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SUBMISSIBLE ARTICLE 

Abstract  

Background: Cycloplegic refraction is a reliable procedure for obtaining an accurate 

refraction in children. Atropine is considered the gold standard, however, it does not 

have the properties of an ideal cycloplegic agent. Theoretically, cyclopentolate is the 

preferred agent and many have advocated it as an alternative. In the African 

population where dark irides are common there is insufficient information comparing 

the two agents, especially so in younger aged children. 

Objective: To establish if cyclopentolate is as effective as atropine in cycloplegic 

refraction in dark irides. 

Method: A prospective, sequential, paired study on patients requiring cycloplegic 

refraction was conducted. Each patient was refracted after the usage of 

cyclopentolate. Refraction was then repeated 2 weeks later after using atropine. 

Results: 40 patients (80 eyes) were refracted with both agents. The mean difference 

between the agents (atropine – cyclopentolate) was +0,14 DS (95% CI: +0.05 to 

+0.24; paired t-test; p=0.0027), however, the effect size was small (Cohen’s d=0.35) 

making it clinically insignificant. No adverse effects were reported with either of the 

cycloplegic agents. 

Conclusion: Cyclopentolate is as effective as atropine for cycloplegic refraction in 

dark irides and can be used as an alternative to atropine for cycloplegic refraction. 

 

Introduction  

Refraction is an integral part of the ophthalmic assessment in all patients. Obtaining 

accurate refraction relies on the relaxation of accommodation by asking a patient to 

fixate on a distant target. This is not always possible in children and cycloplegia 

(relaxation of accommodation using drugs) becomes essential for refraction. 

Therefore cycloplegic refraction remains a reliable and valid procedure for obtaining 

an accurate refraction, especially so in young children as it does not depend on 

patient cooperation or fixation distance.1,2 

The refracting power of the eye is the result of a combination of its static and 

accommodative power. Static power is the ability of the cornea and lens to bend 

incoming rays of light. It is the power of the eye at rest. Accommodative power, in 

contrast, is a variable force that alters the path of light rays using the ciliary body to 
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change the curvature of the lens, thereby adjusting the focus of the eye. There is, 

however, a maximal increase in the optical power that an eye can achieve by 

adjusting its focus. The difference of power between the eye at rest (static power) 

and the fully accommodated eye (maximum accommodative power) is known as the 

amplitude of accommodation.1,3  

The accommodative power of the eye can be inhibited by blocking the action of the 

ciliary body by using cycloplegic drugs.1,3,4 Five such drugs are available for topical 

use in the eye: atropine, scopolamine, homatropine, cyclopentolate and tropicamide 

(in order of decreasing strength).4,5 Cycloplegic agents should be used with caution 

in infants as they have immature metabolic and excretion systems, which make them 

more vulnerable to systemic complications. All cycloplegic agents result in mydriasis 

and loss of accommodation from several hours up to several days, depending on the 

type of agent used.1,4 The amount of iris pigmentation affects the efficacy of all of 

these agents, with dark irides possibly needing longer times to maximal cycloplegia.4 

The cycloplegic drugs which are most routinely used are atropine and 

cyclopentolate.5 

Atropine has both mydriatic (pupillary dilatation) and cycloplegic (accommodative 

inhibition) properties; and is the most potent agent available. Typically a 1% solution 

is administered as a single drop twice a day for 1-3 days.1,5 Using this dosing 

protocol, 3 days are required to produce complete cycloplegia. The cycloplegic effect 

lasts between 7-12 days.2,4-6 Ocular side effects are rare and most commonly include 

direct irritation and stinging on instillation. Dose-dependent systemic effects can 

occur due to absorption from the conjunctival vessels and the nasal mucosa. The 

most common systemic side effects are fever, restlessness and hallucinations. 

Certain people appear to be more susceptible to side effects including infants, the 

elderly, lightly pigmented individuals, and individuals with spastic paralysis, Down 

syndrome or other central nervous system (CNS) disorders.4   

Cyclopentolate also has both mydriatic and cycloplegic properties. It is administered 

30-45 minutes before the examination as 2-3 drops given 5-10 minutes apart.4-6 

Maximal cycloplegia is reached at 20-45 minutes and usually lasts 6-24 hours when 

using a 1% solution.2,4,5 It is the cycloplegic with the fastest onset and shortest 

recovery time, and it is the only cycloplegic where the maximum onset of cycloplegia 

approximates the maximum onset of mydriasis. This allows the use of the fully dilated 

pupil to indicate full cycloplegia. Similarly with atropine, the most common ocular side 

effect is stinging on instillation and the systemic effects are dose-dependent. The 
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central nervous system is the most affected and cyclopentolate may result in visual 

and tactile hallucinations. Adverse effects are again more likely to occur when using 

higher concentrations in infants, the elderly, individuals who have neurological 

impairment, spastic paralysis or other CNS disorders.4-6 

An effective cycloplegic agent is essential to cycloplegic refraction. The ideal 

cycloplegic agent should have a rapid onset with adequate duration of maximum 

cycloplegia, complete paralysis of accommodation, rapid recovery of accommodation 

and an absence of side effects.2 No cycloplegic agent possesses all of these 

properties and there is no agreement as to which agent is ideal. Atropine is however 

the gold standard for complete cycloplegia, but it has a difficult administration 

regimen. It requires a second consultation with instillation 3 days prior to the 

examination and the effects last between 7-10 days. It requires administration at the 

patient’s residence. This makes compliance an additional factor to consider. It also 

has more side effects and longer impairment of near vision than cyclopentolate, 

which has been advocated as an alternative. The shorter acting cyclopentolate has 

the advantage that the cycloplegic refraction can be performed during the first 

consultation and the effects usually only last 24 hours.2,6-8 

Several studies have compared the effect of cyclopentolate with atropine with regard 

to refraction, to determine if it could be used as a suitable alternative. However, the 

literature on this topic is limited and evidence from previously conducted studies are 

conflicting. Some have shown atropine to uncover more hyperopia than 

cyclopentolate, especially in younger children. Whereas others have found no overall 

difference. There has also been some suggestion that dark irides require a more 

potent cycloplegic agent. Previous studies were also limited by the age group of the 

children who were above the age of 3 years. 

Cycloplegic refraction in children is routinely conducted at our institution, St John Eye 

Hospital (SJEH). Atropine is the cycloplegic agent that is prescribed for most children 

above the age of 1 year at SJEH, as it is the gold standard, despite it having the least 

desirable properties compared to an ideal cycloplegic agent. Cyclopentolate is the 

theoretically preferred agent and has been advocated as an alternative. There is 

evidence that cyclopentolate compares to atropine in efficacy in cycloplegic 

refraction. However, there is insufficient information available in the African 

population and especially so in younger children. It was on this background that a 

prospective study comparing the two agents in cycloplegic refraction in children was 

conducted. 
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Objectives 

To determine if cyclopentolate is as effective as atropine for cycloplegic refraction in 

dark irides and to determine if cyclopentolate could be used as an alternative to 

atropine for cycloplegic refraction. 

 

Materials & Method 

This study was conducted at SJEH and was a prospective, sequential, paired design 

with each eye acting as its own control. Ethics approval was obtained from the 

Human Ethics Research Committee of the University of the Witwatersrand.  

The sample size calculations were carried out in G*Power.11 Comparing the 

refraction measured with the use of atropine with that obtained with the use of 

cyclopentolate required the use of a paired t-test. Assuming to find a medium size 

effect with 80% power at the 5% significance level, the sample size was calculated to 

be 80 eyes (40 patients).  

Inclusion criteria into the study required children to be between 1 to 6 years of age, 

and to have dark irides. Patients with ophthalmic disease that would prevent 

performing refractive assessment and those that failed to follow up with study visits 

were excluded from the study. A total of 40 patients presenting to the paediatric 

ophthalmology clinic at SJEH for cycloplegic refraction who fulfilled the inclusion and 

exclusion criteria were enrolled. 

All patients were assessed by the primary investigator prior to the instillation of 

cycloplegic agents. A detailed history was obtained and an ophthalmological 

examination was performed. Informed consent was obtained from the patients’ 

parent or guardian. 

On the first visit, each patient had 3 drops of 1% cyclopentolate instilled 5 minutes 

apart with refraction assessed after 45 minutes. Two weeks later, the same patient 

had 1% atropine instilled twice daily for 3 days before and on the day of refraction. 

One drop was administered into the lower fornix of the eye and digital pressure was 

applied for a few minutes to the lacrimal puncti. The parents or guardians of the 

patients who were administering atropine were explained in their language of choice 

by nursing staff on how to administer the drops. 

The refractions were carried out by the primary investigator in a dark room using a 

retinoscope. All refractions were validated by one of the paediatric ophthalmic 

consultants who was blinded to the agent used. The obtained values were converted 
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into the spherical equivalent. Data was captured on a standardised data collection 

sheet and then transferred to an excel spreadsheet. 

Data was analysed in conjunction with a statistician using STATISTICA v13.1. A 

descriptive analysis of the results and a comparison of the refraction between the two 

agents using the paired t-test was conducted. A 5% significance level was used. 

 

Results 

To acquire the required 40 patients, the study was conducted between February 

2018 to January 2019.  

The mean age of the patients was 4 years (IQR 3-5 years; range 1-6 years). Figure 1 

shows the distribution of age among the study patients.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Distribution of age of study patients 

 

53% of the patients in the study were female. Analysis of the medical history 

revealed that there were several ophthalmic conditions, these were obtained from 

patient medical records (Figure 2). Some patients had more than one diagnosis. The 

most common ophthalmic diagnoses amongst the study patients were strabismus 

(manifest and intermittent) (40%) and vernal keratoconjunctivitis (VKC) (40%).  
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Figure 2: Ophthalmic conditions present in the study patients 

 

58% of patients were not using any medication at the time of examination. Figure 3 

indicates the medication usage in the study patients. Some of the patients used more 

than one topical agent, therefore the percentages sum to more than 100%. 

 

 

Figure 3: Medication usage in the study patients 

 

No patients in the study reported any known allergies. The pre-instillation 

assessment revealed 58% of patients to have a normal examination, whilst 20% had 

an alternating esotropia (Figure 4). The clinical findings at the preinstallation 
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examination did not fully correlate with the medical history, which was taken from 

medical records. This was especially so for strabismus, where 40% of the patients 

required cycloplegic refraction for strabismus but on examination only 20% were 

noted to have this condition. 

 

 

Figure 4: Pre-instillation findings in the study patients 

 

The mean refraction with cyclopentolate was +1,90 diopter sphere (DS) (SD 3.7; 

range -16.00 to +10.50) and with atropine being the cycloplegic agent was +2,10 DS 

(SD 4.0; range -17.00 to +10.50). Figures 5 and 6 show the distribution of data for 

cyclopentolate and atropine, respectively. 
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Figure 5: Distribution of data for cycloplegic refraction with cyclopentolate  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6: Distribution of data for cycloplegic refraction with atropine  

 

The mean difference in refraction (atropine – cyclopentolate) was +0,14 DS (95% CI: 

+0.05 to +0.24).  The paired t-test showed a statistically significant difference 

between the two agents (p=0.0027) (Figure 7) ,however, the effect size was small 

(Cohen’s d=0.35).   
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Figure 7: The mean difference in refraction between cyclopentolate and atropine 

 

There were no adverse effects reported in the study group with either of the 

cycloplegic agents. 

 

Discussion  

Atropine and cyclopentolate have been compared with regard to cycloplegic 

refraction in several studies to determine if cyclopentolate could be a suitable 

alternative to atropine. However, the literature is limited and certain aspects are 

conflicting. 

Our study shows no clinical difference albeit a statistical difference (+0,14 DS) 

between the refraction with atropine and cyclopentolate. This indicates that the 

cycloplegic agent cyclopentolate is an adequate alternative to atropine in dark irides. 

The findings in our study differed from the findings of Ingram and Barr9 who 

conducted one of the first studies, which reported more hyperopia with atropine in 1 

year old children. A more recent study (Farhood, 2012)8, noted no overall difference 

with the 2 agents, but also noted children younger than 5 years of age to have more 

hyperopia uncovered with atropine. These results were compared to the findings of 

Robb and Peterson which showed a similar finding in children younger than 6 years, 

but was in contrast to the findings of Rosenbaum who showed that atropine was 

probably unnecessary when studying Caucasian esotropic children younger than 5 

years.8 The patients in our study were all between the ages of 1 and 6 years. In this 
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younger group of patients who all had dark irides, there was no clinically significant 

overall difference noted, including hyperopia. An African study conducted in Nigeria 

(Ebri et al 10) on older children (4-15 years) with dark irides reported a significantly 

lower mean residual accommodation with atropine. These findings differ to the 

findings of our study. Sani et al7 also conducted an African study in Nigeria in which 

atropine was compared to a cyclopentolate-tropicamide combination. A similarity was 

noted in the refractions, however, the children in this study were limited to the age of 

5-12 years. The children in both the studies in Nigeria were older than those in our 

study. Older children have a lower amplitude of accommodation and therefore are in 

less need of cycloplegia.  

During the study it was noted that a number of patients did not follow up with the 

second appointment (refraction with atropine) and had to be excluded, therefore 

further patients were needed to meet the planned sample size. This highlights the 

issue of compliance. This emphasises the need for cycloplegic refraction to be 

performed on the first consultation. Atropine is unsuitable for this due to the time to 

maximal cycloplegia which is 3 days. Cyclopentolate is the more suitable drug to 

avoid non-compliance to consultations. 

In contrast to the literature on side effects, none of our study patients reported any 

side effects with either of the agents. This was so even though atropine 

administration was performed by the caregiver at the patient’s residence for 3 days 

before the refraction. The dose dependent systemic side effects are another 

important factor to consider when choosing a cycloplegic agent as cyclopentolate is 

administered by a health care worker in a health care facility as opposed to atropine 

being administered by a caregiver outside of healthcare supervision, which may 

result in accidental over dosing in the patients’ residence.  

A possible limitation in the present study is that the primary investigator was not 

blinded to the agent being used for the refraction. However, the consultant who 

verified the refraction was blinded. 

A recommendation for further studies would be to have a blinded person performing 

the refractions. 
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Conclusion 

This study found that 1% Cyclopentolate is as effective as atropine for cycloplegic 

refraction in dark irides and can be used as an alternative to atropine for cycloplegic 

refraction. 

 

Acknowledgements 

The nursing staff at SJEH for assisting with patient education and information; the 

consultants of the paediatric clinic who validated the refractions. 

 

References 

1. Apt L, Gaffney WL. Chapter 41: Cycloplegic refraction. In: Duane's 

Ophthalmology [CD-ROM]. Vol 1. Philadelphia: Lippincott Williams and 

Wilkins; 2006. 

2. Frazier M, Jaanus SD. Cycloplegics. In: Bartlett JD, Jaanus SD, editors. 

Clinical Ocular Pharmacology. 5th ed. St Louis: Elsevier; 2008. p125-138. 

3. Elkington AR, Frank HJ. Clinical Optics. 3 rd ed. United Kingdom: Blackwell 

Science; 1999. p. 99-112. 

4. Wickum SM, Amos JF. Cycloplegic Refraction. In: Bartlett JD, Jaanus SD, 

editors. Clinical Ocular Pharmacology. 5th ed. St Louis: Elsevier; 2008. p343-

348. 

5. Duvall B, Kershner R. Diagnostic Pharmaceuticals. In: Ophthalmic 

Medications and Pharmacology. 2nd ed. Thorofare: Slack Incorporated; 2006. 

6. Bagheri A, Givrad S, Yazdani S, et al. Optimal dosage of cyclopentolate 1% 

for complete cycloplegia: A randomized clinical trial. Eur J Ophthalmol. 2007; 

17(3): 294-300. 

7. Sani RY, Hassan S, Habib SG, et al. Cycloplegic effect of atropine compared 

with cyclopentolate-tropicamide combination in children with hypermetropia. 

Niger Med J. 2016; 57(3): 173-177. 

8. Farhood QK. Cycloplegic Refraction in Children with Cyclopentolate versus 

Atropine. J Clin Exp Ophthalmol. 2012; 3(7): 1-6. 

9. Ingram RM, Barr A. Refraction of 1-year-old children after cycloplegia with 1% 

cyclopentolate: comparison with findings after atropinisation. Br J Ophthalmol. 

1979; 63: 348-352. 



 

 
 

12 

10. Ebri A, Kuper H, Wedner S. Cost-Effectiveness of Cycloplegic Agents: Results 

of a Randomized Controlled Trial in Nigerian Children. Invest Ophthalmol Vis 

Sci. 2007 Mar; 48(3): 1025-1031. 

11. Faul F, Erdfelder E, Lang AG, et al. G*Power 3: A flexible statistical power 

analysis program for the social, behavioral, and biomedical sciences. Behav 

Res Methods. 2007 May; 39(2): 175-191. 

 

 

 

 

 

 

 

 

 

 

 



 

 
 

13 

APPENDICES 

Appendix A: Approved protocol 

 
 
 
 
 
 
 
 
 



 

 
 

14 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 
 

15 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 
 

16 

 
 
 
 
 
  



 

 
 

17 

 
 
 
 

  



 

 
 

18 

 
 
 

  



 

 
 

19 

 

  



 

 
 

20 

 
  



 

 
 

21 

 

 
 
 
 

  



 

 
 

22 

 
 
 

  



 

 
 

23 

 
 
 

  



 

 
 

24 

 

 
  



 

 
 

25 

 
 
 
 
 

  



 

 
 

26 

 
 
  



 

 
 

27 

Appendix B: Ethics clearance certificate 

 
 

 

 



 

 
 

28 

Appendix C: Permission letters 

 
 

 

 



 

 
 

29 

 
 

 

 

 



 

 
 

30 

Appendix D: Turnitin Report 

 

 

 

 

 


