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A New Visual Evoked Potential System
for Vision Screening in Infants

and Young Children
ohn W. Simon, MD,a John B. Siegfried, PhD,b Monte D. Mills, MD,c Joseph H. Calhoun, MD,d and
udith E. Gurland, MDe

ntroduction: With a prevalence of 3-5%, amblyopia represents a major public health problem. Effective treatment
epends on early detection, and a broad consensus of professional opinion supports vision screening of infants
nd young children. No single method of screening has been demonstrated to be superior in detecting amblyopia
nd all methods have significant limitations. Methods: We assessed a new, “child-friendly” visual evoked potential
VEP) system (ENFANTTM II, Diopsys Corp., Metuchen, NJ) for use in screening. We studied 122 children, aged 6

onths to 5 years, comparing test results in a masked fashion to results of standard ophthalmologic examinations.
statistical program analyzed VEP differences between fellow eyes to determine a “pass” or “fail” for each child.

or verbal patients, clinical amblyopia was defined as an interocular difference of two or more lines in
est-corrected visual acuity. For preverbal patients, clinical amblyopia was defined by the clinician’s decision to

reat with occlusion or atropine penalization. Preverbal children with significant refractive errors or structural eye
athology were also considered clinically abnormal. Results: The test was completed by 94% of the study group,
ach child requiring an average of 10 minutes to complete testing of both eyes. The sensitivity was 0.973, the
pecificity 0.808, the positive predictive value 0.706, and the negative predictive value 0.984. Conclusion: With its
asy electrode placement and rapid, attractive stimulus, the new system overcomes technical difficulties which
ere associated with older VEP techniques. The test shows promise as a screening tool for detecting amblyopia
nd other visual deficits in young children. (J AAPOS 2004;8:549-554)
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mblyopia is a major public health problem. With a
prevalence of 3-5%, it accounts for more cases of
monocular reduced vision in children than all other

auses combined. It is also the most common cause of
onocular reduced vision in young adults.1,2 Because early

etection allows for more effective treatment, a broad
onsensus supports universal vision screening in infants
nd young children. However, there has been no consen-
us on the appropriate screening methods.3,4 All too often,
creenings during the preschool years are simply not per-
ormed.5
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In addition to screening for amblyopia itself, the ideal
ethod would detect amblyogenic factors, such as refrac-

ive errors, strabismus, and media opacities, particularly in
nfants and preverbal children. Some have argued that the

ost effective screening method is a complete ophthalmo-
ogic examination, including cycloplegic retinoscopy.6

uch examinations would require investment of substantial
ffort on the part of highly trained examiners, however,
nd most ophthalmologists consider this approach imprac-
ical for screening.

Photorefraction provides information on the ocular
lignment and the refractive state, both associated with
mblyopia, but does not measure amblyopia directly. Al-
hough it continues to be used in screening programs,
ariable sensitivity and specificity results have led several
uthors to question its reliability for vision screening.7-12

utorefraction without cycloplegia and Bruckner reflex
esting have also proved unreliable.13,14

Preferential looking (eg, Teller acuity cards) is not
bjective, in that the examiner must interpret the infant’s
aze to one side (grating) or the other (blank field).
argely because of the training required for test personnel
nd the time required to complete testing, the method has
ot been used in large screening programs. Stereopsis
creening is difficult in preverbal children and has shown

nconsistent results in verbal children.15,16 Optotype rec-
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gnition acuity testing, the traditional mechanism of
creening, is limited in younger children and is often
lagued by high non-completion rates and low specifici-
ies.17,18

Visual evoked potentials (VEPs) have been used to
ssess the vision of infants and young children since the
970’s.19,20 Although it is a sensitive test which has been
seful in research, the use of VEP in screening for ambly-
pia has been problematic. Among factors that have lim-
ted its usefulness are the cumbersome process of attaching
nd standardizing electrodes, the time required for testing,
he relatively monotonous stimuli, and the complexity of
he generated waveforms.

We were interested in assessing the efficacy of a new
EP device, the ENFANTTM II system (Diopsys Corp.,
etuchen, NJ), which was designed to circumvent these

roblems. The device employs a sweep stimulus in a sim-
lified operation that removes the subjective component in
aveform interpretation.21 We compared the results of

esting with standard ophthalmologic examinations, which
erved as the “gold standard.” We were especially inter-
sted in the ease of testing infants and young children and
he sensitivity, specificity, and negative and positive pre-
ictive values of the test in detecting interocular differ-
nces.

ATIENTS AND METHODS

tudy Patients

fter approval by the local Institutional Review Boards, a
otal of 122 patients were recruited at four test sites:
lbany Medical Center/Lions Eye Institute, Children’s
ospital of Philadelphia, Wills Eye Hospital, and Bronx
ebanon Hospital Center. Children varied in age from 6
onths to 5 years (mean, 3.3 years). Both active patients

nd normal volunteers were included. Recruitment was
ompleted during a 6-month period, during which parents
f eligible children were offered the opportunity to par-
icipate. Some parents declined, and this therefore does
ot constitute a consecutive series. Normal controls in-
luded siblings and active patients who had been examined
nd determined to have no visual system pathology. All
nderwent standard pediatric ophthalmologic examina-
ions, including motility testing, cycloplegic refraction,
nd (for verbal patients) measurement of best-corrected
isual acuity. Fixation behavior was used in place of rec-
gnition visual acuity testing in preverbal children. Chil-
ren born more than 1 month prematurely were excluded,
s were those with known neurologic and developmental
isorders.

The four sites were chosen to represent a reasonable
iversity of geographic, socio-economic, and ethnic pop-
lations. Testing was masked so that the four technicians
erforming the tests were unaware of clinical findings and
iagnoses, which were recorded on a data sheet by the
hysician at each site. Similarly, the four physicians were

naware of the VEP test results. The technicians were all o
rained by Diopsys Corporation using a protocol for VEP
esting provided by the International Society for Clinical
lectrophysiology of Vision. This training required ap-
roximately 16 hours.

Clinical amblyopia was defined as an interocular differ-
nce of two or more lines in best-corrected visual acuity.
or preverbal children, clinical amblyopia was defined by

he clinician’s decision to treat with patching or atropine
enalization. Preverbal children were considered clinically
bnormal if they had monocular strabismus, significant
tructural eye pathology, greater than 3.00 diopters of
ncorrected myopia or astigmatism, or hyperopia greater
han 5.00 diopters. Included in this group were patients
ith optic nerve hypoplasia, glaucoma, Leber congenital

maurosis, and nystagmus. Preverbal children with various
onditions deemed clinically to have no impact on visual
cuity (eg, alternating strabismus, conjunctivitis, mild pto-
is, iris nevus, juvenile rheumatoid arthritis without ocular
nvolvement, and orbital fracture) were considered nor-

al. Teller acuities were not used to determine the pres-
nce of amblyopia for this study.

EP Testing Methods

proprietary disposable headband with integrated elec-
rodes (Fig. 1) was used for recordings. The headband
ligned the occiput (Oz), the mid-forehead (Fpz), and the
emple (ground). Skin contact with the pre-gelled elec-
rodes was enhanced with a small amount of EEG con-
uctive paste. Infants were positioned on a parent’s lap and
hildren were seated in a comfortable chair at a measured
istance of 57 cm from a 17-inch (43-cm) display monitor,
o that the stimulus subtended a total visual angle of 20o.
he room was darkened except for the light from the

esting equipment. Testing was performed monocularly,
ith spectacle correction if prescribed, using an adhesive

IG. 1. Headband being applied for VEP testing.
ccluder over the fellow eye.
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The stimulus was chosen to maximize attention and
ccommodation (Fig. 2). Six horizontal square-wave grat-
ng patterns were presented in one-octave steps, at spatial
requencies from 0.4 cycles/degree (Snellen equivalent 20/
500) to 12.8 cycles/degree (Snellen equivalent 20/45).
he largest grating pattern was not used for analysis, but
nly to orient the child to the stimulus. The stimulus field
as 20 � 20 cm and the contrast was fixed at 95% (Mich-
lson contrast). Each pattern was temporally modulated in
ounter phase at 7.5 Hz, yielding 15 contrast reversals per
econd. The sweep format presented each spatial fre-
uency, contrast reversing, for 1 second.21 Therefore, each
weep required only 6 seconds for completion.

At the initiation of each sweep, a different children’s
ong was played to attract the child’s attention. A large
olor cartoon image of an animal (elephant, tiger, giraffe,
tc.) then appeared on the display. When the test was
bout to commence, the animal’s sound was presented and
ts image became smaller in three rapid steps. After each
weep, a different animal image appeared on the screen,
nd the sequence was repeated until five usable sweeps

IG. 2. Test stimulus, showing a cartoon figure (top), which appears
efore the sequence of gratings (sample at bottom).
ere recorded for each eye. The patient’s fixation was i
onitored continuously using a small infrared video cam-
ra to permit the technician to exclude recordings taken
uring periods when the child was not attending to the
creen. Although the actual recording required as little as
0 seconds per eye, the entire testing sequence, including
lectrode placement and automated analysis of responses
or the two eyes, required approximately 10 minutes. Data
cquisition was synchronous with stimulus presentation to
inimize contamination of the response. An automatic

ault detection feature was incorporated which eliminated
ecordings contaminated by excessive noise or artifacts.

Monocular test data were automatically compared for
he two eyes at the completion of testing. The actual
tatistical criterion used to determine asymmetry in the
onocular responses was based on the empirical results of

esting to optimize the sensitivity and specificity.22 First, a
onocular Tcirc

2 statistic was calculated, using both am-
litude and phase data, to determine the variability asso-
iated with the VEP estimates at each spatial frequency.23

ecordings were repeated until five sweeps fell into a 90%
onfidence interval. Then, a binocular Tcirc

2 statistic was
alculated on the differences between the two eyes at each
patial frequency, with a critical F statistic value deter-
ined at the 96% level of confidence. A Receiver Oper-

ting Characteristic (ROC) analysis was then performed
sing the number of failed spatial frequencies to determine
n optimal criterion to separate normal and abnormal
atients. The criterion selected for test failure was a sta-
istical difference at four or more consecutive spatial fre-
uencies.

ESULTS

igures 3 and 4 depict representative waveforms from both
yes of normal and abnormal subjects. Figure 5 illustrates
he ROC analysis.

Of the 122 subjects qualifying for the study, 115 (94%)
ompleted monocular VEP testing of both eyes. Of these,
8 were considered clinically normal. A statistical assess-
ent of screening accuracy for the 122 children is pre-

ented in Table 1. Using the clinical examination as the
gold standard,” the VEP test’s sensitivity (probability of
orrectly identifying an abnormal patient) was 0.973. The
est’s specificity (probability of correctly identifying a nor-
al patient) was 0.808. The positive predictive value

probability that a child with an abnormal VEP proved to
e abnormal on clinical examination) was 0.706. The neg-
tive predictive value (probability that a child with a nor-
al VEP proved to be normal on clinical examination) was

.984. Table 1 indicates these statistics separately for ver-
al and preverbal children and for the combined group.
nly one false negative was identified. This 6-year-old

assed the VEP test but was found to have corrected
nellen acuities of 20/40 in the right eye and 20/60� in
he left eye. There were 15 false positives. Of these, six had
trabismus, which may have been associated with subclin-

cal amblyopia in one eye.
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ISCUSSION

lthough VEPs have long been used to measure the visual

IG. 3. Example of normal patient recording. Both magnitude (left) an
hrough all spatial frequencies.

IG. 4. Example of abnormal patient recording. Magnitude of VEP re
eft (blue tracing) eye at all spatial frequencies, indicating poor vis
t 0.8 cycles/degree.

IG. 5. ROC analysis with the criterion for test failure. A significant
ifference on four consecutive spatial frequencies of five was
elected as the optimized criterion. Gratings of 0.4 cycles/deg were
sed only for orientation and were excluded in the analysis.
unction of infants in clinical studies, the test has yielded a
ariable results when compared to clinical examinations
nd preferential looking assessments.24-26 Similar to pref-
rential looking, the test has proved too cumbersome to
pply to large-scale vision screening. Typically, a young
hild will begin to lose interest during the application of
lectrodes and standardization of equipment and will not

se (right) of VEP responses for the two eyes are statistically similar

es (diagram on left) is higher on the right (red tracing) than in the
he left eye. Phase difference (diagram on right) is also significant

ABLE 1. Screening accuracy in verbal and preverbal children.

roup
Yield
Rate Sn Sp PPV NPV

ombined (n � 122) 94% 0.973 0.808 0.706 0.984
reverbal (n � 42) 91% 1.00 0.808 0.706 1.00
erbal

n � 80)
98% 0.960 0.792 0.705 0.977

ield Rate � (Number patients who completed the screening)/(Number patients
nrolled in the screening) � 100.
n (Sensitivity) � TP/(TP � FN) � 100. Sensitivity is the probability of correctly

dentifying an abnormal patient. TP � true positives; FN � false negatives.
p (Specificity) � TN/(TN � FP) � 100. TN � true negatives; FP � false positives.
pecificity is the probability of correctly identifying a normal patient.
PV (Negative Predictive Value) � TN/(TN � FN) � 100. NPV is the probability that
child with a normal VEP proved to be normal on clinical examination.

PV (Positive Predictive Value) � TP/(TP � FP) � 100. PPV is the probability that
child with an abnormal VEP proved to be abnormal on clinical examination.
d pha
spons
ion in t
ttend to the stimulus for prolonged testing.
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The method we describe was designed to circumvent
hese difficulties. The headband with the electrodes em-
edded is attached quickly. The stimulus, with its songs,
artoons, and animal noises, is intrinsically interesting to
oung children, and the sweep program presents all nec-
ssary spatial frequencies in seconds. The infrared video
onitoring and automatic fault detection systems allow

xclusion of recordings taken during periods when the
hild is not looking at the stimulus screen. The automated
tatistical analysis of waveforms allows a pass/fail determi-
ation to be made without subjective input, so that the test
an be performed by technicians without extensive train-
ng.

The 94% testability rate attests to the ease and at-
ractiveness of the described method. Although we an-
icipated that testing would be difficult in children be-
ween the ages of 12 and 36 months, these children had
similar test completion rate and similar reliability to

ounger and older children. The test seems equivalent
n accuracy during both the preverbal and the young
erbal age ranges.

Our analysis of VEP results has focused primarily on
nterocular differences. Although several children were
dentified to have significant but clinically symmetric
isual pathology in the two eyes (eg, glaucoma and
eber congenital amaurosis), all had sufficiently asym-
etric VEP recordings to be counted as positives.
e acknowledge that strictly symmetrical visual loss

ight escape detection using the protocol we describe.
e are currently investigating methods to relate VEP

esults more directly to visual acuity to address this
roblem. We recognize that ours was not a typical
creening population, as children were recruited
hrough pediatric ophthalmology practices. Technicians
ad undergone more training than might apply in pri-
ary care settings.
On the other hand, our experience suggests that the

nfantTM II test has promise as a screening tool. Its
ensitivity, specificity, and positive and negative predic-
ive values all compared favorably with those of other
creening methods. As indicated above, 6 of the 15
alse positives may have had subclinical amblyopia asso-
iated with strabismus. Similar observations have previ-
usly been made in VEP studies.27,28 There was only
ne false negative among the 125 children we tested.
urther investigations in screening populations are nec-
ssary.
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An Eye on the Arts – The Arts on the Eye

I see everything.
That is why I don’t like new places. If I am in a place I know, like home, or

school, or the bus, or the shop, or the street, I have seen almost everything in
it beforehand and all I have to do is to look at the things that have changed or
moved. For example, one week the Shakespeare’s Globe poster had fallen down
in the classroom at school and you could tell because it had been put back
slightly to the right and there were three little circles of Blu-Tack stain on the
wall down the left-hand side of the poster. And the next day someone had
graffitied CROW APTOK to lamppost 437 in our street, which is the one
outside number 35.

But most people are lazy. They never look at everything. They do what is
called glancing, which is the same word for bumping off something and carrying
on in almost the same direction, e.g., when a snooker ball glances off another
snooker ball. And the information in their head is really simple. For example,
if they are in the countryside, it might be

1. I am standing in a field that is full of grass.
2. There are some cows in the fields.
3. It is sunny with a few clouds.
4. There are some flowers in the grass.
5. There is a village in the distance.
6. There is a fence at the edge of the field and it has a gate in it.
And then they would stop noticing anything because they would be thinking

something else like, “Oh, it is very beautiful here,” or “I’m worried that I might
have left the gas cooker on,” or “I wonder if Julie has given birth yet.”

But if I am standing in a field in the countryside I notice everything.
—Mark Haddon (from The Curious Incident of the Dog in the Night-Time)
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