Clinical Optometry

Dove

ORIGINAL RESEARCH

Agreement Between Retinoscopy,
Autorefractometry and Subjective Refraction for
Determining Refractive Errors in Congolese

Children

Sabrina N Mukash @'
David L Kayembe'

Jean-Claude Mwanza'?
'Department of Ophthalmology, School
of Medicine, Kinshasa University
Hospital, Kinshasa, Democratic Republic
of Congo; ?Department of
Ophthalmology, School of Medicine,
University of North Carolina at Chapel
Hill, Chapel Hill, NC, USA

Correspondence: Sabrina N Mukash
Department of Ophthalmology, School of
Medicine, Kinshasa University Hospital,
Kinshasa, Democratic Republic of Congo
Tel +243 816917089

Email mukashsaby@gmail.com

Objective: To assess the agreement between retinoscopy and autorefractometry and
between subjective refraction and both retinoscopy and autorefractometry in Congolese
children.

Patients and Methods: Fifty-four children (617 years old) were enrolled consecutively in
this cross-sectional study. Refraction was evaluated before and after cycloplegia (1% cyclo-
pentolate) with retinoscopy and autorefractometry. Readings were compared (paired #-test)
and agreement assessed with Bland—Altman plots. Subjective refraction was compared with
the two methods to determine which one provides better reference estimates for subjective
refraction.

Results: Under cycloplegia, the spherical power was comparable between retinoscopy and
autorefractometry (1.12 £ 1.37 D vs 1.22 + 1.06D, P = 0.70), cylinder power was signifi-
cantly more myopic on retinoscopy than autorefractometry (0.80 = 1.10D vs —0.62 + 0.66,
P =0.019), and SE was greater on autorefractometry than retinoscopy (0.91 £ 1.10D vs 0.72
+ 1.00D, P = 0.014). Retinoscopy and autorefractometry overestimated the power of sphe-
rical (P = 0.022 and 0.002, respectively) and cylindrical components (all P < 0.001). There
was an agreement between retinoscopy and autorefractometry in measuring spherical (bias:
0.09 £ 0.16D; limit of agreement, LoA: —0.40 to 0.22D) and cylindrical power (bias: —0.18 +
0.20D; LoA: —0.57 to 0.21D). Subjective refraction agreed with cycloplegic retinoscopy for
determining SE power (bias: 0.11D; LoA: —0.51 to 0.73D).

Conclusion: Retinoscopy and autorefractometry can be used interchangeably in children for
determining the power of spherical and cylindrical components. Cycloplegic retinoscopy is
better than autorefractometry to obtain SE reference values for subjective refraction in
children.
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Introduction

Uncorrected refractive errors are an important cause of avoidable visual impair-
ment. A recent systemic review and meta-analysis based on global data estimated
that in 2015 uncorrected refractive errors were the second leading cause of global
blindness behind cataract. The same analysis also estimated that there are currently
approximately 237.1 million people with moderate to severe visual impairment
worldwide, of whom a little more than half have uncorrected refractive errors.'
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Accurate measurement of refractive errors is required for
satisfactory correction and vision improvement. Several
methods for measuring refractive errors have been intro-
duced in clinic over the years, including subjective refrac-
tion, retinoscopy, autorefractometry and photorefraction.

Both retinoscopy and autorefractometry are reliable
methods for assessing refractive errors. However, retino-
scopy requires a good training and patience as it is time-
consuming and suffers from some degree of interobserver
variability.> Autorefraction appears currently to be used
more frequently than retinoscopy because it is less time-
consuming, easy to use, and well tolerated by patients.
Studies comparing retinoscopy and autorefraction have pro-
duced conflicting findings, particularly in children.> ® Upon
review, it transpires that the discrepancies likely result from
a combination of factors, including the difference in auto-
refractors used, the experience level of the examiner per-
forming retinoscopy, the type and regimen of the
cycloplegic used, and the age of the study population.'”

Although autorefractometry has been used in high-
income settings for more than three decades, it is only 4
years ago that the technique has been introduced in our
department. This has led to an increasing trend among
ophthalmology residents to favor autorefractometry over
retinoscopy. While most available data on the comparison
between refractive errors measured by autorefractometry,
retinoscopy, and subjective refraction have come from
South and East Asia, there is a contrasting dearth of such
data in sub-Saharan Africa (SSA). Thus, establishing
whether the two methods provide interchangeable mea-
surements in our setting is clinically relevant. The present
study was designed to determine the agreement between
retinoscopy, autorefractometry and subjective refraction in
Congolese children.

Patients and Methods

Patients

Participants were 54 children attending the Department of
Ophthalmology at the University Hospital of Kinshasa. All
of them were attending the clinic with visual symptoms
commonly associated with refractive errors, such as asthe-
nopia, blurred vision, headache, history of heterophoria.
They were recruited and then consecutively enrolled in the
study from November 2018 to March 2019. They had to
be aged 6 to 17 years and were required to have clear
ocular media. They were excluded from participation if
they had ocular pathology, including media opacity, ocular

misalignment, nystagmus, amblyopia, aphakia, pseudopha-
kia, subluxated lens, congenital or acquired optic nerve
and/or retinal disease, mental instability or if they were
unable to follow instructions during the examination.
Informed consent was obtained from the parents following
study approval by the Institutional Review Board of the
Kinshasa School of Public Health, a branch of the
Kinshasa University School of Medicine. The study execu-
tion complied with the tenets of the Declaration of
Helsinki.

Retinoscopy and Autorefractometry

All participants underwent a standard ophthalmologic assess-
ment. This notably included Snellen visual acuity determina-
tion, non-cycloplegic retinoscopy using a Heine Beta 200
streak retinoscope (Heine Optotechnik GmbH, Herrsching,
Germany) and a retinoscopy rack lens set, non-cycloplegic
autorefractometry using a table-top TOPCON KR-9200
autorefractor (Topcon, Tokyo, Japan), slit-lamp biomicro-
scopy and fundus examination. At the end of this assessment,
children also underwent cycloplegic retinoscopy and autore-
fraction. Retinoscopy and autorefractometry were performed
in all study participants by the same examiner (S.N.M), who
was an experienced third year ophthalmology resident.
Cycloplegia was achieved with three drops of 1% cyclopen-
tolate administered 5 minutes apart, after which retinoscopy
and autorefractometry were performed 30 minutes after the
last drop. Retinoscopy and autorefractometry data were ulti-
mately used as starting points for subjective refraction, which
was progressively refined until the best corrected visual
acuity (BCVA) was achieved at patient’s satisfaction.
Subjective refraction was performed at least 72 hours after
cycloplegia.

Statistical Analysis

Spherical error, cylindrical error, and spherical equivalent
(SE) were used to compare retinoscopy, autorefractometry
and subjective refraction. JO and J45 vectors for cylindri-
cal axis were not used in this analysis because axis could
not be determined with retinoscopy using rack lens set. SE
refraction (SE in diopters, D) was calculated using the
formula SE = sphere +% cylinder. Refraction values
were expresses as mean * standard deviation (SD). The
comparison between proportions was made with Pearson
chi-square test. Retinoscopy, autorefractometry and sub-
jective refraction data were compared using paired-sample
Student’s #-test. Agreement between retinoscopy and auto-
refraction was assessed by calculating the bias, defined as
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the mean difference of refractive values of the two meth-
ods, and both the upper and lower limits of agreement
(LoA) by determining its 95% confidence interval (CI) as
follows: mean difference + 1.96 (SD of the mean
difference).!" The difference between measurements of
the two methods was obtained by subtracting autorefrac-
tion-generated values from retinoscopic measurements.
Agreement analyses were also performed in a similar
way between subjective refraction and retinoscopy and
autorefractometry. The statistical significance level was
set at <0.05. All analyses were performed using SPSS
version 26.0 (SPSS Inc., Chicago, IL, USA).

Results

Children (17 boys and 37 girls, x> = 14.7; P<0.001) mean
age was 11.7 &+ 3.0 years (range: 6.0-15.3 years). Because
refraction of fellow eyes correlated strongly (» = 0.84 for
retinoscopy and r = 0.93 for autorefraction), only data for
right eyes was randomly chosen through a single coin toss
for further statistical analyses.

Table 1 shows spherical, cylindrical and SE values
obtained with the two methods. Spherical power was sig-
nificantly more hyperopic after than before cycloplegia on
both retinoscopy and autorefractometry (all P < 0.05).
Cylindrical power estimated by retinoscopy was signifi-
cantly more myopic before than after cycloplegia (P
<0.001); a similar observation was made for autorefracto-
metry (P = 0.021). The power of the spherical and cylind-
rical components measured with retinoscopy and
autorefractometry under cycloplegic conditions were sig-
nificantly greater than corresponding values obtained with
subjective refraction (all P < 0.05). Non-cycloplegic retino-
scopy and autorefraction yielded comparable SE values (P
= 0.58) although the latter tended to produce higher values.
Cycloplegic refraction yielded greater SE values with auto-
refraction than retinoscopy (P = 0.014). Relative to refrac-
tion before cycloplegia, both cycloplegic retinoscopy and
autorefraction shifted the refraction from myopic to hypero-
pic (all P < 0.05). The difference in SE was significant in
both cases (all P < 0.001). The shift was greater with
autorefraction (1.26D) than retinoscopy (0.96D). The
mean SE of subjective refraction was comparable with the
one obtained after cycloplegic retinoscopy (P = 0.051), but
was significantly lower than cycloplegic autorefraction-
based measurement (P < 0.001).

Data in Table 2 show the frequency of misclassification
of refractive errors as well as underestimation and overesti-

mation of the severity of hyperopia and myopia by non-

Table 1 Comparison of Retinoscopy, Autorefractometry and
Subjective Refraction Before and After Cycloplegia

Refraction Method and Sphere Cylinder SE
Significance Level

Non-cycloplegic retinoscopy 043 £ 1.32 -1.33+094 | —0.24 + 1.07
Non-cycloplegic 0.07 £+ 1.38 —0.84 + 068 | —0.35+ 1.36
autorefraction

Cycloplegic retinoscopy 1.12 + 1.37 —0.80 + 1.10 0.72 £ 1.00
Cycloplegic autorefraction 122 + 1.06 —0.62 + 0.66 091 £ .10
Subjective refraction 061 £ 0.84 —0.23 £ 0.35 0.52 £ 0.93
P 0.17 0.001 0.58

P, 0.009 <0.001 <0.001

P <0.001 0.021 <0.001

P4 0.70 0.019 0.014

Ps 0.022 <0.001 0.051

Pe 0.002 <0.001 <0.001

Notes: P, = significance level of the difference between non-cycloplegic retino-
scopy et non-cycloplegic autorefractometry; P, = significance level of the difference
between non-cycloplegic and cycloplegic retinoscopy; P3 = significance level of the
difference between non-cycloplegic and cycloplegic autorefractometry; P4 = signifi-
cance level of the difference between cycloplegic retinoscopy and cycloplegic auto-
refractometry; Ps = significance level of the difference between cycloplegic
retinoscopy and subjective refraction; Pg = significance level of the difference
between cycloplegic autorefractometry and subjective refraction.

Abbreviation: SE, spherical equivalent.

cycloplegic retinoscopy and autorefractometry based on SE
values. Compared to cycloplegic refraction, non-cycloplegic
retinoscopy and autorefractometry misclassified as myopic
or emmetrope 54.8% and 46.7% (x* = 0.56; P = 0.45) and
underestimated 40.4% and 40.9% (x> = 0.63; P = 0.43) of
hyperopic children, respectively. In myopic children, non-
cycloplegic retinoscopy and autorefractometry overesti-
mated the severity of myopia in 60.0% and 66.6%
(x* = 0.08; P = 0.77) and underestimated it in 30.0% and
11.1% (x> = 0.97; P = 0.33).

Data from agreement analysis between retinoscopy,
autorefractometry, and subjective refraction is given in
Table 3 and related Bland—Altman plots shown in
Figure 1. Cycloplegic retinoscopy and autorefractometry
agreed on spherical and cylindrical power values, with
non-significant biases of —0.09 = 0.16D and —0.18 +
0.20D, respectively. SE values derived from subjective
refraction agreed with those from retinoscopy (bias:
0.11D), but not autorefractometry. No agreement was
found between subjective refraction and either retinoscopy
or autorefractometry regarding spherical (bias: 0.51 =+
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Table 2 Frequency of Misclassification, Underestimation and Overestimation of Refractive Errors After Cycloplegic Retinoscopy and

Autorefractometry
Retinoscopy Autorefractometry
M U (o] M U (o] NC
Hyperopia 23 (54.8%) 17 (40.4%) 2 (4.8%) 21 (46.7%) 22 (48.9%) - 2 (4.4%)
Myopia I (10.0%) 3 (30.0%) 6 (60.0%) - I (11.1%) 6 (66.7%) 2 (22.2%)
Emmetropia 2 (100%) - - - - - -

Abbreviations: M, misclassification; U, underestimation; O, overestimation; NC, no change.

Table 3 Agreement Data Between Cycloplegic Retinoscopy, Autorefractometry and Subjective Refraction

Retinoscopy vs
Autorefractometry

Retinoscopy vs Subjective
Refraction

Autorefractometry vs Subjective
Refraction

Bias (95% CI LoA)

Bias (95% CI LoA)

Bias 95% CI LoA

Sphere ~0.09 + 0.16 (~0.40 to 0.22)*
Cylinder ~0.18 + 0.20 (-0.57 to 0.21)*
SE ~0.26 + 0.17 (-0.67 to 0.15)*

0.51 £ 0.32 (—0.12 to I.14)**
—0.57 + 0.36 (—1.28 to 0.14)**
0.1 £0.31 (0.5 to 0.73)*

0.60 + 0.24 (0.13 to 1.07)**
—0.39 + 0.21 (—0.80 to 0.02)**
0.37 £ 0.41 (—0.43 to |.17)**

Notes: *Non-significant; **significant.

Abbreviations: Cl, confidence interval; LoA, limit of agreement; SE, spherical equivalent.

0.32D and 0.60 + 0.24D, respectively) and cylindrical
power (bias: —0.57 £ 036D and -0.39 += 0.21D,
respectively).

Discussion

Our findings indicated that relative to cycloplegic retino-
scopy and autorefractometry, both methods significantly
underestimated positive spherical power, under non-
cycloplegic conditions. Non-cycloplegic retinoscopy also
overestimated the power of negative cylindrical component.
Underestimation of positive spherical and both over- and
underestimation of spherical negative power by autorefrac-
tometry under non-cycloplegic conditions has been
reported previously.'>”'> These studies also showed that
tended to
or overestimate negative cylindrical

non-cycloplegic autorefractometry either

underestimate’>'*
power.'? On the contrary, SE values determined with non-
cycloplegic retinoscopy and autorefractometry produced
more myopic measurements than the same method under
cycloplegic conditions. Although the differences in mea-
surements obtained under non-cycloplegic and cycloplegic
conditions were statistically significant with both methods,
it was greater with refractometry than retinoscopy. There
was a shift in refraction under cycloplegic conditions, indi-
cating that without cycloplegia both retinoscopy and auto-
refractometry underestimated the severity of hyperopia and
misclassified hyperopic eyes in comparable proportions of
eyes. The two refraction methods also overestimated the

severity of myopia in similar proportions. Such a shift has
been described previously with autorefractometry and reti-

noscopy, both in clinical-'*"'*¢-2?

and population-based
studies.'***%° Specifically, non-cycloplegic refraction has
been reported to overestimate the severity of myopia and
underestimate that of hyperopia. In population-based stu-
dies, performing refraction in children without cycloplegia
erroneously increased the prevalence of myopia while
decreasing that of hyperopia. The data above show consis-
tency across studies regarding the difference between non-
cycloplegic and cycloplegic refraction. They suggest that in
children refraction should be assessed under cycloplegic
conditions, to avoid misclassification of refractive errors.
A plausible explanation for this shift is that in non-
cycloplegic conditions, accommodation effort in hyperopes
helps suppress the blurriness in order to achieve clear
vision. On the contrary, such an effort is not present or is
negligible in myopes due to weaker accommodation
requirements. This could be the reason why the positive
shift in refraction is greater in hyperopic than myopic chil-
dren. More importantly, imaging studies have provided
evidence that this shift results from an increased anterior
chamber depth and anterior lens radius of curvature as well
as a reduced lens thickness following treatment with mus-
carinic antagonists.*’ 3>

Our observation that under cycloplegia autorefractometry
and retinoscopy produced comparable values of the spherical

component aligns with findings of two previous studies.**~**
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Figure | Bland—Altman plots of the agreement between retinoscopy and autorefractometry refraction, between subjective refraction and retinoscopy and between
subjective refraction and autorefraction for measuring the power of spherical, cylindrical and SE in children.

Contrary to significant differences between subjective refrac-
tion with both retinoscopy and autorefractometry in spherical
and cylindrical values, as also reported by Pokupec et al,’
similar comparisons showed no significant differences in
Ozdemir et al’s study.>* SE values from subjective refraction
being significantly lower than those from autorefractometry

115

in the present study corroborates Demirci et al > findings, but

differs from the lack of significant difference reported pre-

viously by both Ganger et al** as well as Ozdemir et al.**
While the discrepancies across studies are likely multifactor-

ial, one of the key contributing factors may be the profile of

refractive errors in study populations and the fundamental
difference between manual retinoscopy and automated
refraction.

Retinoscopy and autorefractometry showed agreement
only for measuring the power of the spherical, but not the
cylindrical and SE components. While the bias of
—0.18D for measuring the cylindrical component was
mathmatically significant, it is clearly clinically insignif-
icant. Thus, retinoscopy and autorefractometry may be
used conversely for determining the power of the cylind-
rical component. On the other hand, though the —0.26
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D bias between the two methods in determining the SE
component was mathematically small, it is important to
remember that even a +0.25D difference can be clinically
significant for some patients, in whom such a change will
be easily perceived as improvement or deterioration of
visual sensitivity. Alternatively, some patients with
reduced visual sensitivity will not perceive a change in
visual sensitivity even with a £0.5D difference. In the
Shahroud Children Cohort Study,” cycloplegic autorefrac-
tometry produced significantly greater spherical, cylindri-
cal and SE values than retinoscopy. However, the biases
were deemed clinically meaningless, suggesting that the
two methods could be interchanged to measure the power
of the three refractive components. Other studies in chil-
dren have reported similar spherical, cylindrical, and SE
power between retinoscopy and refractometry under
cycloplegia,h8:15:16:35.36

The ultimate goal of objective refraction, regardless of
the method used, is to determine the starting point for
subjective refraction. Relative to retinoscopy- and autore-
fractometry-based refraction in the present study, subjec-
tive refraction agreed with retinoscopy-based refraction
only for measuring the SE component of the refraction.
From the management standpoint, our findings suggest
that in children whose acceptance during subjective refrac-
tion shows preference of SE, data obtained from cyclople-
gic retinoscopy should be given preference and be used for
subjective refraction. Past studies have produced varying
findings. Among studies that investigated the agreement of
subjective refraction with cycloplegic retinoscopy and/or
autorefractometry, Adyanthaya and Abhilash®’ noted that
autorefractometry significantly overestimated spherical
power in myopic eyes, but underestimated it in hyperopic
eyes. However, retinoscopy was better for determining the
spherical power, whereas autorefractometry was suitable
for quantifying the cylindrical power of subjective refrac-
tion. Among other studies, two reported that the two
methods were in agreement when quantifying the spheri-

cal power,'¢

one found that patients were more likely to
accept correction based on retinoscopic than autorefracto-
metric testing although no significant difference was dis-
covered between the three methods with regard to
spherical and cylindrical power,®® and another one
revealed that subjective refraction significantly differed
from the other two methods of refraction.'” In studies
that used only cycloplegic autorefractometry and subjec-
tive refraction, the comparison of the two methods yielded

similar refractive values for sphere and SE,'* suggested

that preference be given to cycloplegic autorefraction
because it was more accura‘[e,39 or determined that auto-
refractometry significantly overcorrected refractive errors
and therefore was less accurate than subjective refraction
in children.*° Since the children in our study were predo-
minantly hyperopic, it is possible that the residual accom-
modation was likely stronger during autorefractometry
than retinoscopy. The distance from the eye to the fixation
target inside the autorefractometer is shorter during refrac-
tometry than the distance at which retinoscopy is usually
performed. Consequently, the residual accommodation
effort would be stronger with autorefractometry than reti-
noscopy. Moreover, the reading distance during subjective
refraction is likely to mimic the retinoscopy than autore-
fractometry scenario, which could account for the similar-
ity observed between subjective refraction and
retinoscopy. Because most of past studies were performed
in South and East Asians in whom the prevalence of

myopia is higher than in blacks,*' ™

the lack of or negli-
gible accommodation in these populations may explain, at
least partly, some of the differences between their findings
and ours.

The subjects in the present study were all recruited from
an eye department rather than a random sample of the general
population. This selection bias could limit the generalizabil-
ity of the findings. Another limitation of this study is its
relatively small sample size. Notwithstanding, our sample
size can be considered adequate since several studies™'®'7-*®
comparing refraction techniques used similar or smaller sam-
ple sizes compared to ours. Furthermore, our findings were
mostly compared to those obtained in South East Asian
children despite obvious differences in ocular biometric pro-
files, because of the scarcity of similar information within
SSA. Thus, the difference in ocular biometric features may
account for the difference in findings.

In conclusion, retinoscopy and autorefractometry were
in agreement for determining the power of the spherical
component. Although the difference between the two
methods in determining the power of the cylindrical com-
ponent was statistically significant, it was clinically negli-
gible, suggesting the two methods could be used
interchangeably. Data provided by cycloplegic retinoscopy
are preferable for quantifying the power of SE to be used

for subjective refraction.

Data Sharing Statement
The data will be available upon request from the corre-
sponding author.
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