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ABSTRACT

Normative visual field area, feasibility and repeatability using (Octopus) semi-automated kinetic perimetry are
reported in 221 healthy volunteers aged 522 years. I4e and 12e stimuli assessed the visual field at 5°/second
(°/s) or 3°/s. Blind spot was assessed with I2e at 2°/s. Reliable visual fields were plotted in 23% of participants
<10 years, 64% of 10-12-year-olds, and 98% aged 13-22 years. Visual field areas were unchanged with age using
5°/s, but increased using 3°/s for 12e (p=0.028). Blind spot area was unchanged with age. Reaction times
reduced with age (p<0.004). There was no learning effect. A test speed of 5°/s is recommended.

Keywords: Feasibility, normative peripheral vision, repeatability, semi-automated kinetic perimetry,

visual development

INTRODUCTION

When making assessments of the visual field (VF) in
children and young adults, knowledge of normative
VFs for a given age, expected ability and reliability, is
critical. In a recent unpublished survey by the
authors' of 99 UK ophthalmology clinics, 21%
reported regularly using semi-automated kinetic per-
imetry (SKP) on the Octopus despite no normative
published data being available. This study evaluates
normative VF data, using SKP on the Octopus 900
(Haag-Streit, Koeniz, Switzerland) perimeter, in par-
ticipants aged 5-22 years and also establishes at which
age SKP can be reliably performed.

A review of the literature indicates stark disagree-
ment on the rate of peripheral vision development
and age of peripheral visual maturation. Maturation
of peripheral vision has been reported to occur as
young as 5 years® and as old as 13 years of age,® with a
range of peripheral vision maturities reported
between these ages.*' These vast maturity

differences likely result from hugely different peri-
metric methods. For example, 20° eccentricity was
used by Blumenthal et al.® and over 90° eccentricity by
other studies.®””” Static or kinetic stimuli may be used
and kinetic stimulus velocity and intensity also vary
considerably. Therefore, assessment expectations are
needed for specific instruments. With the Goldmann
perimeter]2 no longer commercially available,
Octopus SKP is fast becoming the test of choice in
many clinics and expected feasibilities and normative
VF and blind spot data are needed, especially for
children.

To the authors” knowledge, the only study to report
normative reaction time (RT)-corrected SKP on the
Octopus in children to date is by Vonthein et al."
They used decade sampling to report SKP results in
10-80-year-olds. Only 12 individuals aged 10-20 years
were tested. Eight meridia were assessed using Ill4e
stimuli at the high velocity of 25°/second (°/s),
Ill4e and I3e at 5°/s, and 12e at 2°/s. There were
no significant differences between VF size between
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10-20-year-olds and 20-80-year-olds. However, RTs in
10-20-year-olds were comparable to the elderly par-
ticipants aged 60-80 years, whereas the 20-60-year-
olds had faster RTs. The stimuli and velocities
reported by Vonthein et al."” are not UK standard
clinical practice, and studies employing other kinetic
perimeters have suggested that an age-dependent
increase is expected within this age bracket.'*'®
Normative values using SKP on the Octopus for
children 10 years and older is limited and younger
than 10 years are unknown. Normative data for blind
spot area using SKP are also not documented in
children.

A recent study examined normative blind spot size
using SKP and three stimulus luminosities, all at 2°/s
on the Octopus.'® The blind spot scotoma was found
to decrease with increased stimulus luminosity and
measurements were most repeatable using the most
luminous target tested, the I4e. Blind spot scotoma
size in SKP in children has not previously been
reported, neither known is how potential optic nerve
and fixation stability developments may affect appar-
ent blind spot size with age. The ability to accurately
plot the blind spot scotoma is often clinically recorded
as a measure of reliability. Dolderer et al.'” reported
the minimum size in adults to be 17deg”. The
expected age at which a blind spot can be measured
accurately has not previously been reported.

No current recommendations exist regarding
stimulus velocity in children or adults when perform-
ing SKP on the Octopus. A range is found in the
literature. In normative VFs, Vonthein et al.'® used
25°/s for Ill4e and I3e stimuli and 2°/s for 12e. For
assessment of the blind spot, Rhodes,'® Dolderer
et al.,l7 and Nevalainen et al.'® used 2°/s. In assess-
ment of adults with advanced VF loss, 3°/s stimuli
were used.'®"

Static perimetry strategies use false-positive, false-
negative, and fixation loss indices to provide meas-
ures of reliability.”*>* For static perimetry, Artes
et al*' considered RTs less than 180 ms and greater
than 2000ms to represent false-positive and false-
negative responses, respectively, and these criteria
have also been employed in SKP.** In children it is
unknown whether these reliability criteria are suit-
able, as RTs to visual stimuli gradually reduce
between ages 4 and 11 years and are slower than for
adults.*** In-built measures of reliability are unavail-
able when performing manual perimetry and SKP;
however, other factors that may provide evidence of
poor reliability are the inability to plot the blind spot
and overlapping isoptres.

A number of practical aspects need to be considered
when testing children’s VFs. Morales and Brown''
provided recommendations for successful testing on
static perimetry, which included use of a booster
cushion, continuous monitoring of fixation and head
position, verbal reassurance, reminders to blink, and

informing the child of test progress. Previous studies
have included practice stimuli for children prior to
testing to ensure they understood the task.>'>°

SKP using the Octopus is becoming the test of
choice by many clinical departments due to a more
standardised method compared with the Goldmann
perimeter'” and good test-retest reliability.'® Despite
this, there are no normative published data of
children’s VF area, expected RTs, and blind spot size
as a function of age. Also lacking is information
regarding feasibility of testing and effect of stimulus
velocity. The purpose of this study was to determine
these factors, to enable greater sensitivity in the
detection of abnormal VF outcomes in comparison
with normative data using the cited recommendations
of physical test adaptation where necessary and
practice trials.

MATERIALS AND METHODS
Participants

Two hundred and nineteen participants aged 5-17
years were recruited from four mainstream schools
and 27 young adult participants aged 18-22 years
were recruited from the University of Sheffield
student population. Fifty-one participants had the
right eye tested twice to determine the repeatability.
The inclusion criteria were visual acuity of 0.150
logMAR in each eye, no previous significant oph-
thalmological history, epilepsy, or attention-deficit
hyperactivity disorder. Participants with refractive
error greater than +3.00 spherical dipotres or +2.00
cylindrical dioptres were excluded unless corrected
with contact lenses. The study was approved by
the University of Sheffield Departmental Ethics
Committee and conformed to the tenets of the
Declaration of Helsinki. Informed written consent
was obtained from all participants aged 16 years and
older and from the parent or guardian of children
aged 5-15 years via a parental letter and return opt-in
consent form sent via school. Additional consent was
obtained from parents and children who had right eye
tested twice.

Design of Study

A prospective study design was employed to quantify
the normal kinetic VF in participants from the age of
5 years. Unreliable participants were identified by the
number of fixation losses (>50), inability to plot the
blind spot (<15deg?), presence of overlapping isop-
tres, and atypical reaction times (<180 or >1500 ms).
The independent variables were age, target stimulus
(I2e and I4e), and velocity of stimulus (5°/s or 3°/s).
Participants were randomly allocated in to the two
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stimulus velocity groups. The dependent variables
were VF area, size of blind spot, and RT.

Equipment

The Octopus 900 perimeter was used. The I4e stimu-
lus (328 cd/m?, 0.25mm?) assessed the far-peripheral
VF and the I2e stimulus (20cd/m? 0.25mm?)
assessed central VFE. All stimuli appeared against a
uniform white background illumination of 10cd/m?.
The light intensity of the Octopus was calibrated prior
to each session of assessments.

A programme was written to ensure standardised
testing of each participant, presenting the stimulus
from non-seeing periphery and moving to the centre
along 12 meridia (15°, 45°, 75°, 105°, 135°, 165°, 195°,
225°, 255°, 285°, 315°, and 345°). The examiner was
able to repeat a meridian if the participant lost fixation
during testing and could manually test the blind spot
if it occurred eccentric to the position expected by the
automated programme. RT-corrected VF area was
determined using pre-programmed RT vectors pre-
sented within the isoptres.

Procedure

Visual acuity (VA) of each eye was assessed using the
Crowded LogMAR Test. A practice programme was
explained to each participant in age-appropriate
language; this assessed response to three I4e stimuli
and three 12e. Only after successful completion of the
practice test (maximum three practice tests per
person), which included the ability to maintain central
fixation, was the full test administered. Participants
aged 18-22 years completed the test with both right
and left eyes. Statistical analyses of all test parameters
showed no significant difference for eye tested;
therefore, only the right eye analysis is reported.
Participants under 18 years were tested with the right
eye only. The left eye was occluded with a plastic,
elastically secured occluder and the response button
was held in the dominant hand (used for writing).
Instructions were given to fixate a central green light
within the perimeter bowl, whilst peripherally moni-
toring for a kinetic stimulus that appeared on 1 of 12
meridia presented in a random order. Participants
either stood or sat at the machine, depending on age
and height, with the addition of footstool or chair
cushion if necessary. Small children were given an
additional cleansable chin rest to elevate their head
sufficiently to align the pupil centrally with the
fixation target. The same examiner operated the
Octopus for all tests, whilst a second examiner
monitored and counted fixation losses viewed on
screen via an infrared camera. A specifically written
programme that tested all meridians in a randomised
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order ensured that the starting position of any test
stimulus was identical for all participants and
minimise inter-test differences.

The I4e kinetic stimulus was presented first,
followed by the I2e. Static I2e stimuli were then
randomly presented within each quadrant of the I2e
stimulus area to identify the presence of any
scotomas. Instruction was given between kinetic and
static stimuli to allow participants to prepare
themselves for the new stimulus. Finally, the blind
spot was plotted using the I2e stimulus starting in the
centre of the expected blind spot and moving the
stimuli outwards at 2°/s along 4 cardinal and 4 inter-
cardinal meridians. The RT vectors were assessed
with 3 centripetal vectors within the 12e isoptre.

Participants who were tested at the 5°/s stimulus
velocity and who had given consent for a second test
undertook the same procedure within 1 week. At the
end of testing participants were asked to rate their
experience of performing the VF test as easy, okay,
or hard.

Statistical Analysis

All data were non-normally distributed and therefore
reported as median and interquartile ranges.
Dependent variables were submitted to Mann-
Whitney test or Kruskal-Wallis test to determine
differences between target velocities, stimulus size,
and age. To establish any correlation in blind spot area
or RT with age, linear regression analysis was
performed. The significance level was set at p<0.05.

Repeatability analysis comprised of calculation of
correlation coefficients between tests 1 and 2. Bland
Altman analyses were used to determine coefficients
of variability.*”

RESULTS

Of the 246 participants recruited, 221 (104 males and
117 females) fulfilled the inclusion criteria. Details of
the number of participants in each age group can be
found in Table 1. One hundred and sixteen were
tested at 5°/s and 106 at 3°/s. Seven participants had
a refractive error with spherical equivalent (SE)
ranging from —1.25 to +2.25; these did not require
any lens correction during testing. Four participants
with myopia <3.50 SE wore contact lenses throughout
testing.

Feasibility of Testing

To discuss expected normative VF presentations, it is
necessary to first present feasibility data for the
purpose of excluding unreliable data. Figure 1
shows the median fixation loss count for each age
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TABLE 1 Participant information.

Reliability measures

Age (years)  ntested  Unreliable blind spot ~ Overlapping isoptres ~ Atypical RT ~ n reliable 7 subgroup
5 15 14 6 3 1 22 (23%)
6 19 11 2 4 5

7 26 17 4 8 4

8 17 12 1 3 3

9 20 9 0 1 9

10 21 6 1 3 13 34 (64%)
11 21 5 1 4 13

12 11 0 0 2 8

13 7 0 0 0 7 26 (100%)
14 11 0 0 0 11

15 8 0 0 0 8

16 10 1 0 0 9 44 (98%)
17 8 0 0 0 8

18-22 27 0 0 0 27

Total 221 75 15 28 126 126

n tested = number of participants originally tested of each age. Unreliable blind spot=number of participants where SKP
unable to plot the blind spot due to unsteady fixation, or where considered unreliable as the area was less than 15 deg?.
Overlapping isoptres = number of participants who demonstrated overlapping isoptres (I4e and 12e). Atypical reaction
time =number of participants where reaction time <180 or >1500ms. 1 reliable=number remaining after exclusion
criteria for unreliable data were applied. n subgroup =number of reliable participants in each age subgroups with

percentage shown in brackets.
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FIGURE 1 Fixation loss count. Median number of fixation
losses counted for each age group with upper and lower
quartiles.

group with upper and lower quartiles; this includes
data from both stimulus velocities. There was no
significant difference in fixation loss count between
the two testing velocities on Mann-Whitney test
(p=0.84). A high number of fixation losses with a
large quartile range were found in 5-10-year-olds. The
median value for 5-year-olds was 53 gradually
declining to 13 for 10-year-olds. The median values
from 11 years onwards were similar and ranged
between 0 and 6 fixation losses.

Table 1 shows the number of participants in each
age group and the number of unreliable participants

found with the three other reliability measures
(inability to plot the blind spot, presence of over-
lapping isoptres, and atypical reaction times).
Difficulty in plotting the blind spot occurred in a
high proportion of the children under 12 years of age.
Overlapping isoptres were less frequent, with main
occurrence in 5-year-olds. Two participants had
reactions times shorter than 180ms and 26 had
above 1500 ms. These atypical reaction times occurred
in children aged 12 years or younger. Participants
were excluded if any of the reliability criteria were not
met. One hundred and twenty-six were considered
reliable, 68 performed SKP with stimulus velocity of
5°/s and 58 with 3°/s. To allow for further analysis of
reliable data, participants were separated into age
subgroups of 59, 10-12, 13-15, and 1622 years.
The number of participants in each subgroup is
shown in Table 1.

Normative VF Size

The median and interquartile range of RT-corrected VF
area in deg? of all participants was calculated for the
I4e and I2e targets for 5° /s or 3°/s. The median VF area
using the I4e stimulus was 12,837 deg” (interquartile
range 11,947-13,420) and 12,267 deg” (interquartile
range 11,462-13,613) for 5°/s and 3°/s, respectively.
For the I2e stimulus, the VF area was 5025 deg’
(interquartile range 4642-6196) and 5088 deg’
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(interquartile range 4041-6054) for 5°/s and 3°/s,
respectively. There was no significant difference
between the 5°/s and 3°/s target velocities for both
I4e (p=0.32, Mann-Whitney test) and 12e (p=0.30).

The data were divided into age subgroups for
further analysis (Figure 2). Figure 2(a—d) show larger
interquartile ranges for the youngest age group. The
median VF area shows no obvious changes with age
when tested with the 5°/s stimulus velocity; however,
with 3°/s the VF area for the 5-9 age group is notably
larger. There was no significant difference in VF area
with age using 5°/s stimulus velocity for I2e (p=0.90)
and I4e (p=0.63). However, there was a significant
difference for 12e tested at 3°/s (p=0.028, Kruskal-
Wallis test) and close to significance for I4e at 3°/s
(p=0.051). To determine the age at which VF area was
significantly different at 3°/s, each age subgroup were
compared. For 12e, a significant difference was found
between 5-9 and 13-15 years (p = 0.013, Mann-Whitney
test) and 5-9 against 16-22 years (p =0.013), compari-
son between other age groups showed no significant
difference. For I4e, a significant difference was found
between 5-9 and 13-15 years (p = 0.029, Mann-Whitney
test) and 5-9 against 16-22 years (p=0.022).
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Normative Blind Spot Area

The median blind spot area plotted with the I2e
target at 2°/s was 36.0deg” (interquartile range
28.8-44.6deg®). Figure 3 shows wide variation
between participants. No relationship was found
between blind spot area size and age (r=0.15,
p=0.08, Pearson correlation coefficient).

Reaction Times (RTs)

The median RTs for all participants and age subgroups
for both stimulus velocities are shown in Table 2.
Median RTs at 5°/s testing velocity were less than
3°/s but this did not quite reach significance
(p=0.05, Mann-Whitney test). A reduction in RT with
increasing age group is evident (Table 2); therefore, the
RT for each participant was plotted against age in
months (Figure 4). A significant reduction in RT with
increasing age was found for both 5°/s (r=0.61,
p<0.001) and 3°/s (r=0.38, p=0.004). Figure 4(b)
shows a large variation between participants at similar
ages for 3°/s.

(b) 14e 3°/sec
18000-

16000+
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12000+

VF area (degree?)
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5.9 1012 13415  16-22

10000

Age sub-group (years)
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8000+
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5.9 10412 1315 1622
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FIGURE 2 The effect of age on visual field area. Median VF area (deg®) with upper and lower quartiles using I4e stimulus (a, b) and

12e stimulus for 5°/s (a, ¢) and 3°/s (b, d), respectively.
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FIGURE 3 The effect of age on blind spot area. Scatter plot of
the blind spot area (deg?) on the y-axis and age in months on
the x-axis including data measured at both testing velocities.
The correlation coefficient was r=0.15.

TABLE 2 Reaction times.

Stimulus velocity

Age subgroup (years) 5°/s 3°/s

5-9 688 (624-862) 725 (683-962)
10-12 631 (557-844) 693 (502-801)
13-15 557 (491-688) 694 (615-866)
16-22 502 (416-561) 542 (429-668)

All participants 570 (491-706) 672 (504-768)

Median reaction times (ms) with interquartile range shown in
brackets for each age subgroup and all participants.

Test Duration

The median test duration using 5°/s was 3.4 minutes
(range 2.2-6.4) and using 3°/s was 4.3 minutes
(range 2.2-6.2). Testing at 5°/s stimulus velocity was
significantly faster than 3°/s (p<0.0001, Mann-
Whitney test).

Repeatability

Thirty of 51 participants who repeated the test
fulfilled the reliability criteria on both VF assessments
and their data were included in further analysis.
Of the 21 classified as unreliable, 12 were unreliable
on both VF assessments, 4 were unreliable on the first
and 5 were unreliable on the second test.

The I4e, 12e, blind spot area, and RT for each
participant were plotted for test 1 against test 2
(Figure 5). Whilst the majority of participants showed
close agreement between tests 1 and 2 for I4e, one
participant demonstrated a large increase in VF area
in test 2 that appears to be outside normative
values (Figure 5a). There was, however, significant
correlation between tests 1 and 2 for all of the
parameters (I4e: r=0.57, p=0.001, 12e: r=0.82,

(a) 5°sec

1500+ y=-2.1x+961.2

10004

500

Reaction time (ms)

50 100 150 200 250 300

Age (months)
(b) 3°/sec
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g .
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E 1000+ o ° S .
- o o, ® )
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7] L] L
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(4 e s o0 * & o
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FIGURE 4 The effect of age on reaction time (RT). Scatter plot
of RT (ms) on the y-axis and age in months on
the x-axis, measured at testing velocity of (a) 5°/s and
(b) 3°/s. The correlation coefficient was r=0.61 at 5°/s and
r=0.38 at 3°/s.

p>0.0001; blind spot area: r=0.47, p=0.008;
RT: r=0.68, p <0.0001; Pearson correlation coefficient).

To determine a clinical value of expected variability
between repeated testing, Bland Altman analyses
were used to determine coefficients of variability.
The outlier for I4e was removed for this analysis
(Figure 5a). The coefficients of variability were
1303 deg” for I4e, 1392 deg” for 12e, 22 deg” for blind
spot area, and 250 ms for RT. The median test duration
was 3.4 minutes (range 2.4-6.4) for test 1 and
3.1 minutes (range 2.6-6.3) for test 2.

Participant Difficulty Rating

Participants less than 18 years of age were asked to
rate the difficulty of performing the test. This
included 99 participants of which only 4 rated the
test as difficult and these were all in the 5-9-year
group. Forty-eight participants rated the test okay and
47 rated the test easy to perform. Of those asked who
repeated the test (1 =27), 41% found the test to be easy
on the first test, whereas this increased to 85% on the
second test.
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FIGURE 5 Repeatability: Scatter plot of test 1 on x-axis against test 2 on y-axis. (a) VF area using I4e; (b) VF area using 12e; (c) blind

spot area; (d) RT.

DISCUSSION

This study evaluated the age at which SKP on the
Octopus perimeter can be reliably performed.
Normative VF area and RT data using two testing
speeds were determined and repeatability of the test
evaluated. This provides the largest sample of
reported normative and feasibility data in children
and young adults, from age 5 to 22 years. None of the
participants in the study had significant ophthalmic
disorders or refractive errors; therefore, findings
cannot be generalised to a patient population.

Feasibility of Testing Children

One of the main findings of this study are that the
feasibility of testing children, using SKP on the
Octopus 900, increases markedly from the age of
11-12 years. This is reflected in the stark decline in
number of fixation losses from age 11 (Figure 1), and
adult-like performance on all of the other reliability
measures from the age of 12 years (Table 1). Whilst
static perimetry incorporates fixation loss catch trials
as a standard clinical measure of reliability, SKP using
the Octopus does not provide this. Therefore, an
experienced perimetrist is required to monitor fix-
ation, particularly in the assessment of young
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children. Additional reliability measures of unreliable
blind spot, overlapping isoptres, and atypical reaction
times were derived in this study to ensure true
representation of normative VF data.

Only one other study has examined automated
kinetic perimetry from age 5 years, using the
Twinfield perimeter.'”” Of 50 children tested, only
1 could not complete the test; however, reliability
measures were not considered.

The age of reliability in this current study is
similar to that found by Wabbels and Wilscher® who
reported static perimetry in 28 children aged 5-14
years on the Twinfield perimeter. They found that
reliable results and ability to fully complete the
testing strategies could be obtained in all children
from 13 years. Blumenthal et al.® using frequency-
doubling perimetry, found that on the best VF of
two trials, in children younger than 8 years of age,
43% of VFs were unreliable, compared with 23%
unreliable for those older than 8 years. Morales
and Brown' performed short automated static
perimetry on the Octopus in 50 normal children
aged 6-12 years and suggested reliable results can be
obtained after 7 years of age. When examining their
results further, mean sensitivity values are variable
until 11-12 years. Safran et al.,28 also using the
Octopus perimeter, used a static testing strategy
on the central 15°, and found good reliability in
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8-year-olds. They noted that a training programme
improved results, especially in the younger children.
In this current study wusing kinetic perimetry,
all children successfully completed a practice pro-
gramme. The later age of reliability found may
reflect the longer test duration and greater
eccentricity than some of the studies mentioned
above. The significant influence of conceptual and
attentional factors on peripheral vision testing has
been previously reported”” and may differentially
influence results depending on the level of difficulty
required for the test used.

Normative VF Area

Normative VF areas have been presented for
two isoptres (I4e and I2e) at two test speeds (5°/s
and 3°/s). There is controversy in the literature
regarding developmental change in VF area. Wilscher
et al.'® using automated kinetic perimetry found no
significant change with age. This disagrees with
studies using manual kinetic testing on the
Goldmann perimeter®”'* where a developmental
increase in VF area has been reported. This current
study found no increase in VF area with age with the
I4e and I2e stimuli using 5°/s test velocity. However,
3°/s target velocity produced contradictory results
where VF area was larger in the youngest age group.
The Octopus makes a significant noise, produced
simultaneously with stimulus onset, which may have
distracted some younger children such that they
pressed the button at the onset of sound rather than
when they first perceived the light. This may well
explain the seemingly larger fields for the 3°/s target
velocity over the faster testing speed in 5-9-year-old
children. This additional sound cue may be masking
true developmental improvements in VF area as
reported by other authors. The test’s predecessor, the
Goldmann, did not produce any stimulus-related
noise; therefore, this difference might explain the
different results found. However, the Goldmann
did not make RT corrections to isoptres; therefore,
seeming VF developments with age on the Goldmann
could represent RT decreases with age found in this
study.

Reaction Time (RT)

RT decreased significantly with age in this study,
which is consistent with previous reports using
general RT tasks.’*?" A larger variation in RT between
participants of similar ages was shown when testing
with 3°/s than 5°/s. This finding may suggest that
more reliable measures can be obtained when testing
with a stimulus velocity of 5°/s. SKP using the
Octopus allows RT vectors to be plotted in addition

to the VF test outer limits, and uses an average RT to
adjust the VF for where the peripheral stimulus was
truly identified. Decreasing RT with age therefore has
implications on how the VF is adjusted, as older
children will have less VF area added to compensate
for RT and younger children will have more VF area to
compensate for RT. Thus, RT correction could explain
the absence of age-related VF increases in this study in
comparison to age related VF increases previously
reported on the Goldmann®”'*.

Blind Spot Area

Median RT-corrected blind spot area from age 5 to
22 years was 36deg’, ranging from 16 to 82deg?
showing wide variation between participants.
Rhodes'® reported a slightly larger mean scotoma
area of 63deg” using the I2e target with high
variability (+21.7°). Dolderer et al.'” also reported
large variation in scotoma size with a similar stimu-
lus, the II2e. The authors have not found any
previously reported data on whether the blind spot
area increases during childhood. There was no
correlation in blind spot area with age.

Repeatability

Of the 51 participants who repeated the test, 21 (41%)
produced unreliable measures on one or both tests, all
of which were younger than 12 years. A learning
effect was not demonstrated, as 12 were unreliable
on both tests and 5 unreliable on test 2 only.
On questioning, more participants found the test
easier to perform on the second test. A learning effect
has previously been reported for static and kinetic
perimetry.*****> Horani et al.”®> suggested that the
second VF test, in patients who are unfamiliar with
testing, should be taken as the baseline rather than the
first VF test. All children in our study completed
between one and three practice trials. Therefore, the
introduction of these practice trials may have lessened
the learning effects seen.

In the small sample of participants who reliably
repeated the test, all measures were found to be
correlated between tests 1 and 2. However, the
coefficient of variability was relatively large for all
parameters, which may be a reflection of the small
sample size. A larger study is required to establish
clinical values of expected variability and any learn-
ing effect between visits.

Limitations

Whilst initial recruitment for the study was success-
ful, elimination of participants due to unreliable
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responses significantly reduced the final sample size
for age subgroups. Of the 97 children recruited under
the age of 10 years, only 23% provided reliable data.
In order to gain sufficient data to provide normative
values and study development of the visual field, a
larger sample should be recruited. However, this does
provide evidence of the limited accuracy that can be
expected in this age group of children with SKP on the
Octopus.

The oldest participant in our study was 22 years
old and no participants had ocular pathology;
therefore, we cannot comment on the feasibility of
testing elderly or those with ocular pathology. It is
worth noting that a significant proportion of children
who attend clinics for VF testing have serious under-
lying pathologies affecting their health, for example,
optic nerve pathway glioma with neurofibromatosis
type 1. As such, these patients may not feel well at
time of testing and may additionally be undergoing
therapeutic radiotherapy/chemotherapy or both,
which affect their well-being and ability to concen-
trate for this test. Our results, unfortunately, cannot be
generalised to give expectations for such patients.
However, having more normative data available for
comparison may promote earlier detection of some VF
abnormalities secondary to pathology.

In the youngest age group, physical adaptation of
the testing method had to be implemented that
included children standing, sitting on a cushion, and
use of an additional chin cushion. These adaptations
could have impacted on concentration and
performance.

CONCLUSION

In summary, this study found that participants aged
13 years or older and approximately 2/3 aged 10-12
years can reliably perform SKP on the Octopus
perimeter. With physical adaptations to the machine
such as additional chin rest and administration of a
practice programme, reliable VFs are possible in a
minority of children aged 5-9 years. The authors
recommend exercising caution when interpreting the
VF results of children younger than 13 years.
Employing reliability measures such as high fixation
loss count, inability to plot the blind spot, overlapping
isoptres, and atypical RTs can help to filter unreliable
fields. Using 3°/s stimuli velocity produced larger
variation in VF and RT data than 5°/s. Therefore, a
test velocity of 5°/s is recommended for healthy
children and adults.

Blind spot area using 2°/s and VF area using 5°/s
stimuli velocity were unaffected by age; however, RT
significantly decreased with age. It can be concluded
that similar sized VF and blind spot areas are to be
expected in children and young adults when using RT
vector adjustment.

© 2014 Informa Healthcare USA, Inc.
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