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ABSTRACT

Keywords:
Ocular refraction; Refractive Objective: To assess the performance of a portable autorefractor as refractor and screening tool for
errors; Retinoscopy; refractive errors in schoolchildren.
Photoscreening; Autorefractor; Methods: Cross-sectional observational study. Refractometric measurements of children between 5 and
Portable refractor 10 years old were obtained through four methods: 2WIN under non-cycloplegic conditions, and 2WIN,

conventional autorefractor, and retinoscopy, under cycloplegic conditions. Correlations and agreement
between the methods and accuracy of the portable autorefractor to define whether to prescribe glasses
were assessed.

Descritores:

Refracao ocular; Erros de

refracdo; Retinoscopia;

Photoscreening; Autorrefrator; Results: The mean age + standard deviation was 6.87 + 1.42 years. The portable autorefractor without

Refrator portatil cycloplegia showed a high correlation with retinoscopy (0.77) but tended to underestimate hyperopia

and overestimate high astigmatism. Regarding screening for prescription of glasses in comparison with

the reference method “retinoscopy,” the sensitivity of the portable autorefractor without cycloplegia
was calculated to be 100,00% and the specificity, 34.3%.

Conclusion: The portable autorefractor should be used as a screening tool and, when prescribing

glasses, the tendency of underestimating hyperopia and overestimating high astigmatism should be

kept in mind.
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INTRODUCTION

Visual screening aims to prevent blindness and pro-
mote eye health."” The main purpose of visual screening
in schoolchildren is the detection of refractive errors
which, when not corrected, are the leading cause of visu-
al impairment and the second leading cause of blindness
worldwide. Estimates show that 20% of schoolchildren
have some eye condition, including refractive errors, am-
blyopia, strabismus, conjunctivitis, and trauma sequelae.
W Low visual acuity during the school phase has an impact
on learning and socialization, contributing to learning
deficits, worse performance at school, comorbidities such
as headaches and cervical, thoracic and lumbar pain, bul-
lying and difficulties in social development, which leads
to lifelong negative impacts.?*

Portable autorefractors (such as PlusOptix, 2WIN
photoscreener, Otago screener, Sure Sight, Retinamx®,
MTIphotoscreeners, iScreen Vision Screener, among oth-
ers) are devices that use different computational process-
ing mechanisms useful for the detection and quantifica-
tion of ametropias, media opacities, and misalignment of
the eyes.57) Obtaining refraction using portable autore-
fractors is fast, since the child only needs to fixate for a
short period of time, and the use of cycloplegic eye drops
for temporary paralysis of accommodation is dispensed.®

Several studies have proven the effectiveness of most
portable autorefractors as a method of tracking refracto-
metric errors, under cycloplegic conditions or not, when
compared to gold standard retinoscopy under cyclople-
gia.(G—zsj

The purposes of this study were: to compare results of
refractometric measurements obtained through the por-
table autorefractor, autorefractor and retinoscopy, under
cycloplegic and non-cycloplegic conditions; and to assess
the accuracy of the portable autorefractor as a screening
tool for refractive errors in the school age group in our
population.

METHODS

Subject population

The present study was carried out with the approval of
the Research Ethics Committee of the Universidade de
Campinas (Unicamp), CAAE: 13922619.4.0000.5404,
and was conducted in accordance with the tenets of the
Declaration of Helsinki and current legislation on clin-
ical research. Written informed consent was obtained
from the children’s guardians and informed consent
was obtained from the children, after explanation of the
procedures.

Participants were selected by convenience, at the
Ophthalmology Outpatient Clinic of the Hospital de
Clinicasofthe Faculdade de Ciéncias Médicas of Unicamp.
Children between 5 and 10 years old who agreed to par-
ticipate and whose parents accepted to participate in
the study were included. Children whose techniques
could not be applied due to the presence of media opac-
ities, such as corneal, lens, and vitreous opacities, were
excluded.

Examinations
Visual acuity was measured by the Snellen chart, monoc-
ularly, at 6m.

The refractometric measurements were obtained
using:

- 2WIN portable autorefractor (Alaska Blind Child
Recovery; Adaptica, Padova, Italy), before and after
cycloplegia, in a darkened room, one meter from the
child. 2WIN is a portable infrared photoscreener, li-
censed in Brazil by the Agéncia Nacional de Vigilancia
Sanitaria (Anvisa). It estimates, in about 7 seconds,
the refractive error and binocular alignment through
infrared photoscreening, using targets at distance to
prevent accommodation.' Measurements were re-
peated until the device would point out that the as-
sessment was reliable (highest quality score).

« PAK-8000 autorefractor (POTEC), after cycloplegia.

- Retinoscopy (18245 retinoscope from Welch Allyn),
performed by a single examiner, after cycloplegia.
Cycloplegia was obtained with two instillations of 1%

cyclopentolate with a five-minute interval between them.
Examinations under cycloplegia were performed 45 min-
utes after the last application.

Refraction measurements were expressed in spheri-
cal diopters for the spherical component, cylindrical di-
opters for the cylindrical component, and degrees for the
main axis of the cylinder.

Glasses were prescribed after subjective examination
in cases of cooperative children and based on the retinos-
copy in cases of uncooperative children. The prescrip-
tion followed the criteria recommended by the Brazilian
Council of Ophthalmology in 2016:% a) > +3,00 diopters
(D) of hyperopia; b) > -0,.75 D myopia; c) > -0,75 D of astig-
matism; and d) the above parameters were used as a refer-
ence only in children without specific symptoms. In case
of prescription, the values prescribed were the static re-
fractometry values that presented the best visual acuity in
the lens test, with 1.0 spherical diopter being discounted
in case of hyperopia.
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Statistical analysis
Data were analyzed using the program R version 4.2.1.

To perform statistical analyses, readings were con-
verted into power vectors, as described by Thibos et al.®”
Spherical equivalent (SE) was calculated as SE = S + C/2,
S being the spherical component and C, the cylindrical
component. The vector presentation of astigmatism com-
prises Jo representing Cartesian astigmatism (vertical
Jackson cross cylinder with positive indicating with-the-
rule and negative against-the-rule astigmatism) and J45
representing oblique Jackson cross cylinder astigmatism.
Jo and J45 were calculated according to the following for-
mulas: Jo = (-C/2)*cos (2%0); and J45 = (-C/2)*sin(2%0),
respectively.

Data were tested for normality using the Shapiro-Wilk
test. The distribution of the data was assumed as normal
when the p-value was above 0.05. Once the continuous
variables in this study were not normally distributed, they
were presented as median and range (minimum value,
quartiles, and maximum value).

The Friedman test was performed to assess wheth-
er the methods were statistically different. The post-hoc
Wilcoxon signed-rank test was then used to compare each
two paired methods, with the Bonferroni adjusted p-value
method. For all tests, a p-value was considered significant
when less than or equal to 0.05.

Correlations were assessed through the intraclass
correlation coefficient. Correlations were considered
weak ifr was below 0.3, moderate if r was between 0.3 and
0.7, and strong if r was higher than 0.7.

Agreement between the refractometric results of
2WIN without cycloplegia and cycloplegic retinoscopy
was investigated via Bland-Altman analysis.

Accuracyof 2WINto definewhethertoprescribe glass-
es was assessed using 2x2 tables, following the recom-
mendations by the Brazilian Council of Ophthalmology
in 2016, previously described. The variables were mutual-
ly exclusive: yes (glasses should be prescribed) versus no
(glasses do not need to be prescribed). The refractometric
measurements obtained with 2WIN, before and after cy-
cloplegia, were analyzed based on the gold standard reti-
noscopy. Specificity and sensibility were calculated based
onthe 2 x 2 tables.

RESULTS

A total of 30 participants, 60 eyes, were included in the
study. Half of them were female and their age ranged be-
tween 5 and 10 years (mean 6.87+1.42). Both eyes of each
patient were included.

Fourrefraction measurementswere obtained: non-cy-
cloplegic refraction by 2WIN; cycloplegic refraction by
2WIN; cycloplegic refraction by the conventional autore-
fractor; cycloplegic refraction by retinoscopy. Cycloplegic
refraction by 2WIN was not obtained in 3 participants, for
reasons intrinsic to the portable autorefractor.

Sample normality

The Shapiro-Wilk test disclosed the data as not normal
based on the values obtained by the non-cycloplegic
2WIN (p=0.015), the cycloplegic 2WIN (p=0.014), and the
cycloplegic autorefractor (p=0.016). The retinoscopy val-
ues were found to be normal (p=0.236).

Correlation between the methods

The intraclass correlation coefficient (ICC) is shown in
table 1. The ICC disclosed a good correlation between the
methods for the SE, but not for the astigmatic vectors.

Table 1. Intraclass correlation coefficient for the spherical
equivalent, JO and J45

Spherical

" Jo J4s5
equivalent
ICC 0.77 -0.07 0.10
95% confidence interval 0.68-0.85 -0.14-0.03 0.003-0.22

ICC: intraclass correlation coefficient; MV: macular volume.

Agreement between non-cycloplegic
2WIN and cycloplegic retinoscopy
In relation to agreement between refractometric values
obtained with non-cycloplegic 2WIN and cycloplegic ret-
inoscopy, the mean differences for non-cycloplegic 2WIN
minus cycloplegic retinoscopy were found to be -0.53
(-0.73 to -0.33) for the SE, -0.31 (-0.55 to -0.07) for Jo, and
0.56 (0.32 to 0.80) for J45. The minus value indicates an
underestimation of hyperopia and overestimation of my-
opia by 2WIN when compared to cycloplegic retinoscopy.
The estimate and confidence interval of the bias, the
lower and the upper limit of agreement for the differences
between non-cycloplegic 2WIN, and cycloplegic retinos-
copy are represented in figure 1. The range of the intervals
of agreement was 3.05 D for the SE, 3.66 for Jo, and 3.64 for
Jas. Linear regression applied to the plot disclosed that these
differences depended on the mean values, with greater bias
being found for more hyperopic means (in the SE graph) and
for more astigmatic means (in the Jo and J45 graphs).

Accuracy for glasses prescription
Regarding the prescription of glasses, the number
of students who would receive the prescription after
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Figure 1. Bland-Altman plot with best fit line comparing the
spherical equivalent (A), JO (B) and J45 (C) measured through
non-cycloplegic 2WIN and cycloplegic retinoscopy.

examination with 2WIN without and with cycloplegia,
based on measurements obtained with retinoscopy, is
shown in table 2. Three participants (six eyes) were ex-
cluded from the analysis regarding 2WIN with cyclople-
gia due to the impossibility of measurement by 2WIN.

In comparison with the reference method “retinos-
copy”, the sensitivity of 2WIN without cycloplegia was
calculated to be 100,00%. Specificity was calculated at
34.3%. The positive predictive value (PPV) was 52,1% and

Table 2. Indication for prescription of glasses by 2WIN with-
out and with cycloplegia, based on measurements obtained
with retinoscopy

2WIN without cycloplegia Glasses Yes No Total
Yes 25 23 48
No 0 12 12
Total 25 35 60

2WIN with cycloplegia Glasses Yes No Total
Yes 21 17 38
No 0 16 16
Total 21 B 54

the negative predictive value (NPV), 100%. The accuracy
of 2WIN without cycloplegia in relation to retinoscopy
was 61.7%.

Compared to the reference method “retinoscopy”, the
sensitivity of 2WIN with cycloplegia was calculated to be
100% and the specificity, 48.5%. The PPV was 55.3% and
the negative predictive value was 100%. The accuracy
of 2WIN with cycloplegia in relation to retinoscopy was
68.5%.

DISCUSSION

Portable autorefractors are small, easy-to-use, fast devices
that require little cooperation on the part of the subjects
being examined. Regarding school children, refractomet-
ric measurements obtained by these devices could be a
valuable tool in routine ophthalmological consultation,
especially in uncooperative children, with behavior alter-
ation disorders or delayed neuropsychomotor develop-
ment. 2

Portable autorefractor as a screening tool
Ideally, a screening tool must identify a high proportion
of individuals with the problem in question (high sensi-
tivity) and a high proportion of individuals without the
problem in question (high specificity). According to our
data and the Brazilian Council of Ophthalmology recom-
mendations for glasses prescription, the portable autore-
fractor showed high sensitivity (100%) when compared
to retinoscopy, the gold-standard method. However, the
specificity of the portable autorefractor with and without
the cycloplegia was low (34.3% and 48.5%, respectively).
In practical terms, this indicates that a relatively large
percentage of children evaluated by the portable autore-
fractor would be considered candidates for the prescrip-
tion of glasses without really needing it. On the other
side, in face of a portable autorefractor result indicating
no need for glasses prescription, 100% will not indeed be
prescribed (negative predictive value).

Rev Bras Oftalmol. 2024;83:e0020.
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Our findings agree with those of previous studies that
assessed the use of portable autorefractors for visual track-
ing. Ransbarger et al. used the SPOT Vision Screening®
in a Hispanic population of 300 preschool children and
showed a specificity of 55.70%.% Schmucker et al. car-
ried out a review on the effectiveness of visual screening
in 300 preschool children and found sensitivity values be-
tween 46% and 95% and specificity values between 53%
and 100%."% Goncalves et al. studied the performance
of 2WIN as a visual screening tool in children between
6 months and 3 years, showing 100% sensitivity, 93.18%
specificity, and 93.26% of accuracy under dynamic ac-
commodation conditions in relation to retinoscopy. As
in the present study, cycloplegia did not bring significant
gains in sensitivity and specificity."

Portable autorefractor as an autorefractor
In terms of refraction reliability, our results demonstrated
that the correlation of the methods was high, considering
the SE (ICC=0.773). Amean difference of -0.53 diopters be-
tween the SE results of non-cycloplegic portable autore-
fractor and cycloplegic retinoscopy probably accounts for
this correlation to be smaller than it could potentially be,
once the hyperopia tends to be underestimated. However,
clinically, some authors consider a difference of less than
+1.00 D SE between methods irrelevant,® turning a dif-
ference of -0.53 reasonably accepted and the agreement
between the methods quite fair.

Proportionally greater differences were found for
greater hyperopic and astigmatic means, when analyz-
ing non-cycloplegic portable autorefractor and cyclo-
plegic retinoscopy. The regression line applied to the
Bland-Altman plot showed that, for higher mean values
of spherical component (hyperopic refractions), the dif-
ference between the measurements tended to be more
negative, indicating an underestimation of hyperopia.
We believe this could possibly be due to the lack of cy-
cloplegia and due to the proximity of 1m between the
patient and the portable autorefractor at the time of the
measurement, inducing some degree of accommoda-
tion. For lower mean values (myopic refractions), the dif-
ferences between the measurements tended to be closer
to zero. On its turn, the regression line in the cylindrical
component graph showed that, for greater cylindrical
measurements, the difference between the methods
increased, indicating a worse agreement. For these rea-
sons, we must stress that the portable autorefractor may
not be as precise as the conventional refractor for final
prescription purposes.

Previous studies found similar results, such as Gongalves
et al., who identified adequate performance of 2WIN as a
screening tool, but limitations regarding the accuracy of re-
fractometry;" Cordonnier et al., who showed that Retinomax
has good screening potential, but is limited as a refractor;®
and Reddy, who demonstrated that Spot Vision is useful for vi-
sual screening in schoolchildren, although the refractometric
values obtained by this device should be a guide for subjective
refraction and not the final prescription. ®

Joseph et al. observed strong agreement between
prescriptions based on subjective refraction and on the
QuickSee portable autorefractor in adults aged 18 to 40
years, concluding that prescription based on the porta-
ble autorefractor could be considered in low-resource
settings.® In the school age group, Liu et al. compared
school-aged refraction measurements using 2WIN-S
(2WIN along with its recently developed “special light
occlude tube”) and cycloplegic retinoscopy and observed
good reliability and high agreement between the meth-
ods." However, as Liu et al. have pointed out, in children,
even though the agreement between the refractions ob-
tained with 2WIN-S without cycloplegia and by retinos-
copy with cycloplegia was strong, it is not recommended
to prescribe the refraction based on the measurements
obtained by the portable autorefractor, since children
accommodate, and dynamic refraction cannot be consid-
ered completely reliable.®

Study limitations

The limitations of the study include the small sample
size and the fact that the study participants were children
from public schools in Campinas, Sdo Paulo, Brazil. Thus,
the results obtained in this study have internal validity
and should not be generalized to other populations.

CONCLUSION

We believe portable autorefractors could be useful in oph-
thalmological consultations of schoolchildren, mainly
the uncooperative ones. Even so, although the portable
autorefractor without cycloplegia showed a high correla-
tion with retinoscopy, it tended to underestimate hyper-
opia and overestimate high astigmatism. Therefore, it is
helpful as a screening tool but, when prescribing glasses,
these findings should be kept in mind.
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