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Pediatric Vision Screener 2: pilot study in adults
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Abstract. Amblyopia is a form of visual impairment caused by ocular
misalignment (strabismus) or defocus in an otherwise healthy eye. If
detected early, the condition can be fully treated, yet over half of all
children with amblyopia under age 5 escape detection. We developed
a Pediatric Vision Screener (PVS) to detect amblyopia risk factors. This
instrument produces a binocularity score to indicate alignment and a

focus score to indicate focus. The purpose of this study is to assess the
performance of the PVS by testing adults who were fully cooperative
for testing. The study group includes 40 subjects (20 controls, 20 pa-
tients) aged 22 to 79 years. 12 patients had constant strabismus (8 to
50%), and eight had variable strabismus (12 to 55%). All controls had
binocularity scores >50%. Binocularity was <50% in 11/12 patients.
The patient with binocularity >50% had a well-controlled intermittent
exotropia and was not at risk for amblyopia. Focus scores were highly
sensitive for good focus but not specific. The PVS shows high sensi-
tivity and specificity for detection of strabismus in adults. Future stud-
ies will determine whether this performance can be achieved in pre-

school children, who are at greatest risk for vision loss. © 2004 society of
Photo-Optical Instrumentation Engineers. [DOI: 10.1117/1.1805561]
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1 Introduction plane is recorded for subsequent characterization of the im-

The developing human visual system requires focused images?9¢: Photoref_raction can Qe_tect poor ch_u_s and irregu_larities
and precise binocular alignment to attain optimum visual acu- of ocular media, but sensitivity and specificity for detection of

ity and stereopsis at maturity. When an eye is unable to focus amblyopia r_isk faCtorS have been limited in_ studies f%gate,
properly in childhood, the result may be irreversibly poor vi- anc\j,\}gehg?,\é'%ees\,ﬁgsgg Zolgnep(;(iaaxtrci)é t\)/lijéli(gnogtg:l appg) o S
sion in adulthood. If the two eyes are mlsallgneo! n Ch'.ldhOOd’ detect amblyopia risk factors automatically in a series of mea-
one eye may be suppressed centrally by the still-flexible cen-

ral tom id double viei sual P surements over a brief intervalln this study, the clinical
ral nervous system fo avoid double vision or visual conu- performance of the PVS was evaluated in cooperative adult
sion, again causing poor vision in adulthood. Vision loss in an

: L subjects in anticipation of future studies in less-cooperative
o'.[herW|se structurally SOU”‘_" eye, known clinically as amblyo- cpiigren. The device showed high levels of sensitivity and
pia, has a prevalence as high as ]5% specificity for ocular misalignment.

If detected early in life, amblyopia is remarkably respon-

sive to treatment. Unfortunately, children respond best to 1
treatment at an age when they are also most difficult to exam-
ine, and as many as half of children with amblyopia escape
detection before age $Large-scale specialist examinations
for amblyopia risk factors have effectively eliminated the
most severe forms of amblyopia in Scandinaviayt this ap-
proach is not practical in most health care systems. Potentially
cost-effective strategies for detecting amblyopia, including a
variety of devices and protocols designed for use by nonpro-
fessionals, have failed to attain adequate sensitivity and speci-

ficity to warrant mass screening of preschool childten. ing. The fixation target was the focus detection laser diode
Photorefraction is currently the most widely applied auto- e 4 near-infrared blinking point source presented in com-

mated approach for detecting the optical performance of the pination with a synchronized beeping tone. Data were in-

eye for mass screening purposes. In this approach, the eye igpected online and saved to disk for off-line analysis. The fast
iluminated with a point source or extended light source, and gqyrier transform(FFT) power spectrum of the BRBS signals

a 2-D image of the returning light distribution in the pupillary  \yas obtained to determine the power at both the scanning
frequency of the spinning mirror and twice the scanning fre-

Device Operation

The PVS design has been described in detail elsewhere.
Briefly, the eyes are scanned with binocular retinal birefrin-
gence scanningBRB™ to detect alignment, and with bin-
ocular focus detection to detect foctlsThe device was
mounted on a stand for ease of testinge Fig. 1L Data were
obtained as a series of five measurements in a total of 2.5 sec,
with the final results averaged.

For data acquisition, adult subjects were seated in a dim
room, with the chin in a chin rest to facilitate head position-
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Subjects were asked to fixate first centrally with both eyes,
then centrally with each eye separately, the untested eye being
covered with a clinical occluder. They were then asked to
fixate centrally and in four ordinal directions alternately, 1.5
deg from the central fixation light. This protocol allowed test-
ing for repeatability, for detection of cross talk between chan-
nels, and for identification of false positive responses. Five
readings were obtained for each direction of fixation.

1.3 Data Analysis

Characterization of the BRBS output has been previously
detailed®'° Briefly, a binocularity score was calculated from
Fig. 1 Prototype Pediatric Vision Screening device (PVS). The subject an entire sequence of readings as the percentage of attentive
is asked to view a blinking target within the aperture of the device. To readings with bilateral fixation. The ability to detect fixation
facilitate testing, the device is mounted on a stand, and the subject’s of each eye made it possible to identify inattentive measure-
head is placed in a chin rest. Neither the stand nor the chin rest is . . . .
required for testing. Light emitting diodes (LEDs) indicate passing ments in which neither _eye WaS_ looking at the targc_at. Thus,
score. the percentage of attentive readings overall was designated as
the yield(Y) of the sequence. The instrument also produced a
signal-to-noisg€STN) relationship determined by the percent-
age of information in the frequencies of interest. The STN,
quency. The percentage of power at twice the scanning fre- expressed as a percentage, is not the same as the classic
quency indicated the fixation of eac_h eye. The results were signal-to-noise ratid SNR), which is expressed as a loga-
displayed as separate plots for the right and left eyes. To de-rithm_ The use of a percentage rather than a log allowed yield
termine power at 400 Hzthe modulation frequency of the  ang STN to be combined into a single product, designated as
focus lasey, the FFT power spectrum of the focus detection the quality score, QSSTN*Y. A binocularity score of 50%
signals was obtained. The results were displayed as a pair ofya5 set as the threshold between a pass and refer. That is, a

peaks for each eye—one representing the cef@rof the subject with binocularity<50% would be referred for a spe-
bull's-eye photodetector, the other the annulés cialist eye examination; a subject with binocularity50%
would not.

1.2 Volunteer Testin Characterization of the focus output has also been ex-
) & plained in detail previousl¥ Briefly, the output of the bull’s-

To determine whether the PVS could identify strabismus eye photodetector consists of a central compor@and an
and/or defocus, measurements were obtained from adults withannylar componem. The ratioC/A is maximum when the

strabismus and concurrent controls. Subjects were excluded ifeye js in perfect focus; as focus declin€4A approaches 1.0.

they had glaucoma, age-related macular degeneration, cataTg compensate for variations in fundus reflectivity, the nor-
ract, nystagmus, retinal disease, or cognitive deficits. An or- qajized ratio (C—A)/(C+A) was calculated; this ratio
thoptist performed a “gold standard” examination, measuring ranges from 0 for complete defocus to 1 for perfect focus. The
best-corrected visual acuity, distance refraction, binocular vi- pass versus refer threshold for focus was not determéned
sion, and ocular motility. Ocular alignment was expressed in oy,
prism diopters, a clinically used unit of measure approxi- ~ o comparison of binocularity scores, a one-way analysis
mately equal to 0.5 deg in the range of interest. Residual of yariation (ANOVA) test was performed. Sensitivity and
distance refraction was measured with vision correction in gpecificity for detection of amblyopia risk factors was also
place. The study was approved by the appropriate institutional jetermined. For studies of age and eye color in the focus
review boards, and informed consent was obtained from all yetection system, the values obtained from both eyes of each
subjects. . . , subject were averaged. To allow for statistical analysis, two
Based on the results of the orthoptic evaluation, subjects groups were formed for the parameter of eye color. Brown
were classified as either control, constant strabismus, or varl-eyes were compared against all lighter eye calblse, green
able strabismus. Subjects were considered “control” if they gray and hazel For the focus detection studies, paired data
claimed no major ocular problems and if both eyes k&d00 were analyzed with the student t-test. Results were considered

D of myopia and<0.50 D of hyperopia, with<1.25 D of statistically significant if thep value was<0.05.
anisometropia and no strabismus. Contact lens and glasses

wearers were grouped with “controlllow refractive erroy

subjects if residual refractive error met control criteria. Sub-

jects were classified as having “constant strabismus” if they 2 Results

had clinically documented ocular misalignment of any angle The 40 subjects ranged in age from 22 to 79 years. The study
that was always present. Subjects were classified as havingpopulation included 10% African American, 8% Asian, 78%
“variable strabismus” if they had ocular misalignment, but Caucasian, and 5% Hispanic subjects. Of the 20 strabismus
were able to compensate for this either through intermittent patients, 12 had constant strabisnfwi#th misalignment rang-
fusional eye movements or by using a compensatory heading from 8 to 50 prism dioptejsThe other eight patients had
position to achieve binocularity. variable strabismus, six with intermittent strabisni8 to 55
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Fig. 2 Histogram detailing binocularity scores of all subjects.

prism diopters and two with strabismus of 12 to 16 prism 2.2 Focus Detection
diopters who were able to fully align the eyes by adopting an gqcus score did not correlate with eye colgfig. 6, p

(anomalous compensatory head position. =0.93). Focus score also did not correlate with age?
=0.09for C/A, R?=0.10for normalized(C—A)/(C+A)],
as shown in Fig. 7, but there is a suggestion that it becomes

) o ) more difficult to obtain high signal strength after age 50. Fo-
For all subjects, central fixation was never detected during 1.5 cys scores for each eye were plotted as a function of accom-

deg of paracentral fixation in four ordinal directions, and cross mgdative demand, which is the reciprocal of the distance to
talk (detection of fixation in an occluded eye while the other ihe fixation target(2 diopters added to the clinically mea-

eye focuses on the fixation targetever occurred. sured residual distance refracti¢ffig. 8). The best sensitivity
The binocularity scores of all subjects are presented as a

histogram in Fig. 2. Binocularity waz70% for all controls
and<20% for all patients with constant strabismus, including

2.1 Binocular Alignment

the subject with only 8 prism diopters of misalignment. In -

subjects with variable strabismus, Binocularity ranged from 0 g

to 67%, but was<50% in all but one subject, a 25-year-old 08 1

woman with well-controlled intermittent exotropia, high- 07

grade stereopsis, and no amblyopia. The clustering of the

groups is more clearly shown as a box pl&ig. 3), with 'E il

highly significant differences by ANOVAp<0.00)). As S 05

shown by the receiver operator curve in Fig. 4, all thresholds E 04 T

above 10% resulted in zero false positives. The best balance ® -

of sensitivity and specificity occurred when a threshold bin- .

ocularity score was set to 60%. 02 J_
Quality score(QS) averages for all three populations are 041

shown in Fig. 5, with the error bars representing one standard PFR

deviation. QS was lower in variable strabismus patients than
in controls or constant strabismus patie(ps=0.0059. QS
was not dependent on gender or eye color. QS showed a non- Classification

significant trend toward being lower in African American sub- . . . . . .
. . . . . . Fig. 3 Box plot of binocularity scores for controls, patients with vari-
Jects, bu_t the African American SUb]eC_tS v_v_ere variable strabis- able strabismus, and patients with constant strabismus. [J are mean
mus patients, who as a group had significantly lower QS as values; * are extreme values; and horizontal lines represent 25, 50,
indicated above. and 75 percentile values.

= t T
constant variable control
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Fig. 4 Receiver-operator curve for the Pediatric Vision Screener. The diamonds indicate pass/refer thresholds of 10 to 90%. No false positives were
generated at these values.

was obtained above a threshold of 2.6, as no subject with highpia in Scandanavid,but would be a costly and complex

residual distance refraction obtained a focus sceg6. In endeavor worldwide. Thus there is a need for an automated,
contrast, a score of less than 2.6 did not identify focus versusinexpensive method of amblyopia detection that is rapid
defocus. enough to screen large numbers of children and sufficiently

sensitive to detect essentially all patients at risk, while avoid-
ing large numbers of unnecessary referrals caused by false
positive test results.

Good binocular alignment was appropriately detected in all
control adults, while all adults with constant strabismus re-
ceived a “refer” score. The Pediatric Vision Screener thus
shows promise as a tool for detection of patients at risk for
amblyopia. Patients with constant strabismus are at greatest
risk for amblyopia and were most effectively detected. Pa-

3 Discussion

Ophthalmologists continue to be frustrated by silent visual
impairment from amblyopia, which remains a leading cause
of vision loss in childhood despite a readily available and
effective treatment. The principal reason for the persistence of
amblyopia is the failure of health care systems to detect am-
blyopia risk factors in preverbal children. Specialist eye ex-
aminations of all children have effectively prevented amblyo-
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Fig. 5 Quality scores for controls, patients with constant strabismus,
and patients with variable strabismus. Error bars represent one stan- Fig. 6 Average focus score for light (blue, green, hazel, and gray) and
dard deviation. dark (brown) eyes. Error bars are one standard deviation.
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Fig. 7 Focus score versus age for 40 subjects. Solid line is a linear regression, while dashed lines represent 95% confidence levels.

tients with variable strabismus have binocular vision at least corrected visual acuity of 20/20 in each eye, and high-grade
part of the time and are thus at lower risk for amblyopia, stereopsis. She showed no evidence of having acquired am-
depending on the percentage of time the eyes are misalignedblyopia througout life. In a screening environment, a child
One subject with variable strabismus did not receive a refer with well-controlled intermittent exotropia and no ani-
score at the 50% binocularity threshold. This was a 25-year- sometropia is at essentially no risk for amblyopia. Therefore a
old woman with well-controlled intermittent exotropia, best high binocularity score is appropriate in this subject. The

o

- * # under 40
. . over 40
0 £
g 40 !
z 1 %o
= .
= 10
& ‘L -
—— Le 5
g Te j rl &
0

@ S e @' °
7] 5 & . ; &
=
(& ]
° 9
o .

85

o0

-4 -3 -2 -1 0 1 2 3 4 5 6

accommodative demand(diopters)

Fig. 8 Focus score versus accommodative demand, all eyes. Black circles represent subjects under age 40, white triangles are subjects over age 40.
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short testing time of 2.5 sec will allow patients with mild threshold measurements did not appear to be specific for poor
intermittent tropias to pass, therefore avoiding unnecessaryfocus. Despite these limitations, it is possible to conclude
referrals. from the present study that there was no systematic, subject-
In the present study, the smallest angle of strabismus testeddependent bias detected in the focus scores. The true utility of
was 8 prism diopters, which is larger than the 0.75 prism focus scores in detection of amblyopia risk factors will best be
diopter theoretical threshold of BRESFurther study of a studied in a pediatric population, and these studies are cur-
wider range of strabismus subjects using the present device isrently ongoing in our laboratory.
currently ongoing to validate the sensitivity of the device. Eye Considering the 5% prevalence of amblyopia, there may be
color had little influence on the BRBS scores. Although pig- millions of children under age 5 worldwide who are suffering
mented eyes show lower reflectivity in the IR, BRBS depends preventable vision loss due to the simple lack of detection. Yet
on a ratio of signals for accuracy. This ratio was preserved amblyopia is rare enough that any attempt at mass screening
despite the lower signal strength. for the condition will need to show exquisite sensitivity and
Early in the study, five subjects were tested while wearing specificity, and low per-subject cost, if it is to be economical
their eyeglasses. Although the antireflective coatings could to administer. A test for this condition must in particular be
have birefringent properties that might have influenced the highly specific to avoid referrals of large humbers of unaf-
results, the instrument was able to determine alignment appro-fected subjects for comprehensive eye examinations. The
priately. In a screening application, glasses would not be PVS, with automated, remote detection of alignmemtd in
worn, and thus lens coatings would not affect measurements.the future of focus as welin a testing time of a few seconds,
The focus detection system output was compared with in- shows potential for such performance in preschool children.
ferred near focus, which was derived from the residual dis- Additional testing in children will be required to determine
tance refraction. The underlying assumption was that subjectswhether the device can function as robustly with subjects who
were capable of sufficient accommodation to bring the near are less cooperative and less understanding than adults.
target into focus. Presbyopic individuals, however, are not Acknowledements
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