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Introduction:-

Amblyopia screening in children is a daunting task with a large number of cases being missed due to difficulties
encountered while examining an uncooperative child; the difficulty level of task increases manifold in children with
intellectual disability. Amblyopia screening is usually a part of pre-school vision screening programs which aims to
detect amblyopia and related conditions such as strabismus, anisometropia, and refractive errors.

Manual retinoscopy is routinely used for amblyopia screening but it yields variable results due to inter-observer
variability ( Safir et al 1970, Zadnik et al 1992)"% Manual retinoscopy has been a time tested gold standard and has
proven efficient in high ametropias especially astigmatism. The drawback being that it is dependant on observer
expertise, amount of cycloplegia achieved and patient cooperation. In children the results are much more variable
and is virtually a nightmare in children with intellectual disability.

Autorefractors though more accurate with astigmatism, yet are limited by their utility in children and more so when
the child has intellectual disability.

A newer modality known as photoscreener has been used in the west over the last decade and has been found to be
effective in uncooperative children due to a faster measurements from a distance. Another advantage of
photoscreener is measurement without cycloplegia and can also be done by a paramedical or non medical staff,
hence screening periods are shorter. Photoscreeners have been used in various screening programmes in the US and
has been recognized by both the US Preventive Services Task Force (USPSTF) and the American Academy of
Pediatrics (AAP) as a valid screening modality in the children.?
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Comparative study between photoscreeners and autorefraction as well as manual retinoscopy can strengthen the
screening protocols and aid in early amblyopia detection and management.

Although few studies have been done on comparison of refraction with autorefractor and photoscreener yet no study
has been done in children with intellectual disability where requirement and difficulty level is much more. A
comparison of refraction under cycloplegia with manual streak retinoscopy with  autorefractor and
photoscreener/plusoptix in children with intellectual disability under 5 years of age with due validation will prove to
be a useful tool in future amblyopia screening with better detection leading to effective management.

Methods:-

A total of 200 children with intellectual disability were recruited and examined as part of a larger population-based
prospective observational study conducted in the Eye department of our hospital from Jan 2014 to Jan 2017.
Children with intellectual disability( mental retardation) attending the paediatric clinic of the hospital who were
referred to the paediatric ophthalmology section were included in the study. The inclusion criteria was age between
2 and 5 years and child cooperative for refraction. Exclusion criteria was cases with significant media opacities
and retinal abnormalities.

Informed consent was obtained from the parents and approval was obtained from the Ethical committee of hospital.
The conduct of the study followed the tenets of the Declaration of Helsinki. All the parents were informed about the
details of the study prior to obtaining their consent.

The children were screened in the following sequence: photorefraction was done with the Plusoptix A09
photoscreener with and without cycloplegia. Autorefraction was done with Shin Nippon autorefractor, anterior
segment assessment using portable slit lamp, fundus examination and cycloplegic retinoscopy was carried out.
Orthoptic examination including Hirschberg test and Krimsky test was done for all cases. Same observer did the
manual retinoscopy of all cases to reduce the probability of errors.

The Plusoptix AQ9 photoscreener was operated by the ophthalmologist himself. The patient was made to sit on the
examining chair about one meter in from of the photoscreener in a semi dark room. The camera has a smiling face
with a warbling sound to draw the attention of the child. The camera is pointed towards the child and image captured
the moment child looks towards the camera and the fixation is recorded by complete green circles. The following
measurements are recorded —automatic refraction, pupil size, fixation and interpupillary distance. The Plusoptix A09
photoscreener has a spherical and cylindrical range of -7.0 D to +5.0 D.If the ocular misalignment is more than 10°
then the measurements cannot be done in the binocular mode but requires a monocular mode setting.

Routine orthoptic examination was done and deviation measured with Hirschberg only as PBCT was difficult to do
in children under 5 years of age with intellectual disability. Autorefraction was done using a Shin Nippon
Autorefractometer which was followed by anterior segment examination.Thereafter cycloplegic refractionwas done
with 1.0% cyclopentolate drops instilled three times every three minutes and manual refraction done after 45 to 50
minutes.Single examiner did manual refraction and was masked to the one doing autorefraction with photoscreener
to exclude bias,

Data analysis:-
The sample size was calculated using hypothesis testing about difference between means with level of significance
as 5% and power of study as 80%.

The data from Shin Nippon autorefractor and manual streak retinoscopy was analysed using the paired t-tests. A p-
value of <0.05 was taken as statistically significant. The spherical equivalent was taken as sphere with half of
cylinder.

All statistical analyses were performed using SPSS (version 16.0, IBM-SPSS, USA).

Results:-
A total of 219 children with intellectual disability were included in the study. Four children were excluded from the
study as they were non co-operative for manual refraction and four were excluded due to small pupil size. Plusoptix
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AQ9 could not measure refraction in six patients as they had either high myopia or hypermetropia ( more than 5
diopter). Five patients were excluded from the study as they had retinal pathology. After excluding these cases, we
had 200 cases ie 122 boys and 78 girls.

A total of 122 boys and 78 girls (n = 200 children) with a mean age of 48.4 + 11.1 months, were taken for the
current study. The mean SE as measured by photoscreener was 2.54 + 0.83 D. The mean SE obtained from the
autorefractor was 2.49 + 0.71 whereas with streak retinoscopy it was 2.35 + 0.78 D. The mean SE obtained from the
photoscreener (Plusoptix A09) (2.54 D) was significantly more hyperopic than that of manual retinoscopy (2.36 D)
(p = <0.001) and autorefractor (2.49 D) (p = 0.001) (Table 1& 2). Scatter plot shows the hyperopic overestimation
with photoscreener as compared to streak retinoscopy( Chart 1). Pearson correlation coefficient was (r=1/p=0.000)
for manual retinoscopy and (r=0.9/p=0.000) for photoscreener ( both highly statistically significant). There was a
mean difference of +0.18 D between the spherical equivalent results of Plusoptix A09 and that of streak retinoscopy.

Astigmatism was seen in 52 out of 200 cases (26%). Astigmatism measured by streak retinoscopy was -0.55 + 0.56
D and using the Plusoptix A09 was -0.50 + 0.42 D. The difference in cylinder values between streak retinoscopy
and photoscreener was not statistically significant.

Table 1:-Paired T-test between the manual retinoscopy and photoscreener

Paired T-Test

Mean SE N Std. Mean t-value | p-value
Deviation | Difference
Pair MANUAL RETINOSCOPY 2.36 200 0.79 -0.19 12.055 <0.001
PHOTOSCREENER 2.54 200 0.83
Descriptive Statistics
Mean Std. Deviation N
MANUAL RETINOSCOPY 2.3575 0.78759 200
PHOTOSCREENER 2.5438 0.83367 200
Correlations
MANUAL PHOTOSCREENER
RETINOSCOPY
MANUAL RETINOSCOPY Pearson 1 965"
Correlation
Sig. (2-tailed) <0.001
N 200 200
PHOTOSCREENER Pearson 965" 1
Correlation
Sig. (2-tailed) 0
N 200 200
**_Correlation is significant at the 0.01 level (2-tailed).
Table 2:-Paired T-Test between Manual retinoscopy, autorefractor and photoscreener
Mean N Std. Mean t-value | p-value
Deviation Difference
Pair 1 MANUAL 2.36 200 0.79 -0.13 7.789 | <0.001
RETINOSCOPY
AUTOREFRACTOR 2.49 200 0.72
Pair 2 AUTOREFRACTOR 2.49 200 0.72 -0.05 3.342 0.001
PHOTOSCREENER 2.54 200 0.83
Pair 3 MANUAL 2.36 200 0.79 -0.19 | 12.055 | <0.001
RETINOSCOPY
PHOTOSCREENER 2.54 200 0.83

Correlations between Manual retinoscopy, autorefractor and photoscreener

Descriptive Statistics

|
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Mean Std. Deviation N
MANUAL 2.3575 0.78759 200
RETINOSCOPY
AUTOREFRACTOR | 2.4912 0.71698 200
PHOTOSCREENER 2.5438 0.83367 200
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Figure 1:-Scatter plot between manual retinoscopy and photoscreener

Discussion:-

Photorefraction has been used in few studies only for the early detection of amblyopia, however these studies have
shown that photorefraction has high sensitivity and specificity for detection of amblyopia risk factors in children
vision screening programmes.*”’ Photorefraction has additional advantages of being relatively faster, less dependent
on patient cooperation and can be handled by paramedics.The Photoscreener also has advantages while examining
children and especially those with intellectual disability. The risk of undetected refractive errors and amblyopia is
close to 1% in children with intellectual disability.® Photoscreener requires just few seconds of steady eye fixation
and head immobilization to record all the information. The major limitation is while examining children with high
refractive errors( more than 5 diopters), media opacity and occasionally strabismus. In such cases cycloplegic
refraction is recommended.

Weseman and Cordoneer et al reported that photorefraction without cycloplegia gives inaccurate readings and also
has limitation with high refractive errors. Our study however showed that photoscreeners measured refraction both
with and without cycloplegia.

In our study refraction using the photoscreener Plusoptix A09 with and without using a cycloplegic agent was
compared with the manual cycloplegic retinoscopy and autorefraction in children with intellectual disability under 5
yrs of age. There was a statistically insignificant difference between the results of Plusoptix AQ09 and that of streak
retinoscopy. Our study showed that there was overestimation of hyperopia with photoscreener as compared to the
streak retinoscopy. Abrahamsson et al** and Erdurmus et al ** reported that the photorefractor PowerRef Il found
0.42 D more hyperopia as compared to retinoscopy or autorefractometry, which is comparable to the 0.18 D found
in the present study. However in a study done by Yan X-R et al*® photoscreener underestimated hyperopia and
overestimated myopia.***®

The photoscreener is easy to use and handle, portable, convenient, time saving and also gives additional information

like interpupilary distance, pupil size and strabismus. Also one of the major advantages of photoscreener is in mass
screening. Cases of non refractive esotropia can be easily missed by manual retinoscopy and autorefractor as these
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two methods do not measure strabismus separately however these can be easily picked up by photoscreener. Due to
these advantages photoscreener is definitely a better modality to screen amblyopia in children with intellectual
disability less than 5 yrs of age where children cooperation is also minimal. Photoscreener can be connected to
laptop or PC via Bluetooth for a faster data acquisition and data analysis. Cycloplegic retinoscopy on the other hand
is time consuming, uses cycloplegic eye drops, and requires a trained optometrist/ophthalmologist, hence is not an
optimal approach for amblyopia risk factor screening.

|19 IZO

Gabriel et al™ and Choi et al™ reported that no significant stimulation of accommodation occurs during
photorefraction and that reliable measurements can be obtained. Our study results showed a strong association
between measurements of photoscreener and those with manual cycloplegic refraction except for the slight
overestimation of hyperopia. The reason for this overestimation could be due to the slight accommodation which is
induced while fixating target from one meter distance.

Dahlmann-Noor et alreported that the photoscreener as a single screening test can miss significant number of
children with amblyogenic risk factors.?*?> However in our study we also did orthoptic examination and found that
it is 100 % sensitive although specificity is less for which photoscreener can be used along with orthoptic
examination.

Limitations:

The feasibility of a diagnostic test is very important in children. In our study photorefraction using plusoptix A09
was not possible in 02 children as they were not cooperative and in 04 due to small pupil size. Plusoptix A09 could
not measure refraction in 05 patients as they had either high myopia or hypermetropia i.e., more than manufacturer’s
range. Also the photoscreener cannot record measurements when the pupil is less than 3 mm or when it is more than
8 mm due to lens aberrations.

Conclusion:-

The photoscreener has various advantages including time saving, easy manipulation, portability and good
compliance of targeted children especially those with intellectual disability as compared to retinoscopy
examination.”*** Plusoptix A09 photoscreener with the cover or a stereo test can improve overall effectiveness in
detecting strabismus. The major limitation of photoscreener (Plusoptix AQ09) is slight overestimation of hyperopia
and underestimation myopia. However no significant difference is seen in astigmatism between Plusoptix A09 and
cycloplegic retinoscopy.
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