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Introduction

The Goldmann perimeter has long been considered

Purpose: To investigate the precision of visual fields (VFs) from semiautomated
kinetic perimetry (SKP) on Octopus 900 perimeters, for children and adults with
inherited retinal degenerations (IRDs). Goldmann manual kinetic perimetry has long
been used in the diagnosis and follow-up of these patients, but SKP is becoming
increasingly common. Octopus VFs (OVFs) and Goldmann VFs (GVFs) were both
mapped on two occasions.

Methods: Nineteen females and 10 males with IRDs were tested on OVFs and GVFs,
with two targets per test (V4e and one smaller target). Tests were performed in the
same (randomized) order at two visits about 1 week apart. The VFs were digitized to
derive isopter solid angles. Comparisons, within and between visits, were performed
with paired t-tests and Bland-Altman plots.

Results: Median age was 20 years (range, 7-70; 10 participants aged <17 years old).
There were no significant differences in solid angles between OVFs and GVFs (P >
0.06) or between the two visits’ solid angles on either perimeter (P > 0.30). Between-
visit test-retest variability for GVFs and OVFs was similar (P > 0.73), with median
values of approximately 9% to 13%. Overall variability was lower for children than
adults (medians of 7.5% and 12.8%, respectively).

Conclusions: Octopus SKP and Goldmann perimetry produced VFs of similar size and
variability.

Translational Relevance: Our study indicates that SKP provides a viable alternative to
traditional Goldmann perimetry in clinical trials or care involving both children and
adults with IRDs.

mann perimetry are that (1) it allows the mapping of
the far periphery of the VF, which may have residual
“islands” of function; (2) it allows for close investi-
gation of small VF regions and dense scotomas’; and

the “gold standard” for mapping the visual fields
(VFs) of patients with inherited retinal degenerations
(IRDs),"? both for aiding in diagnoses and for
tracking disease progression. Advantages of Gold-

(3) the operator is closely engaged with the patient
during the test, including monitoring the patient’s
fixation.* An experienced Goldmann operator, thus,
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can help the patient stay attentive to the test, which is
especially helpful when testing children.”*

With Goldmann perimeters no longer in produc-
tion,? other kinetic and hybrid perimeters, such as the
Octopus 900 (Haag Streit AG, Koeniz, Switzerland),
are increasingly used to obtain detailed VFs. The
Octopus 900 can be used for “semiautomated kinetic
perimetry” (SKP),” as opposed to the manual kinetic
technique on Goldmann perimeters. It is thought that
kinetic VF testing could be standardized with SKP”
because the target velocities (speed of target move-
ment from nonseeing to seeing retina) can be fixed for
each vector and because the same starting test pattern
can be used across repeat tests. Minimizing VF
variability (i.e., differences in responses across repeat
tests for a given individual) is the key to identifying
genuine changes in visual function over time to
document true disease progression or positive treat-
ment effects. An additional advantage of the Octopus
perimeter is that it calculates the squared-degrees
(deg?) values for each isopter,” without the need for
manual-measuring or —digitizing, so that VF sizes can
quickly be quantified for comparison across succes-
sive visits.

There have now been a number of studies
published regarding Octopus SKP, but there are some
gaps in the literature. For example, studies with direct
comparisons between Octopus and Goldmann perim-
etry are still scarce, particularly in terms of test—retest
variability per instrument. Same-day comparisons of
Octopus visual fields (OVFs) and Goldmann visual
fields (GVFs) in glaucoma patients showed “generally
good agreement,”® with results in mixed groups of
patients and control subjects showing trends to OVF
areas being slightly larger than the corresponding
GVEF areas, particularly for small and/or dim
targets.”*’ We are aware of only one study® in
which both GVFs and OVFs were measured on two
different days on the same participants, but the focus
of that study was on the feasibility of testing visually
normal children with SKP, and the isopter areas and
variabilities were not directly compared between the
two types of perimeters.

Furthermore, although there have been multiple
SKP studies that tested adult patients with retinal®’"'
or neurological disorders,'” as well as adult control
subjects,”*'? there have been few studies of SKP in
children. Specifically, we know of only four pediatric
studies on SKP or automated kinetic perimetry.' %'
Primarily, though, those studies tested visually normal
children or tested the unaffected eye of children with
monocular eye disorders. Nowomiejska et al.' tested a

16-year-old participant in their Leber hereditary optic
neuropathy study, and Nasser et al.'® tested 3 children
(ages 7 to 17 years old; only the oldest had a
“recordable” VF) as part of their characterization of
patients with Alstrém syndrome. It is important to
determine whether Octopus SKP is feasible and
reliable in fairly young children (e.g., over age 5 years)
with IRDs. The present study was designed to record
OVFs and GVFs in both children and adults with
IRDs to compare isopter sizes (solid angles) and to
examine the test-retest variability (precision) for the
two types of perimeters. This information will be of
assistance for planning IRD clinical trials that use VFs
as an outcome measure and will also be of clinical
relevance for documenting disease progression as
Octopus perimeters continue to replace Goldmann
perimeters.

Participants

The study was performed at the Retina Founda-
tion of the Southwest (10 participants), Montreal
Children’s Hospital at McGill University (10 partic-
ipants), and the Wilmer Eye Institute (9 participants).
Institutional Review Board approval for the study
was obtained at each site. Informed consent (and
assent, as applicable) was obtained from each
participant before any testing was performed, and
the protocol followed the tenets of the Declaration of
Helsinki. Children (age >6 years) and adults with an
established IRD diagnosis (with or without an
identified mutation), but with no other disorder
affecting vision, were enrolled. Participants had
decreased VFs, ideally such that their central VF
measured with the V4e target was between 10 and 60
degrees in diameter in both eyes, with or without
peripheral islands of vision.

Procedure

Monocular visual acuities were measured with the
Early Treatment Diabetic Retinopathy Study chart at
participants’ first data-collection visit (Visit 1) or were
obtained from recent ophthalmic records.

One assessment on an Octopus 900 perimeter
(Haag Streit AG) and one assessment on a Goldmann
perimeter were completed at each of two visits,
approximately 1 week apart. The median time
between visits was 7 days and the range was 2 to 20
days. The order in which the perimeters were to be
tested was randomized at the first visit, and the same
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order was followed at the second visit. One eye of
each participant was tested: either the eye with better
visual acuity or, if the acuities were equal, the
participant’s preferred eye. During testing, the non-
study eye was covered with an eye-patch. Each
participant was tested with the V4e target and one
smaller target. The smaller target was chosen by the
operator with the intention that, at 4e intensity, the
resultant isopter would be approximately 10 degrees
in diameter.

Participants adjusted to the dim study-room
lighting for 10 minutes before each test. The
background luminance on both perimeters was set
at 31.4 apostilb. Target speed on the Octopus 900 was
set at 4 deg/s, except for the mapping of scotomas or
small seeing regions, for which the speed was reduced
to 2 deg/s. The target speed for GVF mapping was
approximately 4 to 5 deg/s, which is consistent with
an earlier estimate,” with slower target movements
used for the mapping of small seeing or nonseeing
regions. The target vectors were mapped at meridians
every 15 degrees, for both target sizes on both
perimeters.

Following the OVF mapping, reaction times were
recorded on the Octopus. The reaction time (in
milliseconds) was the average, across six trials, of
the time needed for the participant to push the button
following the onset of the target moving within their
seeing field (typically placed in the central field). The
target speed was 4 deg/s for the reaction-time tests.

All VF testing for a given participant was
performed by the same examiner to eliminate
interexaminer differences as one possible source of
variability.!” All examiners were highly experienced
with Goldmann perimetry for patients with IRDs.
Participants were encouraged to take as many breaks
as necessary. During the perimetry, examiners fre-
quently assessed participants for factors that could
affect test outcome, specifically fixation, fatigue,
cooperation, and photopsias. Afterward, the examin-
ers rated subjects on each factor, on a scale from 5 (no
problem noted or reported) to 1 (such a problem that
isopter mapping could not be completed).

Analysis

VF area is a commonly used clinical measure.
However, whereas area measures near the center of a
VF chart closely represent both solid angles and
retinal areas, at more peripheral locations, the flat
chart exaggerates the area of chart regions, relative
to the corresponding area on a sphere (the solid
angle) or in the eye. As such, solid angles are less

sensitive to peripheral distortions than are area
measures.'® The VF solid angles (in steradians,
“sr””) in this study were derived by on-screen
digitizing of the scanned OVFs and GVFs by using
the FieldDigitize v4.0 program.'®?° All digitizing
was performed by the same person. The OVF solid
angles from the digitizing software were also
compared with the deg® values directly generated
by the Octopus perimeters for the same isopters.

Summaries for continuous variables included the
sample size, median, and range. Summaries for
discrete variables included frequencies and percent-
ages. The data analyses primarily focused on (1) the
within-visit comparison between GVFs and OVFs, in
terms of the similarity in solid angles; and (2) the
across-visit test-retest variability for each method
(e.g., Visit 1 GVF versus Visit 2 GVF). Two-tailed
(alpha = 0.05) paired ¢-tests and Bland-Altman
regression plots were used to compare results within
and between visits. If a data point in any paired -test
was missing, then the corresponding point for the
other test was excluded. For example, there was an
error in mapping the smaller OVF isopter for
participant C4 at the second visit, so the correspond-
ing isopter from the first visit was excluded from
relevant z-tests. To not overestimate the degrees of
freedom or to underestimate the standard deviations,
and thereby derive artificially low P values, averages
across the two visits were performed prior to the -
tests for comparing the solid angles between the two
perimeters. As there were relatively few participants
tested with each of the smaller targets (I4e to 1V4e),
the data were merged into a “smaller target” group
for analysis.

Test-retest variability was calculated as a percent-
age, using the following equation:

Test — retest variability =
Absolute value of (Visit 1 VF — Visit 2 VF)
Average of (Visit | VF + Visit 2 VF)

Demographics

X 100.

Twenty-nine participants (19 females and 10
males) were enrolled across the three sites. Demo-
graphic characteristics for the participants at each site
are summarized in Table 1 (full details for individual
participants are provided in Supplementary Table
S1). The participants ranged in age from 7 to 70 years
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Table 1. Participant Demographics by Site
Range of Visual
Number of Acuities, Snellen
Participants Range of Ages, Range of Visual Equivalent logMAR
Site (Females; Males) Years (Median) Acuities (Snellen)? (Median)
A 10 (5; 5) 10 to 70 (16.5) 20/32 to 20/320 0.20 to 1.20 (0.45)
B 10 (5; 5) 14 to 52 (30.5) 20/20 to count fingers® 0.0 to 1.85 (0.3)
C 9 (9; 0) 7 to 39 (18) 20/19 to 20/46 —0.02 to 0.36 (0.1)

@ The visual acuity values for the participants at site B were taken from the charts, not measured at the study visits. Visual
acuities for the participants at the other two sites were measured at their first study visit.

b USH II, Usher syndrome lI; CRD, cone-rod dystrophy; LCA, Leber congenital amaurosis; RP, retinitis pigmentosa. Where
known, the LCA gene mutation has been noted: RDH12, retinol dehydrogenase 12; CRB1, Crumbs 1.

¢ Perimetry targets used in addition to the V4e target.

9 The conversion to logMAR for count fingers was based on Schulze-Bonsel et a

|22

Table 1. Extended
Intervals between Smaller Visual
Visits, Days Field Targets
Site Diagnoses® (median) Tested Per Site©
A one USH II; two LCA; two CRD; five RP 2 to 20 (6) one l4e; one ll4e; seven lll4e; one IV4e
B five RP; five LCA (one RDH12, three CRB1) 4to07 (7) three 14e; three ll4e; three lll4e; one IV4e
C nine RP 6to 9 (7) four l4e; three lll4e; one IV4e; one N/A

(median = 20 years). The study included 10 children
(7-17 years, inclusive); 15 participants were <24 in
age (i.e., children and “young people,” according to
the World Health Organization®'). There were 19
participants with retinitis pigmentosa, 7 with Leber
congenital amaurosis, 2 with cone-rod dystrophy, and
1 with Usher syndrome II. The visual acuity values for
the test eyes ranged from 20/19 Snellen to “count
fingers” (based on Schulze-Bonsel et al.,*” the
participants with count fingers visual acuity were
assigned a log of the minimum angle of resolution
[logMAR] value of 1.85).

Two of the participants (A8 and B1) had OVFs
that were too small to reliably digitize; their V4e
isopter diameters were about 5 degrees, with the
symbols so thoroughly overlapping that the isopter
edges could not be distinguished. For participant B1,
the smaller-target (I114e) GV'F isopters at both visits
were also too small to digitize, so participants A8 and
B1 were not included in the quantitative analyses.
Without those 2 participants, there were 9 children
and 18 adults in the study (8 males), with a median
age of 23 years. Finally, one of the participants (C2)
was only tested with the V4e target due to her feeling
unwell at Visit 1 (so only V4e was tested at Visit 2
also), and the OVFs of the smaller targets were

missing at Visit 2 for two participants (A4 and C4)
because of errors in the testing or mapping. In total,
therefore, there were 54 V4e isopters for each
perimeter and 52 GVF and 50 OVF smaller-target
isopters digitized in this study.

Figure 1 displays results that are similar between
VF tests, for one participant. In Figure 1, the GVFs
(panels A and C) are similar in general size and shape
for the two visits. The two GVFs for this participant
are also similar to the corresponding OVFs (panels B
and D). The solid angle values for the individual
panels and the calculated variabilities across test
conditions confirm the qualitative assessment of
similarity. Conversely, the OVFs and GVFs in
Supplementary Figure S1 are generally less similar.

Comparisons Within Goldmann Perimetry
and Octopus SKP, Between Visits

A summary of the VF solid angles, by target size,
perimetric method, and visit number is presented in
Table 2. The study participants displayed a wide
range of VF sizes for the V4e target and for the
smaller targets.

Scatterplots of the Visit 2 solid angles against the
Visit 1 solid angles, for each perimetric method and
target size, are presented in Figure 2. All results fell
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A: GVF, Visit 1 0 B: OVF, Visit 1

C: GVF, Visit 2 ! D: OVF, Visit 2 §

Participant B4: Visual Field Solid Angles (sr)

GVF V4e OVF V4e GVF l4e OVF l4e
Visit 1 2.81 2.71 1.68 1.60
Visit 2 2.56 2.70 1.52 1.24

Participant B4: Test-Retest Variability for Solid Angle Measures (%)

GVF Visit 1 vs. Visit2 ~ OVF Visit 1 vs. Visit2 ~ GVF vs. OVF Visit1  GVF vs. OVF Visit 2
Vie 9.16 0.333 3.70 -5.13
l4e 9.70 25.2 4.83 20.4

Figure 1. Example of similar GVFs and OVFs from participant B4. Each panel shows the isopter for the l4e target (inner ring), and the
isopter for the V4e target (outer ring). V4e scotomas are shaded. Note the similarity in the size and shape within each type of test
between Visits 1 and 2 (A versus C and B versus D, for GVFs and OVFs, respectively) and between tests for the two perimeters on each
visit (A versus B for Visit 1, and C versus D for Visit 2). The corresponding numerical results are shown in the tables.

close to the identity line (y = x; solid line), and there Across participants, the solid angles were not
was good correlation between the Visit 1 and Visit 2  significantly different between visits for either GVFs
solid angles for both perimetric methods and for both or OVFs and for either V4e targets or smaller targets.
the Vde isopter and the smaller-target isopters (> The P values for the paired r-tests within test
values between 0.93 and 0.95, as shown on each panel). conditions comparing Visit 1 to Visit 2 were the
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Table 2. GVF and OVF Solid Angles, by Perimetric
Method and Visit Number

Visual Field Solid Angles (sr)

Target Visit 1 Visit 2
Size Parameter GVF OVF GVF OVF

V4e n 27 27 27 27
Median 1.89 1.66 1.81 1.69
Minimum  0.027 0.025 0.045 0.020
Maximum  3.94 4.04 3.79 3.97

Smaller n 26° 26° 26° 24P
targets Median 0.29 0.32 0.29 0.38
Minimum 0.017 0.013 0.017 0.012
Maximum  2.66 2.80 2.66 2.89

@ Participant C2 was only tested with the V4e target.
b Participants A4 and C4 had no smaller-target data for
their second visit, due to errors in mapping.

>]
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following: V4e GVFs, P=0.33; Vde OVFs, P =0.30;
smaller-target GVFs, P = 0.90; and smaller-target
OVFs, P=0.71.

Comparisons Between Goldmann Perimetry
and Octopus SKP, Within Visits

The solid angles measured from the OVFs,
graphed against the GVF solid angles at the same
visit, are presented in Figure 3. The solid line in each
graph is the identity line (y = x). The results from the
two perimeters were similar within Visit 1 and within
Visit 2.

The solid angles for the V4e isopters mapped with
SKP were very similar to those from Goldmann
perimetry, both within each visit and for the two visits
combined (+* = 0.93 and 0.95 for Visits 1 and 2,
respectively; r* = 0.94, y = 1.001x + 0.029 for the
combined-visit data). Results of the OVFs and GVFs
for the smaller-target isopters were only slightly less

w
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S ©
5
v o 1.0
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o £
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0.0 T 7 7 7 "
0.0 1.0 2.0 3.0

GVF Solid Angle (sr),
Smaller Targets, Visit 1

o] 50
2=0.93
N [ )
-k
L@
o >_ 2.0
T ]
<P
28 o/ o®
; % 1.0 ®
o E
»
0.0 T T B
0.0 1.0 2.0 3.0

OVF Solid Angle (sr),
Smaller Targets, Visit 1

Figure 2. Visual field solid angles at Visit 1 (x-axes) and Visit 2 (y-axes) for GVFs (A and B) and OVFs (C and D), for V4e targets (panels A

and C) and for the smaller targets (panels B and D).
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Solid-angle measures for OVFs versus GVFs for the V4e target (A) and for the smaller targets (B). Values from the first visit are

represented by the filled diamonds and those from the second visit by the open circles. The solid lines indicate equal values for the OVF

and GVF solid angles.

similar (/* = 091 and 0.89 for Visits 1 and 2,
respectively; r* = 0.90, y = 0.994x + 0.085 for the
combined-visit data). There were no statistically
significant differences in the averaged isopter sizes
(per participant) between-visits when comparing the
OVFs and GVFs for the V4e targets (P = 0.48, 27
pairs) or for the smaller targets (P = 0.06, 26 pairs).

Comparisons Between Goldmann Perimetry
and Octopus SKP Test-Retest Variability

Test—retest variability results for the two perime-
ters are presented in Table 3, first for all participants

Table 3. Test—Retest Variability for GVFs and OVFs

combined, and then separately for the groups of
pediatric and adult participants.

For the full set of participants, the median test—
retest variabilities were 9.7% for GVFs with the Vde
target and 8.7% for GVFs with the smaller targets.
The median test-retest variabilities for OVF solid
angles were fairly similar to those for GVFs, at 12.7%
for the V4e target and 8.9% for the smaller targets.
Paired ¢-tests between the GVF and OVF test—retest
variabilities for the V4e targets and, separately, for
the smaller targets showed no significant differences
in the variabilities for the two perimeters (P =0.73 for
V4e and P =0.85 for the smaller targets).

Test-Retest Variability for Solid Angle Measures

GVF OVF
Parameter V4e Smaller-Target Isopters V4e Smaller-Target Isopters
All participants, n 27 26 27 24
Median, % 9.7 8.7 12.7 8.9
Minimum, % 0.7 0.0 0.3 0.0
Maximum, % 78 128 95 185
Participants aged <17 years old, n 9 9 9 7
Median, % 6.4 11.4 9.7 5.9
Minimum, % 2.5 0.1 0.3 3.1
Maximum, % 11.7 128 22.6 43.8
Participants aged >18 years old, n 18 17 18 17
Median, % 12.3 7.6 14.2 18.1
Minimum, % 0.7 0 0.3 0
Maximum, % 78 111 95 185
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Figure 4. Bland-Altman Plots: difference in solid angles (Visit 1 —
Visit 2) as a function of average solid angle for the V4e isopter (A)
and for the smaller-target isopters (B). Results for each participant
were calculated separately for GVFs (triangles) and for OVFs
(squares). The solid lines (GVFs, gray; OVFs, black) show the means
of the intervisit differences, whereas the dashed lines (GVFs, gray,
long dashes; OVFs, black, shorter dashes) indicate the CR95 values.
Note that the same y-axis range is used in both panels, but the x-
axes differ.

The median pediatric variability values were
smaller than the adult values for all conditions except
the GVFs with the smaller targets, and an unpaired z-
test comparing the set of pediatric variabilities (using
the data from both perimeters and both target sizes)
to the set of adult variabilities showed significantly
smaller values for the pediatric group (P = 0.03).
However, caveats must be noted regarding the wide
range of values within each group, the small numbers
of participants, and the tendency for the older
participants to show smaller VF areas (see below).

The majority (>75%) of individual-participant

variability values were below 30% for both the V4e
and smaller targets, but the ranges of variabilities for
the smaller targets were larger than those for the V4e
targets (Table 3). However, r-tests did not show
significant differences between the participants’ var-
iabilities for the two target-size groups, for either
GVFs or OVFs (paired #-tests, P=0.28 for GVFs and
P =0.20 for OVFs). Therefore, although there were
more examples of extremely large variability when
participants were tested with the smaller targets (with
one OVF value, in particular, over 180%), the group
variability did not differ significantly based on target
size.

Bland-Altman plots® are used to examine whether
response variability depends on the value of an
outcome measure. The differences in solid angle
between Visit 1 and Visit 2 (Visit 1 minus Visit 2)
for each participant for the V4e and smaller-target
isopters are shown in Figures 4A and 4B, respectively.
In both panels, the differences are graphed as a
function of the participant’s average solid angle for
the given target size (GVFs and OVFs averaged,
separately, across the two visits).

The solid lines in Figure 4 indicate the means of the
intervisit differences per method; the dashed lines
show the values of the 95% coefficient of repeatability
(CR95: £1.96 times the standard deviation of the
differences) per method. The fact that the means are
near zero suggests that there was little or no practice
effect from the first to second visit. For the V4e
targets, the CR95 values for the two perimetry
methods (0.58 for GVFs and 0.60 for OVFs) were
very similar, consistent with similar variability for the
two perimeters. The smaller-target CR95 values for
the two perimetry methods (0.32 for GVFs and 0.40
for OVFs) were almost as close together as those for
the V4e targets.

An analysis of variance of the solid angles per
participant (averaged across visits), as a function of
participant age, showed a trend to decreasing field
size with increasing age; the relationship was signif-
icant for the V4e targets on both perimeters (P < 0.02;
Supplementary Fig. S2) but not for the smaller targets
(P > 0.09). To explore the possible effect of
participant age on test-retest variability, scatterplots
were generated by plotting the percent test—retest
variability against age (Fig. 5). There were slight
trends to higher variabilities with increasing age of the
participants for the V4e targets on both perimeters
and for the smaller-target GVFs, but none of the
analysis of variance P values were less than 0.05 (P =
0.31, 0.20, and 0.89, for the GVFs for the V4e target,
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GVF results are represented by triangles and the OVF results by
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OVFs for the V4e target, and GVFs for smaller
targets, respectively). Variability for the OVF smaller
targets showed a nonsignificant decrease with increas-
ing participant age (P = 0.32). Therefore, the present
study did not demonstrate a strong dependence of
test—retest variability on participant age.

The VF variabilities were also compared to the
subjects” logMAR visual acuities (data not shown).
All of the resultant P values were larger than 0.05 (P =
0.13, 0.44, 0.41, and 0.61 for the GVF V4e¢ target,
OVF V4e target, GVF smaller targets, and OVF
smaller targets, respectively), indicating that there was
no significant correlation between visual acuity and
test-retest variability.

Reaction Times Measured With Octopus SKP

The Octopus reaction time test was not attempted
on every participant and could not be performed on

participants with very small fields, so values are
available for at least one visit (usually both) for only
23 of the participants. For their total of 43 measures,
the median reaction time was 297 milliseconds. There
was a very wide range of reaction times (from 145 to
1,957 milliseconds), as has been seen previously.”* For
the 20 participants with OVF reaction times at both
visits in the present study, a t-test showed no
significant difference between the reaction times
measured at each visit (P = 0.61), suggesting that
there was not a significant learning effect on response
times.

Nonetheless, there were four participants who had
very different reaction times at the two visits:
participant B3’s reaction time was 887 milliseconds
faster at Visit 2, whereas the reaction times for
participants B6, B9, and B10 were 341 to 493
milliseconds slower at Visit 2. These differences in
reaction times might be expected to cause substantial
changes in OVF size (enlarged OVFs for participant
B3, with faster responses, and smaller OVFs for the
other three). However, participant B3’s V4e isopter
was smaller, not larger, at Visit 2, with little change
for the smaller-target isopter, and both of participant
B9’s isopters were larger at Visit 2. Only the decreased
sizes of the smaller-target isopters for participants B6
and B10 were consistent with the predicted reaction-
time effect.

The reaction times in the present study were
compared against the variability in solid angle values
from the OVFs. Note that the reaction times were not
measured during the standard OVF mapping but as
separate test measures. OVF variabilities for both the
Vde targets and smaller targets separately increased as
the reaction times (averaged across the two visits)
increased. However, only the smaller targets showed a
significant effect of reaction times on variability (P =
0.03 for smaller targets, P =0.28 for the V4e targets).
This suggests that subjects with slow responses to the
small targets tended to have greater test—retest
variability (but that was largely determined by a
small number of participants with long reaction
times).

Comparison of Octopus-Generated VF
Square-Degrees With Manually Digitized
Solid Angles

Numerical summaries of VF images are necessary
if the VFs are to be quantitatively compared across
time. As Octopus perimeters can calculate VF sizes in
degz, it is of interest to know how well those deg2
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the same visual fields (V4e results in panel A). The solid lines show the linear regression fits.

values match the solid angle values in the present
study. In Figure 6, the Octopus deg® values are
plotted against the corresponding OVF solid angles
that we derived with on-screen digitization software.
The 1* values relating OVF deg” to the solid angles
were virtually equal to 1.0 (> = 0.998 for both the
V4e targets and [separately] the smaller targets),
indicating excellent correlation between automatically
generated VF areas in deg” and the manually digitized
values in steradians obtained from OVF scans.

Examiner Ratings of VF Performance

As the participants underwent testing on each
perimeter, the examiners rated them on four factors:
fixation, cooperation, fatigue, and the presence of
participant-reported photopsias. In a deviation from
the protocol, participant A5 and all 10 participants at
Site B were only rated once per visit, rather than once
per VF test, leaving 17 participants with digitizable

Table 4.
Rated Separately on GVFs and OVFs

VFs who had ratings on both tests per visit
(participant A4 only had ratings for Visit 2). All
performance ratings for those participants, without
averaging between visits, are summarized in Table 4.

There were no ratings of 1 assigned to any of the
participants, which is appropriate because a 1 in any
category indicated that the participant was unable to
complete one or more of the isopters during that test.
Photopsias were apparently not a major impediment
to the tests, as only about 12% of the participants
were in the “photopsias interfering” classifications (all
with ratings of 3). Fixation losses were also low and
comparable between the two perimeters (6.1% and
6.3% of GVF and OVF tests, respectively, had a
rating of 3), and cooperation was generally reported
to be high (>72% of the ratings were a 5 for both
perimeters). Over half of the participants reported
some fatigue (or were observed to display fatigue or
sleepiness) during the tests, but the percentage of

Examiners’ Ratings of Participants’ Visual Field Performances on Four Factors, for the 17 Participants

Rating-Scale Scores (%) (N = 34?)

Fixation Cooperation Fatigue Photopsias
Rating GVF OVF GVF OVF GVF OVF GVF OVF
5 63.6 62.5 72.7 78.8 45.5 45.5 60.6 57.6
4 30.3 31.3 21.2 18.2 27.3 36.4 27.3 30.3
3 6.1 6.3 6.1 0.0 21.2 15.2 12.1 12.1
2 0.0 0.0 0.0 3.0 6.1 3.0 0.0 0.0
1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

@ There were no Visit 1 ratings for participant A4, and no Visit 1 OVF fixation-rating for A3, so n = 33 for all conditions

except OVF-fixation, for which n = 32.
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fatigue ratings less than 5 was the same for both tests
(54.5%). The fact that there were more fatigue ratings
of 4 for OVFs than GVFs and more ratings of 3 for
GVFs than for OVFs, suggests that performing the
GVFs may have been somewhat more tiring than the
OVEFs. An exploration of the subject variabilities for
those subjects from Table 4 who had digitizable VFs
(n = 16) did not show any relationships with any of
the rating categories for either perimeter.

Discussion

In this study, VFs were digitized and the solid
angle values were compared between repeat tests on
the same perimeters across visits and between the
Goldmann and Octopus tests within visits. There were
no significant intervisit differences between the GVFs
or between the OVFs. Furthermore, there were no
significant differences between the solid angles for the
OVFs and GVFs for the V4e targets or for the smaller
targets, although there was a trend toward the OVF
solid angles being slightly larger than those of the
GVFs for the smaller targets. These findings are
consistent with reports in the literature that GVFs
tend to be somewhat smaller than the corresponding
OVFs,*° particularly for small, dim targets, perhaps
because of the faster and/or more variable target
speeds in Goldmann perimetry.’

Ideally, a patient or clinical trial participant would
be tested repeatedly on the same type of kinetic
perimeter. However, the present results suggest that
solid angle values for isopters mapped on an Octopus
should not be very different from those mapped on a
Goldmann perimeter by a highly qualified examiner.
Therefore, an individual’s VFs could continue to be
followed across disease progression (with or without
treatment), at least approximately, despite a change in
perimeter from Goldmann to Octopus. In addition,
based on their qualitative study with visually impaired
participants, Rowe and Rowlands® reported that
“Octopus perimetry detected the presence of all visual
field defects with strong agreement in comparison to
Goldmann perimetry for type and location of defect,”
in their group of patients, most of whom had been
diagnosed with damage to the posterior visual
pathway. Our results resembled those of Rowe and
Rowland in that the within- and between-visit VFs/
participant generally showed similar shapes and
similar locations (to the left or right of center) of
any peripheral arcs or islands. With the important
contribution of VFs to independent mobility,” it is

important to track the size and location of VF regions
across time.

Assuming that the same perimeter would be used
throughout a given clinical trial but that different
clinical trials might not all use the same perimeter, it is
important to examine the test—retest variability in VFs
for both types of perimeters. This study showed that
test—retest variability was quite low and did not differ
significantly between the Goldmann and Octopus
perimeters, for either the V4e or smaller targets. Note
that the use of SKP did not produce significantly
lower variability values, as might have been predicted
due to the standardized target movements™® and the
decreased likelihood of experimenter bias.” However,
highly experienced perimetrists conducted the exam-
inations, and the fact that the variability on SKP was
not higher is promising for future trials as Goldmann
perimeters are phased out.

There are relatively few published papers on SKP
testing in children, particularly children with any form
of vision impairment. Our results extend the variabil-
ity study results of Patel et al.” They found that
normally sighted children as young as age 5 can
perform reliable VF tests and that among the children
with “good” performance at both visits (as rated by
an expert examiner), neither the GVFs nor OVFs
showed statistically significant differences in area
between visits. Our inclusion of some children with
severe IRDs allows us to answer the critically
important question about whether reliable VFs can
be obtained in such children. Our results indicate that
SKP testing is not only possible in children with
vision loss but, in fact, generates similar results to
GVF testing, with very good test-retest reliability for
both test instruments. That is a particularly relevant
conclusion for proposed clinical trials in which
children with vision loss (e.g., due to IRDs) might
be tested repeatedly with kinetic perimetry. To
strengthen the present findings, we recommend that
a larger number of young participants, with a wide
range of vision loss, be tested.

The very close correlation between the deg” values
generated by the Octopus perimeters and the digitized
steradian values for the same OVFs suggests that VF
analyses from the Octopus could proceed without
manual digitizing. That is beneficial as such digitizing
is not routinely available and even if it is, it is time-
consuming and may introduce further variability (i.e.,
human error) into the measurements.'® However, in
some situations, it may be beneficial to not only
provide solid angles in steradians as a summary
outcome per isopter but also the mm? of retina (log
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retinal area), as that has been demonstrated to be a
meaningful measure of VF loss progression in retinitis
pigmentosa.”’ Octopus perimeters do not currently
provide mm? measurements for the isopters, but the
digitization program does.

Previous studies'”* demonstrated that reaction
times impact the sizes of measured OVFs, although
these studies suggested that reaction times should not
normally cause clinically significant differences. In-
creased reaction times were also associated with
increased VF size variability, at least within a given
participant’s same-day repeated OVFs.”* In the
present study, linear regressions of VF variability
versus reaction times only showed a significant effect
for the smaller targets. The reaction times for some of
our participants differed by hundreds of milliseconds
between visits.

Ross et al.'” measured GVF test—retest variability
in participants with retinitis pigmentosa (tested by the
same examiner) and reported variability values of
about 12% but found values ranging from 0% to 50%.
The same-day GVF variabilities in a study by Bittner
et al.?® for adults with retinitis pigmentosa were
around 20% or 25%. However, that was after the
authors excluded the most-extreme variabilities
among their participants; the authors advocated that
such highly variable participants should be screened
out during the early pretreatment stage of a clinical
trial. Bittner et al. noted that their revised variabilities
were similar to the values of 22% for a significant
decrease and 29% for a significant increase in GVF
diameter derived by Berson et al.”’ for their 32
children and adults with retinitis pigmentosa. More
recently, Roman et al.*’ reported corresponding
values of —44% to +77% for their GVF study in
participants with documented RPE65 mutations. The
median variabilities for the solid angles in the present
study were approximately 9% to 13% but with a range
of 0% to 185% for this group of participants with
assorted baseline VF sizes. Differences in timing, test
techniques, measurement units, and patient samples
complicate attempts to compare variabilities across all
of these studies. Finally, Bittner et al.”® reported that
variability tended to be higher when the V4e field area
was less than 10 mm? (VFs with diameters less than 14
degrees) and when peripheral islands were included in
the VF area. Those factors were not examined
systematically in the present study, although the
results in Figure 4 are not consistent with very small
fields (a fraction of a steradian) being associated with
large intervisit size differences.

Finally, one could question the utility of perimetry

(Goldmann or SKP) in an age when multiple other
technical measures (such as functional magnetic
resonance imaging) are available. VFs continue to
represent a fundamental test method in ongoing
clinical trials (see multiple IRD trials on https://
www.centerwatch.com) and in the clinical categoriza-
tion of patients with newly identified genetic muta-
tions (e.g., Ref. 16). Although several optical
coherence tomography (OCT) parameters have been
studied as outcome measures (e.g., the width of the
ellipsoid zone’'), OCT imaging on most machines
does not reach into the mid- and far-periphery,®
which is of interest in IRDs. Finally, with the Food
and Drug Administration’s stated focus now on
“structure—function correlations,”” VFs (function)
will continue to be of value even with an increased use
of OCT imaging (structure).

Conclusions

Expanding beyond pediatric studies with visually
normal children, this study demonstrated that Octo-
pus SKP can be successfully and reliably performed in
children with IRDs. In both children and adults, the
Octopus SKP results were generally quite similar to
those from Goldmann perimetry in terms of solid
angles, although there was a trend to slightly larger
solid angles for OVFs than GVFs when mapping with
small targets. Test-retest variability, over an interval
of about 1 week, did not differ significantly between
the two perimetric methods for V4e targets or for
smaller targets. Altogether, these results indicate that
SKP on Octopus perimeters provides a viable
alternative to Goldmann perimetry in clinical trials
and clinical care involving children and adults with
IRDs.
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