26–28], this was also observed in our

study. The fact that congenital esotropes in our study

presented with a higher angle of deviation is in

contrast with other studies that reported a greater

deviation angle on presentation in exotropes [10, 29];

possibly due to our later age at presentation and

surgery. Later presentation was most likely related to

cultural differences with parents from our region

assuming that strabismus could improve on its own or

resolve spontaneously. A study from Nepal reported a

presenting deviation angle of 48.2 ± 14.8 PD in

esotropes and 57.8 ± 14.2 PD in exotropes [31].

Similarly, another study in Taiwan reported these

values to be 38.4 ± 15.7 PD and 45.9 ± 12.6 PD for

esotropia and exotropia, respectively [10]. Patients

with partially accommodative esotropia in our cohort

had a deviation angle at distance of 26 to 30 PD. A

study from Ireland on accommodative esotropia

reported a median deviation angle of 30 prism diopters

[30]. Our measured deviation angles were larger in

congenital esotropia (39 to 42 PD at distance), in

agreement with the literature: Mohney et al. reported

greater deviation angle in congenital esotropes (35.4

PD) than in accommodative esotropes (27.7 PD) [31].

The ranges for pre-operative deviation angles of each

subgroup in our study were wide. This could be

explained by low pre-operative measurements due to

distance/near discrepancy, high or low AC/A ratio, or

re-operations for small residual angles.

Our overall success rate was 72.67% with no

significant differences between esotropes and exo-

tropes. This value is comparable with published

literature [5, 9–11]. A similar study reported surgical

success rate of 71.0% at 6 months, where surgical

success was similarly defined as a post-operative angle

of 12 PD or less [9]. Others reported variable success

rates of horizontal strabismus surgery ranging from

53.4% to 83% with post-operative success defined as

an angle of 10 PD or less [10]. Our surgical success

rate of intermittent exotropia was 73.07%, somehow

higher than similar literature where success rate varied

and was reported at 55% [18], 49.6% [17], 46.3% [13]

and 70.2% [13]. In partially accommodative and

congenital esotropia, our success rate values were at

78.33% and 66.67%, respectively. Kushner similarly

reported success rate of 86.4% in accommodative

esotropia [16]. Recently, a study addressing the

outcomes of esotropia surgery in 2 tertiary hospitals

in Cameroon unveiled a high success rate of 91.5% at

the end of 3 months [15]. A study from Saudi Arabia

reported ‘‘excellent’’ (less than 10 PD angle deviation)

outcomes in 70.7% of patients at their first follow-up

visit and 57.6% at their final visit [32]. With regards to

infantile esotropia, surgical success rates in existing

literature ranged from 83–94% in patients undergoing

early surgery (by 6 months of age) [14] to values as

low as 23% in those with a large angle of deviation

(C 55 PD) [22]. Twenty-eight of our 172 patients

(16.28%) patients required re-operation. A similar

value of 12.9% as the proportion of patients requiring

further surgery within one year was reported in the

study from Thailand [5]. Re-operation after esotropia

surgery is common in congenital ET where inferior

oblique overaction and dissociated vertical deviations

usually manifest in the second and third year of life

and require further eye muscle surgery [33]. Intermit-

tent exotropia is notorious for post-operative recur-

rence with studies showing recurrence rates ranging

from 21.3% and up to 50% in different cohorts

[17, 34–36].

In our cohort, esotropes had significantly poorer

stereoacuity on presentation and at their final visit

compared to the exotropes. Chen et al. similarly

reported that exotropes had better stereopsis pre-

operatively and post-operatively [10]. Patients with

the intermittent type invariably have a close to normal

stereoacuity, especially at near [37, 38]. The ocular

misalignment at near in this condition is usually well

controlled as compared to constant esotropes where

most of the time binocularity is disrupted even after

surgical motor re-alignment due to early disruption of

fusion [39]. The lack of significant improvement in

stereoacuity in both esotropes and exotropes may have

several causes. In the intermittent XT group, most of

the post-operative improvement is usually observed in

distance stereoacuity [40, 41]. Our study assessed only

near stereoacuity using the Titmus test which is

usually within normal for patients with intermittent

exotropia, especially the basic and divergence excess

types. Our cohort consisted mostly of basic type

intermittent XT. Later age at first surgery has been

associated with a poorer stereoacuity in infantile and

accommodative ET; and even after that, normal

stereoacuity was quite a rare outcome

[14, 39, 42, 43]. In the partially accommodative ET
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group, mean age at surgery in our cohort was

6.78 years ± 8.60; while that of congenital ET was

4.66 years ± 6.44.

We reported a significant increase in fusion capac-

ity in partially accommodative esotropia (for both

distance and near, p\ 0.001) and intermittent exo-

tropia (for near only, p = 0.049). Sharma et al. also

reported an increase in binocular single vision from

0% to 18.7% in esotropia and from 0% to 39.3% in

exotropia [29]. Chen et al. showed a general increase

in sensory fusion capacity in both esotropes and

exotropes up to a value of about 50% at the one-month

follow-up compared to 0% at presentation [10].

Similarly, Kampanartsanyakorn et al. reported almost

doubling of post-operative binocular function (from

22.6% to 40.5%) [5].

Our study revealed through multivariate logistic

regression that a younger age was predictive of

surgical success only in partially accommodative

esotropes, but not for congenital ET or intermittent

XT patients. It has been previously argued that ET

patients would profit more from early surgery than

exotropes, in terms of ocular alignment and binocular

sensory functions [10]. Similarly, an age below

6 years and a pre-operative deviation of less than 30

prism diopters were predictive of a good horizontal

strabismus surgery outcome [5]. Furthermore, esotro-

pia and the absence of amblyopia were also found to be

predictive of surgical success [11]; this was replicated

in our study in the partially accommodative esotropia

group. Poor compliance with prescribed treatment

post-operatively such as consistent wearing of glasses,

patching or atropine usage (when recommended) and

appropriate attendance of appointments had been

correlated with a poor surgical outcome for horizontal

strabismus surgeries [9]. Compliance could not be

recorded in our retrospective analysis.

Limitations of this study include its retrospective

nature and consequently having visits/charts with

missing data. A few patients were not included in the

visual acuity analysis due to their non-numerical

values (such as hand motion, central steady main-

tained and others). Furthermore, not all patients had

stereoacuity and sensory fusion assessment, possibly

due to young age or unavailability of the test. The

esotropia group had a younger mean age and hence

more preverbal children which sometimes precluded

numerical visual acuity, stereoacuity and sensory

fusion testing. The strengths of this study lie in the

fact that our chart review was comprehensive and

compared 3 subtypes of horizontal strabismus, in

addition to our moderate sample size of 172 patients

and longitudinal follow-up.

Conclusion

Our results showed that, at baseline, among horizontal

strabismus surgeries, esotropes (partially accommoda-

tive or congenital) presented earlier, with a higher

spherical equivalent (highest in partially accommoda-

tive) and a poorer stereoacuity than exotropes. They

also had a greater deviation angle (the congenital

subtype). The overall surgical success rate for hori-

zontal strabismus surgery was 72.67% with no signif-

icant differences between partially accommodative

esotropes, congenital esotropes and intermittent exo-

tropes. Sensory fusion significantly improved in the

partially accommodative ET group post-operatively

for both far and near; and for near only in the

intermittent XT group. A younger age at presentation

and absence of amblyopia were found to be positively

correlated with surgical success in the partially

accommodative esotropia group.
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