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1. ABSTRACT
1.1. Introduction: Accommodation interferes with accurate measurement of refractive errors especially in
children. This study compares automated refraction with and without cycloplegia and manual objective
refraction to the final acceptance in children.
1.2. Purpose of the study:

e To determine the concordance of refractive error, determined by automated refraction with and without

cycloplegia and manual refraction method.

e To compare the values obtained by automated refraction with and without cycloplegia.
1.3. Materials and Methods: Prospective cross sectional observational study in children aged between 10 to 16
years. After evaluation of the visual acuity with Snellen’s chart, non-cycloplegic automated refraction was
taken. After adequate cycloplegia, automated refraction as well as retinoscopic refraction was done followed by
post cycloplegic final acceptance. The spherical and cylindrical error as well as the spherical equivalent of non-
cycloplegic and cycloplegic automated refraction and manual refraction were compared to the final acceptance.
Analysis was done using SPSS software.
1.4. Results: The study had 37 myopes and 23 hyperopes and revealed that in hyperopes, spherical error by non-
cycloplegic automated refraction did not correlate with manual retinoscopic refraction or final acceptance
whereas in myopes, non-cycloplegic automated refraction was reliable. But cycloplegic automated refraction
correlated well to both retinoscopic refraction and final acceptance in both myopes and hyperopes. Study also
revealed a significant difference between non-cycloplegic and cycloplegic refraction in hyperopes.
1.5. Discussion: Cycloplegic automated refraction is as reliable as retinoscopy in both myopes and hyperopes
whereas non-cycloplegic automated refraction alone should not be used to prescribe glasses in children.
Retinoscopy gives the best measurements amongst all the three.

1.6. Keywords: Refractive error; Cycloplegia; Automated refraction; Retinoscopy
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2. INTRODUCTION

Refractive error is the most common visual impairment seen worldwide and second major cause of blindness in
India. It is the most common reason for patients to consult ophthalmologists [1]. Simple correction of refractive
error in children can have long- term developmental, educational, and social benefits. The current United States
recommendation is 1 - 2 yearly visual screening in children with age-appropriatevisual acuity [2]. In recent
years, Computerized Automated Refractometry has become a necessity because of the busy clinical schedule of
ophthalmologists and also because of the increasing faith of patients in sophisticated mechanical devices. They
have the advantage of being easier to operate, faster than other objective refraction techniques and are better
tolerated by patients [3].

However, accommodation interferes with accurate diagnosis of refractive errors. Cycloplegia which overcomes
accommodation gives a more accurate value of the refractive status [4].

Cycloplegics act by paralyzing the ciliary muscles and dilating the pupil. Because of the strong accommodative
reserve of young people (less than 16 years of age), objective refraction with cycloplegics should be done to
accurately measure refractive error. However, the refraction under cycloplegia is not final for spectacle
prescription because the refractive power of the lens has been altered. Hence, cycloplegic refraction should
always be verified subjectively using corrective lenses, in a post cycloplegic test. Cycloplegic retinoscopy
followed by final acceptance remains the gold standard for measuring refractive status in youngsters [5].

This study compares the concordance of automated and manual refractometry and compares it to the subjective

acceptance.

3. MATERIALS AND METHODS
This hospital based cross sectional study was conducted from 1% January 2021 to 31% December 2021 among all
children aged between 10 to 16 years, evaluated for refractive errors in the Department of Ophthalmology, MES
academy of medical sciences.
The sample size was calculated as 58 cases, based on the study by Anita Ganger et al. (6), by the following
formula:
n=4(p-q)/d”

p: Prevalence from previous studies
q: (100 - p)
d: Allowable error
3.1. Inclusion criteria

e  Children of the age group 10 - 16 years who came to the OPD with vision less than or equal to 6/12

vision; improving with pinhole to 6/9 or better.
e  Children with asthenopic symptoms.
e  Children who have not worn glasses previously.

3.2. Exclusion criteria
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e  Children with decreased visual acuity due to causes other than refractive disorder.

After obtaining written informed consent from the guardians of children fulfilling the inclusion criteria, data was
collected in the following steps.

Distant visual acuity was assessed using Snellen’s chart at a distance of 6 meters. Refraction was done by
autorefractometer (Accuref K -900 Shin-Nippon) for both spherical and cylindrical correction, and spherical
equivalent was calculated.

Cycloplegia achieved with homatropine eye drops and manual streak retinoscopy followed by cycloplegic
autorefraction was done for both spherical and cylindrical errors. All cylindrical measures were presented in

negative notations. Spherical equivalent was calculated using the formula:

Spherical equivalent = Spherical power + %2 Cylinder power

Post cycloplegic subjective refraction was done after 3 days.

Data was entered in MS - Excel sheet and analysed using IBM - SPSS software. Association of categorical
variables was assessed using Mann - Whitney U test and a p - value of <0.05 was considered to be statistically

significant. The study was approved by the institutional ethics committee on 2" December 2022.

4. RESULTS

A total of 60 right eyes of 60 patients were evaluated in the study. The mean age was 12.95 years + 1.80 years.
There were 33 girls and 27 boys in the study population (Table 1).

Based on the spherical equivalent values obtained by the final acceptance, this study population had 37 myopic
eyes and 23 hypermetropic eyes. With 62 %, the study had far more myopes than hyperopes. The study had

spherical refractive errors ranging from -3.25 to +2.25 Diopters (D) and astigmatic error up to -2.50 D.

Firstly, the results of spherical errors obtained by Manual Streak Retinoscopic Refraction (MR) and Final
Acceptance (FA) by subjective refraction were compared. 37 myopic patients had mean and standard deviation -
0.87 £ 1.18 by MR and -0.94 + 1.01 by FA and a mean difference of 0.0675 with p value 0.680 whereas in the
23 hypermetropia, the mean and standard deviation was 0.88 + 0.49 by MR and 0.78 + 0.44 by FA with a mean
difference of 0.097 from subjective refraction and p value of 0.403 (Figure 1 and 2) (Table 2).

When cylindrical errors obtained by retinoscopy and subjective method were compared, myopic patients had a
mean and standard deviation of -0.68 + 1.26 with MR and -0.52 + 0.95 with FA and a mean difference of 0.16
with p value 0.768; whereas, in hypermetropia the mean and standard deviation were 0.01 = 0.28 by MR and
0.06 £ 0.30 by FA with a mean difference of 0.054 and p value 0.404. Comparing spherical equivalent by
retinoscopy and subjective method, myopic children had mean and standard deviation of -1.22 + 1.04 by MR
and -1.20 + 0.88 by FA with a mean difference of 0.01 with p value 0.82; whereas, in hypermetropia it was 0.88
+ 0.46 by MR and 0.81 + 0.35 by FA and mean difference of 0.07 with p value 0.73.
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Secondly, when spherical errors given by Non-Cycloplegic Autorefraction (NCAR) and final acceptance was
compared; myopic patients had mean and standard deviation of -0.85 + 1.33 in NCAR, mean deviation of 0.094
and p value of 0.696. Whereas, in hypermetropia; mean and standard deviation with NCAR was 0.31 + 0.37
with mean deviation of 0.467 and p value <0.0001 (Figure 3 and 4) (Table 2).

When cylindrical errors obtained by non-cycloplegic automated refraction and subjective method was
compared, myopic patients had a mean and standard deviation of -0.69 + 0.82 with NCAR and a mean
difference of 0.17 with p value 0.678; whereas, in hypermetropia mean and standard deviation was 0.07 = 0.34
by NCAR and a mean difference of 0.01 and p value 0.635 (Figure 5 and 6) (Table3). When spherical
equivalent was compared between non cycloplegic automated refraction and final acceptance, myopic patients
had a mean and standard deviation of -1.29 + 1.25 with NCAR and a mean difference of 0.83 with p value 0.78;
whereas, in hypermetropia mean and standard deviation was 0.35 + 0.42 by NCAR and a mean difference of

0.46 and p value <0.0001 (Figure 5 and 6) (Table 3).

Thirdly, refractive errors obtained by automated refraction with and without cycloplegia was compared with
each other. When spherical errors were compared, in myopes, the mean and standard deviation obtained with
Cycloplegic Autorefraction (CAR) was -0.63 + 1.44 and the mean difference between NCAR and CAR was
0.216 with p value of 0.43. Whereas, in hypermetropia mean and standard deviation for CAR was -0.89 + 0.37
with a mean difference of 0.567 from NCAR and the p value was <0.0001.

When cylindrical errors were compared, myopes had mean and standard deviation of - 0.81 + 0.83 with CAR
and mean difference from NCAR was 0.114, p value was 0.66. Whereas, in hypermetropia mean and standard

deviation was 0.01 =+ 0.39 with CAR with a mean difference of 0.065, the p value was 0.63.

When spherical equivalents were compared, in myopes, the mean and standard deviation was -1.04 = 1.31 with
CAR and on comparison with NCAR, the p value was 0.401 with a mean difference of 0.252. Whereas in
hypermetropia, the mean and standard deviation of NCAR was 0.89 + 0.32, and on comparing with NCAR, p

value obtained was <0.0001 with a mean difference of 0.543 (Figure 7).

Lastly, mean deviation of cycloplegic and non-cycloplegic autorefraction and manual retinoscopic refraction
from final acceptance was compared. In myopes, p value was >0.05 for spherical, cylindrical as well as
spherical equivalent. Whereas in hypermetropia NCAR showed significant deviation from FA in both spherical

and spherical equivalent errors (Figure 7).

Table 1: Age distribution.

Age | Frequency | Percentage
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10 8 13.3
11 5 8.3
12 12 20
13 10 16.7
14 12 20
15 8 13.3
16 5 8.3
Total | 60 100

Table 2: Mean of refractive errors in myopics and hypermetropics.

Mean of refractive errors in Myopia

Mean of refractive errors in Hypermetropia

Mean Mean

NCAR | 0.8514 NCAR | 0.3152

CAR | 0.6351 CAR 0.8913
Sphere Sphere

MR 0.8784 MR 0.8804

FA 0.9459 FA 0.7826

NCAR | 0.697 NCAR | 0.761

CAR | 0.8108 CAR 0.0109
Cylinder Cylinder

MR 0.6892 MR 0.0109

FA 0.527 FA 0.0652

NCAR | 1.29257 NCAR | 0.35326

CAR | 1.04054 CAR 0.89674
Spherical equivalent Spherical equivalent

MR 1.22297 MR 0.88587

FA 1.20946 FA 0.81522

NCAR — Non Cycloplegic Auto Refraction

CAR — Cycloplegic Auto Refraction

MR — Manual Streak Retinoscopic Refraction

FA — Final Acceptance by Subjective Refraction
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Table 3: Mean deviation from final acceptance (NCAR — Non-Cycloplegic Auto Refraction, CAR-Cycloplegic
Auto Refraction, MR-Manual Retinoscopic Refraction, SE-Spherical Errors).

Mean deviation from final acceptance
Myopia Hypermetropia
NCAR | 0.0945 0.4674
Sphere | CAR | 0.3108 0.1087
MR 0.0675 0.0978
NCAR | 0.3554 0.0109
Cylinder | CAR | 0.2838 0.0543
MR 0.1622 0.0543
NCAR | 0.08311 0.46196
SE CAR | 0.16892 0.08152
MR 0.01351 0.07065
1.5
1.223
1.125
5 0.946
¢ o075 | 0.87
g 0.689
0.375
MR FA MR FA MR FA
Sphere Cylinder SE

Figure 1: Comparison of mean of MR (Manual Streak Retinoscopic Refraction) and FA (Final Acceptance) in

myopic patients.
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Figure 2: Comparison of MR (Manual Streak Retinoscopic Refraction) and FA (Final Acceptance) in
hypermetropic patients.
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Figure 3: Comparison of mean of NCAR (Non-Cycloplegic Auto Refraction) and FA (Final Acceptance) in

myopic patients. SE - Spherical Errors.
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Figure 4: Comparison of mean of NCAR (Non-Cycloplegic Auto Refraction) and FA (Final Acceptance) in
hypermetropic patients. SE - Spherical Errors.
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Figure 5: Comparison of mean of NCAR (Non-Cycloplegic Auto Refraction) and CAR (Cycloplegic Auto

Refraction) in myopic patients. SE - Spherical Errors.
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Figure 6: Comparison of mean of NCAR (Non-Cycloplegic Auto Refraction) and CAR (Cycloplegic Auto
Refraction) in hypermetropic patients. SE - Spherical Errors.
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Figure 7: Mean deviation from FA in myopes (left) and hypermetropes (right). (M-Myopes, HM-
Hypermetropia, NCAR- Non-Cycloplegic Auto Refraction, CAR-Cycloplegic Auto Refraction, MR-Manual

Retinoscopic Refraction)

5. DISCUSSION

In the study by Anita Ganger A [6] done in 100 eyes of children of age 7 - 14 years, cycloplegic AR, cycloplegic
manual retinoscopy and subjective refraction was compared and found to have no significant deviation between
them. This study had a lower sample size due to covid pandemic and was conducted in slightly older children
but also included non-cycloplegic autorefraction. No significant deviation was found with cycloplegic
autorefraction and the final acceptance. But non cycloplegic autorefraction showed significant deviation from
manual refraction using retinoscopy and final acceptance in hypermetropia. Bullimore MA [7] compared 3
autorefractors to measure its accuracy to that of subjective refraction in a cross-sectional study on 117 children;
but all 3 autorefractors gave accurate and repeatable values under cycloplegia. Similar findings with good
concordance of cycloplegic retinoscopy in children was seen in a study by Wilson LB, et al. [8]. Study by
Bullimore MA [7] also revealed the tendency of autorefractors to minus overcorrection under non cycloplegic
conditions, but was found to be insignificant. In this study non cycloplegic autorefraction gave more minus
errors in myopes and less plus values in hyperopes, showing a myopic shift in non-cycloplegic refraction. But
this difference was found to be significant only in hypermetropia. Study by Ilechie AA [9] conducted in African
children of 6 to 15 years gave highly inaccurate values using non cycloplegic autorefraction especially in
hyperopes. This suggests that in hypermetropic children, excess use of accommodation at the time of checking
autorefraction can alter the refractive error values.

5.1. Difference observed between cycloplegic and non-cycloplegic refractions

A study conducted by Babitha V [10] on comparing cycloplegic retinoscopy and non-cycloplegic AR showed
about <0.5D difference in myopes and emmetropes, and 1-2D difference in hyperopes. This difference was large
for hyperopic eyes (mean difference of -2.98 +/- 1.65 D for hyperopia of at least +2.00 D) and small for myopic
eyes (mean difference of -0.41 +/- 0.46 D for myopia of -2.00 D or more). Whereas in this study a mean
difference of 0.2D in myopes and 0.5 diopters in hyperopes was observed.

Rosenfield M [11] used Nikon Retinomax handheld auto refractometer to determine its accuracy as compared to
subjective as well as cycloplegic retinoscopy. Greater than -2.0 D overcorrection was observed in 24% of the
cases when cycloplegia was not done. More than three quarter of the study population had <1D of myopic
spherical equivalent difference in a study by Guo X [12]. Uras R [13] did a study in 192 right eyes of 192
healthy young adults. On comparing the mean spherical equivalent values obtained by non-cycloplegic AR with
subjective refraction, the AR values were not correlating well with the subjective refraction.

5.2. Cycloplegia and astigmatic error

Study by Asharlous A, et al. [14] using cyclopentolate cycloplegic eye drops in a mixed age group found
cycloplegia cause statistically significant shift in with the rule and against the rule in astigmatism as compared

to oblique astigmatism. Bagheri A [15] used an autorefractor and Scheimpflug imaging system in his study and
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found a change in astigmatic axis along with increased central corneal thickness and change in curvature of
posterior corneal surface. These changes were more evident in higher orders of astigmatism.

This study had an astigmatic error of upto -2.5D only, and did not find any significant change in the power of
the cylindrical component. Axis was not compared in this study. These results were in line with the findings of a
study done by Doherty SE [16] and Li T. [17]. A study by Goyal S [18] done in children of age 4 to 17 years
also found no significant difference in the power and axis of astigmatism after cycloplegic refraction as

compared to non-cycloplegic refraction.

6. CONCLUSION

Although an auto refractometer is a very useful machine in a busy ophthalmic clinic, it cannot replace the
accuracy of a streak retinoscope in the hands of an expert. Cycloplegic retinoscopy remains the gold standard
for refraction. Cycloplegic autorefraction also shows good agreement with retinoscopic refraction and hence can
be used for prescribing glasses in both myopic and hypermetropic patients. Auto- refraction without cycloplegia
tends to underestimate hypermetropia and overestimate myopia and should be avoided in patients who have
good accommodative power. So, it is recommended to do cycloplegic refraction either automated or manual

before prescribing glasses to children.
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