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RESEARCH

Comparison of cycloplegia at 20- and 30-minutes following proxymetacaine and 
cyclopentolate instillation in white 12-13-year-olds
Megan Doyle a,b, Veronica O’ Dwyer a,b and Síofra Harrington a,b

aSchool of Physics & Clinical & Optometric Sciences, Technological University Dublin, Dublin, Ireland; bCentre for Eye Research Ireland, School of 
Physics & Clinical & Optometric Sciences, Environmental Sustainability and Health Institute, Technological University Dublin, Dublin, Ireland

ABSTRACT
Clinical Relevance: Reducing the time between drop instillation and refraction reduces the time 
paediatric patients and young adults spend in practice, facilitating more eye examinations daily.
Background: The current procedure for paediatric cycloplegic refraction is to wait for at least 30- 
minutes post-instillation of a cycloplegic before measuring spherical equivalent refraction. This study 
compared cycloplegia at 20- and 30-minutes following 0.5% proxymetacaine and 1.0% cyclopento
late in 12-13-year-olds.
Methods: Participants were 99 white 12-13-year-olds. One drop of proxymetacaine hydrochloride 
(Minims, 0.5% w/v, Bausch & Lomb, UK) followed by one drop of cyclopentolate hydrochloride 
(Minims, 1.0% w/v, Bausch & Lomb, UK) was instilled into both eyes. Spherical equivalent refraction 
was measured by autorefraction (Dong Yang Rekto ORK-11 Auto Ref-Keratometer) at 20- and 30- 
minutes post-instillation. Data were analysed through paired t-testing, correlations, and linear regres
sion analysis.
Results: There was no significant difference in level of cycloplegia achieved at 20- (Mean spherical 
equivalent refraction (standard deviation) 0.438 (1.404) D) and 30-minutes (0.487 (1.420) D) post- 
eyedrop instillation (t (98) = 1.667, p = 0.099). The mean spherical equivalent refraction difference 
between time points was small (0.049 (0.294) D, 95% confidence interval =-0.108 ̶ 0.009D). Agreement 
indices: Accuracy = 0.999, Precision = 0.973, Concordance = 0.972. Spherical equivalent refraction at 
20- and 30-minutes differed by ≤0.50D in 92% of eyes, and by <1.00D in 95%.
Conclusions: There was no clinically significant difference in spherical equivalent refraction or level of 
cycloplegia at 20- and 30-minutes post-eyedrop instillation. The latent time between drop instillation 
and measurement of refractive error may be reduced to 20 minutes in White 12-13-year-olds and 
young adults. Further studies must determine if these results persist in younger children and non- 
White populations.
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Introduction

Cyclopentolate hydrochloride is an antimuscarinic agent used 
routinely in optometric practice to induce cycloplegia to 
accurately measure refractive error in children and young 
adults up to 20 years old,1 and conduct a thorough fundus 
examination.2 It temporarily paralyses the ciliary body to 
suspend the accommodative system, hence achieving cyclo
plegia and the iris sphincter muscle to achieve pupil dilation.3 

This is particularly important in paediatric settings as the 
accommodative system is highly active in children; the mea
sured refractive error without cycloplegia may be skewed 
towards myopia or lower degrees of hyperopia.4 The most 
commonly used concentration is 1.0%, but it is available in 
concentrations of 0.5% and historically 2.0%.3,5 The duration 
of action of cyclopentolate hydrochloride 1.0% ranges from 
15 minutes to 24 hours following administration, with max
imum cycloplegic effect achieved between 30–50 minutes.5,6

Proxymetacaine hydrochloride 0.5% (also known as pro
paracaine hydrochloride) may be instilled before cyclopento
late hydrochloride to improve corneal permeability and allow 
more cyclopentolate hydrochloride to reach the anterior 
chamber receptor sites, enhancing the efficacy of the cyclo
plegic agent.7 It also anaesthetises the cornea, reducing the 
discomfort caused by cyclopentolate hydrochloride.8 This is 

beneficial for patient and practitioner relationships, as the 
instillation of the cycloplegic agent is less traumatic for 
young patients, and the active compound is not diluted by 
reflex tearing.9–11 Although proxymetacaine hydrochloride 
can cause stinging, Sutherland et al.8 showed it was nearly 
four times less painful than cyclopentolate hydrochloride 
upon instillation. Proxymetacaine hydrochloride is reported 
to cause less discomfort than other topical anaesthetics, such 
as oxybuprocaine hydrochloride 0.4%, possibly due to its less 
acidic pH.12 Adverse reactions to 0.5% proxymetacaine hydro
chloride are very rare; however, instillation may cause con
junctival irritation or an allergic-type corneal response if the 
patient is sensitive to the compound (including diffuse 
epithelial keratitis, a grey ground-glass corneal appearance, 
or the presence of corneal filaments).13

In practice, clinicians are advised to wait for 30-minutes 
post-instillation of cyclopentolate hydrochloride 1.0% before 
measuring refractive error in children and young adults, even 
with pre-instillation of proxymetacaine hydrochloride 0.5%.14 

As a result, patients and their parents/legal guardians spend 
more time in the practice, which limits the number of patients 
examined daily. If there is no clinically significant difference 
between the level of achieved cycloplegia at 20- and 30- 
minutes, in that case, an argument could be made for redu
cing the recommended waiting period between instillation of 
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cyclopentolate hydrochloride (and pre-instillation of proxy
metacaine hydrochloride) and the eye examination to 20  
minutes. This study aims to ascertain the time to total efficacy 
of cyclopentolate hydrochloride 1.0% enhanced by the prior 
instillation of the topical anaesthetic proxymetacaine hydro
chloride 0.5% in white 12-13-year-olds.

Methods

Ethical considerations

This study formed part of the Ireland Eye Study,15 and ethical 
approval was granted by the Technological University Dublin 
Research Ethics Committee. All research activities adhered to 
the tenets of the Declaration of Helsinki. Prior to data collec
tion, the principal investigator discussed the effects of eye
drops on class and sports participation for 24 hours following 
eyedrop instillation. Information packs, including 
a storyboard to make the study accessible to children were 
provided to participants and their parents/legal guardians. 
Informed assent and consent were obtained from the parti
cipants and their parents/legal guardians. Participants were 
provided with disposable sunglasses to aid with cycloplegia- 
induced light sensitivity.

Data collection

Presented data were collected in September to October 2016 
from 99 Ireland Eye Study participants. Participants were 
white 12-13-year-old school children. Participants were tested 
during the school day on school premises once written 
informed parental consent, and child assent were obtained. 
One drop of proxymetacaine hydrochloride (Minims, 0.5% w/ 
v, Bausch & Lomb, UK, https://www.bausch.com/) followed 
two minutes later by one drop of cyclopentolate hydrochlor
ide (Minims, 1.0% w/v, Bausch & Lomb, UK, https://www. 
bausch.com/) were instilled in each eye. Following eyedrop 
instillation, participants were advised to close their eyes, and 
nasolacrimal occlusion was applied by the clinician to reduce 
systemic absorption.14 Participants were advised to wash 
their hands following administration. Refractive error was 
measured by cycloplegic autorefraction (Dong Yang Rekto 
ORK-11 Auto Ref-Keratometer, Everview, Seoul, Korea) at 20- 
and 30-minutes following 1.0% cyclopentolate HCL instilla
tion. Hence, two measurements of refractive error were 
obtained in both eyes of 99 participants aged 12-13-years. 
The same optometrist performed both refractive error mea
surements using the same autorefractor, and in all instances, 
the right eye was measured first. Spherical equivalent refrac
tion (SER) (sphere + (cylinder/2)) was analysed for this study.

Statistical methodology

Anonymised data were entered into a Statistical Package for 
Social Sciences V.28.0 (SPSS) (IBM Corp, Armonk, NY, USA) 
spreadsheet. SER data were non-normally distributed 
(Kolmogorov-Smirnov test, p < 0.05); however, these data 
were continuous, linear, the mean was the centre of the 
distribution, and the sample size was large enough to invoke 
the central limit theorem16; hence, SER data were compared 
at 20- and 30-minutes post-instillation using linear regression 
analysis to assess the relationship between refractive error 
measured at 20- and 30-minutes post-instillation of 

cycloplegia (Figure 1). Parametric testing was deemed appro
priate as the clinical relevance of the results can be examined 
more readily than with a non-parametric test.16 In addition, 
a two-tailed paired t-test was used to compare the mean 
(standard deviation (SD)) SER at 20- and 30-minutes. As the 
paired t-test may fail to detect poor agreement in pairs of 
data when the means are equal,17 concordance analysis 
(Bland Altman plots and the clinical concordance coefficient 
(CCC)) was also employed (Figure 3). The CCC is a measure of 
distance from the 45-degree line (perfect agreement y=x) and 
therefore quantifies the (dis)agreement between the two sets 
of observations (see supplementary Table S1 for additional 
information). Confidence intervals (CI) were 95% and 
a p-value of <0.05 was considered significant. Equivalence 
and non-inferiority testing were performed. Two one-sided 
tests (TOST) were carried out for the 20- and 30-minute SER 
measurements in SPSS, and the calculated means and stan
dard deviations were entered into an effect size calculator to 
determine 90% CI for the SER measurements at the two time 
points.

Results

Data were collected from both the right and left eyes of each 
participant. There was no significant difference in SER 
between right and left eyes (Pearson’s correlation coefficient 
r = 0.946, r < 0.001 at 20-minutes, r = 0.933, r < 0.001 at 30- 
minutes). Hence, right eye data only are presented. 
Supplementary Table S1 presents left eye data, and Table S2 
presents results for both the right eye and left eye combined. 
Summary statistics of the group mean (SD) spherical equiva
lent refraction at 20-minutes was 0.438 (1.404) D (r = 99, range 
−4.50 to 7.875 D). The group mean (SD) spherical equivalent 
refraction at 30-minutes was 0.487 (1.420) D (r = 99, range 
−4.75 to 7.75 D). The mean difference in individual eye SER 
taken at 20- and 30-minutes was ±0.049 (0.294) D. The 95% 
CI’s of the mean difference were (0.043 to 0.055). There 
was no statistically significant difference in cycloplegic refrac
tion measured at 20- 30-minutes (paired t-test: mean differ
ence (standard deviation (SD)) = 0.049 (0.294); t = 1.667; 
df = 98; p = 0.099).

Comparing agreement of SER measured at 20- and 30- 
minutes was examined using agreement indices. The 

Figure 1. Scatter plot of spherical equivalent refraction (SER) measures in 
dioptres (D) at 20-minutes (y-axis) and 30-minutes (x-axis). The best fitting 
regression line (solid line) and also the y=x line (dotted line) are overlaid to 
quantify the extent of (dis)agreement between spherical equivalent refraction 
measured at 20-minutes and 30-minutes post-instillation of cycloplegic 
eyedrops.
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agreement indices were as follows: Accuracy = 0.999, 
Precision = 0.973 (Figure 1), and Concordance = 0.972. 
Measurements of SER taken at 20- and 30-minutes were 
strongly correlated (Pearson correlation coefficient r = 0.978, 
r < 0.001, Figure 1 solid line representing the linear regression 
best-fit line, r2 = 0.957).

Furthermore, as the CCC = 0.972, the two sets of measure
ments are equivalent as a CCC = 1.00 indicates perfect agree
ment with measurements y=x. Figure 1 displays SER 
measurements taken at 20-minutes (y-axis) and 30-minutes 
(x-axis) with y=x line (dotted line − 45-degree line) overlaid 
(indicating near-perfect agreement). As can be seen, there is little 
scatter about the y=x line; furthermore, the best fitting regres
sion line (solid line Figure 1) closely aligns with the y=x concor
dance line (dotted line Figure 1).

There was no statistically significant difference in SER at 20- 
and 30-minutes in hyperopic (SER≥+2.00) (paired t-test: mean 
difference (standard deviation (SD)) = −0.250 (0.379); t =-1.615; 
df = 5; t = 0.167), myopic (SER≤-0.50D)(−0.049 (0.372); t = −0.555; 
df = 17, t = 0.586) or emmetropic (−0.50<SER<+2.00D) partici
pants (−0.033 (0.263); t = −1.096; df = 74; t = 0.277). Comparison 
of SER at 20- and 30-minutes in both right and left eyes of each 
participant (t = 99, 198 eyes) was performed and is detailed in 
supplementary Figures S1-4(c), and supplementary Tables S3(a – 
e). These findings indicate no additional benefit in waiting for 30- 
minutes compared to 20-minutes before refraction.

Upper and lower bounds of +0.50 and −0.50D respectively 
were chosen for equivalence testing. Using the TOST method, 
means and standard deviations (mean (SD)) for 20-minute 

(0.438(1.404)) and 30-minute (0.487(1.420)) measurements 
were calculated (Figure 2). Both values of the 90% CI 
(−0.296, 0.366) were within ±0.50D, meaning that the SER 
measurements at 20- and 30-minutes were equivalent.

Figure 3 presents the Bland Altman plot, which was con
structed to display the relationship between the measure
ments taken at 20- and 30-minutes and to determine the 
95% limits of agreement. The Bland Altman plot (Figure 3) 
demonstrates that the two measurements were in close 
agreement as the mean-of-all-differences line is very close 
to zero. The SER at 20- and 30-minutes differed by ≤0.50D in 
92% of eyes and by <1.00D in 95%, as seen in Figure 3. 
Therefore, there appears to be no systematic difference in 
20- and 30-minute SER measurements.

Discussion

This study demonstrated no statistical or clinically significant 
difference in refractive error measured 20- and 30-minutes 
post instillation of proxymetacaine hydrochloride 0.5% fol
lowed by cyclopentolate hydrochloride 1.0%, in White 12-13- 
year-olds. Clinical significance refers to how much of an effect 
the results would have on clinical practice, whereas statistical 
significance refers to the reliability of the results, considering, 
for example, sample size and p-values. In the optometric 
context, a measured difference in SER of ≤0.50D is deemed 
clinically insignificant; any difference of 0.50D or less is insig
nificant and does not affect the patient. In this study, 92% of 
participants satisfied this criterion. The findings for 

Figure 2. A plot presenting the equivalence bounds (−0.50, 0.50) in relation to the 90% confidence interval (−0.296, 0.366). As the 90% confidence interval values 
are within the equivalence bounds, this signifies equivalence of the 20- and 30-minute SER measurements.
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participants whose SER was within ±3.00D were similar to 
those with more extreme SER, suggesting that the findings 
are transferrable to larger prescriptions. However, further 
research including more participants with prescriptions 
exceeding +6.00D is indicated as Al-Omari et al.18 showed 
that most highly hyperopic, brown-eyed patients only 
achieved maximum cycloplegia 45 minutes following the 
instillation of the first of two drops of cyclopentolate hydro
chloride 1.0%. Most highly myopic patients (≤-6.00D) 
achieved maximum cycloplegia 30-minutes following cyclo
pentolate hydrochloride instillation.18 Al Omari et al.18 did not 
pre-instil topical anaesthetic, warranting further research into 
the effect of proxymetacaine hydrochloride 0.5% on the effi
cacy of cyclopentolate hydrochloride 1.0% in highly hypero
pic paediatric patients.

Autorefraction repeatability

Cycloplegic refractive error values have been found to be 
repeatable across various autorefractors with different 
mechanisms of measurement.19,20 The repeatability of four 
autorefractors with various measurement principles were 
compared by Padhy et al.19 and Moore et al.20 These studies 
reported that repeated measures of refractive error were 
within ±0.81D of each other across different autorefractors. 
As the autorefractor used in the current study was 
a conventional autorefractor, the limits of agreement from 
the aforementioned studies (±0.81D) were extended to the 
present study in the absence of a specific repeatability study. 
The findings of these studies support the statistically insignif
icant differences observed in SER between 20- and 30- 
minutes, as minor differences between measurements may 
in part be due to instrument repeatability. The current study 
findings suggest that for white 12-13-year-olds, waiting for 
only 20-minutes allows a sufficient level of cycloplegia to 
obtain an accurate refractive measurement once proxymeta
caine hydrochloride 0.5% is instilled before cyclopentolate 
hydrochloride 1.0%. The present study demonstrates that 
waiting an additional 10-minutes after eyedrop instillation 
does not increase the level of cycloplegia; in some instances, 
the 30-minute reading was either slightly less hyperopic than 
the 20-minute reading or more hyperopic by an insignificant 
amount.

Corneal absorption

The corneal epithelium provides an effective barrier to topi
cal medications, with <5% of active ingredients penetrating 
the anterior chamber.21 Proxymetacaine hydrochloride 0.5% 
increases corneal permeability, improving the intraocular 
bioavailability of cyclopentolate hydrochloride. This may 
occur due to transient corneal epithelial damage caused by 
proxymetacaine hydrochloride and alterations to corneal 
epithelial adhesions.22–25 Another mechanism by which the 
prior instillation of proxymetacaine hydrochloride may 
improve the efficacy of cyclopentolate hydrochloride is by 
reducing reflex tearing, which is stimulated by the stinging 
sensation induced by cyclopentolate hydrochloride.8,23 

Dilution and drainage of the active ingredient is decreased 
following anaesthetic, increasing both the volume of the 
active ingredient, as well as corneal contact time.8,23 

Approximately 90% of the active ingredient is lost to naso
lacrimal drainage if light pressure is not applied to the 
puncta following eyedrop instillation.21 Haddad et al.11 

reported the instillation of one drop of proxymetacaine 
hydrochloride 0.5% did not enhance the mydriatic effects 
of tropicamide 0.5%. Due to tropicamide being a largely 
non-ionised compound, it is more readily absorbed by the 
cornea than cyclopentolate hydrochloride; hence, proxyme
tacaine hydrochloride does not potentiate absorption of 
tropicamide hydrochloride as much as cyclopentolate 
hydrochloride.23 The cycloplegic effect was not analysed 
by Haddad et al. A limitation of the current study is that 
pupil size was not noted at either timepoint or before eye
drop instillation. Mydriasis has been shown to lag behind 
cycloplegia, meaning that the pupil may not be fully dilated 
at the point at which cycloplegia is achieved.26

Ideally, the fellow eye would be included without prior instilla
tion of 0.5% proxymetacaine hydrochloride as a control, however 
1.0% cyclopentolate hydrochloride instillation without prior instil
lation of topical corneal anaesthesia has been linked to children 
having a negative experience during an eye examination.10 

Additionally, cyclopentolate hydrochloride concentration may dif
fer between anaesthetised and non-anaesthetised eyes due to 
reflex tearing and subsequent dilution due cyclopentolate- 
induced stinging. This might impact the comparison of fellow 
eyes where one eye receives 1.0% cyclopentolate hydrochloride 
alone with the fellow pre-anaesthetised eye, as there is no 

Figure 3. Bland-Altman plot of the difference in mean readings at 20- and 30-minutes post-instillation of one drop of 0.5% proxymetacaine hydrochloride followed by 
one drop of 1.0% cyclopentolate hydrochloride. The solid line represents the mean difference, and the dotted lines represent upper and lower 95% confidence intervals.

4 M. DOYLE ET AL.



guarantee that fellow eyes receive the same amount of 1.0% 
cyclopentolate hydrochloride despite fellow eyes receiving an 
equal amount of 1.0% cyclopentolate hydrochloride eyedrops.

Pigmentation

The present study findings may not be applicable to all 
children seen in optometric practice. Laojaroenwanit et al.6 

found that Asian children (aged 5-14-years-old) with darkly 
pigmented irides only achieve maximal cycloplegia 30- 
minutes post-instillation of three drops of cyclopentolate 
hydrochloride 1.0% instilled 10 minutes apart. However, the 
effects of pre-instillation of topical anaesthetic on cycloplegia 
were not studied. Kyei et al.9 found that one drop of cyclo
pentolate hydrochloride 1.0% could achieve cycloplegia in 
a population (aged 15-24-years-old) with darkly pigmented 
irides. Still, maximal cycloplegia was only achieved after 90- 
minutes, and cycloplegic effects persisted for eight hours or 
more.9 This delay and subsequent persistence in cycloplegic 
effect were due to iris melanin binding with antimuscarinic 
compounds and releasing them slowly over time.27 However, 
topical anaesthetic was not used before the instillation of 
cyclopentolate hydrochloride, which may have delayed cyclo
plegic effects further. A study involving an Asian population 
(aged 19-25-years-old) with darkly pigmented irides found 
that instillation of topical anaesthetic oxybuprocaine hydro
chloride 0.4% reduced the time at which 95% cycloplegia was 
achieved by 8.85 minutes on average.28 Lovasik29 showed 
that blue eyes experienced a deeper and more rapid depth 
of cycloplegia following cyclopentolate hydrochloride 1.0% 
compared to brown eyes. It was found that the preinstallation 
of proparacaine hydrochloride reduced the time between 
cyclopentolate hydrochloride administration and cycloplegia 
in adult participants.29 A limitation of the current study is that 
eye colour was not noted. However, white European popula
tions have a higher prevalence of lighter-coloured eyes com
pared to Asian ethnicities, and darker irides are more 
common among Asian and African populations.30 Further 
research involving paediatric and young adult participants 
with darkly pigmented irides is indicated to ascertain appro
priate time frames to maximal cycloplegia with prior instilla
tion of topical anaesthetic.

Accommodation

It is well known that non-cyclopleged refraction results in 
a more myopic refraction in children and young adults up 
to 20 years of age due to active accommodation.1 However, 
younger children have a larger amplitude of accommodation 
(AA) than teenagers and adults. One study found that chil
dren between 6-10-years of age have a median AA of 15.5D, 
whereas 15-year-olds have a median AA of 12.9D.31 Manny 
et al.26 showed that cycloplegia may be achieved in adults 
with light irides in 10-minutes. Spherical equivalent refraction 
was not reported nor compared between timepoints, as the 
measurement of residual accommodation was the marker for 
the level of cycloplegia.26 A small sample (n = 4) of children 
aged 9–11 years with light irides achieved similar cycloplegia 
to their adult counterparts at 10-minutes, but meaningful 
analysis of these results was precluded by the small sample 
size.26 Access to ample accommodation can artificially reduce 
hyperopic prescriptions or increase myopic prescriptions if 

children are refracted without cycloplegia, which may lead 
to errors in correction. Due to the higher levels of active 
accommodation in younger children, further research is indi
cated on the effectivity of cyclopentolate hydrochloride 1.0% 
at 20- and 30-minutes post-instillation of proxymetacaine 
hydrochloride 0.5% on younger age groups to determine 
whether the clinically insignificant difference in the level of 
cycloplegia at these time points in 12-13-year-olds persists in 
younger patients.

Time between eyedrops and refraction

The results of the current study indicate that it may be suitable 
to reduce the wait time between drop instillation and the 
measurement of refractive error from 30-minutes to 20- 
minutes in white 12-13-year-olds once temporary obstruction 
of the nasolacrimal channel following the instillation of proxy
metacaine hydrochloride 0.5% and cyclopentolate hydrochlor
ide 1.0% is practiced. One study investigating the effect of 
reducing the time of a patient visit by six minutes in a primary 
care clinic found that this small reduction improved patient 
satisfaction and allowed more patients to attend care 
per day.32 This may apply to eye care practices as 10 minutes 
would be gained per appointment for patients up to the age of 
twenty, as evidence suggests that refraction results may be 
artificially more myopic due to active accommodation in 
teenagers.1 From a public health perspective, this information 
is vital in streamlining paediatric eye care provision, conveni
ently reducing the time patients and their guardians spend in 
the practice, allowing more children and young adults to be 
examined daily, and improving the efficiency of the current 
system.

Conclusions

The present study demonstrates that refractive results 
obtained 20-minutes post-instillation of 0.5% proxymeta
caine hydrochloride followed by 1.0% cyclopentolate hydro
chloride are highly comparable to those obtained at 30- 
minutes post-instillation in white 12-13-year-old children. 
Thus, these results suggest that it is possible to establish 
accurate refraction results 20-minutes instead of 30-minutes 
post-instillation of proxymetacaine hydrochloride 0.5% and 
cyclopentolate hydrochloride 1.0%. This information is rele
vant to streamlining the delivery of paediatric and adolescent 
eyecare worldwide. Further research involving younger white 
and non-white populations is indicated to ascertain whether 
this clinically insignificant refractive difference is consistent at 
these time points in younger participants with more active 
accommodation and those with highly pigmented irides.
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