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ABSTRACT

Background: Myopia is a growing challenge in paediatric ophthalmology. Despite the benefits of novel therapeutic approaches, it is essential to assess their
side effects. The aim of this study was to determine the impact of twelve months of local application of 0.02% and 0.04% atropine and placebo on the static
and dynamic features of accommodation and pupil diameter, representing prominent side effects of myopia progression treatment.

Methods: This study involved 127 subjects aged 6-11 years who were randomized to the M.A.R.S. trial, a randomized, double-masked, placebo-controlled
multicentre study investigating the efficacy, safety, and side effects of highly diluted atropine collyrium (0.02% and 0.04%) in slowing the progression of myopia.
Photopic and mesopic light-adapted horizontal pupillary diameters (PD; mm) were measured. Static accommodation capability was assessed monocularly
and binocularly as the amplitude of accommodation (AoA; dioptres) calculated as the inverted value of the measured near point of accommodation in
meters. The dynamic properties of accommodation were represented by the near accommodation facility (NAF, +£1.25 D flipper; monocularly/binocularly;
number of cycles in a 60-second interval).

Results: The effects of atropine on static PD were treatment-related (P<0.001) and dose-unrelated. Under photopic and mesopic light conditions, changes
from baseline after twelve months of treatment were observed: in the 0.02% atropine group: from 3.48 +1.23 to 4.65 +1.52 (P<0.001); from 5.59 +1.34 to
6.33 £1.14 (P<0.001), respectively; in the 0.04% group: from 3.41+1.27 to 4.86+1.64 (P<0.001); and from 5.64+1.13 to 6.55+0.82 (P<0.001), respectively.
The effects of the study medication on AoA were not treatment-related in the break point and were marginally treatment-related in the recovery point
(P=0.049) in monocular tests. The results of the binocular tests were treatment-unrelated in the break point or at the recovery point. There were no statistically
significant differences in NAF among the groups after the 12-month treatment period in monocular and binocular conditions.

Conclusions: Local 0.02% and 0.04% atropine treatment for twelve months resulted in treatment-related increases in photopic and mesopic PD, respectively.
Accommodation capability, assessed by AoA, was diminished by atropine treatment only at extreme limits (due to enlarged NPA distances) but remained

unchanged at standard near working distances (as indicated by unaltered NAF test results) according to the M.A.R.S. trial data.
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Abbreviations

ANOVA Analysis of Variance

AoA Amplitude of Accommodation

D Dioptre

M.A.R.S Myopia & Atropine Restriction Study

mm Millimetre

MOSAIC Myopia outcome Study of Atropine in Children
NAF Near Accommodation Facility

NPA Near Point of Accommodation

PD Pupillary Diameter

RAF Royal Air Force

Background

Myopia is considered a significant public health problem globally
[1, 2]. The increasing prevalence of myopia, especially among
Asian ethnicities, has led to a higher incidence of sight-threatening
complications [3]. Early manifestations with accelerated axial
length progression include exacerbated myopia progression even
in non-Asian regions [4, 5]. Innovative treatment modalities aimed
at decelerating myopia progression are under intensive study in
experimental trials and have been clinically implemented in some
European regions [2, 6]. Evaluating the complex effectiveness of
treatment strategies requires prolonged investigation. The rapidly
increasing body of evidence is mainly based on shorter trials
with one-year or two-year follow-up intervention periods [2].
However, there are insufficient data related to the sustainability
of the observed effects. Critical outcomes primarily include
differences in spherical equivalent refraction (SE, dioptres
(D)) measured in cycloplegia and/or axial length (mm) in the
intervention and control groups. Short-term effectiveness varies
considerably among environmental, optical, and pharmacological
interventions, with results often heterogeneous and associated
with a significant degree of uncertainty. According to the latest
Cochrane meta-analysis, orthokeratology provides the greatest
potential for treatment effectiveness [2]. Although high doses
of atropine may decelerate myopia progression, the effect of
highly diluted atropine, the most commonly used clinical treatment
modality worldwide, remains unclear. The therapeutic efficacy
of atropine is related to its concentration, as the majority of its
unwanted effects are [7-12]. The prominent subjective side effects
of local atropine application intended for myopia progression
treatment include glare (related to pupil dilation) and blurred
near vision (i.e., iatrogenic presbyopia due to cycloparesis or
cycloplegia) [8-11, 13-16]. The severity of subjective unwanted
effects is generally mild and usually does not lead to subject
dropout from the trial [15]. The individual impact of subjective
inconvenience is modulated by interindividual differences in

motivation for treatment and muscarinic receptor sensitivity and
habituation [13]. Compensatory measures, if rarely needed, involve
photochromic and/or progressive spectacle lenses. The published
incidence of subjective side effects generally remains low, but
this depends on the methodology, primarily the sensitivity of
monitoring (occasionally, considerably higher levels are reported,
for example, 69%, associated even with a high dropout ratio in
a small Australian study [14-17]. The frequency of dropout due
to side events in trials in non-Asian regions ranged from 0% to
22% [16]. Contrary to its importance for individual compliance,
the extent and severity of prominent side effects related to locally
applied atropine intervention are only fragmentally addressed
in published reports. Safety data were specified in only 8 of
15 selected publications, with authors focusing preferably on
subjective unwanted effects (glare, photophobia, and blurred
vision) [2]. Even less information is available about objective
measures related to prevalent subjective complaints: changes
in pupillary diameter and accommodation amplitude (the
alternative expression, the reciprocal value of the near point of
accommodation) consequent to pharmacological intervention are
infrequently referred to [9-11, 13, 14, 18-29]. To the best of our
knowledge, sporadic relevant data related to near accommodation
facility in eyes treated with highly diluted atropine have been
published [11]. The main aim of our study was to address the lack
of sound evidence regarding the potential unwanted effects of the
local application of lower-middle-diluted atropine in children
with myopia. We describe the impact of twelve months of local
application of 0.02% and 0.04% atropine and placebo on the
parameters of accommodation (near point of accommodation,
NPA (cm), and near accommodation facility, NAF (number of
cycles in a 60-second interval)) and pupillary reaction (photopic
and mesopic diameter in mm).

Methods

Subjects

A total of 229 patients with progressive myopia (> -0.5 dioptres
spherical and <-4.57 dioptres spherical, <2.5 dioptres cylindrical)
were enrolled in the randomized controlled trial (RCT) M.A.R.S.
The age of the children at the time of randomization ranged from
6 to 11 years. The first subject was randomized on June 29, 2022.
Two patients were excluded due to exclusion criteria, while 2
patients used D.I.M.S. glasses during the first twelve months of
the study. Additionally, 35 patients discontinued the study, and 63
patients had not yet reached the 12-month visit as of the reference
date of January 4, 2024. A total of 127 patients were included in
the analysis of accommodation and pupillary reaction parameters.
The group of subjects comprised 64% females and 36% males. The
age distribution of the sample is depicted in Table 1. According
to the study protocol, these parameters are classified as secondary
outcomes related to the safety and tolerability of treatment [30].

Table 1: Age at the Time of Randomization and Gender Structure of the Subject Sample (n=127 children)

Age Placebo atropine 0.02% atropine 0.04%
male female male female male female
[n,%] [n,%] [n,%] [n,%] [n,%] [n,%]
6-7 1 (7.7%) 2 (9.1%) 1 (4.3%) 3 (7.9%) 1 (10.0%) 4 (19.0%)
8-9 5 (38.5%) 5(22.7%) 11 (47.8%) 8 (21.1%) 3 (30.0%) 5(23.8%)
10-11 7 (53.8%) 15 (68.2%) 11 (47.8%) 27 (71.1%) 6 (60.0%) 12 (57.1%)
Total 13 (100.0%) 22 (100.0%) 23 (100.0%) 38 (100.0%) 10 (100.0%) 21 (100.0%)

Age at randomization (years)
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Study Design

M.A.R.S. is a randomized, double-masked, placebo-controlled
multicentric study investigating the efficacy, safety, and side
effects of highly diluted atropine collyrium (0.02% and 0.04%,
respectively) in slowing the progression of shortsightedness
(EudraCT No: 2020-002046-16). Subjects who met all the
inclusion criteria, including accelerated prerandomization axial
elongation greater than 0.1 mm in the 6 months before enrolment,
were randomized into three parallel arms according to the type of
pharmacological intervention evaluated (0.02% atropine, 0.04%
atropine, and placebo) at a ratio of 2:1:1. All the study collyria
were individually prepared and manufactured according to a
technological procedure validated by the State Institute for Drug
Control of the Czech Republic at the University Hospital Pharmacy
in Prague.

Measurements

Amplitude of accommodation (AoA; D) and near accommodative
facility (NAF; number of cycles in a 60-second interval)
are standard parameters used to describe the properties of
accommodation. Static accommodation capability is assessed
monocularly and binocularly as the amplitude of accommodation.
AoA is measured using an accommodation rule (RAF Binocular
Gauge, Clement Clarke Ophthalmic, Haag Streit UK Ltd.) with
the patient wearing their own optimal myopic correction. The text
block optotype of the accommodation rule is slowly moved toward
the patient’s eyes until the patient reports subjective blurring of
the text (break point), and then it is moved back until subjective
restoration of focus is reported (recovery point). The inverted value
of the measured near point of accommodation in meters (NPA, m)
then corresponds to the of the accommodation amplitude, which
is expressed in diopters (D) [31].

The subjective dynamic properties of accommodation are
represented by the near accommodative facility (NAF). The NAF
is measured monocularly and binocularly using an accommodation
flipper (Amcon, Centre, St. Louis, U.S.A.) with a value of +£1.25
D while wearing the patient’s own optimal myopic correction.
A text block (a short fairy story, Times Roman 8, equivalent to
Jager 0.5) is placed in front of the patient at a distance of 40 cm
[32]. Lenses of the flipper are alternated in front of the patient’s
eyes until the presented text is subjectively seen clearly for one
minute. Accommodative facility is expressed as the number of
cycles per minute, where each cycle includes focusing on both
sides of the flipper.

The photopic and mesopic pupil diameters are used in the study to
describe the size of the pupil depending on the level of illumination.
Pupillary horizontal diameters of both eyes were captured after
2 minutes of adaptation to photopic and mesopic static light
stimulation and then measured using the Oculus Keratograph
M5 (Oculus Optikgerate GmbH, Wetzlar, Germany).

Statistical Analysis

Standard descriptive statistics were used to describe patient
characteristics and parameters measured at baseline and at the
12-month visit. Absolute and relative frequencies were employed
for categorical variables, and means with standard deviation
were applied for continuous variables (normality was visually
assessed by comparing the histogram with the expected normal
distribution). To account for within patient variability in monocular
analysis, mixed-effect models with a random effect of patient were
utilized to test differences between baseline and 12-month values.
The mixed-effect model was also employed to assess the treatment
effect in monocular analysis. In binocular analyses, comparisons
between baseline and 12-month values were conducted using
paired t tests. Differences among various treatment types were
examined through analysis of variance (ANOVA). Testing within
individual treatment types underwent correction for multiple
comparisons using Bonferroni correction, while differences
between treatment types were tested without correction. For
statistically significant differences post-hoc tests with Tukey’s
adjustment for multiple comparison were performed. All the
statistical tests were performed at a 5% level of significance. All
analyses were conducted using R version 4.4.0.

Results

The results of the twelve-month follow-up of subjects enrolled
in the RCT M.A.R.S. included measurements of pupillary
diameters and basic parameters of accommodation. Table 2 and
Figure 1 depict the changes in horizontal pupillary diameter (PD)
after twelve months of treatment with highly diluted atropine
(0.02% and 0.04%) and placebo, respectively, compared to the
baseline values. The treatment effects on static PDs were found
to be significant for local highly diluted atropine (P < 0.001).
Specifically, under both photopic and mesopic light conditions,
there were significant changes from baseline after twelve months
of treatment in all the active subgroups (0.02% and 0.04%) but not
in the placebo subgroup. Dose-related effects were not significant
in photopic and mesopic light conditions (Table 2).

Table 2: Pupillary Diameter in the 0.02% and 0.04% Atropine and Placebo Groups

Pupillary diameter (monocular) [mm]
placebo atropine 0.02% atropine 0.04% Treatment | Dose
[N1=35, N2=64] [N1=60, N2=107] [N1=30, N2=54] effect effect of
atropine
0.02% vs.
0.04%
baseline 12mo P value baseline 12mo P value baseline 12mo P value P value P value
mean (SD) | mean (SD) | of mean (SD) | mean (SD) | of mean (SD) | mean (SD) | of
difference difference difference
Photopic | 3.71 3.88 0.1413 3.48 4.65 <0.001° 3.41 4.86 <0.001° <0.001° 0.188*
(1.313) (1.351) (1.229) (1.517) (1.270) (1.645)
Mesopic | 5.97 5.92 >(.999° 5.59 6.33 <0.001° 5.64 6.55 <0.001° <0.001° 0.2947
(1.135) (1.208) (1.341) (1.138) (1.134) (0.824)

"Number of patients with measurements at baseline and at 12 months.
2Number of eyes where the placebo or treatment was applied (number of observations used in monoculary analysis).
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3Tested using a mixed-effect model with random effect of patient.
“Tested using post-hoc tests with Tukey’s adjustment for multiple comparison.
Tests of change within individual treatment groups were corrected for multiple comparisons (Bonferroni correction); mo, month;

and SD, standard deviation.
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Figure 1: Changes in Pupillary Diameter in Photopic (left) and Mesopic (right) Light Conditions

Legend: Changes in the pupillary diameter in photopic (left) and mesopic (right) light conditions after a 12-month application period
in the placebo group and active groups: daily evening local application of 0.02% and 0.04% atropine, respectively. Error bars show
the standard error (SE). Abbreviations: PD, pupillary diameter; mm, millimetre; mo, month. *P <0,05; **P <0,01; ***P <0,001; 1P
value of difference tested using mixed-effect model with random effect of patient, 2P value of treatment effect tested using mixed-
effect model with random effect of patient,

Despite highly significant changes in the static characteristics of accommodation, as assessed by the measurement of the near point of
accommodation (NPA), the treatment effects of highly diluted atropine were documented only in the recovery point under monocular
measurement conditions (P=0.049). The results of the binocular tests nearly closely paralleled those of the monocular tests. No dose-
related effect on AoA was detected in the present study (Table 3, Figure 2).

Table 3: Amplitude of Accommodation (AoA) at Baseline and after a 12-Month Application Period in the Placebo and Active
Groups

placebo atropine 0.02% atropine 0.04% Treatment | Dose effect of
[N1=35, N2=64, N3=29] [N1=61, N2=109, N3=48] [N1=31, N2=56, N3=25] effect atropine 0.02%
vs. 0.04%
baseline 12mo P value baseline 12mo P value baseline 12mo P value P value P value

mean (SD) | mean (SD) | of difference | mean (SD) mean (SD) | of difference | mean (SD) mean (SD) | of difference

Monocular 18.37 16.52 0.020* 16.67 13.31 <0.001* 16.26 12.73 <0.0014 0.2814 NA
(7.042) (6.403) (5.349) (4.004) (3.821) (3.323)
Binocular 18.26 16.99 0.4095 17.16 14.17 0.0045 17.55 13.57 <0.0015 0.1536 NA
(5.297) (6.097) (4.715) (4.249) (2.670) (3.437)
Amplitude of accommodation: recovery point [D]
placebo atropine 0.02% atropine 0.04% Treatment Dose effect of
[N1=35, N2=64, N3=29] [N1=61, N2=109, N3=47] [N1=31, N2=56, N3=25] effect atropine 0.02%
vs. 0.04%
baseline 12mo P value baseline 12mo P value baseline 12mo P value P value P value

mean (SD) | mean (SD) | of difference | mean (SD) mean (SD) of difference | mean (SD) mean (SD) | of difference

Monocular 15.54 14.21 0.015* 14.42 11.64 <0.0014 14.55 11.10 <0.0014 0.0494 0.3557
(5.621) (5.146) (4.756) (3.500) (3.386) (3.072)

Binocular 15.48 15.00 >0.9995 14.69 12.16 0.0015 15.15 11.77 <0.0015 0.0586 NA
(4.297) (5.841) (4.128) (3.448) (2.629) (2.832)

"Number of patients with AoA measurements at baseline and at 12 months.

INumber of eyes where the placebo or treatment was applied (number of observations used in monocular analysis).

SNumber of patients with both eyes treated (number of observations used in binocular analysis).

“Tested using a mixed-effect model with random effect of patient.

STested using paired t-test.

Tested using ANOVA.

"Tested using post-hoc tests with Tukey s adjustment for multiple comparison.

Tests of change within individual treatment groups were corrected for multiple comparisons (Bonferroni correction); mo, month,

SD, standard deviation., NA, not applicable.
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Figure 2: Changes in the Monocular (left) and Binocular (right) Amplitudes of Accommodation as Break Point (up) and Recovery
Point (down).

Legend: Changes in the monocular (left) and binocular (right) amplitudes of accommodation measured as the break point (up) and
recovery point (down) of the near point of accommodation after a 12-month application period in the placebo group and active group:
daily evening local application of 0.02% and 0.04% atropine, respectively. Error bars show the standard error (SE). Abbreviations:
AoA, amplitude of accommodation; D, dioptre; mo, month. *P <0,05; **P <0,01; ***P <(0,001; 1P value of difference tested using
mixed-effect model with random effect of patient, 2P value of difference tested using paired t test, 3P value of treatment effect tested
using mixed-effect model with random effect of patient.

The dynamic capabilities of accommodation, evaluated by means of a near accommodation facility (NAF), did not show any effect
related to atropine treatment in monocular or binocular conditions. The results of the measurements are summarized in Table 4 and
Figure 3, and they revealed no significant difference between overall accommodation dynamics at baseline and after twelve months
of highly diluted atropine treatment.

Table 4: Near Accommodation Facility (NAF) at Baseline and after 12-Month Application Period in the Placebo and Active
Groups

Near accommodation facility (+1,25 D) [number of cycles in 60 seconds interval]
placebo atropine 0.02% atropine 0.04% Treatment Dose effect of
[N1=35, N2=64, N3=29] [N1=59, N2=105, N3=46] [N1=30, N2=54, N3=24] effect atropine
0.02% vs.
0.04%
baseline 12mo P value baseline 12mo P value baseline 12mo P value P value P value
mean (SD) mean (SD) | of difference | mean (SD) mean (SD) | of difference | mean (SD) | mean (SD) | of difference
monocular 12.1 11.9 >0.999* 11.2 11.7 0.3434 11.5 12.1 (5.07) 0.493* 0.6134 NA
(5.32) (4.44) (4.48) (4.90) (5.18)
binocular 11.5 11.5 >0.999° 10.3 11.0 0.311° 11.1 12.3 0.280° 0.429¢ NA7
(5.06) (4.23) (3.68) (4.06) (4.20) (5.50)

/daily evening local application of 0.02% and 0.04% atropine.

"Number of patients with NPA measurements at baseline and at 12 months.

“Number of eyes where the placebo or treatment was applied (number of observations used in monocular analysis).

SNumber of patients with both eyes treated (number of observations used in binocular analysis).

“Tested using a mixed-effect model with random effect of patient.

STested using paired t tests. 6 Tested using ANOVA.

Tests of change within individual treatment groups were corrected for multiple comparisons (Bonferroni correction); mo, month,
SD, standard deviation., NA, not applicable.
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Figure 3: Changes in Monocular (left) and Binocular (right) Near Accommodation Facility

Legend: Changes in monocular (left) and binocular (right) near
accommodation facility after a 12-month application period in the
placebo group and active groups: daily evening local application
of 0.02% and 0.04% atropine, respectively. Error bars show the
standard error (SE). Abbreviations: NAF, near accommodation
facility; mo, month. *P < 0,05; **P < 0,01; ***P < 0,001

Discussion

Our study describes statistically significant differences in the
static and dynamic aspects of pupillary (PD) and accommodative
(AoA and NAF) reactions to prolonged local application of diluted
atropine in children with progressive myopia. A sound body of
experimental evidence has confirmed the efficacy and safety of
low- and middle-concentration atropine. However, some studies
have focused primarily on the efficacy of atropine in reducing
refractive error and/or ocular axial length, while safety has been
evaluated based mainly on a very low number of adverse events
or subjective complaints [14]. Our results complement the lack
of experimental data illustrating potential unwanted side effects
of the local application of lower-middle-concentrated atropine
in children with myopia published in recent studies [9-11, 32].

Pupillary Diameter

In our study, photopic and scotopic horizontal pupil diameter
is measured with the Oculus Keratograph M5. Other options
for measuring pupil size include manual measurement using a
ruler or pupil gauge and automatic pupillometers. Some recent
studies use digital pupillometers to measure pupil size [9, 10].
Measurement using the Oculus keratograph is considered a manual
method, as the horizontal diameter is evaluated by software after
manually marking the edges of the pupil. This can be a source
of inaccuracies. As it is an objective method, the errors caused
by the examinee are reduced. The measurement took place in
the morning when the mydriatic effect from the previous night’s
application was accentuated [18]. It would be valuable to compare
these results to evening measurements.

In our study, we observed a definite effect of the studied drug on
pupil size. Static pupillary diameter increased at the 12-month visit
in both atropine groups (0.04% and 0.02%) under photopic and
mesopic conditions, respectively. The treatment-related increase
in pupillary diameter was statistically significant in the atropine
groups but not in the placebo group. This result is consistent with
the findings of several previous studies; however, usually lower
concentrations of atropine were used (0.005%, 0.01%) [8-11,
13, 19-25, 27-29]. For example, Fu et al. used 0.02% and 0.01%
atropine concentrations and a placebo in Chinese children [18].
They observed a treatment effect but no dose-related effect on
pupil size. In the group treated with 0.02% atropine, a change

in the photopic pupil diameter of 0.79+0.08 mm after twelve
months of drug administration (baseline diameter of 6.34+0.68
mm) was detected. In our group treated with 0.02% atropine, both
the baseline and 12-month pupil diameter values were lower:
3.48 + 1.229 mm and 4.65+1.517 mm, respectively. This can
be explained by differences in the ethnic characteristics of the
two groups or differences in the methods (i.e., light intensity)
used for pupil size measurements. Treatment-related but not
dose-related effects were also observed in other recent studies
[8, 11]. Sharma et al. reported no change in the scotopic or
mesopic pupil size when using 0.01% atropine. However, light
conditions were not specifically monitored during the visits in this
study [33]. The ample clinical evidence embodied in the meta-
analysis supports our results but indicates that the relationships
between changes in pupil diameter and the analysed atropine
concentration (0.01%, 0.02%, 0.03%, 0.05%, 0.10%, 0.50%) are
not linear [26]. The exponential regression curve has a nearly
linear slope at low doses and plateaus at high concentrations.
Noticeably wider pupils of subjects in the active trial arms did
not involve compliance with prolonged atropine medication.
Irrespective of certain mydriasis and potentially related glare, no
photochromic lenses were requested, and the trial’s dropout ratio
was not influenced at the 12-month visits. Children complaining
of glare discontinued the study early during the first 2-4 weeks
after randomization. Ongoing subjects generally do not complain
about glare, and we consider the influence of the robust adaptation
process to excessive light stimulation, localized mainly in retinal
processing (photoreceptors, horizontal and ganglion cells, and
macular pigment) and cortical levels [34-37]. Other studies support
this premise (Fu et al., 2020), and no photochromic lenses were
needed during the MOSAIC study [11]. Pupil diameter is a static
measurement. The measurement of dynamic changes in pupillary
reaction could also be beneficial for assessing atropine side effects.

Amplitude of Accommodation

AoA was measured using the accommodation rule (RAF rule)
with optimal distance correction. Other methodological options
for AoA measurement include the use of minus lenses or dynamic
retinoscopy [38]. Recent studies have also used a near point rule

for measurement [9, 10]. The advantage of the push-up/push-down
method using the RAF rule is the ease and speed of the examination
and the possibility of both monocular and binocular examination.
Sources of measurement errors can be attributed to depth of focus,
reaction time, correction of refractive error, luminance of the
visual task, instrument design error, examiner bias, or feedback
from the participant [38]. Particularly, the measurement is affected
by the depth of focus, which changes with pupillary dilation or
increasing the angular size of the text when approaching the test
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target. Another condition that could affect the depth of focus is
the illumination of the test task. Measurements were performed
under standard lighting conditions in an eye specialist’s office.
Since this is a subjective test method, reaction time also affects the
accuracy of the measurement, including the time taken to decide
whether the object is blurred or clear, the time to verbalize the
decision, the time for the examiner to register this message, and
stop the movement of the text. To achieve the most accurate result,
it is necessary to measure the AoA with full spectacle correction
for distance. The RAF rule itself can be a source of error. Its
construction does not account for anatomical facial differences,
and the text is also shifted along the centre line even during
monocular examination. Measurements may also be influenced
by the examiner’s expectations about the result. Verbal feedback
from the examiner can encourage the examinee to perform better.
Since children are examined in the study, measurement deviations
may occur mainly due to misunderstandings, especially during
the initial examination.

Regarding the effect of the study medication on accommodation,
we observed significant differences in AoA in both the monocular
and binocular tests, as well as in both the break and recovery points.
Interestingly, there was no significant difference in the treatment
relationship except for the border value for the monocular recovery
point. This finding aligns with a similar nonlinear relationship
documented by a meta-analysis of AoA modification in relation
to a wide spectrum of atropine concentrations (0.01%, 0.02%,
0.03%, 0.05%, 0.10%, 0.50%) [26]. However, if we calculate the
Ao0A based on the worst NPA result of our subjects (monocular
recovery point in the 0.04% atropine group), we would obtain a
mean AoA of 11.10 D. This value is clinically insignificant, as it
falls within the comfortable range of accommodation for common
life situations. This can also explain the high toleration rate of
low-dose atropine observed in relevant studies [9, 14, 21,32, 33].
Furthermore, it can elucidate our results of accommodation facility,
which were tested at reading distance and showed neither a drug
nor a dose relationship with the study medication.

Near Accommodation Facility

The dynamics of accommodation are quantified in the M.A.R.S.
trial by measuring accommodation facility to a visual target (i.e.,
a short article of meaningful text) at a standard reading distance of
40 cm using accommodation flippers. The examination is simple to
perform but, as a subjective method, requires a significant degree
of cooperation and understanding from the subject. Sources of
errors in the measurement can include reaction time, the speed
of rotation of the flipper by the examiner, failure to maintain the
examination distance throughout the measurement, and monotony
of the examination. The measured values are influenced by the
subjective reaction time of the examinee and the examiner. When
testing paediatric patients, it can be challenging to maintain the
same examination distance throughout the test. With different test
distances, the accommodation requirements and the speed focus
change. The examination is performed monocularly (twice) and
binocularly for a total of three minutes, which can make it difficult
for child subjects to maintain concentration.

Little is known about the modification of accommodative dynamics
caused by low concentrations of atropine used in the long term
for myopia control in children. There is only a small body of
experimental evidence available, limited to the accommodation
facility of untreated myopes. Subjective accommodation facility
to targets at reading distance is not reduced in younger myopes
compared to age-matched emmetropes [39-41]. However, older

emmetropes, but not myopes, demonstrate a particular improvement
in near accommodation facility (NAF) [42]. Our experimental
results, corresponding to observations of the MOSAIC study,
revealed no treatment-related effect on the difference in NAF
values after twelve months of highly diluted atropine treatment
compared to baseline data. Neither binocular nor monocular test
conditions yielded these findings [11]. Longstanding subject
compliance with study treatment, documented by an acceptable
low trial dropout ratio, may particularly parallel the absence of
treatment effects on subjective visual outcomes at the standard
reading distance. Despite slight, sustained pupil dilation and the
consequent increase in light intensity on retinal exposure, near
accommodation performance remains unaffected. An increased
potential for glare poses no distractive impact on children
during NAF measurement procedures. As the assessment of
accommodation capability by subjective NAF parallels objective
measurements of the dynamics of accommodative reactions, a
more detailed description of clinically undetectable changes
related to study treatment would require objective measurements of
accommodation dynamics, including latency, speed, and accuracy,
in a more precise manner [41, 43].

Conclusion

Over twelve months, local treatment with lower-middle
concentrations of atropine resulted in the expected treatment-
related differences in photopic and mesopic pupillary diameter
(PD). Accommodation capability, as measured by the near point
of accommodation (NPA) and interpreted by its inverted value
of amplitude of accommodation (AoA), showed diminished
performance at extreme limits (evidenced by marginally reduced
AoA) but remained unaffected at standard near working distance
(as indicated by unchanged predominantly subjective NAF tests).

Supported by the national budget through MEY'S, LRI CZECRIN
(LM2023049); by Czech government through Czech health
research council project NU21-07-00189

Trial Registration: EudraCT No: 2020-002046-16; MEYS,
LRI CZECRIN (LM2023049); CHRC project NU21-07-00189

Trial registration number: 2020-002046-16.

The name of registry: The European Union Clinical Trials Register
https://www.clinicaltrialsregister.eu/ctr-search/
trial/2020-002046-16/CZ

Date of registration: 2020-05-18

First participant enrolled on 29.6.2022.

References

1. Ang M, Wong TY (2020) Preface. In: Ang M, Wong TY,
editors. Updates on myopia: A clinical perspective. Singapore:
Springer Nature Singapore Pte Ltd https://researchnow-admin.
flinders.edu.au/ws/portalfiles/portal/19194412/Chakraborty
Understanding P2019.pdf

2. Lawrenson JG, Shah R, Huntjens B, Downie LE, Virgili G,
et al. (2023) Interventions for myopia control in children:
a living systematic review and network meta-analysis. In:
Collaboration C, editor. Cochrane Database of Systematic
Reviews. London: Cochrane Library 2: CD014758.

3. Wong CW, Brennan N, Ang M. (2020) Introduction and
overview on myopia: A clinical perspective. In: Ang M, Wong
TY, editors. Updates on myopia. Singapore: Springer Natura
Singapore Pte Ltd 2020: 1-26.

4. Fu A, Stapleton F, Wei L, Wang W, Zhao B, et al. (2021)
Risk factors for rapid axial length elongation with low

J Clin Stud Rev Rep, 2024

Volume 6(9): 7-9



Citation: Miroslav Dostalek, Martin Hlozanek, Barbora Caslavska, Lucie Jerabkova, Barbora Zajdlikova, et al. (2024) Evaluation of Accommodation and Pupillary
Reaction in Children with Myopia Treated by Highly Diluted Atropine in the M.A.R.S. Trial. Journal of Clinical Case Studies Reviews & Reports. SRC/JCCSR-273.
DOI: doi.org/10.47363/JCCSR/2024(6)327

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

concentration atropine for myopia control. Sci Rep 11: 11729.
Tideman JWL, Snabel MCC, Tedja MS, van Ryjn GA, Wong
KT, et al. (2016) Association of axial length with risk of
uncorrectable visual impairment for Europeans with myopia.
JAMA Ophthalmol 134: 1355-1363.

Guimaraes S, Barros da Silva P, Oliveiros B, Silva E (2023)
Myopia control: short-term effect of 0.01% atropine vs.
defocus incorporated multiple segment lenses-a retrospective
study in European children. Int Ophthalmol 43: 3777-3784.
Polling JR, Kok RGW, Tideman JWL, Meskat B, Klaver
CCW (2016) Effectiveness study of atropine for progressive
myopia in Europeans. Eye 30: 998-1004.

Hansen NC, Hvid-Hansen A, Mgller F, Bek T, Larsen DA,
et al. (2023) Safety and efficacy of 0.01% and 0.1% low-
dose atropine eye drop regimens for reduction of myopia
progression in Danish children: a randomized clinical trial
examining one-year effect and safety. BMC Ophthalmol
23:438.

Hansen NC, Hvid-Hansen A, Mgller F, Bek T, Larsen DA,
et al. (2024) Two-year results of 0.01% atropine eye drops
and 0.1% loading dose for myopia progression reduction in
Danish children: A placebo-controlled, randomized clinical
trial. J Pers Med 14: 175.

Lee SS-Y, Lingham G, Blaszkowska M, Sanfilippo PG,
Koay A, et al. (2022) Low-concentration atropine eyedrops
for myopia control in a multi-racial cohort of Australian
children: A randomised clinical trial. Clin Exp Ophthalmol
50: 1001-1012.

Loughman J, Kobia-Acquah E, Lingham G, Butler J,
Loskutova E, et al. (2023) Myopia outcome study of atropine
in children: Two-year result of daily 0.01% atropine in a
European population. Acta Ophthalmol 102: 245-256.
Polling JR, Tan E, Driessen S, Loudon SE, Wong H-L, et al.
(2020) A 3-year follow-up study of atropine treatment for
progressive myopia in Europeans. Eye (Lond) 34: 2020-2028.
Hvid-Hansen A, Jacobsen N, Mgller F, Bek T, Ozenne B,
et al. (2023) Myopia control with low-dose atropine in
European children: Six-month results from a randomized,
double-masked, placebo-controlled, multicenter study. J Pers
Med 13: 235.

Zadnik K, Schulman E, Flitcroft I, Fogt JS, Blumenfeld LC,
etal. (2023) Efficacy and safety 0f 0.01% and 0.02% atropine
for the treatment of pediatric myopia progression over 3 years:
A randomized clinical trial. JAMA Ophthalmol 141: 990.
Sankaridurg P, Bentsen DA, Bullimore MA, Cho P, Flitcroft
I, et al. (2023) IMI 2023 Digest. Invest Ophthalmol Vis Sci
64: 7.

Simonaviciute D, Grzybowski A, Lanca C, Pang CP, Gelzinis
A, etal. (2023) The effectiveness and tolerability of atropine
eye drops for myopia control in non-Asian regions. J Clin
Med 12: 2314.

Myles W, Dunlop C, McFadden SA (2021) The effect of long-
term low-dose atropine on refractive progression in myopic
Australian school children. J Clin Med 10: 1444.

Fu A, Stapleton F, Wei L, Wang W, Zhao B, et al. (2020)
Effect of low-dose atropine on myopia progression, pupil
diameter and accommodative amplitude: low-dose atropine
and myopia progression. Br J Ophthalmol 104: 1535-1514.
Hieda O, Hiraoka T, Fujikado T, Ishiko S, Hasebe S, et al.
(2021) Efficacy and safety of 0.01% atropine for prevention of
childhood myopia in a 2-year randomized placebo-controlled
study. Jpn J Ophthalmol 65: 315-325.

Chia A, Chua WH, Cheung YB, Wong WL, Lingham A, et
al. (2012) Atropine for the treatment of childhood myopia:
safety and efficacy of 0.5 %, 0.1 and 0.01 % doses (Atropine

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

for the treatment of myopia 2). Ophthalmology 119: 347-354.
Chia A, Ngo C, Choudry N, Yamakawa Y, Tan D (2023)
Atropine ophthalmic solution to reduce myopia progression in
pediatric subjects: The randomized, double-blind multicenter
phase II APPLE study. Asia Pac J Ophthalmol (Phila) 12:
370-376.

Joachimsen L, Bohringer D, Gross NJ, Reich M, Stifter J, et
al. (2019) A pilot study on the efficacy and safety of 0,01 %
atropine in German schoolchildren with progressive myopia.
Ophthalmol Ther 8: 427-433.

Joachimsen L, Farassat N, Bleul T, Bohringer D, Lagréze WA,
etal. (2021) Side effects of topical atropine 0.05% compared
to 0.01% for myopia control in German school children: a
pilot study. Int Ophthalmol 41: 2001-2008.

Yam JC, Jiang Y, Tang SM, Law AKP, Chan JJ, et al. (2019)
Low concentration atropine for myopia progression (LAMP)
study. Ophthalmology 126: 113-124.

Yam JC, Li FF, Zhang X, Tang SM, Yip BHK, et al. (2020)
Two-year clinical trial of the low-concentration atropine for
myopia progression (LAMP) study. Ophthalmology 127:
910-919.

Tran HDM, Sankaridurg P, Naduvilath T, Ha TTX, Tran TD,
et al. (2021) A meta-analysis assessing change in pupillary
diameter, accommodative amplitude, and efficacy of atropine
for myopia control. Asia Pac J Ophthalmology 10: 450-460.
Bai W-L, Gan J-H, Wei S, Li S-M, An W-Z, et al. (2023)
Effect of low-dose atropine eyedrops on pupil metrics: results
after half a year of treatment and cessation. Graefes Arch Clin
Exp Ophthalmol 261: 1177-1186.

Breliant RE, Pang Y, Bandstra A, Kattouf V (2023) Effect of
low-dose atropine on binocular vision and accommodation
in children aged 6 to 17 years. Optom Vis Sci 100: 550-556.
Li FF, Yam JC (2019) Low-concentration atropine eye drops
for myopia progression. Asia Pac J Ophthalmol 8: 360-365.
Kominek M, Autrata R, Krej¢itova I, Zajdlikova B,
Heissigerova J, et al. (2022) Myopia control in European
children - study protocol and methodology. J Neonatol Clin
Pediatr 9: 2-7.

Evans BJW (2007) Pickwell’s binocular vision anomalies
(5th ed). Edinburgh: Elsevier, Butterworth-Heinemann; 2007.
Pérez-Flores I, Macias-Murelaga B, Barrio-Barrio J (2023)
Age-related results over 2 years of the multicenter Spanish
study of atropine 0.01% in childhood myopia progression.
Sci Rep 13: 16310.

Sharma I, Das GK, Rohatgi J, Sahu PK, Chhabra P, et al.
(2023) Low dose atropine in preventing the progression of
childhood myopia: A randomised controlled trial. Curr Eye
Res 48: 402-407.

Stringham JM, Fuld K, Wenzel AJ (2004) Spatial properties
of photophobia. Invest Oftalmol Vis Sci 45: 3838-3848.
Normann RA, Perlman I (1990) Background and bleaching
adaptation in luminosity type horizontal cells in the isolated
turtle retina. J Physiol 421: 321-341.

Flood MD, Eggers ED (2021) Dopamine D1 and D4 receptors
contribute to light adaptation in ON-sustained retinal ganglion
cells. J Neurophysiol 126: 2039-2052.

Skrzypek J (1992) Light sensitivity in cones is affected by
the feedback from horizontal cells. In: Eeckman FH, editor.
Analysis and Modeling of Neural Systems. Springer US
1992: 213-221.

Burns DH, Allen PM, Edgar DF, Evans BJW (2020)
Sources of error in clinical measurement of the amplitude
of accommodation. J Optom 13: 3-14.

O’Leary DJ, Allen PM (2001) Facility of accommodation in
myopia. Ophthalmic Physiologic Optic. 21: 352-355.

J Clin Stud Rev Rep, 2024

Volume 6(9): 8-9



Citation: Miroslav Dostalek, Martin Hlozanek, Barbora Caslavska, Lucie Jerabkova, Barbora Zajdlikova, et al. (2024) Evaluation of Accommodation and Pupillary
Reaction in Children with Myopia Treated by Highly Diluted Atropine in the M.A.R.S. Trial. Journal of Clinical Case Studies Reviews & Reports. SRC/JCCSR-273.
DOI: doi.org/10.47363/JCCSR/2024(6)327

40. Pandian A, Sankaridurg PR, Naduvilath T, O’Leary D, 43. Ghoushchi VP, Mompean J, Prieto PM, Artal P (2021)
Sweeny DF, et al. (2006) Accommodative facility in eyes with Binocular dynamics of accommodation, convergence, and
and without myopia. Invest Ophtalmol Vis Sci47: 4725-4731. pupil size in myopes. Biomed Opt Express 12: 3282-3295.
41. Radhakrishnan H, Allen PM, Charman WN (2007) Dynamics
of accommodative facility in myopes. Invest Ophtalmol Vis
Sci 48: 4375-4382.
42. Ramamurthy D, Radhakrishnan H, Pardhan S (2023)
Associations between accommodative facility, age, and
refractive errors in early, older adolescent myopes and
emmetropes. Br Ir Ortop J 19: 15-25.

Copyright: ©2024 Barbora Zajdlikova, et al. This is an open-access article
distributed under the terms of the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium,
provided the original author and source are credited.

J Clin Stud Rev Rep, 2024 Volume 6(9): 9-9



