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ABSTRACT

Introduction: Cycloplegic refraction is essential in pediatric eye examination. Inadequate cycloplegia provides inaccurate
refraction so that therapeutic approaches become inappropriate. The ideal cycloplegic agent should have a rapid onset of
action, quick recovery, adequate cycloplegia, without local or systemic side effects. None of the currently available drugs fulfil
all of these criteria. To compare the cycloplegic and mydriatic effect of cyclopentolate, tropicamide, and their combination in
children.

Methods: A comprehensive literature search was performed in PubMed, ScienceDirect, and Cochrane Library by entering
keywords: “cyclopentolate”, “tropicamide’, “cycloplegia’, “cycloplegic’, “mydriasis’, and “pupillary dilation”. The search was
limited to articles in English and published between January 2000 and November 2019. The findings from the related articles
were presented as narrative reviews.

Result: Twelve articles were eligible to the review process. Four articles were conduct in subjects with dark irides. The
cycloplegic agents used were tropicamide, cyclopentolate, and their combination, with or without phenylephrine.
Conclusion: Cyclopentolate, tropicamide, and their combination is widely used to achieve maximum cycloplegia. Several
factors, such as age, iris color, and refractive status, need to be considered in the selection of dose, concentration, and
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INTRODUCTION

Cycloplegic refraction is essential in
pediatric eye examination, especially
in patient with high hyperopia, young
children, and strabismus. Cycloplegic
agents prevent the action of acetylcholine
at muscarinic receptor sites, results in
inhibition of accommodation because
of paralysis of the ciliary muscles.
Maximum cycloplegia in children is
required for accurate measurement of
refractive error because it maximally
inhibits accommodation and prevents
underestimation of hyperopia and
overestimation of myopia.'*

Instillation of a cycloplegic agent also
results in mydriasis (pupillary dilation)
due to paralysis of the pupillae sphincter
muscle. Adequate pupillary dilation is
important for evaluation of posterior

regimen(s) of cycloplegic agents.

segment in diagnosis of amblyopia and
facilitates evaluation in retinoscopy.
Certain  cycloplegics have produced
mydriasis but very little accommodative
suppression. The different time courses
of mydriasis and cycloplegia cause the
pupil size as a poor indicator of the
cycloplegic effect. Most ophthalmologists
wait until the pupils are maximally
dilated or the light reflexes are absent to
perform cycloplegic refraction. This can
result in unnecessary long waiting time
or inaccurate measurement if maximum
cycloplegia develop before or after
maximum pupillary dilation or absence of
pupillary reaction.'”

The ideal cycloplegic agent should
have a rapid onset of action, quick
recovery, adequate cycloplegia, without
local or systemic side effects. None of the
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currently available drugs fulfil all of these
criteria. Atropine is the gold standard for
maximum cycloplegia, but its slow onset,
prolonged blur vision, long recovery time,
and severe adverse effects have limited the
application of this agent. Two of the most
commonly used agents are cyclopentolate
and tropicamide. Cyclopentolate is a drug
of first choice for all ages in excellent short-
term cycloplegia. Its cycloplegic effects
begin at 25 — 75 minutes after instillation
and recovery appears through 6 - 24 hours
later. Disadvantages of cyclopentolate are
poor cornea penetration and significant
binding to iris melanin, in order that
multiple doses or higher concentration
are required for subjects with dark irides.
Tropicamide has a faster onset with
cycloplegia effect appears 20 - 30 minutes
after administration, and recovery appears
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6 hours later. It has a rapid penetration and
a lack of binding to iris melanin. However,
the cyclopegic effect is not strong enough
as cyclopentolate and inadequate for
children with hyperopia when used
alone.*"

Many clinicians have turned to
combine cyclopentolate and tropicamide;
often added with phenylephrine for
maximize the mydriatic effect. There are
no guidelines for an optimal regimen
in children. Several studies have been
conducted to compare the cycloplegic
and mydriatic effect of these agents or
their combinations, but different results
have been reported."*%%!%!2 Due to its
inconsistencies, this literature review aims
to compare the cycloplegic and mydriatic
effect of cyclopentolate, tropicamide, and
their combination in children.

MATERIALS AND METHODS

The search was conducted through
electronic databases providing journal
articles, such as PubMed, ScienceDirect,
and Cochrane Library database by entering
combination of keywords: “cyclopentolate”,
“tropicamide”, “cycloplegia”, “cycloplegic’,
“mydriasis’, and “pupillary dilation”
The search performed in December
2019 until January 2020. Abstracts were
reviewed to choose articles that were
related to the study purpose based on the
keywords. The complete studies related to
the abstract were then screened to meet
the inclusion and exclusion criteria. The
inclusion criteria were all studies that
with human subjects, reporting children
who underwent cyclopegic refraction or
pupillary dilation using cyclopentolate,
tropicamide, or combination of these
regimens. Studies were excluded if the full
text could not be accessed. The search was
limited to articles in English and published
between January 2000 and November
2019. The findings from the search were
presented as narrative reviews.

RESULTS

The literature search identified 127 articles
that were related to the keywords. As
many as 59 duplicated titles were removed.
Abstracts were screened and 22 articles
related to the study purpose. Finally, only
12 articles were eligible to the review

process. The articles flow is presented in
Figure 1.

Information was taken from each
included article on: (1) characteristics
of participants, consisting of age, iris
color, and inclusion criteria, (2) type of
intervention including regimen(s) used,
concentration, number of administrations,
timing of dosing; (3) type of outcome
measured and its results. The articles were
summarized in a matrix format (Table 1).

DISCUSSION

Inadequatecycloplegiain children provides
inaccurate refraction so that therapeutic
approaches  become  inappropriate;
however, an overdose of cycloplegics
can cause drug reactions or discomfort
to the patient. The unpleasant nature
of administering eyedrops especially in
children may hinder completion of the
examination. There are no guidelines for
optimal regimen for sufficient cycloplegia
in children.**?

Tropicamide and cyclopentolate are
cycloplegic drugs commonly used for
routine ophthalmologic examination in
children that have different strengths
and depths in cycloplegic and mydriatic
actions. Cyclopentolate has stronger
cycloplegic effect than tropicamide, but
has been associated with central nervous
system side effects. Tropicamide is the
fastest acting but it is relatively weak.
Thekaire et al. demonstrated that 1%
cyclopentolate provided agreater reduction
in the amplitude of accommodation and
mean additional pupil size than did 0.5%
tropicamide at 17-29 years of age. In
children, Pi et al. showed cycloplegic effect
of 1% cyclopentolate is more complete
than 0.5% tropicamide at 6 — 15 years
of age resulting in a significantly higher
average diopter using cyclopentolate than
tropicamide.>'®"

Tropicamide does not bind to iris
melanin. Chng et al. states that in people
with dark irides, 1% tropicamide has
the same cycloplegic effect, but higher
mydriatic effect, than 1% cyclopentolate.
Two  drops of tropicamide are
recommended for maximum cycloplegic
effect in subjects with dark irides in cases
where atropine is not required.

The cycloplegia effect is influenced
by several factors such as age, iris color,

Articles related to keywords
(n=127)
*  PubMed (n=22)
®  ScienceDirect (n = 60)
e  Cochrane Library
(n=45)

Duplicated titles removed (n = 59)

\J

Articles after duplicates
removed (n = 68)

v
l Abstracts screened

Unrelated articles removed

A

Full text article assessed
for eligibility (n=22)

Inclusion and exclusion criteria

Y

Studies included in narrative
review (n=12)

Figure 1. Flowchart of the study
selection process
and refractive status. Cyclopentolate

has a stronger effect that more obvious
in younger children and hyperopia.
However, its cycloplegic effect was
reduced in subjects with dark irides
due to the significant binding to iris
melanin resulting in reduced substance
to ciliary receptors. Tropicamide has a
weaker binding to iris melanin. Chng et
al. stated that in people with dark irides,
1% tropicamide has a similar cycloplegic
effect, but higher the mydriatic effect,
rather than 1% cyclopentolate. Two drops
of tropicamide were recommended for
maximum cycloplegic effect in subjects
with dark irides in cases where atropine is
not required.®*?

Many clinicians have turned to
find effective cycloplegic regimens in
children, such as increasing the dose of
cyclopentolate or tropicamide. Bagheri
et al. demonstrated a single drop of
1% cyclopentolate was adequate for
cycloplegic refraction with fewer side
effects when compared to multiple doses.
Siderov et al. also showed similar results
regarding mydriatic effect of tropicamide.
A single drop of 0.5% tropicamide
provides satisfactory pupillary dilation
of at least 6 mm. Administering of two
drops of 0.5% tropicamide produced a
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greater statistically significant in pupillary
diameter compared with single drop,
but the difference was not clinically
significant.'**°

The combination of tropicamide and
cyclopentolateisalsowidely used to achieve
maximum cycloplegia. Phenylephrine is
often added to maximize mydriatic effect.
Ebri et al. showed that combination of
0.5% tropicamide and 1% cyclopentolate
was more effective than multiple doses
of 1% cyclopentolate. Minderhout et
al. also demonstrated similar results,
particularly in medium pigmented
subjects. Tropicamide combined with
cyclopentolate synergistically enhances

the cycloplegia effect in children, while
remaining the faster onset. These results
differ from study by Sherman et al
The study showed combination of 1%
tropicamide and 1% cyclopentolate,
added with 2.5% phenylephrine, elicited
equivalent cycloplegic and mydriatics
effects compared with 1% cyclopentolate
combined with 2.5% phenylephrine,
but produced slightly larger pupils
that were less responsive to light in
patients with dark irides. In addition,
especially in children under 5 years of
age with high hyperopia (SE25 D) or
fully accommodative esotropia, Yoo
et al. showed the combination of 0.5%

tropicamide, 1% cyclopentolate, and 0.5%
phenylephrine gave a weaker cycloplegic
effect than 3 — 4 drops of 1% cyclopentolate,
but the difference was small. There was
no significant difference in patients older
than 5 years.»>6!»1421

The cycloplegic effect in combination
of tropicamide and cyclopentolate was
compared with atropine. Sani et al.
showed 1% tropicamide combined with
1% cyclopentolate produced a similar
cycloplegic effect with 1% atropine. This
result was different from Fan et al., Ebri
et al., and Minderhout et al. which stated
1% atropine is still the most effective
cycloplegic agent.>”!»142!

Table 1. Characteristics and summary of included articles
No Author Location Subject Inc! u5|.o n Regimens Treatment Outcome Results
(person) criteria
1 Fan et al. Hong Kong 25 Age:2-10 o 1:0.5%T + e TandII: One Cycloplegia,  ® 1%A was the most effective
(2004) years 0.5%P (TP) drop of each mydriasis cycloplegic agent, followed by
Hyperopia o II:1%C + agent three TC then TP.
>2.50D in at 1%T (TC) times at o TC was statistically significant
least one eye o III:1%A eo interval of 15 provides greater mean total
Dark irides min refraction rather than TP in
III : twice daily younger children (<5 years
for 3 days of age) and strabismus, but
similar in children >5 years
of age.

o No significant difference in
mean pupillary diameter
among those regimens.

2 Chng et al. Singapore 174 Age:3-12 o 1%T I:1 drop of Cycloplegia o All groups had similar
(2005) years multiple 1%C and 1%T differences in autorefraction
Dark irides doses with with 10 second after cycloplegia. TT had a
or without interval (CC) slightly larger difference but
minute II: 1 drop of not statistically significant.
intervals 1%T and 1%T o T has a superior mydriatic
o 1%C with 10 second effect and similar cycloplegic
multiple interval (TT) effect rather than C in people
doses with III: 1 drop with dark irides.
or without of 1%C and o Two drops of tropicamide
minute 1%T with 5 can replace cyclopentolate
intervals minute interval combination for maximum
(C/5min/T). cycloplegic effect in Chinese
IV : 1 drop children and others with dark
of 1%T and irides in cases where atropine is
1%T with 5 not required.
minute interval
(T/5min/T).
3 Bagheri et Tehran, 96 Age:3.5-20 e 1%C (single, I: one drop Cycloplegia e A single drop of C1% provides
al. (2007) Iran years multiple compared with adequate cycloplegia effect in
doses) 2 drops children and young patients
II: 2 drops with any type of strabismus or
compared with refractive error.
3 drops e Higher doses of cyclopentolate
III: 1 drop do not result in better
compared with cycloplegia but cause more
3 drops complications.
Interval : 5
minutes
Published by Bali Journal of Ophthalmology | BJO 2021; 5(1): 1-6
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No Author Location Subject Inc!usl.ca n Regimens Treatment Outcome Results
(person) criteria
4 Ebri et al. South 233 Age:4-15 o I:1%A e I:1drop three Cycloplegia, e 1%A was a more effective
(2007) Eastern years o II:1%C times daily for mydriasis cycloplegic agent
Nigeria multiple 3 days than TC or CC.
doses (CC) o II:2single o TC provided a smaller
o III:1%C drops with percentage of subject
+0.5%T interval 5 with >0.5D of residual
(TC) minutes accommodation, and greater
e III: 1 drop percentage of subject with
of each with adequate pupil dilation and
interval 5 negative pupillary reflex, rather
minutes than CC.
5 Parketal.  Daegu, 50 Age:3-41 o 1%T e I:1drop1%T Mydriasis o 1%T was more effective at
(2009) Korea years (single, in RE; 1 drop of inducing pupillary dilation
multiple 2.5%P in LE. than 2.5%P.
doses) e II: 2single o TP was more effective than
° 2.5%P drops of 1%T multiple drops of single eye
(single, in RE; one drop drops.
multiple each of 2.5%P
doses) and 1%T in LE
e 2.5%P+ o III:2single
1%T (TP) drops of 2.5%P
in RE; 1 drop
each of 2.5%P
and 1%T
tropicamide
in LE
e Interval:5
minutes
6 Anderson  Texas, 45 Age : 4-32 o 1:1%T + e One drop of Mydriasis e In dark irides, TP had similar
etal. (2010) USA years 2.5% P each agent results in percentage of
Dark irides (TP) subjects reaching a 6 mm pupil
(brown or o II:1%T + diameter.
dark brown) 1% C (TC) o TP had a greater number of
subjects reaching the 7 mm
pupil than TC with a shorter
time to reach that size.
7 Pietal. China 1907 Age:6-15 o L:0.5%T e 3dropsofeach  Cycloplegia o The cycloplegic effect of C was
(2011) years multiple drug with 10 stronger than T.
doses (TT) minutes interval
o II: 1%C
multiple
doses (CC)
8 Sani et al. Kano, 63 Age:5-12 I:1%A I: one drop twice Cycloplegia o TC showed no significant
(2016) Nigeria years II: 1%C + daily for 3 days difference in mean spherical
Hyperopia >1 1%T (multiple ~ II: 2 single drop of equivalent compared with
D in each eye doses) (TC) each drugs with 5 1%A.
minutes interval
e TC had cycloplegic effect
comparable to 1%A with less
severe side effects and shorter
duration of action.
9 Sedhu et al. Kerala, 150 Age:11-40 1:1%T One drop of each Cycloplegia o Cycloplegic effect was better in
(2017) India years II:0.8%T + agent T than TP, but not statistically
5%P (fixed significant.
combination)
(TP)
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No Author Location Subject Inclusion Regimens Treatment Outcome Results
(person) criteria
10 Yoo et al. Seoul, 308 Age: <14 I: 1%C + I: one drop of Cycloplegia e CC had a stronger cycloplegic
(2017) Korea years (0.5%T + 1%C followed effect than TCP, especially in
Hyperopia 0.5P; fixed by 2-3 drops of children under 5 years of age
with SE combination) combination with high hyperopia (SE=5
>+1.00D at (TCP) with 15 minutes D) or fully accommodative
least one eye II:1%C interval esotropia.
measured by multiple dose II: 3-4 drops
cycloplegic (CC) with 15 minutes e There was no significant
refraction interval difference in patients >5 years,
regardless of the presence
of high hyperopia or fully
accommodative esotropia.
11 Sherman et Chicago, 75 Age:4-11 I:1%T + One drop of each Cycloplegia, o TCP and CP showed
al. (2019) Mlinois, USA years 1%C + 2.5%P agent mydriasis equivalent cycloplegic effects
(TCP) with similar results in mean
II:1%C + differences of spherical
2.5%P (CP) equivalent.

o All pupils dilated to 26.0
mm. TCP had a greater
proportion of 7.0 mm pupil
dilation, but not significantly
different.

o A significant interaction
between regimen and iris
pigmentation was found in
pupil dilation and percentage
constriction, whereas no
significant on cycloplegic
effects.

o TCP showed slightly
larger pupils that were less
responsive to light only in
subjects with dark irides.

12 Minderhout Hague, 67 Age:3-6 1:1%C I:2 single drops Cycloplegia ® 0.5%A provided the highest
etal. (2019)  Netherlands years multiple doses  of 1%C with 5 hypermetropic values
(CCO) minute interval compared to CC and TC.
II:1%C + II': 1 drop of 1%C o TC provided clinically better
1%T (TC) then 1%T with 5 results than CC and equal
III: 0.5%A minute interval to A in medium pigmented
III : twice daily subjects.
for 2 days before
appointment

and once in the

morning of the day

of appointment

T : tropicamide; C : cyclopentolate; P : phenylephrine; A : atropine; TT : tropicamide with multiple doses; CC : cyclopentolate with multiple doses; TC : tropicamide-
cyclopentolate; TP : tropicamide-phenylephrine; TCP : tropicamide-cyclopentolate-phenylephrine; eo : eye ointment; RE : right eye; LE : left eye

The combination of tropicamide and
cyclopentolate also has adequate mydriatic
effect. Adequate pupillary dilation is
important for evaluation of posterior
segment in diagnosis of amblyopia and
facilitates evaluation in retinoscopy. Ebri
et al. showed the combination of 0.5%
tropicamide and 1% cyclopentolate result
in greater percentage of subject with
adequate pupillary dilation and negative
light reflect when compared with 2 drops
of 1% cyclopentolate. Anderson et al.

showed 1% tropicamide combined with
1% cyclopentolate had the same results
in 6-mm pupillary dilation compared
combined with 2.5% phenylephrine in
eyes with dark irides. Fan et al. showed
there was no significant difference on
pupillary diameter between 1% atropine,
1% tropicamide-1% cyclopentolate, and
0.5% tropicamide-0.5% phenylephrine in
subjects with dark irides.>*!¢

The limitation of the study is the
literature search based on keywords that

are determined, so some contributions
may not be summarized. Further
clinical research is needed to evaluate
the effectiveness of cyclopentolate,
tropicamide, and their combination on
cycloplegics and mydriasis in children,
especially with dark irides.

CONCLUSION

None of the currently available drugs
fulfill the criteria of ideal cycloplegic
agents. Cyclopentolate has stronger

Published by Bali Journal of Ophthalmology | BJO 2021; 5(1): 1-6
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cycloplegic effect, but it reduced in
subjects with dark irides and associated
with central nervous system side effects.
Tropicamide is the fastest acting and less
binding to iris melanin, but its cycloplegic
effect is relatively weak. Cyclopentolate,
tropicamide, and their combination
is widely used to achieve maximum
cycloplegia. Several factors, such as age,
iris color, and refractive status, need
to be considered in the selection of
dose, concentration, and regimen(s) of
cycloplegic agents.
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