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Purpose: To evaluate the effectiveness of a cycloplegic regimen using 0.5% tropicamide and 0.5% phenyleph-
rine (Tropherine, Hanmi Pharm), in addition to 1% cyclopentolate, in hyperopic children.

Methods: The medical records of hyperopic patients below the age of 14 years who had undergone cyclople-
gic retinoscopy were retrospectively reviewed. Cycloplegic refractions were performed using one of two cy-
cloplegic regimens. Regimen 1 was a Tropherine-added regimen comprising the administration of one drop
of 1% cyclopentolate followed by two to three drops of Tropherine added at 15-minute intervals. Regimen 2
was a cyclopentolate-only regimen comprising the administration of three to four drops of 1% cyclopentolate
at 15-minute intervals. The mean difference between noncycloplegic and cycloplegic refraction was com-
pared between the two regimens.

Results: A total of 308 eyes of 308 hyperopic children were included. The mean difference (xstandard devi-
ation) in the spherical equivalent (SE) between cycloplegic and noncycloplegic refraction was significantly
larger in regimen 2 than in regimen 1, with values of +1.70 + 1.03 diopters (D) and +1.25 + 0.89 D, respectively
(p = 0.001). The SE change after cycloplegia was significantly different between the two regimens only in pa-
tients aged 5 years or younger (p = 0.001), particularly in those with high hyperopia with an SE >5 D (p = 0.005)
or fully accommodative esotropia (p = 0.009). There was no significant difference between the two regimens in
patients older than 5 years, regardless of the presence of high hyperopia or fully accommodative esotropia.

Conclusions: The Tropherine-added regimen exerted a weaker cycloplegic effect than the cyclopentolate-on-
ly regimen, particularly in children under the age of 5 years with high hyperopia or fully accommodative
esotropia. However, the difference in refraction between the two regimens was small. A Tropherine-added
regimen can be effective in hyperopic children, with less associated discomfort than the instillation of cyclo-
pentolate.
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ing greater accommodative efforts [1,2].

Atropine sulfate, cyclopentolate hydrochloride, and trop-
icamide are widely utilized as cycloplegic agents. Although
several studies have demonstrated that atropine inhibits
accommodation more effectively than cyclopentolate or
tropicamide [3-5], the extremely long duration of action (10
to 15 days) and significant toxicity of atropine with poten-
tial side effects of tachycardia, tremor, and delirium make
clinicians reluctant to administer atropine for cycloplegic
refraction in younger children. Synthetic antimuscarinic
agents, such as tropicamide and cyclopentolate, have a
shorter duration of action and are more convenient to ad-
minister than atropine as alternative cycloplegic agents in
clinical settings [2]. Cyclopentolate provides cycloplegia
for 12 to 24 hours, while tropicamide is expected to pro-
vide cycloplegia for 4 to 10 hours. Findings from a previ-
ous survey reveal that some patients prefer tropicamide
due to a more rapid return of near vision and a lesser sting-
ing sensation relative to cyclopentolate [6]. Tropicamide re-
quires a shorter duration to obtain maximum cycloplegia,
and rarely induces systemic side effects [7-9]. Early studies
[10,11] report that the cycloplegic effect of tropicamide is
much less than that of atropine or cyclopentolate, and that
it is insufficient for cycloplegic refraction in children. In
contrast, more recent studies have suggested that cyclopen-
tolate and tropicamide may be equally efficacious for re-
fractive measurements [6,12-14]. Hyperopic children gen-
erally have greater accommodative efforts in comparison
to myopic children with relatively lower accommodation
requirements [15,16]. Therefore, stronger cycloplegic agents
are considered necessary for cycloplegic refraction in hy-
peropic children. Several studies have compared the effica-
cy of these cycloplegic agents. There is no clear consensus
on an optimum cycloplegic agent, however, particularly for
hyperopic children.

Recently, mixed eye drops containing 0.5% tropicamide
and 0.5% phenylephrine packaged in individual single-use
bottles have become commercially available. Instillation of
these single-use eye drops for cycloplegic refraction in
clinical settings is considerably more convenient and hy-
gienic. The purpose of this study is to evaluate the effec-
tiveness of a cycloplegic regimen using 0.5% tropicamide
and 0.5% phenylephrine (Tropherine; Hanmi Pharm,
Seoul, Korea), in addition to 1% cyclopentolate, in hyper-
opic children.
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Materials and Methods

The medical records of patients under the age of 14 years
who underwent cycloplegic retinoscopy between January 1
and December 31, 2013, at the Strabismus Center in Kim’s
Eye Hospital were retrospectively reviewed. Patients with
hyperopia of more than +1.00 diopters (D) in the spherical
equivalent (SE) (i.e., the sphere plus half of the cylinder) in
at least one eye measured by cycloplegic refraction were
included. If both eyes were hyperopic with more than
+1.00 D in the SE, then only the eye with the larger SE was
included in the analysis.

Patients with amblyopia were excluded from the study if
they met the criteria of pediatric eye evaluation screening
guidelines (i.e., best-corrected visual acuity lower than two
lines or more than normal visual acuity for the age of each
patient) or if they had any organic eye diseases, including
congenital cataract and aphakia.

All children underwent routine ophthalmic evaluations,
including slit-lamp examination, cover/uncover tests, prism
and alternating cover tests, and fundus photography. Cy-
cloplegic refractions were performed randomly using one
of two cycloplegic regimens. Regimen 1 was a Tropherine-
added regimen comprising the administration of one drop
of 1% cyclopentolate followed by two to three drops of
Tropherine added at 15-minute intervals. Regimen 2 com-
prised a cyclopentolate-only regimen with the administra-
tion of three to four drops of 1% cyclopentolate at 15-min-
ute intervals. Cycloplegic retinoscopy was performed
between 30 and 60 minutes following the first instillation
of cycloplegics, when the pupillary light reflex was elimi-
nated. The ophthalmic technicians were not informed as to
which of the cycloplegic agents were applied. Strabismus
was categorized as either exotropia, fully accommodative
esotropia (defined as esotropia that had been eliminated or
reduced to less than 10 prism diopters [PD] by full correc-
tion of hyperopia), partially accommodative esotropia (de-
fined as reduced esotropia remaining at 10 PD or greater
than 10 PD by full correction of hyperopia), non-accom-
modative esotropia, other strabismus (mainly hypertropia
or dissociated vertical deviation), or no clinically signifi-
cant strabismus (all heterophoria and heterotropia less than
10 PD). High hyperopia was defined as >+5 D in SE by cy-
cloplegic refraction.

The mean difference between noncycloplegic and cyclo-
plegic refraction was compared between the two regimens



using the sphere component, cylinder component, and SE.
The effects of age, severity of hyperopia, and/or strabis-
mus on refraction differences between the two regimens
were evaluated. Numeric values were presented as mean +
standard deviation (SD). Statistical analysis was performed
using SPSS ver. 21.0 (IBM Corp., Armonk, NY, USA), and
p-values less than 0.05 were considered statistically signifi-
cant. Student’s #-test and chi-square tests were used to
compare basic patient characteristics and changes in re-
fraction (spherical and cylinder components, and SE) after
instillation of the two different regimens. Two-way analy-
sis of variance was used to compare the changes in refrac-
tion between the groups stratified by age, degree of hyper-
opia, and strabismus. Post-hoc analysis was performed
using a #-test with the Bonferroni correction.

Results

A total of 308 children (132 males and 176 females) with
a mean age of 3.99 years (SD, 2.30 years; range, 0 to 13
years) were included in this analysis. The SE of manifest
refraction was distributed with a mean of +3.95 D (SD, 2.17

Table 1. Patient characteristics
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D; range, +0.25 to +8.63 D) in this study population. Of the
308 children, 223 received regimen 1 and 85 children re-
ceived regimen 2 for cycloplegia. There were no significant
differences in age, gender, and pre-cycloplegic refraction
between the two groups (Table 1).

Changes in refraction after cycloplegia are described in
Table 2. More positive values of the SE and sphere compo-
nents were produced by cycloplegic refraction in compari-
son to noncycloplegic refraction. The mean changes in SE
and sphere components between cycloplegic and noncyclo-
plegic refraction were significantly different, with larger
values in regimen 2 than in regimen 1 (p = 0.001 for both
variables). A minimal difference was found in the cylinder
component between regimens after cycloplegia (Table 2).

Children were divided into two groups according to
their age at examination (5 years or younger and older than
5 years) and changes in refraction after cycloplegia were
compared between the two regimens in both groups (Table
3). There was a statistically significant difference in SE
changes after cycloplegia between the two regimens only
in the younger age group. Mean changes in regimens 1 and
2 were +1.29 = 0.88 D and +1.80 + 1.10 D, respectively (p =
0.001) (Table 3). In addition, the mean sphere changes were

Regimen 1 (n = 223) Regimen 2 (n = 85) p-value

Age (yr) 4.00+2.19 4.08 +2.56 0.687"
Sex 0.701"

Male 94 (42.2) 38 (44.7)

Female 129 (57.8) 47 (55.3)
Mean refractive error (D)

Sphere (noncycloplegic) +1.94 £ 1.81 +2.20 £ 1.79 0.243"

Cylinder (noncycloplegic) +0.77 £0.75 +0.58 £ 0.66 0.051"

Spherical equivalent (noncycloplegic) +2.32+1.83 +2.49 +1.78 0.450"
Distribution of strabismus type 0.044

No strabismus 112 (50.2) 24 (28.2)

Fully accommodative ET 68 (30.5) 43 (50.6)

Partially accommodative ET 16 (7) 13 (15.3)

Non-accommodative ET 2(0.9) 3(3.5)

Exotropia 21 (9.6) 1(1.2)

Other strabismus 4(1.8) 1(1.2)

Values are presented as mean + standard deviation or number (%).

D = diopters; ET = esotropia.

"p-value by r-test; p-value by chi-square test.
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Table 2. Changes in refraction after cycloplegia

Regimen 1 (n = 223) Regimen 2 (n = 85) p-value’
Sphere change (D) +1.25+0.89 +1.70 £1.03 0.001
Cylinder change (D) +0.06 + 0.30 -0.01+£0.27 0.087
Spherical equivalent change (D) +1.28 £0.88 +1.70 £1.03 0.001

Values are presented as mean + standard deviation.
D = diopters.
p-value by t-test.

Table 3. Changes in refraction by cycloplegia compared by the age groups

Regimen 1 (n = 223) Regimen 2 (n = 85) p-value
Sphere change (D) 0.027"
<5yr +1.26 +0.89 +1.82 + 1.09 0.000"
>5yr +1.24+0.94 +1.33+0.70 0.6917
Cylinder change (D) 0.850"
<5yr +0.07 £0.31 —0.04£0.28
>5 yr —0.04 £0.19 +0.08 + 0.20
Spherical equivalent change (D) 0.024"
<5yr +1.29 +0.88 +1.80 £ 1.10 0.001"
>5 yr +1.2240.90 +1.38 £ 0.69 0.494

Values are presented as mean + standard deviation.
D = diopters.

"p-value by two-way analysis of variance; ‘p-value <0.025 by t-test was considered significant with the Bonferroni correction.

significantly different only in the younger group, with
larger values in regimen 2 in comparison to regimen 1.
Mean cylinder changes were not significantly different be-
tween the two regimens (Table 3). The effects of the de-
gree of hyperopia (Table 4) or presence of fully accommo-
dative esotropia (Table 5) by age group were also evaluated
by stratification. In the group of patients aged 5 years or
younger, patients who had high hyperopia with an SE >5
D or fully accommodative esotropia revealed larger differ-
ences in SE and sphere component changes with regimen
2 than with regimen 1 (p = 0.005 and p = 0.001 for high
hyperopia, respectively and p = 0.009 and p = 0.006 for
fully accommodative esotropia, respectively). Mean cylin-
der changes were not significantly different between the
groups.

Discussion

This study compares the results of cycloplegic refraction
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using two different regimens involving Tropherine and cy-
clopentolate, with a particular focus on hyperopic children.
In the total study group, the mean changes in sphere com-
ponent and SE values between cycloplegic and noncyclo-
plegic refraction were significantly different, with larger
values in the cyclopentolate-only regimen group than in
the Tropherine-added regimen group. This suggests that
the cyclopentolate-only regimen had slightly greater cyclo-
plegic effects and revealed more latent hyperopia than the
Tropherine-added regimen. Recently, several studies that
compare cyclopentolate to tropicamide in terms of refrac-
tion results have found that cyclopentolate has similar or
slightly greater cycloplegic effects than tropicamide, and
that the differences between the two agents are small
[5,6,10,12,13,17,18]. Furthermore, the work of Hofmeister et
al. [6] reports that there is no statistically significant differ-
ence between tropicamide and cyclopentolate cycloplegic
refractions, but that cyclopentolate is more effective than
tropicamide at reducing accommodative amplitude in
adults. The simple comparison of these findings with our



Table 4. Changes in refraction stratified by age and severity of hyperopia
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Regimen 1 (n = 223) Regimen 2 (n = 85) p-value
Sphere change (D) 0.027"
<Syr Hyperopia <+5.00 D in SE +1.22 +0.79 +1.51 £0.90 0.720"
High hyperopia* +135+1.13 +2.38+1.20 0.001°
>5 yr Hyperopia <+5.00 D in SE +1.08 £0.90 +1.29 £ 0.69 0.448"
High hyperopia +1.58 +0.97 +1.43+0.75 0.731"
Cylinder change (D) 0.778"
<Syr Hyperopia <+5.00 D in SE +0.06 = 0.26 +0.02 £ 0.16
High hyperopia +0.12 £ 0.41 —0.13£0.42
>5yr Hyperopia <+5.00 D in SE -0.05+0.17 -0.02 +£0.07
High hyperopia -0.03 +0.22 +0.29 £ 0.22
SE change (D) 0.023"
<Syr Hyperopia <+5.00 D in SE +1.25+£0.79 +1.52 £ 0.90 0.094
High hyperopia +1.41£1.10 +2.32 £1.25 0.005"
>5yr Hyperopia <+5.00 D in SE +1.05+0.88 +1.28 £0.69 0.408"
High hyperopia +1.56 = 0.89 +1.57+0.70 0.982"

Values are presented as mean + standard deviation.

D = diopters; SE = spherical equivalent.

"p-value by two-way analysis of variance; 'p-value <0.0125 by t-test was considered significant with the Bonferroni correction; *High hy-
peropia is defined as SE >+5.00 D.

Table 5. Changes in refraction stratified by age and strabismus type

Regimen 1 (n = 223) Regimen 2 (n = 85) p-value
Sphere change (D) 0.044"
<Syr Fully accommodative ET +1.43 +£1.08 +2.10 £ 1.13 0.006"
Others +1.18+0.78 +1.47 £ 0.96 0.131°
>5 yr Fully accommodative ET +0.95 £ 0.91 +1.22 +£0.91 0.536"
Others +1.39 +0.96 +1.40 £ 0.55 0.951"
Cylinder change (D) 0.663"
<Syr Fully accommodative ET +0.01 £0.26 —0.06 +0.35
Others +0.10 +0.32 -0.06 £0.11
>5 yr Fully accommodative ET +0.03 £0.14 +0.19 £ 0.26
Others -0.01£0.18 +0.02 £ 0.12
SE change (D) 0.032"
<Syr Fully accommodative ET +1.44+£1.05 +2.08 £ 1.15 0.009"
Others +1.23+0.79 +1.47£0.95 0.214
>5 yr Fully accommodative ET +0.96 + 0.88 +1.31+0.91 0.688"
Others +1.35+0.91 +1.41+0.56 0.805"

Values are presented as mean + standard deviation.
D = diopters; ET = esotropia; SE = spherical equivalent.

"p-value by two-way analysis of variance; 'p-value <0.0125 by -test was considered significant with the Bonferroni correction; *Children

without fully accommodative esotropia were included in the category of “Others.”
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results is not reasonable because of the different study
populations. Our study targets hyperopic children, whereas
previous studies target myopic or adult patients. These dif-
ferences in study pools may explain the different cyclople-
gic effects of cycloplegic agents.

There is no statistically significant difference in cylinder
component values after cycloplegia between the two regi-
mens in the present study. Cycloplegia sometimes induces
errors in the amount and axis of astigmatism by tightening
zonules and tilting lenses in the eyes of patients [19]. Er-
rors in our results in fact presented as minimal cylindrical
change, but are not clinically meaningful.

Our study demonstrates that the cyclopentolate-only
regimen had statistically significant superiority in cyclo-
plegia efficacy compared with the Tropherine-added regi-
men, with a difference of 0.42 D between the mean SE
changes of regimens 1 and 2. This difference does not ap-
pear to be clinically meaningful in cases without amblyo-
pia or strabismus. However, the group of patients aged 5
years or younger, particularly those with high hyperopia
with an SE >5 D or fully accommodative esotropia, re-
vealed larger differences with the cyclopentolate-only reg-
imen (with a difference of 0.91 D and 0.64 D between the
mean SE changes of regimens 1 and 2, respectively). The
work of Scobee [20] compares cycloplegia with 1% cyclo-
pentolate and 1% tropicamide, finding no association be-
tween the cycloplegic effects of each cycloplegic agent and
age of the study population, amount of hyperopia, or pres-
ence of esotropia in patients with a lightly pigmented iris.
In contrast, the work of Fan et al. [5], which focuses on
children with darkly pigmented irises, finds that a combi-
nation of 1% tropicamide and 1% cyclopentolate detects
significantly larger amounts of hyperopia in patients aged
5 years or younger in comparison to a combination of 0.5%
tropicamide and 0.5% phenylephrine in patients of the
same age. Our study also targets children with darkly pig-
mented irises, revealing results that are consistent with the
previous research. Recently, Anderson et al. [21] reported
that accommodative amplitude measured by objective
methods is relatively stable throughout childhood, and
does not begin to rapidly decline until the third decade of
life. As a physiological response to excessive hyperopia
(usually between +2.00 D and +7.00 D), however, a consid-
erable degree of accommodation is required to focus clear-
ly even on distant targets. Such increased accommodative
efforts, as in younger children or in patients with high hy-
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peropia and fully accommodative esotropia, may require a
stronger cycloplegic agent to produce a sufficient amount
of cycloplegia for the performance of cycloplegic refrac-
tion.

Herein, there was no significant difference in refraction
changes between the two regimens in the group of chil-
dren older than 5 years and in younger children without
fully accommodative esotropia and hyperopia lower than 5
D. This result is consistent with a previous study that com-
pares a 0.5% tropicamide and 0.5% phenylephrine combi-
nation with a 1.0% tropicamide and 1.0% cyclopentolate
combination [5]. The work of Fan et al. finds that in chil-
dren older than 5 years or in children without fully accom-
modative esotropia, both 0.5% and 1.0% combinations
have similar cycloplegic efficacy. These findings suggest
that a Tropherine-added regimen is sufficient to perform
cycloplegic refraction in non-strabismic, low hyperopic
children or in older school-aged children.

Both tropicamide and cyclopentolate are synthetic para-
sympatholytic agents that have more rapid onset times and
shorter durations of cycloplegia than atropine. In children,
these short-acting agents are preferred for cycloplegic re-
fraction. However, the stinging sensation of cyclopentolate
and possible side effects of central nervous system toxicity
with visual and tactile hallucinations, cerebellar dysfunc-
tion, drowsiness, and grand mal seizures (among others)
causes concern among physicians prescribing the drug to
children for cycloplegic refraction [22-24]. During our
study period, no significant side effects of cyclopentolate,
including central nervous system toxicity, were observed.
The most common side effect of cyclopentolate was a
stinging sensation. There were less complaints of discom-
fort among patients when Tropherine was instilled in com-
parison to cyclopentolate.

Based on the findings of the present study, a Tropherine-
added regimen for cycloplegic refraction is as effective as
a cyclopentolate-only regimen, and is convenient to instill
with decreased concerns about severe side effects in hy-
peropic children above the age of 5 years. In contrast, chil-
dren aged 5 years or younger, particularly those with high
hyperopia or fully accommodative esotropia, show greater
hyperopic refraction values with a cyclopentolate-only
regimen. Therefore, to reveal true refractive states and
avoid under-correction of hyperopia in younger children
with fully accommodative esotropia or suspected high hy-
peropia, administration of a cyclopentolate-only regimen



is necessary in spite of the associated discomfort and po-
tential side effects. To prevent discomfort in these chil-
dren, a drop of topical anesthetic, such as proparacaine eye
drops, may be used before administration of cyclopento-
late eye drops.

Because of the retrospective nature of this study, some
limitations are noted. Three different ophthalmic techni-
cians performed refraction for our subjects. Although all
of the technicians were experts in pediatric refraction, in-
terpersonal error may have occurred. Moreover, non-cy-
cloplegic and cycloplegic refraction may be performed dif-
ferently by different technicians for the same children. For
consistent, controlled results, additional prospective re-
search with a blinded single technician may be necessary.

In conclusion, our data shows that greater hyperopic
results of cycloplegic refraction were produced by ad-
ministrating a cyclopentolate-only regimen in younger
hyperopic children, particularly in those with fully accom-
modative esotropia and hyperopia over 5 D. However, the
hyperopic difference in children without fully accommo-
dative esotropia or in low-grade hyperopic children older
than 5 years was not large enough to be clinically mean-
ingful for most situations regarding the prescription of
glasses. Furthermore, a Tropherine-added regimen is ef-
fective enough to perform cycloplegic refraction with less
of a stinging sensation than cyclopentolate. We recom-
mend taking into account the age and strabismic state of
children when selecting a regimen for cycloplegic refrac-
tion. A Tropherine-added regimen can be used primarily
for hyperopic children older than 5 years, but should be
used with caution in children aged 5 years or younger with
either high hyperopia or with fully accommodative esotro-
pia in consideration of under-correction of hyperopia with
or without esotropia.
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