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Abstract

Background: Atropine is the most commonly used pharmacologic agent as a cycloplegic and mydriatic. Taken into account current
economical burden worldwide, the well-known drugs are “reincarnated’ and repurposed. In this light of view atropine is highlighting

new properties and new target in modern ophthalmology.

Objective: The objective of this review is to evaluate the evidence and discuss the rationale behind the recent suggestions that atro-

pine may be useful in slowing the progression of myopia opening new avenue of intervention in myopia.
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Introduction

In the past few years there has been an increased interest in drug reprofiling due to sustained high failure rates and the rising costs

involved in attempts to bring new drugs to the market [1].

Currently “reincarnation” of approved drugs is widely accepted by the industry and encouraged by worldwide regulatory agencies.
The general use of an approved medication for a new indication recognized by the medical community but not specifically indicated by
aregulatory agency (FDA) is referred to as off-label use. Once the FDA approves a drug, ophthalmologists may prescribe the drug for an
unapproved use when they judge that it is medically appropriate for their patient. Specifically, the exploration of Atropine use in myopia
was a result due to a lack of treatment in effect. As researchers and practioners considered the properties of atropune, it became reason-
able to trial them in patients with myopia.

The goal of this review is to discuss “reincarnation” in ophthalmic pharmacotherapy, specifically to highlight new properties of Atro-

pine and their clinical implications in modern ophthalmology as an off-label use.

Atropine

Atropine was extracted from Atropa belladonna- a perennial herb with dark purple flowers and shining purplish-black berries. Bel-
ladonna translated from Italian means beautiful lady. Atropine is a anticholinergic agent -nonselective antagonist of the muscarinic ace-
tylcholine receptor types M1, M2, M3, M4, and M5; and is the most commonly used pharmacologic agent. Atropine is a hydrophilic drug
that can easily penetrate the sclera and reach the choroid.

Topical atropine is used as a cycloplegic, to temporarily paralyze the accommodation reflex, and as a mydriatic, to dilate the pupils. It
works by blocking the chemical acetylcholine, which relaxes the ciliary muscle of the eye and causes the pupil to dilate. Atropine degrades
slowly, typically wearing off in 7 to 14 days, so it is generally used as a therapeutic mydriatic, whereas tropicamide (a shorter-acting cho-

linergic antagonist) or phenylephrine (an a-adrenergic agonist) is preferred as an aid to ophthalmic examination. Cycloplegic properties
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of Atropine drops are widely used in the treatment of corneal disorders and uveitis therapy. In refractive and accommodative amblyopia,
when occlusion is not appropriate sometimes atropine is given to induce blur in the good eye is equally as occlusion in improving visual

acuity.
Currently, the new indication of atropine based on new properties was discovered.

Predictably rational current use of Atropine in Myopia

Atropine now is considered as a most potent drug to control the progression of myopia in children, with strong supporting evidence
from well-conducted clinical trials [2-4]. However, the exact site and mechanism of action of atropine in slowing myopia progression
is still insufficiently understood [5,6]. One of the proposed mechanism is an impact of Atropine on choroidal thickness. The study of
Karapetyan.,, et al. [7] reproduced previously found relations between thinner choroids and longer axial lengths, and increasing myopic

refraction.

In a longitudinal study, Read and associates [8] reported that a significant increase in subfoveal choroidal thickness of myopic and
nonmyopic children was observed over 18-month follow-up, and children showing faster axial eye growth exhibited significantly less cho-
roidal thickening over time compared with children showing slower axial eye growth. The results suggested that there may be a potential
role for the thicker choroid in the mechanisms inhibiting eye growth in childhood. In this respect, if the choroid of children is thickened
by atropine, which might be a part of mechanism to slow the progression of myopia. Similar to the iris, which is also a part of the uvea,
the choroid may also likely display certain changes following the use of a mydriatic agent. The latest study conducted by Zhang., et al. [9]
found that the use of topical 1% atropine gel administration for a week significantly increased the choroidal thickness under the fovea

and at all parafoveal locations.

Another various mechanisms have been proposed for Atropine in myopia: increased dopamine release by atropine binding to musca-
rinic receptors of amacrine cells; reduction of y-aminobutyric acid (GABA) levels; atropine binding to muscarinic receptors on scleral
fibroblasts and interfering with scleral remodeling. Moreover, it is possible that atropine may indirectly affect the retina, by causing the re-

lease of dopamine or other neurotransmitters [10], and it has been reported that dopamine can cause increase in choroidal thickness [11].
Atropine eye drops have been quite extensively used in clinical practice in Asian countries.

The landmark Atropine in the Treatment of Myopia (ATOM) study [2] performed their large randomized clinical trial in 400 children

of Asian ethnicity and found a beneficial effect for 1% atropine.

This 2-year study found 75% reduction of myopic progression with atropine 1%, and did not report serious side effects. Cochrane
review on atropine studies reported that myopia progression can be reduced by 0.80-1.0D after a year of treatment of atropine 0.5 and

1%, respectively [12].

The ATOM2 study [3] relied only on historical controls. It was conducted in a Singaporean population between six-12 years of age,
which both racially and in terms of pattern of myopic progression is very different to Europe. Chia,, et al. [3] randomly assigned myopic
children to 0.5%, 0.1%, and 0.01% atropine eye drops. Over 2 years, myopia progressed —0.30 + 0.60 D for the 0.5% group, -0.38 + 0.60
D for the 0.1% group, and -0.49 + 0.63 D for the 0.01% groups. All were significantly slower than the historical placebo control group.

There are also questions regarding the effect on axial length from the study data, although a recent network meta-analysis indicates
that low-dose atropine had significant effect on axial length [5,13]. One year after discontinuation of the various concentrations of atro-
pine eye drops, the most effective myopia control was provided by 0.01% atropine [14]. There is potential for myopia control with fewer
side effects using lower concentrations, because as speculated by authors, the accommodative tonus returned to normal, negating the

stronger myopia control effect due primarily to changes in tonic accommodation.
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The general consensus is that a low concentration of atropine, which has less severe side-effects, is also effective.

Atropine is the preferred practice pattern for progressive myopia in Taiwan [15]. As early as the year 2000, the Ophthalmological Soci-
ety of Taiwan advised to use atropine to slow down myopia progression. This treatment is prescribed to nearly 50% of Taiwanese children
with progressive myopia. Although topical use of atropine is known to cause photophobia and accommodation lag, these adverse events
do not appear to hamper its implementation in Taiwanese children. By contrast, the lighter iris color in Europeans is generally considered
as a barrier for its use in the Western world [16]. Moreover, some studies have suggested that atropine is less effective in persons of non-
Asian descent [17].

Several recent studies [13,18-21] have shown that lower concentrations of atropine slow the progression of myopia control with fewer

side effects than 1% atropine.

Lee, et al [19] investigated topical use of low concentration atropine (0.125% and 0.25%) and concluded that in one year its effectively
retards myopic progression and does not induce ocular hypertension, but further large scale studies are necessary to validate the long
term safety and efficacy. Five-year results of atropine use by Chia., et al. [20] evidenced that low- dose atropine 0.01% may provide clini-

cally meaningful myopia control while minimizing side effects.

Huang,, et al. [21] based on meta-analysis concluded that low dose atropine - 0.01% is still one of the most effective interventions and
has been found to induce minimal clinical symptoms for myopia control in children. These findings were reconfirmed by Morgan and He
[6], Grzybowski., et al [13].

The general consensus is that a low concentration of atropine 0.01% showed great promise for myopia control. Taken into account
that there are well-recognised differences in the effect of atropine between heavily pigmented Asian eyes and Caucasian eyes, Loughman
and Flitcroft [22] initiated the study aimed to determine the acceptability and tolerability of 0.01% atropine (by measuring visual perfor-
mance and quality of life) as a treatment for myopia control in a Caucasian population exhibiting light irides. The authors evidenced that
overall, 0.01% of atropine was generally well tolerated bilaterally and no serious adverse effects were observed, concluding that this dose
appears to provide a viable therapeutic option for myopia control among Caucasian eyes. Similar effectiveness study was performed by
Clark and Clark [23] and Pollling,, et al. [24]. The purpose of retrospective case-control study [25] was to assess also the effectiveness of
0.01% atropine in 60 children aged 6 to 15 years mostly Caucasian origin with myopia up to -8.0D during 12 months. At the end of study
82% of children from subgroup with low myopia up to -1.0D had emmetropic or hyperopic shift in contrast to 100% of controls showing
progression of myopia. The authors highlighted that 0.01% atropine drops significantly reduced rates of myopic progression in case group
compared with the controls despite 1-year period duration of study. Polling., et al. [24] investigated effect of higher concentration of topi-
cal atropine (0.5%) daily during 1 year in progressive myopia up to -6.6D. Obtained findings could have potential clinical significance as
they suggest that progression rate of spherical equivalent decreased, despite the association of adverse events, such as photophobia and

difficulties with reading is high.

The latest review by Tan., et al. [25] assessing the most recent findings and literature on the effect of atropine in the prevention of
myopia progression in childhood reaffirms its potential as a pharmacotherapy, however underscores the importance of addressing such
questions as treatment schedules in detail - initiation, duration, repeatability, when formulating myopia progression strategies. The need
still exists to further assess the long-term effects of atropine, in bridging gaps in scientific knowledge -exact mechanism of it’s action in

slow down or myopia control.

Summarising, a large body of evidence suggests that lower concentrations of atropine may provide clinically meaningful myopia con-

trol while minimizing side effects.
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In conclusion, based on currently available findings atropine can be effective for progressive myopia in daily clinical practice and

should be considered as a viable treatment option for myopia control anywhere in the world. Following the statement “Everything new

is well forgotten old”, Atropine was rediscovered enriching by new properties and new avenue of intervention in myopia being explored.
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