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Feasibility of automated visual field examination
in children between 5 and 8 years of age

Avinoam B Safran, Gian Luca Laffi, Andre Bullinger, Paolo Viviani, Catherine de Weisse,
Dominique Desangles, Chantal Tschopp, Christophe Mermoud

Abstract
Aims-To investigate how young children
develop the ability to undergo a visual
field evaluation using regular automated
perimetry.
Methods-The study included 42 normal
girls aged 5, 6, 7, and 8 years. Twelve loca-
tions in the 15 degrees eccentricity were
tested in one eye, using an Octopus 2000R
perimeter with a two level strategy. False
positive and false negative catch trials
were presented.The examination was per-
formed three times in succession. Before
the examination procedure, a specially
designed programme was conducted for
progressive familiarisation.
Results-During the familiarisation pro-
cedure, it was found that all of the 5-year-
old children, seven of the 6-year-old
children, and three of the 7-year-old chil-
dren were unable to perform immediately,
and correctly, the instructions given dur-
ing the familiarisation phase; these chil-
dren took from 30 seconds to 3 minutes to
comply with the examiner's requests.With
the exception of one 5-year-old child, all
tested subjects completed the planned
procedure. The mean proportion of false
negative answers in catch trials was 1.6%.
The mean proportion of false positive
answers was 12.2%. The quadratic depen-
dency on age suggested by the averages
was not significant (F(3,116)=0.88;
p=0.45). Detection stimulus improved
with age, as shown by the fact that
probability of perceiving dim stimulus
increases significantly (F(3,116)=12.68;
p < 0.0001).
Conclusion-Children did remarkably
well regarding both the duration of the
examination and the reliability of the
answers. A preliminary familiarisation
phase with a specially designed adaptation
programme was found to be mandatory
with children aged 7 or under. To our
knowledge, this is the first time that such
an investigation has been performed.
(BrJt Ophthalmol 1996;80:515-518)

Visual field examination, along with the
measurement of acuity, is one of the two most
important techniques used in clinical practice
for evaluating visual function. In recent years,
computer assisted techniques have been recog-
nised as essential for visual field examination,
in both research and patient care. Such

techniques are sensitive and reliable, permit
quantification of results, and allow the possibil-
ity of computer assisted data analysis.
With computerised static perimetry, exten-

sive normative studies have been conducted in
adults.' In children, however, available refer-
ence data are scarce. In 1991, children 7 years
of age or older were investigated by Bowering et
al.' In addition, 3 years later, children aged 4 to
10 years were examined by Mutlukan and
Damato,' using both the Dicon autoperimeter
and the CAMEC, a moving eye campimeter.
Furthermore, in spite of controversial opinions
regarding the young child's capacity for under-
going such an examination,4 no detailed inves-
tigation has been performed of the specific
psychomotor developmental problems which
arise in young children in such conditions.
We therefore studied the ability of young

children to undergo visual field evaluation
using routine automated static perimetry, and
analysed various practical problems which
occurred during the examination procedure.

Materials, subjects, and methods
Our investigation involved 42 girls aged 5, 6, 7,
and 8 years. All subjects showed 20/20 visual
acuity, and an unremarkable ophthalmic his-
tory.

Children were categorised in the following
age groups: 5 years (SD 2 months), 6 years (2
months), 7 years (2 months), and 8 years (2
months). Ten to 12 individuals were included
in each age group. Using a computer con-
nected to the control unit of an Octopus
2000R perimeter, we developed an examina-
tion programme which included a total of 12
tested points located in the central 15°, on the
45-2250 and 135-3150 meridians and with 50,
100, and 150 eccentricity.

False positive and false negative catch trials
were used to evaluate subjects' attentiveness
and reliability. In keeping with psychophysical
testing standards, subjects were given a sound
clue (click) before each test target was
presented. This cue ensures increased atten-
tiveness, but may also contribute to inappro-
priate responses. To assess the patient's reli-
ability, false positive and false negative catch
trials were included. To test for false positive
responses, the sound cue was given with a test
stimulus of subthreshold intensity. A response
indicated that the patient was responding to
the sound rather than to the visual stimulus,
and the response was considered false positive.
False negative catch trials involved presenta-
tion of maximal intensity targets at randomly
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Figure 1 Respective proportions of correct andfalse
answers to light stimuli, according to age.

selected previously determined visual field
locations. Failure to respond was considered as

a false negative response, indicating poor
attentiveness.

In each subject, one eye was randomly
selected for examination. The test procedure
was as follows.

Before starting the examination, a stage of
explanation and familiarisation with the testing
procedure was conducted. It consisted of the
successive demonstration of (1) light stimuli of
different intensities, projected onto the 300
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Table 1 Number of questions presented to each individual
subject according to age

Questions (mean
Age (years) No ofsubjects and range)

5 9 140.5(109-154)
6 12 119.9(86-155)
7 10 112.6(80-144)
8 10 97.9(78-125)

Next, the examination was performed using
a screening strategy consisting of a two level
suprathreshold test algorithm. Firstly, we

presented stimuli that were 6 dB brighter than
those corresponding to normal mean sensitiv-
ity values - 2.5 SD, as determined for a popu-
lation of 20-year-old subjects (personal data).
If they were seen, sensitivity of the tested loca-
tion was considered as normal. If they were not
seen, stimuli were presented at a maximum
intensity (1000 asb). If they were seen at this
level, tested locations were considered as

showing relative defects. If the stimuli were

missed, defects were considered as absolute.
False positive catch trials-that is, stimuli at

subliminal intensity, and false negative catch
trials-that is, high intensity stimuli projected
onto a location previously shown to be
sensitive to dim light, were randomly included
in the procedure. False positive presentations
appeared randomly in 50% of the tests, but not
more than twice in succession, whereas three
false negative presentations occurred in each
examination session.
This test procedure was performed three

times in succession. The examination was also
interrupted at the child's own demand.

tempting to gaze at the centre of the Results
field while also paying attention to the All tested subjects completed the examina-
?rojected onto the peripheral field; (2) tions, with the exception of a 5-year-old girl
me as the preceding phase, plus the who stopped the procedure 5 minutes after
)n of false positive presentations; (3) the starting the test, as she wished to join other
s phase 2, with the additional request to children playing in the next room.

he buzzer when the light stimulus was All of the 5-year-old children, seven of the
red; and (4) a rest period. 6-year-old children, and three of the 7-year-old

children were unable to perform immediately,
and correctly, the instructions given during the
familiarisation phase. They took from 30
seconds to 3 minutes to comply with the exam-
iner's requests.

Ti e average overall duration of the evalua-
" tion in children including the explanation and

familiarisation procedures, was about half an

,, \ hour. The duration of the screening procedure
ranged from 7to 20minutes at 5years of age ,

' rangedto5 to 12 minutes at 8 years of age. ,Memean
duration decreased with age, from 13 minutes

- j in 5-year-old children to 7 minutes in 8-year-
old children.
The number of questions asked during each

examination session is indicated in Table 1. In
each examination session, the average number
of questions decreased progressively with age.
The results obtained in each age group

5 6 7 8 (averaged over subjects and repetitions), are
Age (years) shown in Figures 1 and 2. Figure 1 demon-

Proportion offalse positive answers according t strates that visual detection improved with age,
as shown by the fact that probability of

= No response to bright stimuli
M Response to bright stimuli
M Response to dim stimuli
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perceiving dim stimulus increased significantly
(F(3,1 16)=12.68; p«O0.OOOl). However,
there were significant differences among indi-
viduals (F(36,80)=2.47; p<0.0001). The pro-
portion of unperceived light stimuli was small
even in 5-year-old children. Figure 2 illustrates
the proportion of false positive answers accord-
ing to age. As indicated by the enlarged scale of
this panel, false positive answers were quite
rare at all ages. The quadratic dependency on
age suggested by the averages was not signifi-
cant (F(3,1 16)=0.88; p=0.45).With respect to
this measure, individuals showed significant
differences within the same age group
(F(36,80)=1.99; p=O.OO5).
There were five false negative answers in a

total of 308 false negative catch trials. Four
5-year-old children each gave one false nega-
tive answer, and an 8-year-old child gave one
false negative answer.

Discussion
In children, normal values of sensitivity across
the visual field have mainly been investigated
using conventional, manual perimetry.'
Manual kinetic perimetry has the advantage of
being simple to perform, mainly because of
rapidity of the procedure and direct interaction
between the examiner and the tested subject.
But it does not allow precise quantification of
sensitivity values at various locations in the
visual field. Manual static perimetry might be
valuable in this regard but it is a tiring
procedure, which is biased by the constant
intervention of the examiner. To obtain valid
results using automated techniques, an effec-
tive interaction should be established between
the computerised machine and the tested
subject. In children, this problem is crucial.

T'he feasibility of conventional automated
static perimetry in children has not yet been
widely studied. Until now, only one study
seems to have considered this problem.2 How-
ever, it involved only children aged 7 years or
more. All were evaluated with an Octopus
perimeter; the staircase procedure was used to
determine the differential light threshold; and
validity of the results was tested by assessing
the reproducibility of the measured values. The
authors indicated that normal 7-year-old
children showed reliable results, with small
interocular differences.
Our study included children from the age of

5. Considering the rapid changes which occur
during the psychomotor development of the
young child,6 subjects were divided into age
groups with a range of 4 months. Also, consid-
ering the known difference in psychomotor
development between boys and girls, only girls
were included in our study in order to reduce
intersex variations.

Surprisingly, all tested children except one
did well when undergyoing automated perim-
etry. They did well regarding the duration of
the examination sessions. The same number of
questions was asked during an examination
session as during a regular screening proce-
dure.' The results indicate that children as
young as 5 may be able to tolerate a short
evaluation procedure designed for adults, pro-

vided they are adequately prepared. This find-
ing contrasted with the usual statement that, as
'children tire easily and are rapidly bored, it is
necessary to work quickly, and to check rather
the configuration of the field than details of
visual field sizes'.' We did not determine the
maximal duration a child was able to sustain a
perimetric examination. This was because,
when defining the study protocol, we did not
expect young children to undergo a lengthy
evaluation procedure so easily, and therefore
we did not design examination sessions that
were lengthy enough to evaluate this variable.

In addition, the children did well regarding
the reliability of the responses. To determine
this reliability, we assessed the classic factors
measured with automated perimetry-that is,
false positive and false negative catch trials.8
False positive catch trials were numerous to
avoid continuous presentation of suprathreshold
stimuli, which might result in a non-selective,
automatic answer pattern to the sound accom-
panying the stimulus presentation.

In this regard, we were surprised to note
that, in all age groups, the rate of false negative
answers was very low, and that of false positive
answers was quite acceptable.' This showed
that children as young as 5 years of age gave
quite reliable answers, even over a rather
prolonged examination time.
Our results yield some additional informa-

tion regarding the buzzer press response mn
evaluating children. Young patients' ability to
use a buzzer during psychophysical testing is
only briefly mentioned in the literature.5
Emphasising that field assessment using a pref-
erential looking paradigm is easier in young
children, Quinn et ar5 state that the buzzer press
response employed in standard clinical tech-
niques requires complex motor and cognitive
responses, which cannot be expected of the
infants and juvenile patients in whom visual
field information may be of clinical impor-
tance. In children aged 4 to 10 years, these
authors performed kinetic perimetry with the
Goldmann apparatus using the traditional
buzzer for recording the perception of a visual
target, and their results were highly correlated
with those obtained using the preferential
looking paradigm; nevertheless, they gave no
detailed information on the age of the subjects
in their study. In our study, the catch trial rates
indicated an appropriate use of the buzzer in
children as young as 5 years old. It therefore
appears that conventional automated static
perimnetry, using the buzzer press response, can
be used in evaluating such children.
The two level strategy used in this study

involved the presentation of dim stimuli,
followed by the projection of bright stimuli in
locations where dim light was not perceived. As
a result, the examination procedure was longer
when detection of dim stimuli was poorer. We
found that the total number of questions asked
during the three examination sessions de-
creased progressively with age. This reflected
an improvemAent in performance with age when
undergoing automated perimetry.
The improvement in performance with age

can be variously interpreted, as indicating that
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younger children have poorer visual sensitivity
across the visual field, or poorer comprehen-
sion, or a lower attentional or sensorimotor
performance.

In the absence ofreliable reference values for
normal sensitivity in young children tested
with static automated perimetry, we arbitrarily
used values determined for 20-year-old sub-
jects. Further studies of normal sensitivity val-
ues in young children are needed.

Before being tested, the children were given
a systematic explanation ofthe procedure. This
consisted of a step by step introduction, with a
specific description of the projected light spot,
and explanations about the existence of false
positive catch trials and the principle offixating
the central target and preventing eccentric
refixational saccades, while paying attention to
what was happening in the peripheral visual
field. This was found to be useful in preparing
children below the age of 7. This procedure
should not be abandoned through fear of
extending the examination time, as our results
clearly showed this introductory phase to be
beneficial to the examination procedure. We
believe that testing small children with auto-
mated perimetry requires such an introductory
procedure, which should, therefore, be available.

Finally, it should be noted that, in this study,
aptitude for undergoing a conventional auto-
mated perimetry examination was evaluated in
normal children. It is conceivable that children
with visual changes might experience greater
difficulty in undergoing such examinations.
When altered areas of the visual field are

tested, the procedure does, indeed, occasion-
ally include a prolonged series of successive
light projections in which the stimulus is not
perceived. This can destabilise the subject's
attentional state, a difficulty that is probably
more pronounced in younger individuals. This
issue needs to be assessed; the findings could
have implications for the design of strategies to
be used in children of different ages.
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