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ABSTRACT.

Purpose: To compare the refractive outcome and residual accommodation with
respect to various degrees of iris and skin pigmentation in hypermetropic children
using 2 drops of cyclopentolate 1% (C + C) or 1 drop of cyclopentolate 1% and 1
drop of tropicamide 1% (C + T).

Methods: Two hundred fifty-one hypermetropic children were classified according
to iris and skin pigmentation (light, medium, dark) and received randomized and
double-blind C + C or C + T. Refractive error (spherical equivalent, SEQ) was
determined using the Retinomax-K + 3. In 204 subjects, residual accommodation
(RA) was determined using the PlusoptiX PowerRefractor.

Results: A linear mixed model with a light-irided and light skin-pigmented
reference group receiving C + T (mean SEQ +3.10 £ 1.87D) indicated significant
less hypermetropia in subjects with a dark iris having a medium- and dark-
pigmented skin in C + T, —1.02 + 0.29 (—1.59/—0.45) and —1.53 + 0.30
(—2.10/—0.95); and in subjects having a light-, medium- and dark-pigmented skin
in C+C, —0.74 + 0.34 (—1.41/-0.06), —1.26 + 0.30 (—1.85/—0.66) and
—1.84 + 0.30 (—2.42/—1.26). Similar findings were present for RA. Our model
with a light-irided and light skin-pigmented reference group receiving C + T (mean
RA +0.84 + 0.61D) indicated significantly higher RA in dark-irided subjects with
medium- and dark-pigmented skin in C + T, +1.05 £+ 0.19 (+0.67/+1.43) and
+1.35 + 0.20 (+0.9/+1.74), and in C + C, +1.13 + 0.21 (+0.71/+1.55) and
+1.90 + 0.19 (+1.51/+2.28).

Conclusions: We found solid evidence that skin pigmentation rather than iris
pigmentation is the decisive factor for effectiveness of cycloplegics. Awareness of
the limitations of cycloplegic regimens in dark-irided/pigmented children is needed.
Our study showed that cyclopentolate 1% combined with tropicamide 1% provides
more accurate refractive outcomes both statistically and clinically integrating the
factor skin pigmentation for dark-irided subjects.
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Introduction

Two doses of cyclopentolate 1% and
one drop of cyclopentolate 1% com-
bined with one drop of tropicamide 1%
are commonly used regimes to assess
the refractive error of children. For
both regimes, increasing skin pigmen-
tation and crying were found to signif-
icantly affect hypermetropic outcome
in children with a dark iris (van Min-
derhout et al. 2019). It is conceivable
that the lower hypermetropic outcome
found with increasing skin pigmenta-
tion and/or crying will also be reflected
in subjects with lighter coloured irises.
Although hypermetropic outcome is
primarily of interest in paediatric objec-
tive refraction, the amount of residual
accommodation, for example depth of
cycloplegia, is clinically important as the
two objectives are correlated. To ensure
optimal refractive outcome, residual
accommodation should not exceed
1.75D (Gettes & Belmont, 1961).
Scientific literature agrees that in
dark-irided subjects, cycloplegics are
less effective in obtaining paralysis of
accommodation (Egashira et al. 1993;
Khurana et al. 1988; Miranda & Juan
1972; Nishizawa et al. 1988; Pinheiro &
Netto 2000; Siu et al. 1999). Manny
et al. (1993) found a residual accom-
modation as high as 2.50D using
cyclopentolate 1% in Black African
Americans. In contrast, Ebri et al.
(2007) reported a significantly smaller
residual accommodation of about
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0.63 £ 0.06D after cyclopentolate 1%
and 0.63 £ 0.05D in cyclopentolate
1% combined with one drop of tropi-
camide 1% in Nigerian children. The
latter study, however, with 70% of the
subjects classified as emmetropic, used
dynamic near retinoscopy in uncor-
rected subjects; at starting point, a
considerable amount of accommoda-
tion (i.e. 2D at 50 cm) is already
demanded. Their values therefore are
very likely to be biased. Furthermore,
the standard deviations of 0.06D and
0.05D indicate the absence of variation
between individuals. This does not
reflect the clinical findings we encoun-
ter in the general population.

Using only iris colour as a decisive
element or predictor for residual
accommodation in daily clinical prac-
tice would go beyond the main goal; an
outcome that reflects the actual refrac-
tive value of the child. We observed
that with increasing skin pigmentation,
higher amounts of residual accommo-
dation were present. It seems that a
similar negative relation, that is
increased residual accommodation in
increasing iris and skin pigmentation, is
present.

It is also conceivable that different
cycloplegic regimes provide significantly
different outcomes, especially when
incorporating eye and skin pigmenta-
tion and crying upon application. Var-
ious studies investigated residual
accommodation and/or hypermetropic
outcome in a population with various
degrees of iris pigmentation but did not
incorporate the factor we suspect is most
likely important; the factor skin pig-
mentation. A customized treatment
should be made for every child. This
can only be done if all relevant factors
are known. Therefore, the purpose of
this study was to investigate the effec-
tiveness of one drop of cyclopentolate
1% combined with one drop of tropi-
camide 1% (C + T) and two drops of
cyclopentolate 1% (C + C), in terms of
(1) refractive outcome and (2) residual
accommodation, in general and with
respect to iris colour, skin pigmentation
and crying upon eye drop application in
hypermetropic children.

Methods

Ethical considerations

Ethical approval for this study was
received from the Central Committee

on Research Involving Human Sub-
jects (CCMO,; NL32954.098) and the
Medical Research Ethics Committee,
the Southwest Netherlands (MREC-
ZWN; 1010-077). The study was con-
ducted according to the principles of
the Declaration of Helsinki and appli-
cable Dutch acts. The study was admit-
ted to the Dutch Trial Register
(NL2369).

Study design and selection procedures

The study was a randomized, double-
blind clinical trial with a within- and
between-subject design. The study pop-
ulation was recruited at an ophthal-
mology outpatient clinic in a Dutch
metropolitan hospital (HMC Wes-
teinde, The Hague, The Netherlands).
In all 7- to 12-year-old children requir-
ing cycloplegic retinoscopy, the near-
retinoscopy technique of Mohindra
(1977) was used to assess the noncy-
cloplegic refractive state. Spherical
equivalent was calculated with the
formula: spherical equivalent (SEQ) =
sphere + 2 cylinder. Subjects with a
SEQ of >+0.25 dioptres (D) and suffi-
cient accommodation, that is >10D
with dynamic retinoscopy using the
Nott technique (Antona et al. 2009)
and a best-corrected visual acuity of
>0.7, were asked to participate. Sub-
jects meeting the selection criteria were
included in the study after oral and
written consent of the parents.

The number of participants was
calculated to detect a mean difference
in  residual accommodation  of
0.50 £ 0.60D at a minimum between
C + C and C + T. Calculations were
made with an alpha of 0.05 and 90%
power, yielding a sample size of 31
subjects for each regime. 75 subjects
were added for the additional variables
yielding a sample size of 137 subjects
(274 eye measurements).

Categorization in eye and skin pigmentation
groups

The iris colour of the subjects was
classified as either ‘light’, ‘medium’,
‘dark’ or ‘very dark’ using the iris
pigmentation reference set of Fransen
et al. (2008), where 1-14 represented
‘light’, 15-20 ‘medium’, 21 and 22
‘dark’ and 23 and 24 ‘very dark’.
Constitutional skin colour represents
an individual’s baseline, or the colour
of skin that has not been altered by sun

or other types of ultraviolet (UV)
exposure. To determine inter-observer
reliability of the eye colour classifica-
tion system, this was classified by 2
individual observers (investigator and
research assistant). In case of discrep-
ancy, the skin colour classification of
the investigator was used for statistical
analysis.

Organization of interventions

For this study, unit-dose minims of
cyclopentolate hydrochloride 1% and
tropicamide 1% (Bausch & Lomb Ltd)
were used. Since both interventions had
cyclopentolate 1% as first dose, these
minims were unblinded. For the second
drop, the minims were blinded by
removing the small print on the minims
and labelled according to their ran-
domization. Management and random-
ization of interventions was performed
by the hospital pharmacy. The ran-
domizations were not known to the
participant and/or parents, research
assistant and/or conducting researcher
creating a double-blind set-up. Partic-
ipants received either C+ C or C+ T
in a double-blind randomized manner
in both eyes. At first, cyclopentolate
1% was instilled unblinded; right eye
first and left eye second. With an
interval of 5 min, the blinded second
eye drop was administered in a similar
way. Crying upon or immediately fol-
lowing eye drop, installation was
noted.

Measurements

Residual accommodation was mea-
sured objectively using the PlusoptiX
S04 PowerRefractor II photorefractor
(PlusoptiX GmbH, Nuremberg). At a
distance of 1 metre, infrared light of
790 nm is projected into the eye and
reflected from the retina. The
PowerRefractor performs continuous
measurements of accommodation
(50 Hz, 0.02 seconds, samples) and
requires pupil sizes between 3.7 and
7.8 mm. In case of failure of measure-
ments in large pupils, that is light
overexposure, a neutral density (ND)
filter was used. Neutral density (ND)
filters decrease the intensity of light
without selectively affecting specific
wavelengths of light from the source.
We used ND filter OD 0.04 (Newport
Corporation, Irvine, USA), which
results in a 91% transmission
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percentage at the 790-nm wavelength.
Since the infrared light is attenuated
twice, encountering the ND filter going
towards the eye and encountering the
ND filter following reflection from the
eye, the amount of light reaching the
device was 83%. The ND filter was
fitted in a hand-held frame (Fig. 1).
The use of the ND filter was validated
prior to use in this research (van
Minderhout et al. 2021, submitted).

At 50 min after the first eye drop,
the refraction was assessed with the
Nikon Retinomax-K + 3. Immediately
thereafter, subjects were positioned in a
head and chin rest at 1-m distance from
the measuring device (Fig. 1). Subjects
wore a silicon trial frame with the exact
Retinomax-K + 3 values  (sphere,
cylinder, axis) plus 1D sphere to cor-
rect for the measuring distance at 1
metre and thereby obtain a neutral
refraction. A Radner LogMAR read-
ing chart text (Maaijwee et al. 2008)
representing 0.8 decimal acuity was
attached directly under the measuring
device. Subjects read the text loudly,
while the text was moved towards the
subject. Objective video monitoring of
right and left eye accommodation
took place simultaneously. The
PowerRefractor readings of left and
right eye in dioptres were noted in 2
decimal points. Spherical equivalent
(SEQ) of right and left eye Nikon
Retinomax-K + 3 measurements was
calculated. Values were noted up to
two decimals.

Outcome measures were 50-min
residual accommodation and SEQ
following C + C and C + T, as well
as residual accommodation and SEQ
with respect to eye and skin pigmenta-
tion and crying. The 50-min SEQ
analyses comprised all the subjects
included for residual accommodation
measurements and all subjects with a

50-min  SEQ of >0.25D that were
included in an ongoing parallel study,
which investigated the recuperation
time from cycloplegia.

Statistical analysis

Data were analysed in SPSS 26 for
Windows. Differences were considered
statistically significant if p <0.05. A
difference in refractive outcome of
>0.25D was considered clinically sig-
nificant. Inter-observer reliability of
eye colour classification was deter-
mined with the Kappa coefficient of
agreement. To correct for correlations
between right and left eye measure-
ments, a linear mixed model approach
with a between- and within-subject
design was used. The Pearson correla-
tion (r) was used to investigate the
relation between residual accommoda-
tion and iris colour, as well as skin
pigmentation.

Results

Two hundred four subjects, 102 C + T
and 102 C + C, were included. The
study comprised 96 girls, 46 in C + T
and 50 in C + C; and 108 boys, 56 in
C + Tand 52 in C + C. The mean age
of the subjects was 8.93 + 1.49 in
C+C and 896 £ 1.60 in C+ T. In
C+ T and C + C, 202 and 201 refrac-
tive outcomes were generated by the
PowerRefractor and analysed, respec-
tively. For residual accommodation
measurements, this was 200 in C + T
200 and 197 in C + C 197. The inter-
observer agreement for classification of
iris colour and skin pigmentation was
excellent: kappa 0.95 (p < 0.001) and
kappa 0.92 (p <0.001). There was a
strong association between iris colour
and skin pigmentation (r = 0.832,

p <0.001, n =204). Neither in C+ T

nor in C + C, subjects cried upon or
immediately following eye drop appli-
cation.

The mean hypermetropia in right
and left eye was in C+T
+2.50 + 1.75D and +2.46 + 1.73D,
and in C+C 227+ 1.67D and
2.31 £ 1.73D. There was no statisti-
cally nor clinically significant difference
in hypermetropic outcome between
C+T and C+ C; 0.16 SE 0.15D,
95% CI —0.14 to 0.45D, p = 0.297.
The mean residual accommodation of
right and left eye was in C+T
1.47 £ 1.07D and 1.39 4+ 0.99D, and
in c+C 1.63 + 1.21D and
1.56 + 1.33D. There was no statisti-
cally significant difference in residual
accommodation between C + T and
C+C; —0.16 SE 0.12D, 95% CI
—0.39 to 0.07D, p = 0.169.

Hypermetropic outcome

Using subjects with a light-pigmented
iris receiving C + T as the reference
group, statistically and clinically signif-
icant lower hypermetropia was present
in subjects with a dark and very dark
iris in both interventions (Table 1A).
As a second step, we added the factor
skin pigmentation to the interaction
model. However, small sample sizes
were present, especially in the clinically
interesting combinations in darker pig-
mented eyes in the interaction model
between eye colour and skin pigmen-
tation. Small sample sizes cause power
issues and adjacent type I and II errors.
Therefore, we clustered the iris colour
groups Dark and Very Dark
(Table 1B). The interaction model
between iris and skin colour, using
light-pigmented and light-irided sub-
jects as the reference group, showed
statistically and clinically less hyperme-
tropia in dark-irided subjects with a

Fig. 1. Test set-up using an adult subject; positioned at I-metre distance from the PlusoptiX PowerRefractor, wearing a trial frame with full
Retinomax refractive values. A Radner LogMAR reading chart text representing 0.8 decimal was attached directly under the measuring device.
Subjects read the text loudly, while the text was slowly moved towards the subject. In case of failure due to a large pupil size, a 0.04 ND filter was used

to attenuate the transmitted infrared light. [Colour figure can be viewed at wileyonlinelibrary.com]
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Table 1. (A) Analyses of iris pigmentation as factor in mean refractive outcome, following one dose of cyclopentolate 1% and one dose of
tropicamide 1% (C + T; N = 202) and a double dose of cyclopentolate 1% (C + C; N = 201); and a linear mixed model approach with a between-
and within-subject design, with subjects with a light iris colour receiving C + T as the reference group. Differences in mean spherical equivalent (SEQ)
in dioptres are displayed. (B) Results after clustering iris colour group Dark and Very Dark. (C) Results after adding 47 dark-irided subjects to the

model

95% CI
(A) Spherical equivalent Mean
Intervention*Iris colour N¢ SEQ + SD¢ Mean SEQ difference SE lower bound Upper bound p
C + C* Very Dark 50 —1.82 0.31 —2.44 —1.21 0.000
C + C* Dark 42 —1.08 0.33 -1.72 —0.43 0.001
C + C* Medium 57 —0.38 0.30 —0.98 +0.21 0.207
C + C* Light 52 —0.12 0.31 —0.73 +0.49 0.703
C + T® Very Dark 38 —1.64 0.34 —2.30 —0.97 0.000
C + T® Dark 58 —0.79 0.30 —1.38 —0.19 0.010
C + T® Medium 50 -0.39 0.31 ~1.00 +0.24 0.225
C + TP Light 56 +3.10 + 1.87 0°¢ 0.00
(B) Spherical equivalent 95% CI
Clustered groups dark—very dark Mean
Intervention*Iris colour N¢ SEQ + SD¢ Mean SEQ difference SE Lower bound Upper bound p
C + C* Dark 92 —1.48 0.28 -2.02 —0.94 0.000
C + C* Medium 57 —0.38 0.31 —0.99 +0.22 0.212
C + C* Light 52 —0.12 0.31 —0.74 +0.50 0.706
C + T® Dark 96 —-1.12 0.28 —1.66 —0.58 0.000
C + T® Medium 50 —0.38 0.32 —1.00 +0.24 0.230
C + TP Light 56 +3.10 + 1.87 0°¢ 0.00
C) Spherical equivalent 95% CI
+47 Dark-irided subjects Mean
Intervention*Iris colour N¢ SEQ + SD¢ Mean SEQ Difference SE Lower Bound Upper Bound p
C + C* Dark 139 —1.37 0.25 —1.87 —0.87 0.000
C + C* Medium 57 —0.38 0.31 —0.98 +0.23 0.222
C + C* Light 52 —0.27 0.33 -0.92 +0.38 0.417
C + T® Dark 143 -1.12 0.25 —1.61 —0.62 0.000
C + T® Medium 50 —0.38 0.32 —1.01 +0.24 0.229
C + TP Light 56 +3.10 + 1.87 0° 0

4 C + C: two drops of cyclopentolate 1%.

®C + T: one drop of cyclopentolate 1% and one drop of tropicamide 1%.

¢ Number of measurements.

4SEQ + SD: spherical equivalent and standard deviation in dioptres.

¢ Reference group.

dark- and a medium-pigmented skin in
both interventions (Table 2A).
Despite clustering, a relatively small
sample size was present in the clinically
highly interesting group of subjects with
a dark iris colour- and a light-pigmented
skin. To enhance power, we added 47
dark-irided noncrying subjects who
received C + T and C + Cin a previous
study. This study compared 5 drops of
atropine 0.5% withC + Tand C + Cin
3- to 6-year-old hypermetropic children
with a dark iris (van Minderhout et al.
2019). Adding these 47 subjects virtually
did not change the mean overall differ-
ence in the combined groups Dark
(Table 1C). The interaction model
between iris and skin colour, using
light-pigmented and light-irided sub-
jects as the reference group, showed

virtually no difference in outcomes in
dark-irided subjects with a dark- and a
medium-pigmented skin in both inter-
ventions (Table 2B). However, in dark-
irided subjects with a light-pigmented
skin, the increase from 12 to 32 subjects
had significant influence in intervention
C + C, where the p value altered form
0.191 to 0.032. Despite this significance,
the 95% confidence outer limit of —0.06
indicated that clinically insignificant
difference might exist in the true popu-
lation.

Residual accommodation

As expected from the previous analysis,
we found a highly clinically and
statistically significant impact of the
factor iris pigmentation on residual

accommodation (Table 3A). Integrat-
ing skin pigmentation in the model,
using light-pigmented and light-irided
subjects as the reference group, showed
significantly increased residual accom-
modation in subjects with a medium
and dark skin pigmentation in subjects
with a dark and very dark iris
(Table 3B). To overcome small sample
sizes in the clinically interesting com-
binations of eye and skin pigmenta-
tions, we clustered the iris colour
groups Dark and Very Dark.

Since good cycloplegia is the base
for an optimal hypermetropic measure-
ment, we investigated the relation
between residual accommodation and
the factors eye and skin pigmentation.
Controlling for right and left eye mea-
surements and intervention, a highly
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Table 2. (A) Analyses of eye and skin pigmentation as factor in the mean refractive outcome, following a double dose of cyclopentolate 1% (C + C;
N = 201) and one dose of cyclopentolate 1% and one dose of tropicamide 1% (C + T; N = 202); a linear mixed model approach with a between- and
within-subject design, with subjects with a light iris colour and light skin pigmentation receiving C + T as the reference group. Difference in mean
spherical equivalent (SEQ) in dioptres is displayed. (B) Results after adding 47 dark-irided subjects to the model

A Spherical equivalent 95% CI

Clustered groups Dark—Very Dark Mean

Intervention*Iris colour*Skin pigmentation N° SEQ + SD¢ Mean SEQ difference SE Lower bound Upper bound p

C + C* Dark*Dark 44 —1.96 0.32 —2.60 —1.33 0.000
C + C* Dark*Medium 36 —1.16 0.34 —1.83 —0.48 0.001
C + C* Dark*Light 12 —0.67 0.51 —1.67 +0.34 0.191
C + C* Medium*Medium 22 —0.72 0.40 —1.51 +0.07 0.074
C + C* Medium*Light 35 —-0.17 0.35 —0.85 +0.51 0.623
C + C* Light*Light 52 —0.12 0.31 —0.73 +0.49 0.702
C + T® Dark*Dark 44 —1.55 0.32 —2.18 —0.91 0.000
C + T Dark*Medium 46 —0.90 0.32 —1.53 —0.27 0.005
C + T° Dark*Light 6 +0.27 0.69  —1.08 +1.62 0.696
C + T® Medium*Medium 22 —0.64 0.40 —1.44 +0.15 0.112
C + T® Medium*Light 28 —0.17 0.37 —0.90 +0.56 0.639
C + T° Light*Light 56 +3.10 + 1.87  0° 0.00

B Spherical equivalent 95% CI

+47 Dark-irided subjects Mean

Intervention*Iris colour*Skin pigmentation N¢ SEQ + SD¢ Mean SEQ difference SE Lower bound Upper bound p

C + C* Dark*Dark 56 —1.84 0.30 —2.42 —1.26 0.000
C + C* Dark*Medium 51 —1.26 0.30 —1.85 —0.66 0.000
C + C* Dark*Light 32 —0.74 0.34 —1.41 —0.06 0.032
C + C* Medium*Medium 22 —0.72 0.39 —1.49 +0.06 0.069
C + C* Medium*Light 35 —0.18 0.34 —0.84 +0.49 0.599
C + C* Light*Light 52 —0.12 0.30 —0.71 +0.47 0.693
C + T® Dark*Dark 56 —1.53 0.30 -2.10 —0.95 0.000
C + T Dark*Medium 61 —1.02 0.29 —1.59 —0.45 0.000
C + T Dark*Light 26 —0.55 037 —127 +0.17 0.131
C + T® Medium*Medium 22 —0.64 0.39 —1.42 +0.13 0.103
C + T® Medium*Light 28 —0.18 0.36 —0.89 +0.53 0.619
C + T® Light*Light 56 +3.10 £1.87 0° 0

#C + C: two drops of cyclopentolate 1%.

®C + T: one drop of cyclopentolate 1% and one drop of tropicamide 1%.
° Number of measurements.

4SEQ + SD: spherical equivalent and standard deviation in dioptres.

¢ Reference group.
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statistically inverse correlation was
found between iris pigmentation and
residual accommodation, r = —0.513,
p < 0.000 (n = 397). Cohen’s classifica-
tion indicated a large effect size, with
26.3% of the variance in residual
accommodation explained by eye pig-
mentation. Additional controlling for
skin pigmentation altered the relation
significantly, r= —0.163, p = 0.001,
with eye colour explaining only 2.7%
of the variance in residual accommo-
dation, and indicating the significant
impact of the factor skin pigmentation.

Discussion

One aim of this study was to investigate
the effect of crying in the whole range
of eye and skin pigmentations. Earlier
research showed significantly less

hypermetropia in crying subjects with
a dark iris and a pigmented skin (van
Minderhout et al. 2019). To our sur-
prise, none of the children in the
present study cried or even had resis-
tance towards eye drop application. In
the former study, the children were
aged 3-6 years. The children who par-
ticipated in the present study were
older and were able to comprehend
given information more easily. There-
fore, the question whether crying also
affects outcome in lighter pigmented
subjects remains open. However, due
to the absence of this specific con-
founder true comparisons could be
made for the other variables.

It is generally accepted that in darker
pigmented eyes, cyclopentolate 1%
seems less effective in reaching optimal
depth of cycloplegia. Manny et al.

(1993) found a mean residual accom-
modation of 0.99 £+ 0.47D in light-
pigmented irises, 1.20 &+ 0.86D in
dark-pigmented ones and
2.49 + 0.62D in the very dark irises of
Black African Americans. Similar find-
ings were present in the study of
Miranda & Juan (1972); reporting
0.70 &+ 0.25D in subjects with a light-
pigmented iris and 2.22 + 0.96D in
subjects with a dark to very dark-
pigmented iris. In a dark-irided Brazil-
ian (Pinheiro & Netto, 2000) and Kor-
ean (Choi et al. 1964) population report,
a mean residual accommodation was
1.60 £ 0.58D and 1.21 £ 0.70D.

Less controversy is present for the
combination of cyclopentolate 1%
with tropicamide 1%. Miranda & Juan
(1972) report a mean residual accom-
modation of 0.66 + 0.22D in subjects
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Table 3. (A) Analyses of iris pigmentation as factor in the mean residual accommodation (RA), following one dose of cyclopentolate 1% and one
dose of tropicamide 1% (C + T; N = 200) and a double dose of cyclopentolate 1% (C + C; N = 197); and a linear mixed model approach with a
between- and within-subject design, with subjects with a light iris colour receiving C + T as the reference group. Difference in mean residual
accommodation in dioptres is displayed. (B) Results after adding factor skin pigmentation to the model, with subjects with a light iris colour and light
skin pigmentation receiving C + T as the reference group

95% CI

(A) Residual accommodation Mean Mean RA

Intervention *Iris colour N* RA + SD¢ difference SE lower bound Upper bound p
C + C® Very Dark 50 +1.64 0.19 +1.26 +2.02 0.000
C + C® Dark 42 +1.20 0.20 +0.80 +1.60 0.000
C + C® Medium 53 +0.26 0.19 —0.11 +0.63 0.172
C + C° Light 52 +0.05 0.19 —0.32 +0.43 0.786
C + T° Very Dark 37 +1.43 0.21 +1.01 +1.84 0.000
C + T° Dark 58 +0.97 0.19 +0.61 +1.34 0.000
C + T° Medium 50 +0.20 0.19 —0.18 +0.58 0.298
C + T° Light 55 0.84 + 0.61 0
(B) Residual accommodation 95% CI
Intervention*Iris colour*Skin Mean Mean RA

pigmentation N¢ RA + SD¢ difference SE Lower bound Upper bound p
C + C* Dark*Dark 44 +1.90 0.19 +1.51 +2.28 0.000
C + C* Dark*Medium 36 +1.13 0.21 +0.71 +1.55 0.000
C + C* Dark*Light 12 +0.55 0.31 —0.06 +1.15 0.076
C + C* Medium*Medium 18 +0.45 0.29 —0.12 +1.02 0.120
C + C* Medium*Light 35 +0.19 0.20 —0.21 +0.59 0.343
C + C* Light*Light 52 +0.05 0.19 —0.32 +0.42 0.781
C + T® Dark*Dark 43 +1.35 0.20 +0.96 +1.74 0.000
C + T° Dark*Medium 46 +1.05 0.19 +0.67 +1.43 0.000
C + T° Dark*Light 6 +0.34 0.42 —0.12 +1.76 0.300
C + T® Medium*Medium 22 +0.41 0.26 —0.11 +0.93 0.116
C + T® Medium*Light 28 +0.08 0.22 —0.34 +0.51 0.701
C + TP Light*Light 55 0.84 + 0.61 0 0

4 C + C: two drops of cyclopentolate 1%.

®C + T: one drop of cyclopentolate 1% and one drop of tropicamide 1%.

¢ Number of measurements.

9RA + SD: residual accommodation and standard deviation in dioptres.

¢ Reference group.

with a light iris colour and
0.77 £ 0.26D in darkly pigmented
irises. In the Brazilian study of Pin-
heiro & Netto (2000), a mean residual
accommodation of 0.86 + 0.56D was
present, and in the African American
population of Kleinstein et al. (1999), a
mean residual accommodation of
0.77 £ 0.61D was found.

The insignificant amount of residual
accommodation of  0.63 £ 0.06D
(C+C) and 036 £ 0.05D (C+T)
and having 54% respectively 71%
having a residual accommodation of
<0.50D, found by Ebri et al. (2007), can
be explained by the methodology used.
The residual accommodation was
established using dynamic near retino-
scopy in uncorrected subjects. At start-
ing point, a considerable amount of
accommodation (i.e. 2.5D at 40 cm) is
already demanded. It is likely that a
significant percentage of uncorrected
hyper- and emmetropic subjects were

not able to reach the required amount
of accommodation. By fully correcting
the refraction in our subjects and
adding a plus 1D sphere to correct for
the measuring distance at 1 m no
accommodation effort was demanded,
we established a true residual accom-
modation. Comparable to Manny et al.
(1993) and Miranda & Juan (1972), we
found statically and clinically signifi-
cant more residual accommodation in
subjects with a dark iris, 1.81D in
C + T and 2.04D in C + C; and a very
dark iris, 2.27D in C + T and 2.48D in
C + C, compared with light-pigmented
irides, 0.84D in C + T and 0.89D in
C + C. Anatomic considerations can
explain our findings. In general, mela-
nocytes of darker pigmented irises
contain more melanin (Albert 2003;
Wakamatsu et al. 2006), resulting in an
increased pigment binding and thereby
less available substance for ciliary
receptor blockage. In contrast to the

findings of other studies using the
cyclopentolate 1% and tropicamide
1% combination, we found virtually
no differences compared with a double
dose of cyclopentolate 1%.

Solid evidence is found for our
hypothesis that skin pigmentation and
not iris pigmentation is the decisive
factor in the effectiveness of cyclo-
plegics. Besides the significant differ-
ences between the consecutive skin
pigmentation categories in the subjects
with a dark iris, we found after correc-
tion for skin pigmentation not 26% but
only 2.7% of variance in residual
accommodation was explained by iris
colour. The underlying base of our
findings again can be found in human
physiology. The melanocytes of pig-
mented children contain larger melano-
somes and therefore larger amounts of
melanin (Wakamatsu et al. 2006). Cor-
respondingly, Wakamatsu et al. (2006)
found an increasing amount of uveal
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melanin with increasing skin pigmen-
tation, meaning that in subjects with a
dark iris and a dark-pigmented skin
more binding is present compared to
subjects with a dark iris and a light-
pigmented skin. Due to insignificant
binding to pigment of tropicamide, the
combination  with  cyclopentolate
resulted in a clinically significant
smaller residual accommodation for
subjects having a dark iris and a
dark-pigmented skin compared with
the sole use of cyclopentolate.

In daily clinical practice, not residual
accommodation but refractive outcome
resulting from the residual accommo-
dation is of interest. As can be
expected, similar findings as in residual
accommodation were present: signifi-
cantly less hypermetropia in dark and
very dark irises and the combination of
cyclopentolate 1% with tropicamide
1% having slightly higher hyperme-
tropic outcome compared with a dou-
ble dose of cyclopentolate 1% in this
specific category of subjects.

A major aim of this study was to
compare the refractive outcome in the
whole range of iris and skin pigmenta-
tions. Despite clustering of iris colour
groups Dark and Very Dark, relatively
small sample sizes were present in the
clinically highly interesting group of
subjects having a dark iris and a light-
pigmented skin. Small sample sizes
interfere with power, type I and II
errors and effect sizes, and thereby
replicability of results. We added data
of 47 subjects with a dark iris and
various grades of skin pigmentation
from a former study (van Minderhout
et al. 2019) to our present study data.

This decision may be open to dis-
cussion. However, we believe that there
are no methodological conflicts. These
47 subjects were investigated using the
same cycloplegic regimes and method-
ology as used in the present study. The
insufficient sample size for subjects
having a dark iris and a light-
pigmented skin was increased by 20
subjects. This altered the outcomes for
subjects having a dark iris and a light-
pigmented skin significantly, but only
in a double dose of cyclopentolate 1%.
Although the significance is perhaps
near borderline, the p value indicates
that there is only a 3% chance that we
found such an association in this
specific population due to random
error in our sample size. Furthermore,
the 95% confidence interval lower limit

indicates that a clinically highly signif-
icant lower hypermetropia for a double
dose of cyclopentolate 1% may exist.

Inspecting the models without and
with the additional subjects revealed
that outcomes for subjects with (1) a
dark iris and (2) a dark iris and
medium or darkly pigmented skin vir-
tually did not change after adding these
47 subjects. Clearly, a highly statisti-
cally and clinically significant lower
hypermetropia, even in the 95% confi-
dence limit upper bound, for these
categories of subjects, and in both
interventions and in both models is
found. In fact, this is the key finding of
this study and is of high clinical
importance. The present study clearly
supports the validity of the outcomes
and conclusions of our former study
(van Minderhout et al. 2019), that is
the impact of increasing skin pigmen-
tation for detecting latent hyperme-
tropia in dark-irided subjects.

Implications for paediatric ophthalmic
professionals and researchers

In daily clinical practice and in scien-
tific research and/or epidemiological
studies, the pursued goal in paediatric
objective refraction is an outcome that
reflects the actual refractive value of
the child. Firstly, the paediatric oph-
thalmology professional must recog-
nize the limitations of the chosen
cycloplegics. We showed that in hyper-
metropic children with a dark iris and a
pigmented skin, the amount of residual
accommodation and thereby hyperme-
tropic outcome can be at a level that
questions the effectiveness of our
regimes. In this particular group, there
may be a need for additional cyclo-
plegic drops. In particular, in the pres-
ence of an (accommodative) esotropia,
we established an increased risk for
adverse reactions in repeated cyclopen-
tolate 1% eye drops (van Minderhout
et al. 2015). Furthermore, cyclopento-
late has a significant binding to eye
melanin compared with tropicamide
1%. Therefore, we suggest an
additional drop of tropicamide 1%.
However, for our suggestion the
scientific base could be expanded. We
recommend further research to deter-
mine the optimal regimen for this
category of children, taking into
account the risk for adverse reactions
and the burden of repeated adminis-
tration of eye drops.

Secondly, crying in eye drop admin-
istration must be taken into account.
Crying can be a problem in general, but
especially in this group of children. We
determined crying as a risk factor for
lower hypermetropic outcome (van
Minderhout et al. 2019). Crying results
in a dilution and mechanical removal
of the active substance. Crying as a risk
factor for effective cycloplegia is also
reported by Lim et al. (2019). In their
dark-irided mixed Asian paediatric
population in 29.2% of the un-co-
operative and crying subjects, a pupil-
lary reaction to light was present. They
established an odds ratio of 3.13 (1.21—
8.23, p = 0.019) for having a reactive
pupil because of non-co-operation and
crying. In dark-irided pigmented crying
children, the need for additional cyclo-
plegic drops is evident. Again, further
research is needed.

Finally, it should be realized that the
absence of pupillary reaction to light
does not reflect an adequate cyclople-
gia. Loajaroenwanit et al. (2016) found
a mean absence of pupillary reaction to
light at 50 min (range 30-70 min)
using 3 drops of cyclopentolate 1% in
Thai children. In their population, a
poor correlation between time to the
absence of this pupillary reaction and
the time of maximum cycloplegia was
present (r = —0.07, Spearman’s rank
correlation coefficient). Ebri et al
report similar findings in their Nigerian
population.

Conclusions

Our research provided awareness of the
limitations of cycloplegics in children.
We found solid evidence for the
hypothesis that skin pigmentation and
not iris pigmentation is the decisive
factor in the effectiveness of cyclo-
plegics. Although in the present study,
none of the subjects cried or had
resistance towards the eye drop appli-
cation, it is important to realize that
crying, especially in the darker pig-
mented subjects, results in significantly
less hypermetropia in any intervention
(van Minderhout et al. 2019). Our
study showed that cyclopentolate 1%
combined with tropicamide 1% pro-
vide both statistically and clinically
better outcomes when integrating the
factor skin pigmentation for dark-
irided subjects. Incorporating the sig-
nificant lower risk for adverse reactions
(van Minderhout et al. 2015), we
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recommend the combination of
cyclopentolate 1% and tropicamide
1% as the first-choice regime. In sub-
jects with a dark iris and having a
medium to darkly pigmented skin, the
amount of residual accommodation is
considerable, resulting in a significantly
lower hypermetropic outcome. For this
particular group of children, additional
cycloplegic eye drops, especially in the
presence of crying and/or (accom-
modative) esotropia, are necessary.
Further research to determine the opti-
mal regime, taking into account crying
during application, the risk for adverse
reactions and the burden of repeated
administration of eye drops, for this
group of children, is necessary.
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