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Adams & Courage, 1993; Adams & Courage, 1996; Ellemberg, Lewis, Liu & Maurer,
1999). Similarly, other research has found that the critical period for recovery from
amblyopia and its associated risk factors may extend beyond the critical period of
development, as treatment may be efficacious throughout adolescence and into adulthood
(Daw, 1995; El Mallah, Chakravarthy  Hart, 2000; Karatza, Sheilds & Sheilds, 2004).
However, interest still persists in establishing early screening programs that are both cost
and clinically effective, as results from studies of adult amblyopes are inconclusive, and
it has yet to be determined if such later visual improvements are . 1 nent. In ad tion to
the incomplete evidence from adult studies, recent research also shows strong evidence
for a heightened risk of visual impairment in the better eye of amblyopes (Simons, 2005).
Furthermore, although there may be hope for visual recovery into adi  hood, amblyopes
experience significant detrimental psy osocial effects during childhood that can only be
avoided with early intervention. It na . therefore, that complete prevention of
amblyopia through early detection of a  1lyogenic factors is still the most e :ctive
clinical strategy.
Implicar 5 for Vision Screening

Given the now very clear evidence which shows that recovery is enhanced with
early detection, combined with the recent emergence of new pediatric tes g
technologies, there is growil interest in developing early vision screening programs.
The general consensus remains that vision screening should begin by three years of age.
Currently, most screening programs aime at detecting amblyopia and the associated risk

factors, still target children between 3 and 6 years (Anker, Atkinson, Braddick, Ehrlich,
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Although there is mounting evidence to suggest that early infant vision screening

is effective in reducing the prevalence of amblyopia, the intensive experimental screening

programs mentioned above which involve multiple screenings throughout the first 24 to

36 months are not economically feasible for most healthcare settings. This again

highlights the importance of pinpointing critical periods of visual plasticity during which

detection and treatment can yield profound improvements in eye and cortical functioning.

The Canadian Pediatric Society along  th the American Academy ¢ Pediatrics both
suggest that vision screening should begin at birth, with regular assessments of visual
functioning continuing throughout chi hood (Wu & Hunter, 2006; Community
Pediatrics Committee, 1998). However, the greatest discrepancies between the major
vision and pediatric organizations centre on which aspects of vision should be assessed,
and when such assessment should begi ie five critical components of vision most
often assessed during a typical visic sc :ning procedure are visual acuity, ocular
alignment, stereoacuity, refractive error. 1d contrast sensitivity. However, the lack of
understanding regarding both the development of these functions and @ associated

critical periods likely contributes to the  k of consensus on the appropriate )ols that

need to be used to assess these functions  oughout childhood, as well as the appropriate

timing of initial assessment. Gaining at er understanding of the developmental time
course for each of these visual functions may be the key to determining the most
appropriate time for initial assessment. The following section provides a brief overview
of what is currently known about the de  >pment of tI primary visual pathway and

visual functions during the first few years of life.
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Early Visual Devel. nent & Current Methods of Early Vision Assessment

During the first 6 months of life the visual system undergoes significant
anatomical and functional development. At birth, the retina, LGN and vis 1l cortex are
functionally immature. The primary visual pathway becomes functional around 2 to 3
months of age, with the central visual pathway continuing to mature into the preschool
years, reaching maturity at around age 5. The primary visual cortex is believed to reach
adult volume very early in development, by approximately the 4™ post-natal month.
However, synaptic density becomes a 1lt-like much later, by about age 4. Maturation of
the retina, myelination of the optic tracts and increased synaptic density of the visual
cortex throughout the first 6 months of life reflect the significant improvements seen in
spatial vision, contrast sensitivity, color vision, and binocularity shown by infants during
this time (Mills, 1999; Dobson & Teller, 1978; Birch, Gwiazda, & Held, 1982; Birch,
Gwiazda, Bauer, Naegell, & Held, 1983; Braddick, Atkinson, Julesz, Kropfl, Bodes-
Wollner, & Raab, 1980; Atkinson, Fren: , & Braddick, 1981; Ellemberg et al., 1999;
Courage & Adams, 1990; Adams, Mercer & Courage, 2004; Oliveira, Costa, de Souza &
Ventura, 2004).

Spatial (pattern) vision is considered the most critical of all human visual
functions, which again highlights the need to protect against early spatial abi rmalities
and thus prevent amblyopia. Typically, spatial vision is assessed with tests of visual
acuity. Visual acuity of literate children and adults is assessed most easily wi  a
measure of recognition acuity (e , Snellen Letters) which refers to the smallest visual

target (optotype) that is recognized. In pre-literate patients, picture optotypes such as a
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Additionally, the reciprocal of each contrast threshold (minimum amount of contrast
required) can be plotted to form a subject’s contrast sensitivity func H>n (CSF). The shape
of the CSF (typically an inverted-U) is useful clinically, as devi ons within specific
segments (i.e., at specific spatial frequencies) give an indication of the type of underlying
ocular or neural disease. This is partic arly useful in the case of amblyopia. Measures of
CS provide a more complete picture of the visual losses experienced y patients, and
different types of amblyopia have specific effects on different segments of the CSF (Hess
& Holliday, 1992; Kushner, 1998; Lennie & van Hemel, 2002). As a result, clinicians
and researchers have shown great interest in developing a means of assessing CS early in
life.

Based on the TAC procedure, the sine-wave based contrast sensitivity card
procedure has shown promise as a time-efficient method that can be use o assess
contrast sensitivity from early infancy until maturity (Adams, Mercer, & Courage, 1992,
Adams & Courage, 2002; Drover et al., 2002). However, the CS card procedure still
requires validation as a useful and efficient clinical tool for the assessment of visual
functioning in early infancy. In particular, tests of contrast sensitivity ave yet to be used
in any mass screening program 1 there are no referral criteria for this test.

Measurement of refractive error is often cited as a critical component of any
screening program. Although r¢  :tive change can occur throughout life, the most
critical development occurs dur 3 infancy (Larsen, 14, .a,b,c,d; Pennie, Wood, Olson,
White, & Charman, 2001). Full-term nev  >rn infants are hyperopic and display moderate

levels of ast” matism (Graham & Gray, 1963; Kuo, Sinatra & Donahue, 2003; Patal,
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Naturajan & Abreu, 1970). Similar to the development of the visual cortex, the growth of
the eye is not simply an increase in scale but instead, different parts of the eye grow at
different rates (Pennie et al., 2001; Spooner, 1957). For those who eventually become
emmetropes (i.e., have normal optics), these neonatal refractive errors diminish within
the first 6 to 8 months (Ingram & Barr, 1979; Gordon & Donzis, 1985; Saunders, 1995).
However, proper identification of non-reducing leve  of hyperopia, astigi itism (or very
rarely, myopia) is critical for  suring balanced visual input from both eyes, especially
during the early years of life when uncorrected refractive error can cause permanent
losses in visual acuity and binocularity (Atkinson, Braddick, Nardini & A1 =r, 2007;
Saunders, 1995; Howland & Sayles, 1987). In addition to the negative long-term effects
associated with persistent uncorrected refractive error, early optical stat  : .0 appears to
predict later visual and cognitive functioning (Atkinson et al., 1996; Anker et al., 2003;
Atkinson et al. 2005).

The traditional technique for measuring refractive error in infants and young
children is retinoscopy, which is often conducted with the use of cycloplegic drops to
prevent accommodation. Cyclople ~ retinoscopy is considered the gold standard for
obtaining refractive error estimates, al ough it requi  a high degree of clinical
expertise and is sometimes very time-consuming (Kohler & Stigmar, 1973; Nordlow &
Joachimsson, 1962). Other methods for  sessing ref. tive status in inf. ts and young
children such as near retinoscopy, videorefraction, and photorefraction have shown
accurate and comparable results to those obtained during gold standard examination.

However, these methods are time-const  ng, require a fair level of expertise and are
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program marks a critical first step in determining whether early vision screening during
infancy is feasible and whether measures taken during infancy can be predictors of later

visual functioning and visual pathology.

Method

Participants

189 toddlers and infants were tested between September 2005 and November
2007. The present study ¢« prised 4.  groups of children: 6 month-olds (5 to 7
months), 1-year-olds (11 to 13 months), 2-year-olds (22 to 29 months), and 3-year-olds
(36 to 37 months). Figure 1 shows the age distribution of all children in the study.
Children ranged in age from 5 months to 37 months of age with a mean age of 23.9
months (SD = 11.3months). All of the 189 children were included in the analyses.

To recruit 2- and 3-year-o. , cc sent forms were sent to daycare ¢ ters
throughout the St. John’s, Newfound! d metropolitan area (Appendix A). All children

whose parents/guardians provided consent, were then tested within the « ild’s daycare,

21

by either the author, a trained research assistant, or a Ph.D. student, all ¢ whom received

the same training. Infants betv  1the ¢ _ i of 5 and 13 months-old were recruited by
providing information to moth: ; during maternity stays at the St. John’s Region Health

Science Center. Parents of infants were later sent information regarding the study, and

then followed up by phone. All of those wishing to participate were assesse at the Infant

and Child Vision Research Center, Memorial University, St John’s campus. Not every

child completed the entire battery of tests (N = 54) due to cognitive or attentional
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grating’s location. Cards with gratings of increasingly higher spatial frequency were then
presented until the tester made a judgment that the child could not resolve a particular
target. The finest grating that the child could resolve was taken as the estimate of his/her
visual acuity.

Visual acuity of 2- and 3-year-old toddlers was assessed with a variety of tests.
The test chosen was based on the child’s comprehension of the task and his/her
cooperation. The preferred test for screening preschool aged children was the Patti Pics
linear optotype test (See F ire 3; Precision Vision, LaSalle, Illinois., U.S.A). This test
consists of 8 rows of 5 optotypes (circ  square, apple and house) ranging in size from
20/80 to 20/16. To keep luminance constant, the chart was mounted in a cabinet which
illuminated the chart to approximately 70 cd/m”. To assess acuity monocularly, children
sat 3 m from the chart and wore glasses with either the left or right lens covered with
masking tape. As the tester pointed to : symbol on the chart, the child was asked to
name the optotype or point to the corrr  ronding shape which was shown on a large card
that the child viewed in front of him/her. Like the ad t Snellen chart, to successfully
complete a single line, the child had to correctly identify 4 of the 5 optotypes. The lowest
line at which the child could correctly ~~ ntify 4 of the 5 optotypes was taken as a

measure of visual acuity.
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attention and to show him/her an example of that SF. Each spatial frequency set also
contains lower contrast cards, ranging from 31.7 to 2.6% contrast.

Testing was conducted monocularly at a distance of 60 cm. The general procedure
for the CS card is modeled after the modified version of the forced-choice preferential
looking method (FPL), used for the Teller Acuity Cards (Adams et al., 1992). To test
each SF set, the warm-up, or high contrast test card was administered first. 2- and 3-year-
olds were instructed to point to the side of the card with the test patch. For infants, eye
and head movements in the direction of the test patch were taken as an indication of
whether or not the grating was detectable. Each card was rotated several times and
presented usually about 4 to 5 times.  the toddler pointed correctly to the test patch, or if
an infant showed a consistent and reliable fixation for the test patch, it was judged that it
was detectable. The tester remained blind to the location of the test patch throughout the
procedure. Testing continued with each SF set by presenting cards of lower and lower
contrast until the test patch was no longer either poii :d to or fixated by the child, and
presumably was now undetectable. Within each SF set, the lowest contrast grating that
was detected reliably by the child was taken as a measure of the contrast threshold for
that SF.

The contrast sensitivity of some of the 3-year-olds was assessed with the C§
screening booklet (Drover, Courage, L on & Admas, 2006; see Figure 6). The booklet,
a recent replacement for the cards and designed for older children, consists of 168, 21.6 X
277.9 cm gray pages in a 3- ring binder. The test and control patch are located 12 cm from

a central 1mm thick white line. As Tab 2 shows, the booklet, similar to the CS cards,
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Ocular alignment in 2- and 3-year-olds was also evaluated with a more precise
measure of misalignment, namely the distance cover-uncover test and the near cover-
uncover test. During the distance test, the child was instructed to fix: inocularly on a
target approximately 3m away. One eye was then quickly covered with an occluder and
the uncovered eye was observed for any movement, a result which wor 1 indicate that
the eye is not fixating on the target and is therefore misaligned. A similar procedure was
followed for the near cover-uncover test but instead, the target was approximately 40 cm
away.

Stereopsis

Stereopsis/stereoacuity was assessed only if 2- and 3-year-olds were very
cooperative. Most of the children within this age group were tested with the Randot E
stereotest (see Figure 9). This test consists of three 8 x 10 cm plates; twor dom dot test
plates and a demonstrator plate. One of the random dot plates is blank and the other has
an “E” that can only be detected only if stereoacuity is present. The random dot test plate
is designed so that when it is held at different distances from the child, the E represents
different disparities. For examp  when held at a distance of | m from the participant, the
E subtends a relative depth of 250 are sec. At 1.5m, : E subtends 168 arc sec.

To administer the test, the chi]l was first shown the demonstrator plate that
possessed a simple “E”, a target which is easily visible to all as it does not require any
stereopsis at all. The child was asked  identify the “E”, but if the child could not
correctly identify the letter, they were Hld that it was an “E”. Polarized glasses were then

placed on the child and the two random dot plates wi  held very close (20cm) to the
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level at which the child could correctly identify 2 or 3 stereofigures was taken as an

estimate of stereoacuity.

Results

Completion Rates and Completion Times

The primary objective of the present study w to identify an effective screening
procedure for assessing, in a timely and efficient manner, the visual functioning of infants
and toddlers. The second objective was to attempt to  sess children on as many visual
functions as possible. Table 3 categorizes children based on the number of tests
completed successfully. To st wrize the table, note that all of the 189 infants and
children, completed at least one test, 95% completed 2 tests, and nearly half (48%)
completed 4 tests. The values in the tal : were based on the following criteria: 6- and 12-
month olds were deemed to have successfully completed the battery if the child
completed a visual acuity test for each eye, the Hirschberg corneal reflex for each eye,
autorefraction for each eye, and one test of contrast sensitivity for each eye (e.g., CS
cards and/or Patti Pics contrast faces). 2- and 3-year-olds were said to have completed the
entire battery if he/she completed a test of visual acuity for each eye, the Hirschberg
corneal reflex for each eye, autorefracti 1 for each eye, one test of contrast sensitivity for
each eye, and a test of stereoacuity.

Overall, the completion rates for 1e entire screening battery were relatively low
across all a; groups with only 61 of the 39 chil 1(32%) completir the screening

battery (see in the asterisks in Table 3).  »mparing across all age groups, completion
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Figure 11. Visual acuity means from ( : present study (black squares) relative to
normative means (solid black line) taken from Cour: : & Adams, 1990. The upper and
lower broken lines on the graph represent one standard deviation above and below the
normative means across age.

Refractive Error

At least one reliable estimate of refractive error was obtained from each eye of
most children (94%). If two measures were obtained, the mean across trials was used for
analysis. Cylindrical refractive error estimates showed considerable variation both within
and across age groups (Figure 12). Me cylinder dec 1sed from 1.3! ' (SD =0.75D) at
6-months to 0.94D (SD = 0.58D) at 12-months and then again to 0.67D (SD = 0.60D) at
24-months. However, there was very li" " : change in cylindrical error at 36-1 nths (M =
0.72D, SD = 0.41D). Figure 13 shows 1t the reduction in cylindrical refractive error
observed in the present study correspor ~ with values obtained in previously conducted
studies of both autorefraction and cycloplegic photorefraction (Adams et al., 2002; Chan

& Edwards, 1993; Saunders, 1995).




Success of a Screening Battery 45

3.00 (_J

2.507

2.00

= 1.00-

Cylindrical error (D)
3
$ 38,08

0.50

0.007 I I R Sa Li?ear = O.l108
0 6 12 18 24 30 36 42 48
Age (months)

Figure 12. Scatterplot (with regression line) showing individual cylindrical refractive
error estimates (in diopters) obtained >m the right eye of 6- to 36-month-old children.
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Figure 13. Mean cylindrical refractive error (in diopters) from the right eyes of children
in the present study (black squares) relative to previously determined normative means
across age (solid black line; Adams et al., 2002). The broken lines on the graph represent
one SD above and below the normative means.




Success of a Screening Battery 46

Concerning the spherical component of refractive error, the regression line in
Figure 14 shows that the individual spherical estimates appear to change minimally with
age, and Figure 15 shows that the mean spherical error obtained in the present study
concur well with previously published values from both autorefraction and cycloplegic
photorefraction (Adams et al., 2002; Chan & Edwards, 1993). On average, infants and
young children within this age range are slightly hyperopic with an average spherical

error of +0.98D.
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Figure 14. Scatterplot (with regression line) showing individual spherical refractive
error estimates (in diopters) obtained from the right eyes of 6- to 36-month-old children.
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Figure 15. Mean spherical refractive error (in diopters) from the right eyes of children in
the present study (black squares) relative to previously determined normative means
across age (black line; Adams et al., 2002). The broken lines on the graph represent one
SD above and below the normative means.
Contrast Sensitivity

Figure 16 shows the mean contrast sensitivity functions for 24- and 36-month olds
in the present study and revealed that  1sitivity improves slightly at mi  to high spatial
frequencies between 24- and 36-mont.  a result which suggests a progressive increase in
maximum spatial resolution. As discu 1 previously, 6- and 12-month infe s proved
extremely difficult to test and therefore, contrast sensitivity was estimated using the
Peek-a-boo faces contrast test. The res s reveal slight improvement in contrast
sensitivity with age. 12 —month —olds « ected slightly lower contrast levels (M = 11.6%,

SD = 2.6) than 6-month-olds (M = 12.. |, SD =3.3), the differences observed between

these two age groups was not significal
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Figure 16. Contrast sensitivity functii s (CSFs) for 24- and 36-month-olds tested with
the contrast sensitivity cards.
Stereopsis

Mean stereoacuity improved f n 270 arc sec (SD = 177) at 24-months to 233 arc
sec (SD = 140) at 36-months. Despite notable variability within each of these age groups,
the results obtained here concur well v h previous research conducte at this age (Birch

et al., 1997).

Prevalence of Visual Abr malities Detected During Screening
The success of the screening battery relies heavily on its e ctiveness and its
ability to correctly identify possible in  irments and/or risk factors. To further validate

individual tests and the entire screening battery, the number of possible abnormalities
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detected in the present study were compared to established criteria. The present study was
the first to implement infants into a ¢t prehensive screening battery; thus, estimates of
possible visual impairments are an in ortant first step in constructing reliable norms and
potential referral criteria for this under-studied population. To determine whether a child
was within the range of healthy visual functioning, test scores from the present study
were compared to previously cumented norms for each age group (Hope & Maslin,
1990; Manny, Martinez, & Fern, 1991; Molgaard, Biering-Sorensen, Michelsen, Elmer,
& Rydberg, 1984; Reinecke & Simons, 1974; Courage, Drover, Vernescu, Keough, &
Adams, 2001; Courage & Adams, 19' ; Atkinson et al., 1996; Adams et al., 2002;
Williams, Harrad, Harvey, Sparrow, 1 SPAC Study Team, 2001; Anker et al., & Wade,
2003; Anker, Atkinson, Braddick, Na ni, & Ehrlich, 2004).

It was difficult to establish ref al criteria for autorefraction as the technology is
still relatively new. Thus, criteria for 2- and 3-year-olds was based on the only published
early normative study for the Welch 2 yn SureSight autorefractor (Courage et al., 2001;
Drover, Kean, Courage, & Adams, 20 ). Establishii  criteria for infants was further
complicated by the fact thatev 1l available for the first year of life.
Therefore, referral criteria for infants v 5 based on previous research conducted within
our lab (Adams et al., 2002) as well as e criteria used within large-scale infant vision
screening programs that have employed other non-cycloplegic techniques, such as
photorefraction (Williams et al., 2001;  kinson et. al., 1996) and videorefraction (Anker,
et al., 2003; Ankeret al., 2004; Atkins etal., 1996). Similarly, the present study is

among the first to implement measures of ¢« rast sensitivity within a screening battery.
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Referral criteria for CS in 2- and 3-year-olds was therfore based on results from previous
CS card and booklet research within this age group (Adams & Courage, 1993; Adams &
Courage, 1996; Adams & Courage, 2 2; Drover et al., 2006; Drover et al., 2008). The
present study did not develop CS refe 1l criteria for 6- to 12-month-olds due to the
limited data obtained from these groups.

Referral criteria for visual acu y was based on previous research as well as the
recommendations of major North A can pediatric/vision organizations (Courage &
Adams, 1990; Mayer, Beiser, Warner, ratt, Raye, & Lang, 1995; Hall et al., 2000;
Courage & Adams, 1990; American Academy of Pediatrics, American Academy of
Ophthalmology). Likewise, the referi  criteria for the Randot Preschool and the Randot
E was based on well established criter  for 2- and 3-year-olds (Hope & Maslin, 1990;
Manny, Martinez, & Fern, 1991). Det: s of the criteria used in the present study to
define a visual abnormality for each measure and age group are provided in Table 6. The
referral criterion for contrast sensitivity in 2- and 3-year-olds are provided in Tables 7
and 8 for the CS cards and booklet respectively (Drover et al., 2002). As the Peek-a-boo

low contrast test is new, the ct y no normative data or r« rral crit  a available.
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Table 6. Possible ocular diagnosis and referral criteria for each test and age group.

51

Possible Test A Criteria
Disorder (months)
Reduced Visual Teller Acuity 6 < 2.4 c/deg and/or
Acuity Cards > | octave difference*
between eyes
Teller Acuity 12 < 3.8 c/deg and/or
Cards > I octave ditference
between eyes
PattiPics Cards 24 < 20/50 and/or
>2 line difference**
between eyes
PattiPics Linear Optotypes < 20/80 and/or
> 2 line difference
between cyes
PattiPics Cards 36 < 20/40 and/or
>2 line  ference
between eyes
PattiPics Linear Optotypes < 20/63 and/or
> 2 line difference
between eyes
Motility/Fixation Hirschberg Corneal Re  x 6-36 Any asymmetry in the
Disorder corneal reflex
Reduced Randot E 24-36 > 500 arc sec
Stereoacuity
Randot Preschool 24-36 > 400 arc sec
Stereoacuity Test
Signficant Autorefraction
Refractive Error
Astigmatism 6-12 >275D
24-36 >1.50D
Hyperopia 6- 36 >350D
Myopia 6-12 >2.00D
24-36 >1.00D
Anisometropia 6-12 >1.75D
~ 24-36 >175 D

1 OCIvE 1E1E1 W uie uouunng ol ndiving i spadial frequency
=% A line refers to a line on the Patti Pics Linear Optotype test. Each line represents a ditference

.1 LogMar
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Table 7. Referral criteria in CS units for each spatial frequency of the CS cards.

Spat  Frequency (c/deg)

0.75 1.5 3 6 12

Age
24 months 20.8 27.8 16.9 3.2 8
36 months 20.8 27.8 38.5 114 3.2

Table 8. Referral criteria in CS units for each spatial frequency of the CS booklet.

Snatial Frequency (c/deg)

078 18 2 6 17
Age
24 months  27.8 41.7 52.6 6.4 3.3
36 months 37 83.3 83.3 26.3 33

Table 9 provides the number of children who fell below the criterion for each test,
categorized by age. It is ir _ »rtant ton e that the children who were detected as positive
by the screening were referred to an of halmologist or optometrist for a gold standard
eye/vision exam. Unfortunately, the re s of the gold standard exam were not available
to confirm the screenii  results. Overa 24% (I  43) of the children who . empted the
screening battery were identified as having some form of possible visual abnormality.
Among the different age groups 12-, 24-, and 36-month-olds had comparable frequencies

(17% to 21%). However, 53% of the 6-month-olds demonstrated some form of possible
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7%, 3-6.5% and, 1 - 3.6% respectively among 2 to 4 year-olds (Drover et al., 2008;
Junghans & Crewther, 2003; Cowen & Bobier, 2003; Donnelly et al., 2005; Mayer et al.,
2001; Preslan & Novak, 1998). Among infants, the estimated prevalence of significant
refractive errors, including hyperopia, 1yopia and anisometropa have been estimated to
be between 7 - 10%.

To analyze these prevalence d 1 statistically, a logistic regression was conducted
to compare individual visual abnorma ies across age. The analysis revealed that reduced
visual acuity (W =4.06; p <.05)and :nificant refractive error (W = 5.8; p <.05) varied
with age, with reduced visual acuity and significant refractive error occurring most
frequently in 6-month-olds and least frequently in 36-month-olds. Abnormalities in other

visual functions did not vary across age.

Discussion

The present study had several objectives. Our primary go: was to develop and
test the feasibility of a screening battery that could be used to assess the visual
functioning in infants and very young ildren. Screening programs aimed at detecting
visual disorders in childhood typically target children between the ages of 3 and 6, and
very few have attempted to implement rograms for younger children, espectally infants.
To our knowledge, no other study has . empted such a comprehe iive screening
procedure in infants and toddlers, ana  group that traditionally has been p. icularly
difficult to test. Previous attempts have :lied heavily on cumbersome and time-
consuming technologies (i.e., cyclople; - refraction) and/or have limited “screening” to

single estimates of visual functioning r ‘than comprehensive test batteries.
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TAC, Randot Stereoacuity) with newer methods (e.g., CS cards, Peek-a-boo contrast
faces) that have potential, but have yet to be used.

In addition to the minimal data available regarding the usefulness of vision
assessment tools with very young children, data are also lacking in terms of development
of visual functions, particularly meas: s obtained from newer techniques and
technologies. It was a further objective of this study to compare the results obtained here,
to previous data obtained from alte 1z ‘e methods of assessment. The following sections
outline both the usefulness of each method within the battery, and comparison of our

results with the available developmen  findings.

Visual Acuity

Spatial vision is considered the most important of all visual functions and is
assessed typically with a measure of visual acuity. Tests such as the Teller Acuity Cards,
and optotype tests such as the Snellen  and the Patti Pics Symbc  charts, are considered
standard procedures for assessing early visual acuity. 75% of all chil¢ :n who attempted
the screening battery completed a me: 1re of visual acuity for each eye. 24- and 36-
month-olds were assessed using the P i Pics optotype chart or the Pa  Pics isolated
symbols book. These tests were easy  administer and yielded satisfactory completion
rates for both age groups. 63% of 24-1 nth-olds and 79% of 36-month-olds successfully
completed a test of visual acuity inea eye, with the lower rate for 24-month-olds likely
accounted for by difficulties with monocular occlusion. Visual acuity in 6- and 12-

month-olds was assessed with the Tel ~ Acuity Cards. The procedure proved highly
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successful, with 86% of 6-month-olds and 76% of 12-month-olds completing the test.
The Teller Acuity Cards have been ve lated as a fast and accurate means ¢ assessing
spatial vision in preverbal and nonverbal populations. This test has become standard
within pediatric clinical settings and normative values for this measure have been
established from infancy through adul ood (Teller, McDonald, Preston, Sebris &
Dobson, 1986; Mohn, van Hof-van D n, Fetter, de Groot, Hage, 1988; Courage &
Adams, 1990). In general, visual acuity is known to improve substantially during the first
year of life with more gradual development thereafter (Mayer et al., 1995; Courage &
Adams, 1990; Teller et al., 1986; Dobson & Teller, 1978; Mayer & Dobson, 1982; Birch,
et al., 1982). The results of the present study reflect this developmental trend, with a
slight improvement between 6- and 12-months, significant improvement between 12- and
24-months, and then little change at 36-months.

Amblyopia is defined ared ionin spatial vision and thus tests of visual
acuity are considered fundamental for detecting amblyopia and the associated risk
factors. Early detection of reduced vi al acuity is considered crucial to treatment
success and the recovery of visual 1 yloss. 6% of all children tested here showed
reduced visual acuity. The highest rate occurred in 6-month-ol , wit 4 of the 25
children (16%) demonstrating reduced visual acuity for their age group. The prevalence
of acuity deficits appeared to decrease with age, with 7% of 12-month-olds
demonstrating possible visui acuity i pairments, and only 3% and 2% of 24- and 36-
month-olds respectively. These values are slightly higher than those reported previously

for 2 to 5 year-olds (Drover et. al., 2008). The higher than anticipated rate of reduced
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visual acuity among 6- and 12-month-olds may be explained by several factors. First of
all, the sample sizes for both groups v re relatively small (n = 29; n = 37). Considerably
more children would need to be screened in order to calculate true prevalence rates.
Additionally, the values obtained in the present study were compared to normative values
established during sessions in which t : TAC was the only test a ninistered. Most
children involved in the present study completed multiple tests. Therefore, the higher
than anticipated rates of reduced acuit may be explained by attentional factors.
Furthermore, the significantly higher prevalence of acuity deficits with this age group are
likely explained by developmental va bility. Research suggests that early estimates of
Teller acuity may not be predictive of 1ter visual functioning (Courage & Adams, 1990;
Hall et al., 2000; Mash & Dobson, 1998). While it is likely that 6- and 12-month-olds that
scored within the normal range for their age group will likely maintain normal visual
acuity throughout development, the r¢  1lts from abnormal children are less certain.
Researchers and clinicians agree that 1iile the TAC is useful for predicting normal
development, drawing conclusions b: | on abnormal results should be done with
caution and diagnosis should not dep | on this measure alone (Spierer, Royzman,
Chetrit, Novikov & Barkay,1999; Ma , Dobson & Carpenter, 1995). The limitations of
the Teller Acuity Cards along with the increased emphasis on early identification of
visual impairments during t|  critical period of development have highlighted the need
for a more comprehensive measure of spatial vision.

Contrast Sensitivity
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efficient method for estimating refractive error throt "iout the life span. N¢ etheless,
there remains an obvious need to create more appro| ate norms for this age group and
thus more accurate referral criteria.

In contrast to hyperopia, the prevalence of other identified refractive errors among
the study sample concur well with est.  ished norms. Myopia has been estimated to have
a prevalence rate of approximately 0.25% amor infants (Atkinson et al., 1996; Anker et
al., 2003; Atkinson et al, 2007) and 1.1% (Drover et al., 2008) among preschool aged
children. Likely attributable to the relatively smaller sample size used here, no cases of
significant myopia were identified in the present study. Using a criteric of 1.5D
difference between the eyes, the prevalence rate for anisometropia for 6- to 9- month-olds
1s estimated to be approximately 1.5% (Atkinson et al., 1983; Atkinsonet: , 1996). In
the present study only two 6-month-olds (7%) and one 12-month-old (3%) were
identified with anisometropia. It is likely that the 1.75 D cutoff used here is appropriate.
Very few studies have provided criter for identifying astigmatism in infants and the
value used in the present study was based on an average of normative values found
previously in this age group. Although previous research has documented significant
astigmatism in a large proportion of i1 ints, the developmental pattern for this age group
is still very uncertain. However, the clinical criteria used to identify astigmatism among
6- and 12-months appears appropriate ~ 75D) as only two 6-month-olds (7%) and two

12-month-olds (6%) were identified with possible astigmatism.
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Test sessions often ended before completion of the battery. Due to fatigue or distress of
the infant, administering the test battery over two shorter sessions may increase
completion rates for all tests. Also, w 1 two testing sessions, it may be possible to
include tests that were considered too time consuming or attentic ally demanding to

include within a single session (i.e. CS cards, Randot Stereo Smile test).

Conclusion

Research has shown that early vision screening for amblyopia ¢ | its risk factors
results in better outcomes and reduced prevalence of amblyopia, the ost common and
most highly preventable eye disease among children and adults. Although early vision
screening is promoted, little is known out the most favorable screening strategy and the
optimal age to initiate screening. The present study was successful in demonstrating that
a combination of methods are capable of providing a reasonably comprehe .ive analysis
of visual functioning of children betv  1the ages of 6- and 36-months. In previous work,
a number of the tests used in  :pres  study were assessed individually, but few studies
combined these tests with others to form a larger clinically oriented screening battery for
toddlers. Moreover, no other study to our knowledge has implemented such a
comprehensive collection of methods Hrinfants. As a result, the resent study represents
the first attempt to assess the usability of new tests and technologies, along with
traditional methods, to screen vision in infants and young children.

In most developed countries, « ildren are typically screened around the age of 3

or 4, an age at which the majority of ¢ es of amblyopia have developed and may have
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been present for years. The evidence for early sensitive, or critical periods, suggests that
the best opportunity for prevention and treatment can be expected if the screening takes
place as early in life as feasible. Early infancy to 3 years marks a critical period of
plasticity during which synaptic connections within the brain are capable of rearranging
based on experience. Within the visual system, healthy development depends on clear
and balanced input from each eye. This critical period extends for a variable period of
time, but the extent of the plasticity d inishes with age, thus, responsiveness to
treatment lessens with age and the depth of impairment is influenced by the duration of
the visual abnormality. The ability to screen children at such a young age, during the
critical period of development, has been made possil : by the advancements in
technology capable of detecting amblyogenic factors, such as significant re ictive error,
poor visual acuity and strabismus. The promising results of the preser study highlight
the potential to screen children atam 1 younger age than is currently standard. The
success of such a comprehensive scre  ing battery with very young childre could
potentially have profound effects ont overall reduction of amblyopia within the
population and represents an important first step int  assessment and furt. r
development of childhood screening programs. Nonetheless, the results of the present
study highlight the need for further re rch. There remains an overall lack of data
regarding paediatric eye disease in Ca 1daand )st other developed countries. In order
for infant screening to reach its full pc ntial, more research is necessary to gain a better
understanding into the development and predictability of amblyogenic risk factors

identified during screening. The present study has suc:  sfully identified a collection of
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tests that appear reliable, are easily administered and are time efficient for assessing
visual functioning in very young child 1. Using these and similar methods, researchers
can focus on the continuous assessme: of both visually normal and abnormal children
identified during infancy. This will allow for further evaluation of the visu: system
during the critical period of development, and from there, insight into the progression of

identified amblyogenic factors and their predictive value for later visual functioning.
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Children who can not complete either of these tests will be assessed with the Teller Acuity Cards. These
are a set of rectangular cards that contain black and white stripes of different sizes. Children are shown cards
containing stripes of progressively smaller size and asked to point to them. The smallest size of the stripes detected
provides an estimate of visual acuity.

) The cover-uncover test is used to detect strabismus (an eye turn). During this test, the child looks at a
stuffed toy while one eye is covered very briefly with a small plastic paddle. The eyes are observed after the cover is
removed to see if they move and function normally. The test is then quickly repeated with the other eye covered.
Children will also be assessed with the Hirschberg corneal reflex in which a penlight is briefly shone into his/her
eyes. If the reflection of the light is asymmetrical, the child may possess and eye turn. Also, each child’s eye
movements will be examined as he/she will be asked to follow the penlight as it is moved in several directions (with
the light off).

3) The Randot E Stereotest measures depth perception. The test consists of two cards: one contains an “E”
that can be seen only with special polarized “stereo” glasses that the child wears, whereas the other plate is a blank.
A child with normal stereo (3-D) vision will be able to correctly identify the “E”. Children who are too young to
complete this test will be tested with the simpler Randot Stereosmile Cards which consists of a series of large
rectangular cards, each containing a 3-D smiling face.

4 The contrast sensitivity card proc« ire consists of a series of rectangular cards and is similar to the
Teller Acuity Cards. Each card contains black and white stripes of a specific size and contrast. Children will be
instructed to point at the stripes if they can see them.

(5) Finally, each child will be assessed with the Welch- Allyn SureSight autorefractor, a hand-held camera-like
device that uses a light to obtain a rapid measurement of the eye’s optics (the eye’s ability to focus an image). This
instrument measures the degree oi ~ (n¢ sightedness), hyperopia (farsightedness), or astigmatism in each eye.

This study has been approved by the erdisciplinary Committee on Ethics in Human Research
(ICEHR) at MUN. The results of this study will likely be pub  ied in well-established medical,
neuroscience and psychology journals. If you  sh to have your child participate, please complete the
portion of the form below as soon as possible and return itto y - child’s daycare teacher. If you have
additional questions or concerns, please conti  he study supervisor, Dr. Russell J. Adams (737-8496),
James Drover (737-4786) or the secretary of ICEHR at 737 168. Please keep this sheet as a
reference. There is also a copy of this letter ¢ ile at your child’s daycare Centre if you happen to
misplace this information. Thank-you.

Very sincerely,

Russell J. Ad , PhD. Mary L. Cour. , PhD.
Department of Psychology Department o1 :ychology Ph.D. Candidate
Department of Pediatrics Department o :diatrics Department of Psychology


















