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Abstract
Purpose To compare botulinum neurotoxin (BNT) injections to surgery as first-line therapy in large-angle essential infantile
esotropia (IE).
Patients and methods Children between the ages 6 months and 6 years with IE of ≥40 prism dioptres (PD) were randomised
to either a maximum of three BNT injections or surgical intervention of bimedial rectus muscle recession for angles ≤60 PD
and augmented with BNT injection in angles >60 PD. Time taken for each procedure was documented. Orthophoria or
misalignment of ≤10 PD was regarded as a complete response (CR). Follow-up visits were done at 3, 6, 12 and 24 weeks.
Results Mean (SD) age and baseline angle of esotropia were 26.9 (14.5) months and 61.9 PD (12.8), respectively, for the
overall cohort. The proportion of children who achieved CR was significantly higher in the surgery arm compared to the
BNT injection arm (OR= 4.01, 95% CI 1.74–9.22) but the time taken was six times longer (p < 0.0001). In the BNT arm,
55.2% of children aged ≤24 months and 16% of children >24 months achieved CR. In children with esotropia ≤60 PD, CR
was achieved in 50% while those with esotropia >60 PD CR was achieved in 25%.
Conclusion Surgery remains the gold standard for treatment of esotropia but BNT injection is a safe and effective alternative
in children ≤24 m and with smaller angles of esotropia ≤60 PD in resource-limited centres.

Introduction

Essential infantile esotropia (IE), also referred to as con-
genital esotropia, has an early onset of approximately
6 months of age. It is characterised by a large angle of
deviation and accounts for 8.4% of esotropia cases [1].
Surgical correction is the preferred standard management
and is associated with reported success rates between 64
and 80% [2–4]. Ing has shown that early surgical inter-
vention and correction of the misalignment may result in the
development of stereopsis [5]. In his study, children surgi-
cally aligned before 12 months of age developed some
degree of stereopsis in 73% and those aligned after
18 months developed stereopsis in 58%. Others have shown

that children aligned after 24 months of age did not develop
stereopsis [6, 7].

In developing countries like South Africa, IE is reported
to be the most common type of strabismus, accounting for
74% of esotropia in childhood [8]. Timeous intervention
presents a major challenge in resource-constrained settings
such as the public health sector in our country.

Following the introduction by Scott [9] of botulinum
neurotoxin injection therapy (BNT) in the treatment of
various strabismic conditions, BNT has gained popularity as
an alternative treatment option for IE. Results, however,
have been mixed. Success rates have varied from 36 to 78%
and are related to the degree of strabismus and the age of
intervention [10, 11].

The current waiting time for strabismus surgery at our
tertiary centre is more than a year from the time of initial
presentation and a delay in surgery is known to compromise
various aspects of a child’s visual development with regard
to fusion and stereopsis [5–7] as well as to cause long-term
psychosocial issues [12]. A randomised controlled study was
undertaken to compare BNT injection to surgical correction
as a first-line treatment for large-angle IE. In a Cochrane
review, Rowe and Noonan identified six RCT associated
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with BNT use in strabismus, two in IE and no RCT com-
paring BNT to surgery in large-angle esotropia [13].

Study methods

A prospective, randomised unblinded study comparing
BNT to surgery in IE was conducted from January 2015 to
January 2018, in a large tertiary hospital. The study was
approved by the Human Research Ethics Committee of the
University of the Witwatersrand (Approval no. M140225)
and conducted in accordance with the tenets of the
Declaration of Helsinki.

Inclusion criteria

Children with onset of esotropia before 6 months of age;
with large-angle IE, defined as esotropia of ≥40 prism
dioptres (PD), between the ages of 6 months and 6 years at
baseline; informed written parental consent.

Exclusion criteria

Children with significant pattern deviation, neurological
impairment and hyperopia of >+5.00 dioptres.

Children underwent a full examination including a
cycloplegic refraction, fundus examination and orthoptic
assessment. Those with a refractive error ≥+2.50 DS
were initially given their prescription and if there was no
change or minimal change in their esotropic angle, patients
were classified as IE and enrolled in the study.

Children were stratified according to two age categories;
those ≤24 months and those >24 months. Stratification
based on 24 months rather than 12 months was necessary in
view of the low enrolment number in the very-young age
group and based on previous findings of the potential of
developing fusion before and after 24 months [7]. Within
each age category, participants were randomised by an
independent study assistant and assigned to either the BNT
(odd numbers) or surgery (even numbers) arms. Figure 1
shows the schematic randomisation and follow-up.

In the BNT arm, BNT (BotoxTM Allergan) was injected
in each medial rectus muscle, administered sub-
conjunctively after the muscle was grasped using forceps
as described by Benabent et al. [14]. All children received
an initial dose of 5 units (U) that was repeated, for a
maximum of three injections if the esotropia was >10 PD at
visits at 3, 6, 12 or 24 weeks following the last injection.
The dosage at subsequent visits depended on the degree of
esotropia, 5U for deviations ≥40 PD and 3U for deviations
<40 PD.

In the surgical arm, children underwent standard bilateral
medial rectus muscle recession surgery for esotropia

≤60 PD. The medial recti were recessed to a maximum of
7 mm with 3U of BNT given intraoperatively to each
recessed muscle in cases >60 PD to augment the recessions.
No child had three-muscle surgery for the larger angles as
an initial procedure.

Participants in both arms were assessed at 3-, 6-, 12- and
24-week post-procedure (patients in the surgery arm were
also seen day 1 post-surgery) for possible complications.
Children in the BNT arm who had an unacceptable outcome
after three injections were offered surgery after a stable
angle measurement on two successive visits, 1 month apart.
In the surgical arm, all unacceptable outcomes with residual
esotropia, received BNT into the recessed muscles at the
6 weeks post-operative visit and surgery as the third pro-
cedure if required, once a stable angle was attained on two
consecutive visits.

Outcome measure

Complete response (CR) was defined as orthophoria or
residual esotropia of ≤10 PD [15], partial response (PR) as
residual esotropia of >10 PD and ≤20 PD and deemed
acceptable by the parents, and failures or non-response
(NR) as >20 PD.

The total theatre time taken for each arm of the study was
also recorded.

Sample size

A sample size of 98 (49 per arm) was calculated using a
Pearson Chi-squared test with the proportion of success set
at 0.65 for the surgery arm and 0.37 for the BNT arm at a
power of 80% and an alpha level of 0.05.

Statistical analysis

Data analysis was restricted to children followed up for at
least 24 weeks after the last procedure. The Chi-squared test
or two-tailed Fisher’s exact test was used to compare binary
variables between groups. Continuous variables were ana-
lysed using the Wilcoxon rank sum test. Univariate and
multivariate logistic regression models were used to assess
the effect of intervention adjusting for age and angle of
deviation at baseline on the outcome. A p value < 0.05 was
considered significant. Statistical analysis was performed
using Stata 15.1 (STATA Corp, Texas) and MedCalc
(MedCalc Software, Belgium).

Results

Of the 55 children randomised to each arm initially, 101
children, 54 in the BNT arm and 47 in the surgery arm had
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adequate follow-up of at least 24 weeks after the last pro-
cedure. Of the defaulting children, one was in the BNT arm
and eight in surgery arm. The mean (SD) age was 26.9
(14.5) months and median (IQR) baseline angle of esotropia
was 60 (55–70) PD for the entire cohort with no significant

difference between the two arms (Table 1). Total theatre
time was significantly shorter for the BNT arm compared to
the surgical arm, mean (SD) 11 (1.5) and 72 (5) minutes,
respectively, 95% CI 10.46–11.31 and 69.93–74.32,
respectively.

Second proceddure  

Fig. 1 Schematic flow diagram of study patients. BNT botulinum neurotoxin, CR complete response, NR no response.

Table 1 Baseline characteristics.
Variable All subjects

N= 101
Surgery arm
N= 47

BNT arm
N= 54

P value

Female gender (%) 61 (60.3) 27 (57.4%) 34 (63.0%) 0.57

Age in months – 0.15

Median (IQR) 24 (14–34) 29 (15–46) 21.5 (14–32)

Mean (SD) 26.9 (14.5) 29.4 (15.2) 24.7 (13.6)

Esotropia angle in PD 0.721

Median (IQR) 60 (55–70) 60 (55–70) 65 (50–70)

Mean (SD) 61.68 (12.81) 62.55 (11.79) 60.93 (13.7)

Esotropia N= 101

40–60 PD 24 (51.1%) 26 (44.4%)

>60 PD 23 (48.9%) 28 (51.9%)

PD prism dioptres, SD standard deviation, IQR interquartile range.

Botulinum neurotoxin injections in essential infantile esotropia—a comparative study with. . . 3073



As shown in Table 2, CR was achieved in a significantly
higher proportion of children in the surgery arm (70.2%)
after single procedure compared to the BNT arm (37%). Of
20 children who achieved CR in the BNT arm, 11 (55%)
achieved it with one injection, 5 (25%) after the second
injection and 4 (20%) after the third injection.

Univariate analysis of subgroups stratified by age
showed that the proportion of patients that achieved CR was
not significantly different between the two arms for children
≤24 months, whereas it was significantly better in the sur-
gery arm in children >24 months (OR 11.81, 95% CI:
3.05–45.81, p= 0.002). When comparing subgroups stra-
tified by degree of baseline esotropia, there was no sig-
nificant difference between the two arms for children with
esotropia ≤60 PD, but significantly better in the surgery arm
in children with esotropia >60 PD (OR= 8.5, 95% CI:
2.4–30.09, p= 0.0005) (Table 2).

Multivariate logistic regression analysis for the BNT arm
showed that age and degree of baseline esotropia were
significant independent predictors. Receiver operating
characteristic (ROC) curve analysis using univariate pre-
dictors, degree of baseline esotropia and age, yielded an
area under the curve of 70% and 66%, respectively. The
optimal threshold sensitivity/specificity modelled by our
data was 50 PD for degree of esotropia (Fig. 2a) and
21 months for age (Fig. 2b).

In the BNT arm, 7 children (13%) had PR and 27 chil-
dren (50%) had NR. Of the 27 NR children, 21 had sub-
sequent surgery—11 of these achieved CR and 2 PR at
24 weeks post-surgery follow-up. Eight children failed to
return for their follow-up visits. Ultimately, CR and PR
were achieved in at least 40 (74.1%) of children in the BNT
arm within a year of the initial procedure.

Complications in the BNT arm were; partial transient
ptosis in 9 children (16.7%), which resolved within
6–8 weeks, transient vertical deviation in 3 children (5.6%)
and consecutive exotropia in 13 children (24.1%). Seven of
the children with exotropia were associated with CR. There
were no cases of globe perforation, infections or chemosis
following BNT injections.

In the surgical arm, of the 47 children, 24 had large-angle
esotropia and 23 children had very-large-angle esotropia
requiring surgery with BNT augmentation. CR was
achieved in 17 (70.8%) and 16 (69.6%), respectively, with
one procedure. Of the 14 children who failed to achieve CR,
12 had residual esotropia and 2 exotropia. All of the 12
children with esotropia received 3U of BNT as a second
procedure and CR was achieved in 8 children while 4
children needed additional surgery.

The two children with exotropia, received BNT to the
lateral rectus muscles as initial therapy followed bimedial
rectus muscle advancement and had final NR. In total, 45
children (95.7%) had a CR or PR in the surgery arm. There
were no major complications of surgery such as slipped or
lost muscles, globe perforation or anaesthetic-related issues.

Discussion

In this prospective randomised control study, surgery was
superior to BNT in our cohort of children with large-angle
esotropia; however, BNT has a definite role as primary
treatment option in selected children. Surgery was asso-
ciated with equally good outcomes irrespective of the age of
the child or the degree of esotropia. While previous studies
using BNT showed the best outcome in infants [16], our
study did not have sufficient numbers to consider the very
young separately. Crude analysis of the BNT arm versus the
surgery arm, however, did show comparable outcomes to
surgery in children ≤24 months of age and with a baseline
esotropia ≤60 PD. This association remained valid in the
multivariate analysis with non-significant odds ratios
between the BNT and surgery arms in patients ≤24 months
and ≤60 PD. This is further supported by ROC curve ana-
lysis which indicated that children below 21 months of age
and those with esotropia below 50 PD are more likely to
have complete resolution.

In a systematic review Issaho et al. identified nine papers
describing the use of BNT in the management of IE. Most
of the studies were non-comparative and success rate varied

Table 2 Outcome after 24 weeks
of last intervention.

Surgical arm n= 47 (%)a CR BNT arm n= 54 (%) CR OR (95% CI) P value

Total cohort 33 (70.2%) 20 (37%) 4.01 (1.74–9.22) 0.001

By age group

≤24 months 15/21 (71.4%) 16/29 (55.2%) 2.03 (0.61–6.72) 0.24

>24 months 18/26 (69.2%) 4/25 (16%) 11.81 (3.05–45.81) 0.0002

By degree of esotropia

≤60 PD 17/24 (70.8%) 13/26 (50%) 2 (0.64–6.29) 0.37

>60 PD 16/23 (69.6%) 7/28 (25%) 8.5 (2.4–20.09) 0.0005

CR complete response.
aOutcome after one surgical procedure.

3074 I. Mayet et al.



from 37.5 to 100% [17]. The high-success-rate studies were
associated with small to moderate angles of esotropia while
studies of large angles reported lower success rates.

The results of this study show a similar trend to that of de
Alba Campomannes et al. [11] for large-angle esotropia. In
their study, large-angle esotropias of >30 PD treated with
BNT were associated with a success rate of 36%. All our
study children had angles ≥40 PD with a success rate of
37% but angles ≤60 PD were associated with 50% success.
BNT in younger children had a significantly higher success
rate (55.2%) than older children (16%). The explanation is

probably based on increasing contracture of the medial
rectus muscles over time [18]. In our cohort, a better
response was seen with one injection and we found lower
success rates for second and third injections.

The present study reaffirms the safety of BNT [17] as
there were no adverse events associated with BNT
injections.

Exotropia after the first injection was a good predictor of
success as shown by Campos et al. [16]. In our study 7 of
13 patients with exotropia after the first injection were
associated with CR. This represented over a third of all
successful cases. In cases where BNT failed to correct the
esotropia, alignment with surgery was achieved within a
reasonable time interval. On average, it was found that
surgery took six to seven times longer than BNT. In
resource-constrained settings the short procedure-time for
BNT allows many more patients to gain access to treatment
at a potentially earlier age.

Our need to recognize cosmetically acceptable small
angles (PR) highlights the real problems encountered in
developing countries, where functional outcome and
potential for fusion may not be a priority. With BNT use, at
least 50% of our patients overall achieved CR and PR.
Another compelling reason for BNT use is the absence of
serious complications and that an exact angle measurement
may not be essential. This obviates the need for specialist
orthoptic personnel. Orthoptists are few in number and
seldom service public sector hospitals in South Africa.

The number of participants achieving a cosmetically
acceptable result in the surgical arm was more impressive as
only two patients were deemed failures. However, the
number of patients that dropped out pre-operatively in this
arm may highlight parental reservations concerned with
surgery.

The results of this study support the use of BNT in large-
angle deviations as augmentation to surgery. Leuder
reported a favourable outcome with augmented surgery in
17 out of 23 patients (73%) [19]. Our study showed a
similar outcome in patients with augmented surgery. This
would eliminate the need for three-muscle surgery and thus
allow for shorter theatre-time.

Limitations

The study only followed children for 6 months following
the last procedure and late esodrift may still be an issue. The
scope of the study addressed only motor response and did
not test for fusion in children that were aligned. No attempt
was made to establish parental satisfaction or dissatisfac-
tion. We were unable to recruit children younger than
10 months to confirm the reported higher rate of success in
this very-young age category [11, 16]. The study also did
not compare three-muscle surgery to surgery with
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augmented BTX which could have added another
comparative arm.

Conclusion

Surgery is still the gold standard of managing large-angle
IE. However, BNT is a viable primary treatment option for
IE. BNT is safe and a short procedure and could be con-
sidered as a first-line intervention in developing countries
where resources are limited with respect to waiting time for
surgery. Further, BNT was found to be more effective in
children ≤24 months of age and with baseline angles of ≤60
PD of esotropia.

Summary

What was known before

● BNT can be used in various types of strabismus.
● Surgery is the gold standard.
● In IE, BNT is successful in the management of small

angles and very-young patients.

What this study adds

● BNT can be used in larger angles of deviation <50 PD.
● Viable option as it takes 5× less time than surgery useful

in developing countries with limited resources.
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