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ABSTRACT
Objective  To compare the cost implications of botulinum 
neurotoxin (BNT) injection to surgery in infantile esotropia 
(IE) in a public/government funded hospital.
Methods and analysis  A simple costing comparison 
was undertaken for a randomised clinical trial in IE. 
Patients were randomised to receive either BNT or 
standard surgery. The participants in the BNT arm were 
further subdivided into subgroups based on their age in 
months and degree of esotropia in prism dioptres (PD) at 
presentation: G1 ≤60 PD/24 months, G2 ≤24 months/>60 
PD, G3 >24 months/≤60 PD, G4 >24 months/>60 PD. The 
costs were calculated for each arm from primary treatment 
to eventual satisfactory outcome defined as orthophoria 
or microtropia (≤10 PD). A bottom-up costing analysis was 
done for single and multiple procedures for each arm. 
Comprehensive variable costs as well as fixed costs were 
calculated at each point of intervention and expressed 
in local currency ZAR (US$1=ZAR15.00). Costing was 
analysed for surgery and BNT subgroups (based on clinical 
success)
Results  There were 101 patients enrolled in the trial. 54 
in the BNT arm and 47 in the surgery arm. Cost for single 
surgery and single BNT was ZAR 7743.04 and 1713.14, 
respectively. A favourable clinical outcome was achieved 
in 72% of surgery arm and 37% of BNT arm. The mean 
cost for eventual favourable outcome in BNT arm was 
ZAR9158.08 and in surgery arm ZAR9124.27 (p=0.26). 
Mean cost in G1 was ZAR6328.45, in G2 ZAR7197.45, in 
G3 ZAR11891.93 and G4 ZAR12882.44 (p=0.018).
Conclusion  BNT has a cost–benefit in IE and is a 
viable option in the primary treatment of IE in resource 
constrained regions. Clinical outcomes and economic 
benefit in smaller angle of esotropia and younger patients 
are comparable to surgery.

BACKGROUND
Strabismus or misalignment of the eyes in 
children is frequently seen in paediatric 
ophthalmology units. Uncorrected stra-
bismus results in functional impairment with 
regard to development of binocular vision 
and possible amblyopia, as well as psycho-
social problems.1 Infantile esotropia (IE) is 
a common type of concomitant convergent 

strabismus and in our region accounts for 
the majority of cases.2 Surgery is the stan-
dard of care in IE with a success rate of about 
75%–80%.3 Surgical correction of strabismus 
in adults has been shown to be highly cost 
effective in developed countries.4

The duration of surgery is approximately 
1 hour and this is a significant consideration 
in resource constrained areas where theatre 
availability is at a premium. In South Africa 
and other low-income and middle-income 
countries, the quest for alternative and 
less resource intensive procedures is chal-
lenging and the need to minimise cost while 
maintaining quality of service is an ongoing 
balancing act. Waiting lists for surgical correc-
tions are in excess of 1 year due to the large 
number of children, compounded by the 
misconception that strabismus repair is largely 
‘cosmetic’ and relegated as a low priority 
procedure in multi-disciplinary hospitals.

Botulinum neurotoxin (BNT) injections 
have been used as an alternative treatment 
option,5–7 BNT injections take about 20% of 

Key messages

What is already known about this subject?
►► Clinically botulinum neurotoxin (BNT) is a viable op-
tion in treating selective group of infantile esotropia, 
younger children with esotropia of <50 prism diop-
tres (PD).

What are the new findings?
►► The cost–benefit of BNT is comparable to surgery 
even in larger angles (≤60 PD) due mainly to the 
shorter time taken in theatre.

How might these results change the focus of 
research or clinical practice?

►► In resource limiting centres, where waiting lists are 
long, BNT will afford many more children access to 
timeous correction of their esotropia and reduce the 
financial cost incurred by funders.
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the total time in theatre when compared with surgery and 
are associated with less discomfort and pain. In a meta-
analysis Issaho et al reported on nine studies using BNT 
for IE with success rates ranging from 37% to 100%.8 It 
has been reported that BNT is less effective than surgery 
in large angle esotropia.7 In a randomised clinical trial 
(RCT) conducted at our institution, we showed that 
BNT was successful in 37% overall for the cohort but 
in selected patients, specifically those younger than 24 
months and those with an esotropia <50 prism dioptres 
(PD), alignment was achieved in over 50% of the study 
cohort.9

Economic evaluation (EE) is defined as a ‘compar-
ative analysis of alternate courses of action in terms of 
both their cost and consequence’.10 Cost–utility analysis 
is a commonly acceptable method of reporting EE and 
considers cost–benefit ratio using quality adjusted life 
years gained. Benefit or utility gain can be calculated 
using several methods; Time Trade Off, Standard Gamble 
or Vision Analogue Scale but none has been validated 
in children and simple cost comparison may be more 
appropriate.11 There is a paucity of published articles on 
the cost of BNT injections in treating strabismus patients 
and one study showed comparable cost with long term 
BNT use and surgery in adults.12

This paper aims to compare the cost implications of 
BNT and surgery, and to determine a model to predict 
which group of children with IE may benefit from BNT 
injections as first line treatment, while keeping overall 
costs to a minimum.

METHODOLOGY
A simple costing analysis was undertaken using the results 
of a prospective randomised study over a period of 3 
years from 2015 to 2018 comparing efficacy of BNT injec-
tions to surgery. One aspect of the study was to compare 
the cost implications between the two procedures to the 
hospital, both in terms of direct variable and fixed costs. 
The hospital is a government run hospital in South Africa 
Gauteng Province and all surgery is funded fully by the 
government with no reimbursement from health insur-
ance and no copayment collected from patients.

The detailed protocol for the study is described else-
where9 but briefly children between the age of 6 months 
and 6 years, diagnosed with large angle IE, defined as 
esotropia of ≥40 PD were included.

Children with other forms of esotropia, those with 
significant patterns and children with neuro-behavioural 
disorders were excluded.

Children were grouped into two age categories, those 
≤24 months and those >24 months of age. Within each 
age category, participants were randomised by an inde-
pendent study assistant and assigned to either the BNT 
(odd numbers) or surgery (even numbers) arms. In the 
surgery arm children received standard bilateral medial 
rectus muscle recessions for esotropia of ≤60 PD and 
maximum recessions of 7.0 mm augmented with 3 units 
of Botox (Allergan US) in esotropia >60 PD. Unsuccessful 

outcomes defined as misalignment of >10 PD were 
subjected to BNT injections as a second procedure at the 
3-month visit and a second surgical procedure thereafter 
in failed cases. In the BNT arm, patients initially received 
5 units, repeated at any of the follow-up visits at 3, 6, 12 
and 24-week visits, if alignment was >10 PD. A maximum 
of three injections were given before surgery was offered 
to correct the residual esotropia. For this study 1 vial of 
Botox 100 units was used for eight patients. Injections 
were given subconjunctivally as described by Benabent et 
al13 not requiring electromyography needles. The deci-
sion of administering a maximum of three injections was 
arbitrary, based on other studies that reported a mean 
number of 1–2.2 injections given in IE.6 7 14

The time taken in theatre, from anaesthetic induction 
to transfer out of operating theatre for each proce-
dure was recorded. The procedures were standardised 
for each arm with one surgeon (IM) performing all 
procedures. A bottom up, micro-costing15 was done for 
each of the two procedures for a public/government 
hospital.

Clinical outcome was based on achievement of ortho-
phoria (or within 10 PD of orthophoria).

Cost calculations
Variable costs were calculated from the information 
received from hospital authorities. Salaries of staff were 
calculated based on annual salary, hourly rate earned for 
each category of staff (at Department of Public Service 
and Administration rates) and the pro rata amount 
based on time taken for each procedure. Staff salaries 
calculated were for one specialist surgeon, one specialist 
anaesthetist, one professional nurse, two assistant nurses 
and recovery professional nurse. Other staff including the 
pharmacist, orthoptist, porter, hospital clerks, ward nurse 
and cleaners who were not directly involved with opera-
tive procedure were included in fixed costs. Fixed costs 
also included ward admission (bedding, preparation, 
food) water and electricity. Fixed costs were calculated 
based on the daily cost per patient of a hospital admis-
sion in a tertiary hospital supplied by the finance division 
of the hospital. Fixed costs for this study were calculated 
based on total hospital time of 6 hours in the surgery arm 
and 2 hours in the BNT arm. Unit prices of medication 
and disposable used, were obtained from the hospital 
pharmacy and procurement office. Although it is difficult 
to calculate cost of theatre per minute in the hospital, this 
was estimated using rates used by the private sector and 
based on a study conducted in South Africa comparing 
costs in the private and public sector.16 A portion of the 
private sector cost was assumed to be basic costs of theatre 
applicable in the public sector (we assumed a third of the 
cost calculated in the private sector, based on discounted 
rates on medicines and disposable in the government/
public sector on the one hand and the need for profit 
and taxes paid in the private sector on the other hand). 
All calculations were expressed in South African Rands 
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(ZAR) and at the time of the study US$1.00 was equiva-
lent to ZAR15.00 (or ZAR20.00/£1.00 UK).

Various clinical subgroups and their costs were anal-
ysed, comparing surgery to single and multiple BNT 
injection procedures based on our RCT findings. Further 
analysis was done to assess viability for subsequent surgery 
in failed cases. Using a simple economic model, costs 
were calculated for different subgroups and predictions 
of the cost–benefit were then made.

For this analysis the BNT group were divided into four 
subgroups based on literature reports identifying age of 
presentation and degree of esotropia to be significant 

variables.7 16 The subgroups in months and PD were as 
follows: G1 children ≤24 months of age and ≤60 PD; G2 
children ≤24 months and >60 PD; G3 children >24 months 
and ≤60 PD; G4 children >24 months and >60 PD.

Statistical analysis
The total cost in each arm was expressed as means (SD). 
The difference in cost between the two arms was tested 
using the Wilcoxon rank-sum test. The cost difference 
between the number of procedures in the two arms was 
tested using the Kruskal-Wallis test

Table 1  Financial cost per procedure to hospital in Rands (US$1=ZAR15)

Item

Botulinum Surgery

Unit/pt Unit cost/pt Total pt cost Unit/pt Unit cost/pt Total pt cost

Anaesthetic

Short line 1.0 15.00 15.00

Intravenous line 1.0 35.00 35.00

Ringers sol 1.0 8.68 8.68

Propofol (R38/50 mL) 5.0 0.76 3.80 5.0 0.76 3.80

Sevoflurane (R792.48/250 mL) 10.0 3.68 36.80 20.0 3.17 63.40

Laryngeal tube 1.0 70.00 70.00

Oral mask 1.0 4.00 4.00

miscellaneous 15.00 15.00

Surgical

Gloves 1.0 12.00 12.00 2.0 12.00 24.00

4/0 silk 2.0 81.46 162.92

5/0 vicryl 2.0 119.79 239.58

8/0 vicryl 1.0 138.96 138.96

cautery 1.0 75.00 75.00

Sponges/packet 1.0 48.00 48.00

Botulinum R1552.00/100 units* 10.0 15.52 155.20

Insulin syringes 2.0 1.00 2.00

Balance salt solution (10 mL) 1.0 12.00 12.00

TTO ointment 1.0 48.00 48.00

Time in theatre (min)† 11.0 50.00 550.00 72.0 50.00 3600.00

Staff required

Surgeon (R462.92/hour) 11.0 7.68 84.52 72.0 7.68 553.10

Anaesthetist (R462.92/hour) 11.0 7.68 84.52 72.0 7.68 553.10

Professional nurse (R150/hour) 11.0 2.50 27.50 72.0 2.50 180.00

Assistant nurse ×2 (R120/hour) 11.0×2 2.00 44.00 72.0×2 2.00 288.00

Recovery nurse (R150/hour) 15.0 2.50 37.50 2.50 75.00

Time in recovery 10.0 25.00 250.00 20.0 25.00 500.00

Fixed costs†* 2 hours 176.25 352.50 6 hours 176.25 1057.50

Total 1713.14 7743.04‡

*Cost of botulinum 100 units/8 patients.
†Cost of theatre based on gases used, microscope use, bedding @ZAR50/min (assumed 1/3 of private rates).
‡Cost for surgery if botulinum neurotoxin (BNT) given would be ZAR7900.24.
§Fixed cost—include water, electricity, ward stay @ ZAR4600/day, allowing for total hospital time of 2 hours for BNT and 6 
hours for surgery.
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Parents of participants or the public did not participate 
in the design, or conduct, or reporting, or dissemination 
plans of our research.

RESULTS
Of the 101 patients analysed in this study. Fifty-four 
patients were enrolled in the BNT arm and 47 in the 
surgery arm.

Overall success rate for alignment was 37% in the BNT 
arm (20.3%, 9.3% and 7.4% with 1, 2 and 3 injections, 
respectively) and 70.2% after one procedure in the 
surgery arm. Success in the surgery arm was indepen-
dent of age and degree of esotropia while in the BNT 
arm, success was associated with age of intervention and 
degree of misalignment, with age <21 months and degree 
<50 PD being comparable statistically, to surgery alone. 
Subgroup analysis of the different groups in the BNT arm 
showed that, G1 had an overall success of 11/16 (68.8%), 
G2 5/15 (33.3%), G3 2/10 (20 %) and G4 2/13 (15.4%). 
The mean time taken was 11 min for BNT injection and 
72 min for surgery.

Economic findings
Detailed costing breakdown are shown in table 1. Time 
in theatre cost (ZAR3600 for surgery and ZAR550 for 
BNT), staff cost (ZAR1649 for surgery and ZAR278.04 

for BNT) and consumables (ZAR1001.76 for surgery 
and ZAR243.80 BNT) were the main cost determi-
nates.

The cumulative costs for multiple procedures for both 
arms are shown in table 2.

The cost of a single BNT procedure was found to 
be ZAR1713.14 (in 11 children), the cumulative cost 
of BNT injection was ZAR3426.28 for two injections 
(in 5 children) and ZAR5139.42 for three injections 
(in 4 children). The cumulative cost in failed cases 
requiring surgery was ZAR12882.46 (in 34 children). 
The cost of single surgical procedure was ZAR7743.04 
for esotropia ≤60 PD and ZAR7900.24 in esotropia 
>60 PD due to the augmented BNT injection. Using 
Wilcoxon rank-sum test there was no statistical differ-
ence in the mean cost between the surgical arm and 
the BNT arm (p=0.26). The mean cost was ZAR9158.08 
and ZAR9124.27 in BNT arm and in the surgery arm, 
respectively.

Mean cost (SD) for the subgroups in the BNT arm were 
6328.45 (2655) in G1, 7197.45 (3103.73) in G2, 11 891.93 
(6406.28) in G3 and 12 882.44 in G4. In comparing 
the cost between the different BNT groups there was a 
clear difference between groups (p=0.018) although the 
numbers were small in each group.

Table 2  Summary of cumulative cost in two arms (amount in ZAR)

Surgery arm n=47 BNT arm n=54 P value

Procedures (n) Type of procedure Cumulative cost Type of procedure Cumulative cost

1 BMR if ≤60 PD (19 pts)
BMR+BNT if >60 PD (16 pts)

7743.04†
7900.24‡

BNT 5 units
(11 pts)

1713.14 0.0001*

2 BNT 5 units (8 pts) 9456.18†
9613.38‡

BNT 5 units
(5 pts)

3426.28

3 LR resection (4 pts) 17200.22†
17356.42‡

BNT 5 units
(4 pts)

5139.42

4 – – BMR (34 pts) 12 882.46

Mean cost 9124.27  �  9158.08 p=0.26

*Kruskal-Wallis: †surgery only: ‡surgery augmented with BNT.
BMR, bimedial rectus muscle recession; BNT, botulinum neurotoxin; LR, lateral rectus.

Table 3  Model predicting total cost for eventual successful outcome for 100 cases in each group

1st 2nd 3rd 4th Total projected/100

Surgery 7743.04×70 9456.18×17 17 199.22×13 0 924 466.47

BNT G1 1713.14×38 3426.28×12 5139.42×19 12 882.46×31 567 472.25

BNT G2 1713.14×13 3426.28×20 0 12 882.46×67 949 282.19

BNT G3 1713.14×20 0 0 12 882.46×80 1 064 859.6

BNT G4 0 3426.28×8 5139.42×8 12 882.46×84 1 155 711.9

Cost comparison of 100 patients in each group based on actual clinical outcome of original cohort: *surgery arm: 1st procedure, surgery, 2nd 
procedure BNT, 3rd procedure surgery in 70, 17 and 13 cases, respectively.
G1 children ≤24 months of age and ≤ 60PD; G2 children ≤ 24 months and >60 PD; G3 children >24 months and ≤60 PD; G4 children >24 
months and >60 PD (cost in ZAR).
*BNT arm numbers reflect expected successful outcome with each procedure in the different groups.
BNT, botulinum neurotoxin.
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Scenario model
To better illustrate the cost between the two procedures 
we extrapolated success rates for the surgery and BNT 
subgroups from the RCT reflecting the efficacy of the two 
procedures for 100 patients in each group. In the surgery 
arm, 70 would require one procedure, 17 would require 
two procedures and 13 would require three procedures 
at total cost of ZAR924466.47 in successfully treating 100 
patients. Comparatively, the total cost for BNT would be 
ZAR567472.25 in arm G1 and ZAR1155711.90 for the G4 
subgroup for the similar 100 patient model (table 3).

DISCUSSION
Surgical correction of strabismus has been demonstrated 
to be cost effective in studies conducted in adults in the 
USA, and by extension in children.4 Other related stra-
bismus studies have reported probable cost effectiveness 
in the screening for amblyopia.17 18 While cost impli-
cations with the use of prescription glasses for various 
ophthalmic conditions including esotropia have also 
been reported.19 Such studies have been undertaken 
in developed countries and in general, EE analyses are 
sparse for low-income and middle-income countries.20 
Our study was designed to establish the economic cost in 
the treatment of IE in an attempt to contain costs.

The study was a simple cost comparison between BNT 
injection and surgery which is the standard of care in IE 
in a government run public hospital where the majority 
of the population is treated. The study was necessitated 
by the heavy burden on theatre resources in our region 
with the consequence that strabismus cases especially in 
children are often delayed. In performing cost analyses 
we used activity-based costing bottom up method as this is 
deemed appropriate.21 The success rate of BNT has been 
shown to vary and in our study, surgery was two times as 
successful however, in our setting at least a third of chil-
dren were aligned at an earlier age using BNT than if 
they had waited for standard surgery. Moreover, in chil-
dren (G1) with angles of deviation <60 PD and injected 
at a younger age (<24 months) the clinical success was 
found to be 68% and comparable to surgery but with a 
clear economic benefit in considering BNT as a first line 
intervention. Even in G2 and G3 BNT was economically 
viable and should still be considered as first line option. 
Surgery should be considered in older children with very 
large angles (G4).

From our findings the main cost drivers were associ-
ated with time spent in theatre, which was 6× more with 
surgery, resulting in greater the staff costs followed by 
consumables needed and anaesthesia.

LIMITATIONS
Several difficulties were associated with costing in large 
government hospitals such as evaluating fixed costs like 
electricity, water and sanitation that would apply even at 
times when theatres are not functional. These estima-
tions or assumptions may skew the costs.

The multi dosing of BNT is probably only applicable 
in public hospitals seeing a lot of strabismus patients and 
scheduling regular BNT theatre lists.

With the use of BNT, repeat injections require multiple 
anaesthesia which theoretically increases the risk to the 
child although the BNT children had shorter anaesthetic 
time and no intubation. Longer follow-up time may be 
required for stable alignment and reduce the potential 
for fusion and depth perception. This may be undesirable 
in developed countries where waiting times for surgery 
are short. In low-income and middle-income countries 
these waiting times may be much longer making BNT a 
more viable option. The study did not address the indi-
rect cost to the patient and society as a whole.

CONCLUSION
The knock-on effect of availing timeous intervention 
to many more children as well as the cumulative cost 
involved is a mitigating factor in considering BNT as a 
viable first line option. This consideration is even more 
compelling in the subgroup of patients ≤24 months of 
age and ≤60 PD where the clinical outcome is compa-
rable to surgery and the economic advantage more 
pronounced. In children ≤24 months and >60 PD and 
>24 months and ≤60 PD BNT may economically still be 
an option. In children >24 months and >60 PD surgery 
should be considered as treatment.
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