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ABSTRACT

Background

Infantile esotropia (IE) is the inward deviation of the eye. Various aspects of the clinical management of IE are unclear; mainly, the most
effective type of intervention and the age at intervention.

Objectives

To examine the effectiveness and optimal timing of surgical and non-surgical treatment options for IE to improve ocular alignment and
achieve or allow the development of binocular single vision.

Search methods

We searched CENTRAL, MEDLINE, Embase, one other database, and three trials registers (November 2021). We did not use any date or
language restrictions in the electronic searches for trials.

Selection criteria

We included randomized trials and quasi-randomized trials comparing any surgical or non-surgical intervention for IE.

Data collection and analysis

We used standard Cochrane methodology and graded the certainty of the body of evidence for six outcomes using the GRADE classification.

Main results

We included two studies with 234 children with IE. The first study enrolled 110 children (mean age 26.9 + 14.5 months) with an onset of
esotropia before six months of age, and large-angle IE defined as esotropia of = 40 prism diopters. It was conducted between 2015 and
2018 in a tertiary care hospital in South Africa. It compared a maximum of three botulinum toxin injections with surgical intervention of
bimedial rectus muscle recession, and children were followed for six months. There were limitations in study design and implementation;
the risk of bias was high, or we had some concerns for most domains.

Surgery may increase the incidence of treatment success, defined as orthophoria or residual esotropia of < 10 prism diopters, compared
with botulinum toxin injections, but the evidence was very uncertain (risk ratio (RR) of treatment success 1.88, 95% confidence interval
(C1) 1.27 to 2.77; 1 study, 101 participants; very low-certainty evidence). The results should be read with caution because 23 children with
> 60 prism diopters at baseline in the surgery arm also received botulinum toxin at the time of surgery to augment the recessions. There
was no evidence of an important difference between surgery and botulinum toxin injections for over-correction (> 10 prism diopters) of
deviation (RR 0.29, 95% CI 0.06 to 1.37; 1 study, 101 participants; very low-certainty evidence), or additional interventions required (RR
0.66, 95% CI 0.36 to 1.19; 1 study, 101 participants; very low-certainty evidence). No major complications of surgery were observed in the
surgery arm, while children experienced various complications in the botulinum toxin arm, including partial transient ptosis in 9 (16.7%)
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children, transient vertical deviation in 3 (5.6%) children, and consecutive exotropia in 13 (24.1%) children. No other outcome data for our
prespecified outcomes were reported.

The second study enrolled 124 children with onset of esotropia before one year of age in 12 university hospitals in Germany and the
Netherlands. It compared bilateral recession with unilateral recession surgeries, and followed children for three months postoperatively.
Very low-certainty evidence suggested that there was no evidence of an important difference between bilateral and unilateral surgeries in
the presence of binocular vision (numbers with event unclear, P = 0.35), and over-correction (RR of having exotropia 1.09, 95% Cl 0.45 to
2.63; 1 study, 118 participants). Dissociated vertical deviation, latent nystagmus, or both were observed in 8% to 21% of participants.

Authors' conclusions

Medial rectus recessions may increase the incidence of treatment success compared with botulinum toxin injections alone, but the
evidence was very uncertain. No evidence of important difference was found between bilateral surgery and unilateral surgery.

Due to insufficient evidence, it was not possible to resolve the controversies regarding type of surgery, non-surgical intervention, or age
of intervention in this review. There is clearly a need to conduct good quality trials in these areas to improve the evidence base for the
management of IE.

PLAIN LANGUAGE SUMMARY

Different treatments for an esotropia (eye turns inward) that occurs within the first six months of life
What is the aim of this review?

The purpose of this Cochrane Review was to find out whether any treatment (e.g. surgery or non-surgery) is better than another to treat
esotropia (eye turns inward) that occurs in children within the first six months of life. This condition is called infantile esotropia. We looked
for all relevant studies to answer this question, and found two.

What was studied in the review?

Infantile esotropia can affect the vision in the eye, the ability to use the two eyes together (binocularity), and can also be a cosmetic issue
to the child or parents. Treatment includes surgical and non-surgical treatments to reduce how much the eye turns in, and to improve
binocularity. Binocularity is the ability to focus on an object with both eyes and only see a single image. This review looked at different
treatments, and the timing of each treatment.

What are the main results of the review?

We found two relevant studies that enrolled a total of 234 children. One study was from South Africa (110 children). The children received
either surgery or botulinum toxin injections, and were followed in six months. Botulinum toxin is a toxin that is used in small amounts
to relax muscles, including those in the eyes. This study found that surgery may achieve better good eye alignment, with minimal risk,
compared with botulinum toxin injections. But we have very little confidence in the evidence, because we only had one study, with a small
number of children, and the study was not well-designed or conducted.

The other study enrolled 124 children in Germany and the Netherlands. It compared unilateral (i.e. one eye only) and bilateral (i.e. both
eyes) surgery. They found that there was no evidence of an important difference in how much the eye turned in or how many children were
able to use both eyes to focus on an object between these surgeries. But we have very little confidence in the evidence, because we only
had one study, with a small number of children, and the study was not well-designed or conducted.

Key messages
This review does not resolve the controversy regarding the best type of surgery, the value of non-surgical interventions, or the best age of
treatment. It highlights a need for further research in this area.

How up-to-date is this review?
Information specialist searched for studies that had been published up to 30 November 2021.
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SUMMARY OF FINDINGS

Summary of findings 1. Surgery versus botulinum neurotoxin injections

Surgery compared with botulinum toxin injections in children with infantile esotropia

Patient or population: children with infantile esotropia
Settings: tertiary care, single center
Intervention: surgery

Comparison: botulinum toxin injections

Outcomes Illustrative comparative risks* Relative effect  No. of partici- Certainty of Comments
(95% Cl) (95% Cl) pants the evidence
(studies) (GRADE)

Assumed risk Corresponding
risk

Botulinum tox-  Surgery

in injections
Treatment success: im- 370 per 1000 696 per 1000 RR 1.88 101 ®EOO 23 children (48.9%) in the surgery arm, who
provement in the an- Very lowa,b had > 60 prism diopters at baseline, also re-
gle of strabismus at 6 (470 to 1000) (95%CI1.27t0 (1) ceived botulinum toxin intraoperatively.
months 2.77)
Presence and quali- No outcome data available for this outcome - - -
ty of binocularity at 6
months
Adverse effects (se- See comments 101 OO Reported in botulinum toxin arm: partial tran-
vere, minor) in 6 Very lowa,b sient ptosis in 9 (16.7%) children, transient ver-
months (1) tical deviation in 3 (5.6%) children, and consec-

utive exotropia in 13 (24.1%) children

*The assumed risk is based on the estimate (proportion of participants with the case) in the control group. The corresponding risk (and its 95% confidence interval) is
based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% ClI).
Cl: confidence interval; RR: risk ratio

GRADE Working Group grades of evidence

High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.
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Moderate certainty: we are moderately confident in the effect estimate; the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is

substantially different.

Low certainty: our confidence in the effect estimate is limited; the true effect may be substantially different from the estimate of the effect.
Very low certainty: we have very little confidence in the effect estimate; the true effect is likely to be substantially different from the estimate of effect.

aDowngraded one level for study limitations due to high risk of bias in the randomization process, deviations from intended interventions, and missing outcome data
bDowngraded two levels for imprecision of results

Summary of findings 2. Bilateral recession versus unilateral recession-resection

Bilateral recession compared with unilateral recession-resection in children with infantile esotropia

Patient or population: children with infantile esotropia

Settings: 12 university hospitals

Intervention: bilateral recession

Comparison: unilateral recession-resection

Outcomes Illustrative comparative risks* Relative effect  No. of partici- Certainty of Comments
(95% ClI) (95% ClI) pants the evidence
(studies) (GRADE)
Assumed risk Corresponding
risk
Unilateral re- Bilateral reces-
cession-resec-  sion
tion
Treatment success: im-  See comments 118 000 Latent angle:
provement in the an- Very lowa,b
gle of strabismus at 6 (1) at distance (MD —0.60 degree, 95% CI -2.17 to
months 0.97);
at near (MD 0.20, 95% Cl -1.41to 1.81) at 3
months postoperatively
Presence and quali- See comments Unknown BEOO Presence of binocular vision: 41.1% in the bilat-
ty of binocularity at 6 Very lowa,b eral group and 35.7% in the unilateral group (P
months (1) =0.35)
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Adverse effects (se- See comments 118 OO Dissociated vertical deviation 10 cases (8.1%),
vere, minor) at 6 Very lowa,b latent nystagmus 26 cases (21.0%), a combina-
months (1) tion of both 19 cases (15.3%)

*The assumed risk is based on the estimate (proportion of participants with the case) in the control group. The corresponding risk (and its 95% confidence interval) is
based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% ClI).
Cl: confidence interval; MD: mean difference

GRADE Working Group grades of evidence

High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.

Moderate certainty: we are moderately confident in the effect estimate; the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different.

Low certainty: our confidence in the effect estimate is limited; the true effect may be substantially different from the estimate of the effect.

Very low certainty: we have very little confidence in the effect estimate; the true effect is likely to be substantially different from the estimate of effect.

aDowngraded one level for study limitations, due to some concerns of risk of bias in randomization process and the reported result
bDowngraded two levels for imprecision of results
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BACKGROUND

Strabismus (squint) is a misalignment of the eyes in which the visual
axes deviate from bifoveal fixation (RCO 2012). It can be subdivided
into esotropia (inward deviation), exotropia (outward deviation)
or, less commonly, hypertropia (upward deviation), hypotropia
(downward deviation) and cyclotropia (torsional deviations -
inwards, incyclotorsion or out outwards, excyclotorsion). This
review specifically looks at infantile esotropia (IE). Other terms
that have been used to describe this condition include congenital
esotropia and essential infantile esotropia.

Strabismus is present in approximately 4% of children (Vaughan
1998). The reported incidence of infantile esotropia within the
first six months of life varies between 0.1% (Nixon 1985) and 1%
(Friedman 1980).

Description of the condition

Infantile esotropia (IE) is a large, constant, stable angle esotropia
(the angle indicates the degree/size of the deviation), with an onset
within the first six months of life (Kommerell 1988).

Features associated with IE include:

« alternating esotropia (fixation can switch from one eye to the
other);

« cross-fixation: taking advantage of the crossed position of the
eyes so that the right eye is used to look towards the left and the
left eye to look towards the right. This can be associated with
the appearance of limited abduction (outward movement) of the
other eye;

« manifest-latent nystagmus: oscillation of the eyes, which
increases when either eye is covered;

« asymmetry of optokinetic nystagmus: a following movement
followed by a rapid fixation movement in the opposite direction.
This can be demonstrated by using a rotating, striped drum;

« over-acting inferior obliques: one of six muscles that move each
eye. This usually occurs bilaterally (in either eye) but can be
asymmetric, leading to the development of a hypertropia in
one or more positions of gaze (most prominent in adduction -
inward movement of the eye);

« dissociated vertical deviation (DVD): where either eye elevates,
resulting in a hypertropia when the amount of light entering it
is reduced (Calcutt 1993). This can also occur during a period of
inattention or fatigue, and can contribute to the hypertropia in
adduction, since the nose can act as an occluder to the image
being viewed;

« refractive error (focusing error) within normal limits;

« suppression: resulting in absence of binocular single vision
(BSV) - the simultaneous use of the two eyes to give a single 3-
dimensional image.

« lossorreduction of stereopsis: a loss of depth perception related
to loss of fusion with an ocular deviation.

Significant amblyopia (a reduction in vision) is rare (Ansons
2001). The main reason for presentation of children with infantile
esotropia is usually parental awareness of unacceptable ocular
misalignment.

Description of the intervention

Surgery to correct the esotropia involves adjusting the horizontally
acting extraocular muscles, and can be divided into three types:

1. unilateral surgery: weakening, usually recession, of the medial
rectus, which is responsible for pulling the eye in; and resection
(strengthening) of the lateral rectus, which is responsible for pulling
the eye out;

2. bilateral surgery: the medial rectus is weakened in both eyes;

3. three or more muscle surgery (horizontal): a combination of
recessions and resections.

Surgical adjustment of the vertically acting muscles may also be
undertaken to correct any significant hypertropia:

1. weakening of the inferior oblique muscle responsible for pulling
the eye up in adduction;

2. weakening of the superior rectus, responsible for pulling the eye
up in abduction, adduction, and in the primary (straight ahead)
position.

The age at which surgery is performed can vary, and authors have
used various terms to describe the timing of surgery. For example,
'ultra early’ has been used to describe surgical intervention
between four and six months (Helveston 1990), 'early' to describe
surgery before the age of two years, and 'late’ to describe surgery
after the age of two.

The main form of non-surgical management in IE is botulinum
toxin. This drug comes from a bacterium called Clostridium
botulinum, which produces toxins that can be used to block muscle
contractions. The type of toxin most commonly used for injection
into muscles is botulinum toxin A (Scott 1980). The toxin is injected
into the medial recti to temporarily paralyze the muscles and
weaken their action, allowing the antagonist muscles (the lateral
recti) to act unopposed. When the paralytic effect wears off after
several months, the alignment may be improved. Another non-
surgical treatment that has been proposed is vision therapy,
also referred to as vision training or eye exercises. This is a set
of individualized, non-invasive, therapeutic procedures that are
intended to improve the effects of various eye conditions, ranging
from strabismic to non-strabismic binocular vision disorders.

How the intervention might work

Treatment of infantile esotropia aims to improve ocular
misalignment. However, another important issue to consider is
whether such treatment facilitates and enhances the development
of binocular vision. Therefore, there are two aims of intervention:

1. to align the visual axes;

2. to optimize the potential for binocularity. Many authorities
believe that alignment to within 10 diopters of orthotropia (straight
eyes) by two years of age offers the best prospect for the
development of binocular vision (Ing 1980).

Management of the strabismus may be surgical, non-surgical, or
a combination of both. As with other forms of strabismus, it is
important to treat any amblyopia or significant refractive error
when they exist, but as stated, these are unusual findings in this
condition.

Interventions for infantile esotropia (Review)
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Why it is important to do this review

Although a variety of treatment options and strategies are
available, clinical guidelines regarding the most effective treatment
or age for treatment in IE remain unclear. Therefore, the current
evidence on these issues should be systematically evaluated to
inform evidence-based practices for ophthalmologists, orthoptists,
optometrists, and children with IE (and their parents).

OBJECTIVES

To examine the effectiveness and optimal timing of surgical
and non-surgical treatment options for infantile esotropia to
improve ocular alignment and achieve or allow the development of
binocular single vision.

METHODS

Criteria for considering studies for this review
Types of studies

We included randomized and quasi-randomized trials that met our
inclusion criteria. We provided a narrative summary for relevant,
non-randomized studies in the Discussion.

Types of participants

Participants in the trials were children with infantile esotropia (IE).
Participants could have received any treatment for refractive error
and amblyopia, but we excluded studies in which participants
received prior treatment (surgical or non-surgical) for the IE. We
considered studies in which only subsets of participants were
relevant to this review if outcome data were separately reported for
these participants, but did not identify such studies.

Types of interventions

We looked at both surgical and non-surgical interventions. We
examined the following comparisons:

1. Surgical
a. any surgical intervention versus observation alone;

b. any surgical intervention versus botulinum toxin;
c. unilateral versus bilateral surgery;
d. two-muscle versus three- or four-muscle surgery.

2. Non-surgical
a. botulinum toxin versus observation alone;

b. botulinum pre-surgical treatment versus surgery alone.

3. Mixed
a. vision therapy versus surgical intervention or nonsurgical
intervention, such as botulinum toxin.

Types of outcome measures

We did not exclude studies solely because there were no outcome
data available.

Critical outcomes

1. Proportion of participants with treatment success: improvement in
the angle of strabismus

Angle at near (and distance if possible), measured by prism
cover test, prism reflections, or synoptophore. Measures within 10

diopters (+) of orthotropia at six months follow-up were considered
to be treatment success.

2. Proportion of participants with binocular vision: presence and
quality of binocularity

A wide range of tests exist to diagnose the presence and the
quality of binocular vision; a measurement of stereoacuity is
considered the 'gold standard". Certain stereopsis exams may not
be undertaken in a certain age group. In this review, all binocular
vision test results at six months follow-up were considered, but
were graded into (1) stereoacuity tests; (2) motor fusion, and (3)
simultaneous perception.

Other important outcomes

1. Proportion of participants with over-correction (> 10 prism
diopters) of deviation

« (i.e. resultant exodeviation) at six months after treatment

2. Proportion of participants with under-correction (< 10 prism
diopters) of deviation

« (i.e.residual esodeviation) at six months after treatment

3. Number of additional interventions required

« during study period of six months

4. Quality of life measures

We documented any measures of participant or parent/guardian
satisfaction or quality of life at six months after treatment.

5. Adverse effects (severe, minor)

We summarized the reported adverse effects of the various
interventions, such as effects from surgery (e.g. anterior segment
ischemia, conjunctival scarring, inflammation, etc.), or from
botulinum toxin injections (e.g. spread of toxin to nearby muscles
causing ptosis), and development of amblyopia. These were
classified as major (requiring further intervention), and minor
(requiring no further intervention). We reported adverse effects
as described by study investigators at the longest follow-up time
point.

Follow-up

We reported the outcome data at six months. When a study did
not report outcomes at six months, we considered the outcomes
closest to six months, or at the end of study period.

Search methods for identification of studies
Electronic searches

We did not use any date or language restrictions in the following
electronic searches for trials.

1. Cochrane Central Register of Controlled Trials (CENTRAL; 2021,
Issue 11) in the Cochrane Library (www.thecochranelibrary.com;
searched 30 November 2021; Appendix 1);

2. MEDLINE Ovid, MEDLINE Ovid In-Process and Other Non-
Indexed Citations, MEDLINE Ovid Daily, OLDMEDLINE Ovid
(January 1950 to 30 November 2021; Appendix 2);

3. Embase Ovid (January 1980 to 30 November 2021; Appendix 3);

4, LILACS (Latin American and Caribbean Literature on Health
Sciences; January 1982 to 30 November 2021; Appendix 4);
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5. metaRegister of Controlled Trials (mRCT; www.controlled-
trials.com; 30 November 2021; Appendix 5);

6. US National Institutes of Health Ongoing Trials
Register ClinicalTrials.gov (www.clinicaltrials.gov; searched 30
November 2021; Appendix 6);

7. World Health Organization International Clinical Trials Registry
Platform (ICTRP; www.who.int/ictrp/search/en; searched 30
November 2021; Appendix 7).

Searching other resources

We searched the reference lists of the included studies. We did
not contact individuals or organizations in this field for this review
update, to inquire about potentially eligible studies.

Data collection and analysis
Selection of studies

Two review authors independently screened the titles and
abstracts retrieved from the database searches, using the web-
based software, Covidence. We obtained full text copies of
potentially relevant trials. Two review authors independently
assessed the full-text copies for eligibility according to the Criteria
for considering studies for this review. We resolved disagreements
by discussion at any stage. If a trial was incomplete, methodology
was unclear, or the data were not published, we attempted to
contact the trial investigators.

Data extraction and management

Details were extracted from studies on the following:

1. Methods: method of randomization, allocation concealment,
masking, and losses to follow up

2. Participants: age, previous treatment, presence of co-existing
ocular disease

3. Interventions: technique used, length of follow-up

4. Outcomes: difference between intended and actual ocular
alignment; minimum six months; presence and quality of
binocularity

5. Adverse events and quality of life measures

The two review authors independently extracted data for the
primary and secondary outcomes onto paper data collections
forms developed by Cochrane Eyes and Vision (CEV). Discrepancies
were resolved by discussion. We contacted primary investigators
for missing data.

One author entered all data into RevMan Web (RevMan Web 2022).
Another author independently reviewed the data, to check for
inaccuracies.

Assessment of risk of bias in included studies

Two review authors independently assessed the risk of bias, using
the RoB 2 tool, following the guidance in Chapter 8 of the Cochrane
Handbook for Systematic Reviews of Interventions (Higgins 2022).

We considered the following domains of bias:

« bias arising from the randomization process;

« bias due to deviations from intended interventions;
« bias due to missing outcome data;

« biasin measurement of the outcome;

« biasin selection of the reported result.

We judged the risk of bias for critical outcomes and adverse
effects as three categories: low risk of bias, high risk of bias,
or some concerns. We followed the recommended algorithms to
reach an overall risk of bias assessment for each trial. We resolved
any discrepancies between review authors by discussion. The
consensus decisions for the signaling questions are available upon
request.

Measures of treatment effect

We used the risk ratio for dichotomous data (e.g. proportion of
participants who achieved alignment within 10 prism diopters of
orthotropia), and planned to use mean difference, or standardized
mean difference for continuous data when different but similar
instruments were used.

Unit of analysis issues

We did not find any unit of analysis issue in this review update.

In the future updates, we will apply the following classification.
Trials may randomize one or both eyes to the intervention or
comparator. If participants are randomly allocated to treatment,
but only one eye per participant is included in the trial, then there
is no unit of analysis issue. In these cases, we plan to document
how the eye was selected. If participants are randomly allocated
to treatment, but both eyes are included and reported, we plan to
analyze as clustered data, i.e. adjust for within-person correlation. If
the study is a within-person study, i.e. one eyeisrandomly allocated
to intervention and the other eye receives the comparator, then we
planto analyze as paired data. We will contact the trial investigators
for further information if needed.

Dealing with missing data

We used available case analyses provided in the study.

In future updates, we will use imputed data if they are computed
by the trial investigators using an appropriate method, but will not
impute missing data ourselves. If ITT data are not available, we
will undertake an available case analysis. This assumes that data
are missing at random. We will assess whether this assumption
is reasonable, by collecting data from each included trial on the
number of participants excluded or lost to follow-up, and reasons
for loss to follow-up by treatment group, if reported.

Assessment of heterogeneity

We examined the overall characteristics of the studies, in particular,
the type of participants and types of interventions, to assess the
extent to which the studies were similar enough to make combining
study results sensible.

In the future updates, we will also examine the forest plots of
study results to see how consistent the results of the studies are, in
particular, we will consider the size and direction of effects.

Because we included only one study in each analysis, we did not
calculate the 12 statistic, which is the percentage of the variability
in effect estimates due to heterogeneity, rather than sampling error
(chance). We will interpret the 12 statistic as follows:

1. 0% to 40%: might not be important;
2. 30% to 60%: may represent moderate heterogeneity;
3. 50% to 90%: may represent substantial heterogeneity;
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4. 75% to 100%: considerable heterogeneity.

We will consider that the observed value of 12 depends on the (1)
magnitude and direction of effects, and (2) strength of evidence
for heterogeneity (e.g. P value from the Chi2 test, or a confidence
interval for 12); uncertainty in the value of 12 is substantial when the
number of studies is small (Higgins 2022).

Assessment of reporting biases

We assessed selective or incomplete outcome reporting by
comparing the outcomes reported in the final report with those
specified in the protocol or clinical register. See Assessment of risk
of bias in included studies.

Since we did not perform any meta-analyses, we did not construct
funnel plots or consider tests for asymmetry for assessment
of publication bias, according to Chapter 13 of the Cochrane
Handbook (Page 2022).

Data synthesis

We did not conduct any meta-analyses, but for future updates, we
plan to undertake data analysis according to Chapter 10 of the
Cochrane Handbook for Systematic Reviews of Interventions (Deeks
2022). We planned to summarize the data from studies collecting
comparable outcome measures with similar follow-up times.

We will pool data using a random-effects model in RevMan Web
2022. If data are sparse (e.g. fewer than three small trials), we will
use a fixed-effect model, which will provide a more robust estimate
of effect in the case of sparse data.

If there is inconsistency between individual study results, such that
a pooled result may not be a good summary of the individual trial
results (e.g. the effects are in different directions or I* > 75% and
P < 0.1), we will not combine the data. Instead, we will present a
narrative summary to describe the pattern of the individual study
results (Deeks 2022).

If there is statistical heterogeneity, but all the effect estimates are
in the same direction, such that a pooled estimate may seem to

provide a good summary of the individual trial results, we may pool
the data.

Subgroup analysis and investigation of heterogeneity

We conducted a subgroup analysis based on the degree of
esotropia at baseline (e.g. < 60 prism diopters versus > 60 prism
diopters).

If there are sufficient trials in future updates, we will also compare
the effect of treatment on critical outcomes in the following
subgroups: early (6 to 12 months) versus late treatment (after 12
months).

Sensitivity analysis

We did not conduct sensitivity analyses on critical outcomes to
examine the robustness of excluding the following studies because
we only included one study in each analysis:

1. Studies at overall high risk of bias

Summary of findings and assessment of the certainty of the
evidence

We prepared summary of findings tables for critical outcomes and
safety outcomes (i.e. adverse effects). Two authors independently
graded the overall certainty of the evidence for each outcome
as one of four levels (high, moderate, low, or very low),
using the GRADE classification (www.gradeworkinggroup.org/). We
downgraded the certainty of the body of evidence if we identify any
of the following issues.

High risk of bias among included studies

Indirectness of evidence

Unexplained heterogeneity or inconsistency of results
Imprecision of results (i.e. wide Cls)

High likelihood of publication bias

o e

RESULTS

Description of studies

A study selection flow diagram is shown in Figure 1.
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Results of the search

The detailed results of the original searches were described in the
previously published version of this review (Elliott 2013). Briefly,
the authors of the previous version of the review did not identify
any relevant randomized controlled trials (RCT), and excluded
six studies (six reports) after full-text screening. The June 2013
database searches identified 970 records.

We updated the database searches on 30 November 2021. Of
544 records identified, the CEV Information Specialist removed
459 records because they were duplicates, or irrelevant to the
scope of the review, yielding 85 unique records. We screened 85
records of titles and abstracts; nine of which we retrieved full-
text reports for further review. We identified two eligible studies
(two records), listed one study (one record) as ongoing, and
excluded the remaining six studies (six records). One ongoing study
comparing botulinum toxin injection plus strabismus surgery with
strabismus surgery alone started in 2018 and plans to enroll 140
participants with infantile esotropia (IE) in France and Switzerland
(NCT03459092).

Included studies

We included two studies, in which a total of 234 children with IE
were enrolled.

One RCT, conducted in 12 university hospitals in Germany and
the Netherlands, compared bilateral recession with unilateral
recession-resection in children (mean age 5.8 years) with an onset
of esotropia before one year of age (Polling 2009). One hundred and
twenty-four children were enrolled over 48 months; 118 of whom
were followed until three months after surgery. This study excluded
children with an angle of strabismus larger than 24 degrees or
smaller than 10 degrees; any binocular vision; and significant
convergence excess, with an angle of strabismus at near fixation
more than 1.5 times as large as the angle at distance fixation. The
study was funded by the Netherlands Society for Prevention of
Blindness, Haags Oogheelkundig Fonds, Stichting Blindenhulp and
the Rotterdamse Vereniging Blindenbelangen.

The other included study was conducted between January 2015
and January 2018 in a tertiary care hospital in South Africa (Mayet
2021).One hundred and ten children (mean age 26.9 + 14.5 months)
with an onset of esotropia before six months of age, and large-angle
IE, defined as esotropia of = 40 prism diopters, were assigned to
receive either a maximum of three botulinum toxin injections, or
surgical intervention of bimedial rectus muscle recession (Mayet
2021). Although study investigators described the study design as a
RCT, it was a quasi-randomized trial, as odd or even numbers were
used for allocation. Fifty-four (98.2%) participants in the botulinum
toxin arm and 47 (85.5%) participants in the surgery arm completed
the 24-week follow-up. Twenty-one children in the botulinum toxin
arm, who did not respond after three injections, were offered
surgery after a stable angle measurement on two consecutive visits
(one month apart). Twelve children in the surgical arm who did
not respond after six weeks received botulinum toxin injections,
and four of them were offered additional surgery. The surgery
arm was further complicated by the inclusion of two subgroups;
children with < 60 prism diopters at baseline received bilateral
medial rectus recessions alone, while children with > 60 prism
diopters also received botulinum toxin at the time of surgery to
augment the recessions. The study was funded by the Anglo-
American Chairman’s Fund.

The detailed information of these studies is shown

in the Characteristics of included studies table.

Excluded studies

We excluded twelve studies after screening full-text reports. We
excluded five studies because they were not RCTs, and excluded
one study in which participants acquired esotropia after one
year of age. We excluded the remaining six studies because their
intervention or comparator was irrelevant to this review. We
provide the detailed reasons for exclusion in the Characteristics of
excluded studies table.

Risk of bias in included studies

We assessed the following domains of risk of bias by using RoB
2 tool for the critical outcomes and safety outcome (i.e. adverse
effects) presented in Summary of findings 1; Summary of findings
2.

Bias arising from the randomization process

Although baseline characteristics were comparable between
intervention groups in Mayet 2021, the sequence to allocate
the participants was generated by odd or even numbers. Thus,
we judged this study at high risk of bias for this domain.
Permuted block randomization was used to allocate participants,
and participant characteristics were comparable at baseline
in Polling 2009. The study did not explain how allocation sequence
was concealed until participants were enrolled and assigned to
interventions. We judged the study as having some concerns for this
domain.

Bias due to deviations from intended interventions

Study personnel and participants could not be masked due to the
nature of intervention in both studies. In one study (Polling 2009),
there was no other deviation from intended intervention observed
(low risk of bias). We judged Mayet 2021 as having some concerns
for this domain because data analysis was restricted to children
who were followed up for at least 24 weeks after the last procedure.

Bias due to missing outcome data

The outcome data for one randomized participant (1.8%) in the
botulinum toxin arm, and eight randomized participants in the
surgery arm (14.5%) were not included in the final analysis in Mayet
2021. The reasons for loss to follow-up or exclusion were not
fully described. We judged the study at high risk of bias for this
domain. Outcome data were reported for nearly all children (95.2%)
in Polling 2009; we judged this study at low risk of bias.

Bias in measurement of the outcome

Complete response (i.e. treatment success) was defined as
orthophoria or residual esotropia of < 10 prism diopters in Mayet
2021. Binocular vision was examined at near and distance fixation,
using Bagolini striated glasses in Polling 2009. Although both
articles failed to describe whether outcome assessors were
masked, the outcome data were unlikely to be influenced by
knowledge of intervention received. We judged these studies at low
risk of bias for this domain.
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Bias in selection of the reported result

Protocol, trial register, or prespecified analysis plan was not
publicly available for either study. We judged both studies as having
some concerns for this domain.

Effects of interventions

See: Summary of findings 1 Surgery versus botulinum neurotoxin
injections; Summary of findings 2 Bilateral recession versus
unilateral recession-resection

Surgery versus botulinum neurotoxin injections
Critical outcomes

Proportion of participants with treatment success: improvement in
the angle of strabismus

One study that randomized 110 children (55 children each group)
suggested that surgery may increase the incidence of treatment
success compared with botulinum toxin injection, but the evidence
was very uncertain (Mayet 2021). Thirty-three (70.2%) children in
the surgery arm and 20 (37%) children in the botulinum toxin arm
achieved treatment success, defined as orthophoria or residual
esotropia of < 10 prism diopters (risk ratio (RR) of treatment success
1.88,95% CI 1.27 to 2.77; 101 participants; Analysis 1.1). The results
should be read with caution because 23 children (48.9%) in the
surgery arm, who had > 60 prism diopters at baseline, also received
botulinum toxin intraoperatively. We also undertook a subgroup
analysis based on the degree of esotropia at baseline. In children
with < 60 prism diopters at baseline, the RR of treatment success
comparing botulinum toxin with surgery alone was 1.42 (95% ClI
0.89 to 2.25, 50 participants), indicating there was no evidence of
an important difference between interventions. In children with >
60 prism diopters at baseline, botulinum toxin alone may increase
the incidence of treatment success compared with surgery plus
botulinum toxin (RR 2.78, 95% Cl 1.39 to 5.58; 51 participants).

Mayet 2021 also reported that of the 20 children who achieved
complete success in the botulinum toxin arm, 11 (55%) children
achieved this with one injection, 5 (25%) after the second injection,
and 4 (20%) after the third injection.

We judged the certainty of evidence as very low for this outcome,
downgrading one level due to high risk of bias, and two levels due
to imprecision of results.

Proportion of participants with binocular vision: presence and quality
of binocularity

The included studies did not measure this outcome.

Other important outcomes

Proportion of participants with over-correction (> 10 prism diopters)
of deviation

Of the 13 (24.1%) children who initially had an over-correction with
exotropia in the botulinum toxin arm, seven achieved complete
success in Mayet 2021. Thus, six children had over-correction at
the end of follow-up. Two children in the surgery arm had over-
correction. Surgery may have little to no effect on over-correction
compared with botulinum toxin injections (RR 0.29, 95% Cl 0.06 to
1.37; 101 participants; Analysis 1.2).

We judged the certainty of evidence as very low for this outcome,
downgrading one level due to high risk of bias, and two levels due
to imprecision of results.

Proportion of participants with under-correction (< 10 prism diopters)
of deviation

The included studies did not examine this outcome.

Number of additional interventions required

Mayet 2021 did not report the number of additional interventions
required, but they reported the proportion of participants who
underwent additional interventions.

In the surgery arm, 12 children received 3 U of botulinum toxin as
a second procedure after surgery. Eight of the 12 children achieved
complete response, while 4 children needed additional surgery.
Twenty-one children in the botulinum toxin arm underwent
subsequent surgery. Eleven of the 21 children achieved treatment
success, and 2 achieved partial success (i.e. residual esotropia > 10
prism diopters), at 24-weeks post-surgery. The risk ratio of having
any additional interventions was 0.66 (95% Cl 0.36 to 1.19; 101
participants; Analysis 1.3), suggesting there was no evidence of an
important difference between two arms.

We judged the certainty of evidence as very low for this outcome,
downgrading one level due to high risk of bias, and two levels due
to imprecision of results.

Quality of life measures

The included studies did not examine this outcome.

Adverse effects (severe, minor)

Mayet 2021 did not observe any cases of globe perforation,
infections, or chemosis following botulinum toxin injections. Other
complicationsin the botulinum toxin armincluded partial transient
ptosis in 9 (16.7%) children, transient vertical deviation in 3
(5.6%) children, and consecutive exotropia in 13 (24.1%) children.
In the surgical arm, the study authors reported there were no
major complications of surgery (e.g slipped or lost muscles, globe
perforation, or anesthetic-related issues).

We judged the certainty of evidence as very low for this outcome,
downgrading one level due to high risk of bias, and two levels due
to imprecision of results.

Bilateral recession versus unilateral recession-resection
Critical outcomes

Proportion of participants with treatment success: improvement in
the angle of strabismus

Polling 2009 randomized 118 children to either the bilateral group
(60 children) or to the unilateral group (58 children). They did not
report the proportion of children with treatment success. They
reported the mean latent angle at a distance and near. There
was no evidence of an important difference in latent angle at
a distance (mean difference (MD) -0.60 degree, 95% Cl -2.17 to
0.97, 118 participants), or near (MD 0.20, 95% CI -1.41 to 1.81;
118 participants) at three months postoperatively, between those
receiving bilateral and unilateral surgeries (Analysis 2.1).
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We judged the certainty of evidence as very low for this outcome,
downgrading one level due to high risk of bias, and two levels due
to imprecision of results.

Proportion of participants with binocular vision: presence and quality
of binocularity

Polling 2009 reported that they found postoperative binocular
vision, measured with Bagolini striated glasses, in 41.1% of the
bilateral recession group, and 35.7% of the unilateral recession-
resection group (numbers with the event were not explicitly
reported; P =0.35).

We judged the certainty of evidence as very low for this outcome,
downgrading one level due to risk of bias, and two levels due to
imprecision of results.

Other important outcomes

Proportion of participants with over-correction (> 10 prism diopters)
of deviation

In Polling 2009, nine children treated with bilateral recession,
and eight children treated with unilateral recession-resection
experienced an exotropia three months postoperatively (RR 1.09,
95% Cl 0.45 to 2.63; 118 participants; Analysis 2.2).

We judged the certainty of evidence as very low for this outcome,
downgrading one level due to high risk of bias, and two levels due
to imprecision of results.

Proportion of participants with under-correction (< 10 prism diopters)
of deviation

The included studies did not examine this outcome.

Number of additional interventions required

The included studies did not measure this outcome.

Quality of life measures

The included studies did not examine this outcome.

Adverse effects (severe, minor)

Polling 2009 reported that there was no difference in incomitance
of the angle of strabismus between the two arms; traction and
scarring of the conjunctiva overlying the resected lateral rectus
muscle were not reported as complaints.

We judged the certainty of evidence as very low for this outcome,
downgrading one level due to high risk of bias, and two levels due
to imprecision of results.

DISCUSSION

Summary of main results

In this review update, we identified two eligible studies, which
enrolled 234 children with infantile esotropia (IE). One study
compared botulinum toxin injections with bimedial rectus muscle
recession, with a 24-week post-surgery follow-up. Surgery may
increase the incidence of treatment success compared with
botulinum toxin injections, but the evidence was very uncertain,
due to a small sample size and limitations of the study design and
implementation. The evidence was also inconclusive for the risk
of over-correction and the need of additional surgery. No other
outcome data for our prespecified outcomes were reported. There

were no major complications in either arm, but children who were
assigned to the botulinum toxin injection arm appeared to have
more complications.

Another study compared bilateral recession with unilateral
recession-resection, and followed children for three months
postoperatively. There was no evidence of an important difference
in latent angle at a distance or near, presence of binocular vision, or
over-correction. Concurrent dissociated vertical deviation, latent
nystagmus, or both, were observed in 8% to 21% of the population
in this study.

Overall completeness and applicability of evidence

The overall completeness and applicability of the evidence to
address all the objectives in this review are low. We identified only
two relevant studies for this review, with relatively small sample
sizes. Therefore, the evidence found for this review update may not
be generalizable regarding interventions for IE.

Quality of the evidence

We graded the certainty of the body of evidence for all reported
outcomes as very low, due to high risk of bias and imprecision of
results.

There were limitations in study design and implementation in the
included studies. In Mayet 2021, we assessed two domains in RoB
2 at high risk of bias. The certainty of the body of evidence was
downgraded for imprecision of results because we only included
two studies with relatively small sample size in this systematic
review.

Potential biases in the review process

We followed the standard processes required by Cochrane to
minimize bias, and MECIR reporting standards in conducting this
review update (editorial-unit.cochrane.org/mecir). An information
specialist performed highly sensitive searches to identify studies.
None of the review authors have any financial conflicts of interest.

Agreements and disagreements with other studies or
reviews

The aims and outcomes of treatment are to improve ocular
alignment and achieve some degree of binocularity. Most authors
agree about the ocular alignment and aim for alignment within
10 prism diopters of orthotropia. However, claims of positive
demonstrable binocularity after intervention vary widely. This is
most likely due to the methods used to assess and confirm the
presence of binocularity, and the fact that claims and definition
of positive stereopsis and of binocular vision can vary. The early
versus late infantile strabismus surgery (ELISS) study used the
term 'gross' stereopsis or binocularity, and reported a variety
of different tests to measure stereopsis (e.g. Bagolini lenses,
Housefly, Titmus, Lang Test, TNO); very few participants in either
arm of this trial actually achieved better than this level, i.e.
good quality binocularity (Simonsz 2010). Polling's study defined
positive binocularity by the presence of a Bagolini cross, i.e. the
lowest grade of binocular vision possible. One included study in this
review did not examine binocularity as an outcome.

Abrief summary of findings from a selection of the current literature
on each of the outcome measures is given below.
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Surgical interventions

Authors have found that a constant esotropia of > 40 prism
diopters in children aged two months to four months either did
not spontaneously resolve (Birch 1998), or had a low likelihood of
doing so (PEDIG 2002). In 1976, Arnoult and colleagues looked at
two groups of children retrospectively; group 1 had all undergone
bimedial recessions, group 2 had undergone unilateral surgery
(resection of the lateral rectus and recession of the medial rectus
[Arnoult 1976]). Although no statistical analysis was documented in
this study, the authors concluded that the average postoperative
angle of each group was found to be the same, which is in
agreement with the findings in Polling 2009.

Although we did not include them in this review update
due to different scopes of the review, we identified four
randomized controlled trials (RCT) comparing different surgical
techniques. Badawi 2014 compared bilateral medial rectus
recession with bilateral Y-split recession of medial recti muscles in
30 children with large-angle IE. Ten children (67%) who underwent
bilateral medial rectus recession, and eleven children (73%) who
underwent Y-splitting technique showed satisfactory results (i.e.
orthotropic or residual angles < 15 prism diopters) at the end of six-
month follow-up. In another RCT, Badawi and colleagues compared
Y-split recession with Decker’s Faden techniques of medial rectus
muscles in 50 children with IE (Badawi 2018). All children remained
within the satisfactory range at six months. Sixty children with
convergence excess esotropia or variable-angle IE were randomly
allocated to either augmented medial rectus muscle recession or
medial rectus muscle pulley posterior fixation in Fouad 2016. The
authors reported that more children (70%) in the pulley group had
successful results than children (40%) in the augmented group (P =
0.037). The fourth RCT compared bimedial rectus muscle recession
(7 mm to 8 mm) and bimedial rectus muscle elongation (6.5 mm
to 9 mm) in 24 children with large-angle IE (= 70 prism diopters
[Ghali 2017]). The study concluded that bimedial rectus muscle
elongation is more effective than bimedial rectus muscle recession
to treat large-angle IE, despite a higher level of technical difficulty.

Optometric clinical practice guidelines similarly state that surgical
ocular alignment should be considered when the esotropia is large
and nonaccommodative (AOA 2010). As such, most authors agree
that some form of surgical intervention is necessary to treat IE.

Non-surgical interventions

In 2010, a single-center, prospective, non-randomized study
concluded that surgery was more successful than botulinum toxin
in the treatment of large-angle IE; however, in smaller-angle
esotropia (< 30 prism diopters to 35 prism diopters), it was found
to be comparable to surgery (de Alba Campomanes 2010). Gursoy
2012 found that there was no difference in binocular alignment with
botulinum toxin versus surgery, and proposed that botulinum toxin
may be considered a primary treatment for IE.

Botulinum toxin has also been used in addition to surgery, i.e. to
augment surgery (bimedial recessions) for large-angle IE. Lueder
2008 suggested that augmentation with botulinum toxin may be
more effective than bimedial recessions alone, especially in large-
angle esotropia (Lueder 2012), which agrees with our findings
from Mayet 2021.

Ruiz 2004 retrospectively assessed the role of botulinum toxin prior
to surgery. They found it was effective in reducing the amount of

further horizontal surgery needed; however, in children under 18
months, injections of 5 U of botulinum toxin induced unbalanced
dissociated vertical deviation.

In randomized trials, botulinum toxin has been shown to be a good
alternative to surgery for re-treatment of IE, since it is as successful
as surgery in achieving binocularity (sensory and motor fusion,
not stereopsis), if carried out within six months of surgery (Tejedor
1999).

Our comprehensive database searches did not identify any
RCTs investigating other non-surgical interventions for IE,
including vision therapy. There is consensus surrounding the
use of vergence exercises to treat symptomatic convergence
insufficiency (Scheiman 2020). However, there is no substantive
and comprehensive evidence for interventions for IE.

Age at intervention

The advantages and disadvantages of surgical intervention at an
early (<twoyears of age), or late (> two years of age) stage have been
debated in the literature. Some of these are highlighted below.

Early surgery

Advantages: better potential for binocularity, reduced muscle
contraction

Disadvantages: may increase the risk of amblyopia, difficulty in
obtaining reliable and accurate measurements

Late surgery
Advantages: amblyopia management easier, more reliable
measurements
Disadvantages: reduced potential for binocularity, muscle

contracture can lead to mechanical component to squint

Prospective cohort studies have found that surgical alignment is
associated with better stereopsis (which is considered the gold
standard in binocularity) in children who received treatment within
the first 24 months of life (early [Birch 1995; Birch 1998]). Wright
1994 proposed even earlier surgery, between the age of 2.5 months
and three months, which resulted in good binocularity, and is
in agreement with Helveston's proposal of ultra early surgery
between four months and six months.

In view of these reports of improved binocularity with surgery
in children younger than six months of age, Ing 1995 performed
a multi-center study of the results of children 