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Abstract
Aim: To evaluate safety and efficacy of reconstituted atropine 0.01% eye drops for Indian 
children with myopic progression.
Methods: Fifty children with progressive myopia with their spherical equivalent 
increasing at least 0.75 D in 6 months (0.75 to 1.50 D) were put on reconstituted atropine 
0.01%. Ocular examination, including near vision, near point of accommodation (NPA), 
pupil size and axial length, was done. Subjective symptoms of glare and photophobia 
were noted. Systemic side effects were documented. Analysis was done using Microsoft 
Excel 2010.
Results: The average age of patients was 9.5 years (range 5 to 14 years) and they were 
followed up for 1 year. Average mesopic and photopic pupil size was 5 and 4 mm, respec-
tively. Average NPA was 9 cm. Mean increase in spherical equivalence was 0.18 D over  
6 months. Average increase in axial length was 0.12 ± 0.11 mm over 6 months and 0.2 ± 
0.29 mm over 1 year. Average increase in spherical equivalent over 6 months was 0.07 ± 
0.19 D and over 1 year was 0.32 ± 0.29 D. No systemic side effects were recorded.
Conclusion: Reconstituted atropine 0.01% eye drops is safe and efficacious in slowing 
the progression of myopia in Indian children.

Introduction
Myopia is one of the most common ocular disorders in the world and considered 
to be the leading cause of visual impairment.1 Various prevalence studies have 
shown a substantial increase in myopia among adolescents and it is now thought 
to be approaching 10% to 25% in the West and 60% to 80% in the East.2 Various 
surveys in India have found myopia prevalence ranging from 6.9% to 19.7%.3,4

At present, the mechanisms involved in the aetiology of myopia are unclear and 
both environmental and genetic factors have been associated with the onset and 
progression of myopia.1,5,6
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Atropine eye drops were first proposed as a treatment of myopia in the 
1920s. Since then, there have been numerous studies on this subject. However, 
evidence from randomized controlled trials has become available only over the 
last two decades. These trials confirm that atropine eye drops are effective in 
the control of myopia in a dose-dependent manner.7-10

The broad-band muscarinic antagonist, atropine, is believed to have a thera-
peutic effect in reducing the progression of axial myopia in humans via a 
non-accommodative mechanism. It is still unclear, however, whether long-term 
atropine usage would alter the retinal function via two possible mechanisms, 
namely retinal toxicity and photic retinopathy.11

While ATOM2 study showed the efficacy of low-dose atropine of 0.01%, there 
is little evidence of low-dose atropine in preventing myopic progression in 
Indian children. Also, with not many commercial preparations, reconstituted 
atropine 0.01% as an alternative need to be studied. A study was undertaken 
to evaluate the safety and efficacy of reconstituted atropine 0.01% used daily in 
children with progressive myopia.

Materials and methods
The study was approved by our hospital’s ethics committee and informed 
consent was obtained from the parents regarding the off-label use of the drug 
and that a reconstituted preparation was being used.

Reconstitution was done under aseptic precautions and laminar flow by 
mixing 0.1 ml of atropine 1% (Atrosulph Eye Drops, Entod Pharmaceuticals Ltd., 
Mumbai, India) into 10 ml of carboxymethylcellulose eye drops 5 mg/ml (Extra-
lube Eye Drops, Microlabs Limited, Mumbai, India) and the drops were to be 
used within 1 month of reconstitution.

A prospective study was conducted enrolling 50 children presenting to the 
paediatric ophthalmology outpatient department, between 5 and 15 years with 
a minimum base line refractive error −2 D (spherical power) with progressive 
myopia where progression was defined as documented increase of myopia by 
0.75 D or more within a period of 6 months.

Children with severe congenital or developmental delay or systemic diseases, 
inability to communicate or undertake a complete ophthalmic examination or 
with conditions in the eye affecting visual acuity (apart from the refractive error) 
were excluded.

Enrolled patients underwent a comprehensive eye examination and the 
following tests:

• visual acuity with logMAR chart
• photopic pupil size using Optikon scout
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• near point of accommodation (NPA) using RAF (Royal Air Force) ruler
• axial length recorded using Lenstar Biometry
• macular thickness measured by spectral domain optical coherence 

tomography

All these values were taken as baseline values. Refractive error was 
documented as spherical equivalent.

All the selected children were given reconstituted atropine 0.01% eye drops 
to be applied one drop to each eye at night.

The above tests were repeated during each review visits every 3 months and 
subjective symptoms of glare to light and photophobia were elicited from the 
children. Findings at 6 months and at final follow-up (9 to 16 months) was taken 
for analysis.

Children and parents were also asked if the atropine eye drops were accept-
able to the child as a long-term medication and if it interfered with their daily 
tasks resulting in discontinuation.

Any systemic side effects were elicited and documented. Possibility of 
contamination was ruled out by sending 10 eye drop samples for culture on 
blood agar when the eye drop bottle was returned after use for 1 month.

Fig. 1. Progression of spherical equivalent before and after starting atropine therapy over  
6 months.
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Results
The average age of the patients was 9.5 years (range 5 to 14 years). The average 
follow-up was 1 year (range 10 to 16 months). Thirty-five children completed the 
1-year follow-up.

Average spherical power was 5.5 D (range 3 to −9.5 D) with a mean progression 
of 1.0 D per 6 months (range 0.75 to 1.50 D) before starting atropine eye drops 
(Fig. 1). Mean best-corrected visual acuity on presentation and at every follow-up 
was 0.1 logMAR and near vision in all patients was N6 equivalent. Slit-lamp 
examination showed no evidence of any conjunctival congestion or corneal 
affliction at any visits. No systemic side effects were recorded.

Average photopic pupil size recorded on atropine therapy was 3.5 mm and a 
difference of 0.5 mm noted from baseline value.

Average NPA was 9 cm while on atropine 0.01%. Average increase of NPA from 
baseline was 2.44 ± 0.79 cm (Fig. 2).

Average increase in axial length was 0.12 ± 0.11 D over 6 months and 0.2 ± 
0.29 D over 1 year (p value = 0.36). Average increase in spherical equivalent over  
6 months was 0.07 ± 0.19 D and over 1 year was 0.32 ± 0.29 D (p value = 0.32).

There was no significant difference noted in the macular thickness after 1 year 
of atropine 0.01% usage (p value = 0.3).

Five children had occasional glare to light and four children had occasional 
photophobia, not requiring any treatment for the same. One child had progres-
sion of 1.0 D over 6 months period while on atropine 0.01% eye drops.

All cultures were negative.

Fig. 2. Average increase of NPA (cm) with atropine 0.01% at the end of 6 months.
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Table 1. Comparison of our study results with ATOM2 study using various concentrations of 
atropine

Parameters
Our study 
(Atropine 
0.01%)

ATOM2 
(Atropine 
0.01%)

Atropine 0.1% Atropine 
0.5%

Allergic 
conjunctivitis

Nil Nil Present in 4.1% Present in 
4.1%

Children using 
progressive 
photochromatic 
glasses

Nil 6% All All

Spherical  
equivalent 
increase over  
1 year (D)

0.32 ± 0.29 0.43 ± 0.52 0.31 ± 0.50 0.17 ± 0.47

Axial length 
increase over  
1 year (mm)

0.2 ± 0.29 0.24 ± 0.19 0.13 ± 0.18 0.11 ± 0.17

Discussion
Atropine at 1.0%, 0.5%, and 0.01% has been demonstrated through randomized 
trials to be effective in slowing myopia progression.12 Apart from effectiveness of 
medication, the long-term use of any medication calls for attention with regards 
to tolerability and compliance. However, the safety profile of atropine (systemic 
side effects and visual disturbances) often has been a source of concern and 
deterred many from using this medication.

Every unit increase in pupil size results in an exponential increase in the amount 
of light entering the eye, and this can cause glare and potential phototoxicity. 
Atropine, by its dilating and cycloplegic effect, might cause retinal phototoxicity 
and near vision problems necessitating the need for bifocal or progressive glasses 
for reading.

Atropine 0.01% has been proven to be effective in controlling progression of 
myopia. But atropine 0.01% was not commercially available when we started 
the study. If atropine needs to be used as a part of our clinical practice, it would 
need to be reconstituted. Contamination of the eye drops on storage becomes an 
additional concern apart from those listed above.

Our study collaborated findings of others13-15 in the absence of any systemic 
side effects with daily use over a period of 16 months. Atropine 0.01% was effec-
tive in reducing the progression of myopia by 91%. There were no gross vision 
disturbances affecting their day-to-day life. All the children had near vision of N6 
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equivalent. The retinal thickness remains unaffected by 1-year usage of the drug. 
There was no contamination of the eye drop at the end of 1 month.

The differences of our result from ATOM2 study may be due to the small sample 
size (Table 1).

There are some limitations in our study. First, this study is not a double-blind 
randomized design. Second, the small sample size and relatively short follow-up 
time are noted in our study. Long-term side effects may be apparent in a long 
period of follow up.

The lowest concentration of 0.01% atropine thus seems to retain efficacy in 
Indian children with darker iris and is a viable concentration for reducing myopia 
progression in children while being well-tolerated and safe from adverse effects. 
Even if this concentration is not commercially available in a locality, it can be safely 
reconstituted under laminar flow and used for controlling myopia progression in 
children.

Conclusion
Atropine 0.01% eye drops is safe and efficacious in controlling myopia progres-
sion in Indian children. Even if the commercially available preparation is not avail-
able, reconstituted atropine eye drops can be safely used.
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