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Abstract

Purpose: To determine the usefulness of Humphrey Field Analyser (HFA) SITA-
Faster 24-2 gaze tracker outputs on interpreting intra-visit visual field (VF) result
pairs.

Methods: Analysis of 1380 right-left eye pairs and 1432 pairs of test 1-test 2 in-
trasession VF results of patients seen within a university-based glaucoma service
was undertaken to understand gaze deviation distributions. Output gaze tracker
results were aggregated into total ticks, sum of amplitudes and average ampli-
tudes. Correlations between visual field indices (mean deviation [MD], “events”
and overall hill of vision) and independent variables (age and test order) were per-
formed using one eye from each subject.

Results: There was no association of test order (right-left, test 1-test 2) with eye
movements. There was a significant, but weak correlation between eye move-
ments and age (r = 0.16). Correlations of eye movements with MD were driven by
more severe MD values. There were no significant correlations between intrases-
sion difference in eye movements and the change in MD, number of “events” and
hill of vision, or in the root mean square of sensitivity and total deviation values.
There was also no significant correlation between gaze tracker outputs and an-
other commonly used “reliability” metric, false positive rate.

Conclusions: Eye movement parameters as currently reported by the HFA do not
appear to be correlated with key sensitivity parameters when considering the re-
peatability of intrasession SITA-Faster 24-2 VF results. Thus, current gaze tracker
outputs do not appear to provide clinically meaningful information for interpreta-
tion of intra-visit visual field results that cannot already be garnered using other
strategies.
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INTRODUCTION

In clinical practice, the usefulness of information provided
by static automated perimetry in the assessment of dis-
eases of the visual pathway is often tempered by sources
of test variability.' Factors contributing to output variability
need to be accounted for to ensure accurate interpretation
of the patient's visual field status. As such, clinicians need
to be able to recognise when an output result is clinically
useful or “reliable.”

Historically, several output parameters for quantifying
result reliability have been recommended for clinical use.
These have included fixation losses,? false positive and
negative catch trials®> and the identification of seeding
point errors.” These indices are aimed at identifying causes
of artificial alterations to the visual field. Over time, an in-
creased understanding of the relationship between these
indices and visual field sensitivity metrics have led to the
reappraisal of the usefulness of these metrics, with sugges-
tions that “traditional”indices of “reliability” contribute little
to reproducibility of sensitivity measurements,” especially
in the context of visual field defects.®

Recently, the development of SITA-Faster and its clinical
implementation has been accompanied by the abandon-
ment of both fixation loss (using the Heijl-Krakau method)
and false negative catch trials in its default setting.” The
false positive metric and gaze tracker output remain as au-
tomated indices reported for interpretation of reliability.
Despite the automatic reporting, current recommenda-
tions for interpreting visual field test results de-emphasise
reliance on automated indices in general .

A recent study by Heijl et al.’ challenged the historical—
and current manufacturer reported—-cut-off values for
“elevated” false positives, with such false positive rates
having poor relationships with output test results. This
work was specifically topical due to reports of higher false
positive rates found on SITA-Faster compared to SITA-
Standard.®"" The reason for this is thought to be in part
due to the nature of the catch trial, which relies on mea-
surements of response and stimulus timing used in the
thresholding algorithm of the Humphrey Field Analyser,
in which a false positive result is identified if a response
is provided within a certain time window before or im-
mediately after stimulus onset."” It has been proposed
that it may be due to the adoption of a more lenient re-
sponse criterion due to the use of more near-threshold,
rather than supra-threshold, stimulus intensities in SITA-
Faster.® Given the questions raised regarding false posi-
tive rates and true erroneous perimetric outputs, it has
been recommended that careful analysis of other signs
of trigger-happy results should be conducted, instead of
relying on historical cut-off values for binarised pass/fail
in reliability."

The second of the main “reliability” metrics reported in
SITA-Faster, the gaze tracker, is aimed at obtaining an im-
pression of fixation stability. Previous studies examining its
relationship with sensitivity outputs have primarily used

Key points

« There was no association between the test order
(right versus left, first versus second test) of in-
trasession (frontloaded) visual field test results
and gaze tracker metrics

« Mean deviation and age showed weak cor-
relations, and other key perimetry metrics—
sensitivity,“events”and the hill of vision—showed
no correlation with gaze tracker metrics

« Gaze tracker metrics as currently reported using
vertical scalar “ticks” do not appear to provide
clinically meaningful information for interpret-
ing intrasession visual field test results

SITA-Standard,”>™" which is a longer test and thus poten-
tially more likely to return more lapses in concentration
compared to SITA-Faster. These studies suggested that
some gaze tracker metrics may affect output global met-
rics, such as mean deviation. In a more recent study Camp
and colleagues'® examined four nominal categories of
gaze tracker metrics in SITA-Faster, and did not find a clin-
ically significant association with other metrics of “reliabil-
ity.” The other related finding was that a greater number
of large eye movements (>6 degrees) was associated with
visual field severity.'®

Historically, there have been concerns regarding the res-
olution (or accuracy) of defining fixation loss or instability
using catch trials, and their effects on the perimetric out-
come. For example, Vingrys and Demirel'” demonstrated
that although catch trials for monitoring test reliability
were generally accurate in estimating false responses,
there were wide confidence intervals and thus estimations
were not particularly precise. Although their work exam-
ined catch trials to infer reliability of perimetric outputs,”
alongside the work of Newkirk et al.,'® there are important
concerns regarding the amount of sampling required to
estimate fixation stability and reliable responses properly.

Demirel and Vingrys'® also showed that fixation stabil-
ity in a cohort of normal subjects within 3 degrees of the
fixation target did not occur throughout the entirety of a
perimetric test (albeit in a longer, older generation thresh-
olding algorithm). Injection of intentional eye movements
led to increased short-term fluctuations of threshold mea-
surements, but when extrapolated across the entirety of the
visual field test grid, were unlikely to cause significant sen-
sitivity differences. Similarly, a study using retinal stabilised
perimetric testing to measure frequency of seeing curves
found increased threshold variability near the blind spot,
but little difference in threshold sensitivity.”® A similar find-
ing was reported by Kimura et al.2' using a head-mounted,
eye-tracking perimeter. Taken in combination, fixation insta-
bility, in general, appears to have a minor impact on thresh-
olds aside from at the edge of a scotoma. Contextually,
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despite some reservations in resolution and debate regard-
ing the importance of monitoring gaze during the peri-
metric test, SITA-Faster only returns qualitative gaze tracker
data for interpreting reliability. Recommendations for inter-
preting gaze tracker outputs are primarily qualitative, with
no quantitative measure for simpler clinical interpretation.
Quantitative parameters may be more readily interpretable,
rather than relying on subjective analysis of qualitative data.
Therefore, it would be clinically informative to understand
the relationship between objective measurements of gaze
tracker outputs from static automated perimetry and the re-
sultant sensitivity measurements.

The purpose of the present study was to describe and
examine the gaze tracker outputs in SITA-Faster visual field
results obtained from a cohort of patients seen within a glau-
coma service. We were specifically interested in the correla-
tions between visual field results performed within the same
clinical visit (“frontloaded”: a method used to obtain multi-
ple perimetric data points for clinical interpretation®>*). The
central hypothesis was that gaze tracker metrics provide
useful information in visual field interpretation in the form
of correlations with other gaze tracker metrics and output
sensitivity. We performed two main analyses to test our cen-
tral hypothesis. First, we examined the correlations between
the gaze tracker output and false positive rates and patient-
specific factors, as these might influence and confound anal-
ysis of eye movements. Understanding these factors would
be important in identifying potential confounders in devel-
oping clinically relevant parameters. Second, we examined
the association of gaze tracker metrics with output sensitiv-
ity measurements in SITA-Faster. Thus, the combination of
understanding gaze tracker metrics, their correlations and
the output sensitivity would potentially enable the devel-
opment of guidelines for clinical interpretation of perceived
reliability of the result.

METHODS
Ethics statement

This was a cross-sectional study using prospectively ac-
quired data from the files of patients seen within the
Centre for Eye Health, University of New South Wales.
Ethics approval was provided by the Human Research
Ethics Committee of the University of New South Wales
(HC210563). The study adhered to the tenets of the
Declaration of Helsinki. All subjects provided their written
informed consent for use of their de-identified clinical data
for research purposes.

Subjects

Subject data was acquired from consecutive patients
seen within the general and glaucoma service of the

Centre for Eye Health, University of New South Wales be-
tween 1 September 2020 and 31 March 2021. The clinic
is a referral-only, optometry-ophthalmology service,
providing assessment and management of patients with
(or are referred for suspicion of) diseases of the visual
pathways, including glaucoma. The subjects were part
of the Frontloading Fields Study (FFS), an ongoing study
at the Centre for Eye Health examining the deployment
of frontloaded SITA-Faster visual fields in clinical deci-
sion making and patient management.?? For the present
study, we included all subjects whose visual field result
had a gaze tracker output.

We categorised the ocular diagnoses of eyes from pa-
tients within the present cohort into one of four categories,
based on the review of their medical record. The diagnos-
tic categories for the test eye were no evidence of diseases
of the visual pathway including no evidence or suspicion
of glaucoma (healthy, n = 379 eyes); glaucoma suspect
(n = 849 eyes); manifest glaucoma (n = 343 eyes) or non-
glaucomatous optic atrophy (n = 23 eyes). The method
for diagnosis has been described in detail in our previous
studies.'®* The diagnosis of glaucoma was made as per
current clinical guidelines,®*?*> which included glaucoma-
tous structural defects (enlarged or asymmetric cup-to-
disc ratio, diffuse or focal rim thinning and adjacent retinal
nerve fibre layer defects that were not explained by other
retinal or neurological pathologies) with or without ret-
inotopic visual field loss (i.e., patients with pre-perimetric
glaucoma were not excluded). Elevated intraocular pres-
sure was not required for diagnosis. The diagnosis of an
eye as “glaucoma suspect” was made if the structural or
functional findings were suspicious but not conclusive for
a diagnosis of glaucoma, or if one or more risk factors for
glaucoma were present. An eye with signs of optic atrophy
that were attributable to causes other than glaucoma was
defined as “non-glaucomatous optic atrophy.” A healthy
eye had normal structural and functional findings that did
not meet any of the above criteria. The diagnoses were ex-
tracted from the patient's medical record. As per the clini-
cal protocols of the Centre for Eye Health,? a diagnosis was
made by an examining clinician, with remote review by a
senior clinician working within the clinic. A third expert fur-
ther examined the record for inclusion in the present study.

Visual field data extraction

As part of the FFS** and the current clinical protocols at
Centre for Eye Health, all patients underwent visual field
testing twice for each eye within the same test session.
The order of testing was at the discretion of the adminis-
tering technician, with rest breaks between each test as
requested by the patient. All testing was performed using
the Humphrey Field Analyser 3 instrument, using the 24-2
test grid and SITA-Faster algorithm (Carl Zeiss Meditec,
zeiss.com).
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Visual field data of interest were the right and left eye
(or only eye in cases where the patient was monocular) re-
sults collected within the same clinical visit. A custom writ-
ten MATLAB program (MathWorks, mathworks.com) was
used to extract the following parameters of interest from
each visual field printout: pointwise visual field sensitivity,
pointwise total deviation numerical values, pointwise pat-
tern deviation probability scores, mean deviation, pattern
standard deviation and false positive rate. In addition, an
image analysis component of the custom program was
used to extract out gaze tracker ticks (see more below).
Other demographic information was extracted from the
subject's medical record (VIP, Best Practice Software, bpsof
tware.net).

Gaze tracker metrics and parameterisation

Interpretation of the gaze tracker output has been provided
by both manufacturer guidelines and by previous stud-
ies.®'3 In brief, the horizontal line indicates the instances
where eye tracking was performed. A tick above the hori-
zontal line indicates eye movement away from fixation,
with a taller tick indicating greater amplitude (incremented
in 1 degree steps). An example of a pair of intrasession re-
peat visual field test results with unstable fixation is shown
in Figure 1a. A short tick below the line indicates a tracking
error and a long tick indicates a blink artefact. The retest

variability of the gaze tracker has been reported to be 2
degrees,”” with previous studies commonly reporting gaze
deviations in increments of 2-3 degrees.'*?® The tallest tick
represents 10 degrees, with the smallest tick indicating
2 degrees and no upward tick indicating 0-1 degrees, in
line with the presumed resolution of the device. Since no
upward tick is provided, the minimum eye movement tick
that was incorporated into subsequent analyses was 2 de-
grees of movement. We also note that the ticks represent
the gaze deviation at the point of measurement, but may
not necessarily reflect active eye movements. Nonetheless,
the methods described herein represent interpretation of
current clinically-available outputs.

In addition to counting the proportion of each tick iden-
tified in each gaze tracker result, we used three aggregate
measurements to describe the eye movements shown by
each subject (Figure 1b). The first aggregate measurement
was the overall number of ticks above the line, i.e., any de-
viation from fixation. The second aggregate measurement
was the total amplitude of movement. This measurement
was defined as the sum of the upward ticks and their as-
sociated amplitude of movement (i.e., the “sum of ampli-
tudes”) expressed as total degrees per test, i.e., the number
of 2 degree ticks multiplied by 2 degrees, number of 3
degree ticks multiplied by 3 degrees, and so on. The third
aggregate measurement was the average eye movement
over the total test duration. This was calculated dividing
the second aggregate measurement (sum of amplitudes of

(a) Case examples of visual field tests with frequent large eye movements
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(b) Aggregate eye tracker parameters examined in the present study

1) “Number of ticks” — the total number
of >0 degree deviations

2) “Sum of amplitudes” —

v

the total amount of eye
movements (sum of ticks x
magnitude)

3) “Average amplitude” — the total movement divided
by the total number of tick checks (excluding errors)

FIGURE 1

(a) Case examples of visual field test results with frequent large eye movements. The sensitivity and pattern deviation maps are shown

at the top, false positive rate and mean deviation in red and the gaze tracker output at the bottom. (b) Aggregate eye tracker parameters used in the
present study. Red: The number of individual ticks above the horizontal line (deviations greater than 0 degrees). Blue: The sum of amplitudes (sum of
the ticks multiplied by their magnitude). Green: Average amplitudes (sum of amplitudes divided by the total number of tick checks excluding errors).
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movement) by the number of ticks counted during the test.
For all calculations, all tracking errors were excluded from
the analysis. We noted that the maximum pixel increment
for the ticks above the horizontal line was nine steps, thus
implying that deviations greater than 10 degrees would be
included in this group. This potentially means that subjects
with more instances of “10 degree ticks” may have under-
estimated eye movements.

Exploratory analysis of correlations between
gaze tracker outputs

As part of devising the above aggregate gaze tracker
parameters, we performed an exploratory analysis to
examine for correlations between the different outputs
from the gaze tracker (i.e., the specific amplitudes) and
false positive rates. For example, we examined whether
there were internal correlations between individual gaze
tracker outcomes (for example, 2 degree movements, 3
degree movements and so on) and false positive rates.
The presence of internal correlations means that the use
of aggregate gaze tracker or “reliability” metrics may be
suitable as they would reflect an ascending amount of
eye movements. The potential correlations between gaze
tracker outputs and false positive rates (but not including
other visual field metrics) were analysed using principal
components analysis, as per our previous reported meth-
0ds.?? In brief, the results of this analysis revealed posi-
tive correlations between the specific upward ticks that
indicated amplitudes of 4 degrees or greater, which were
in turn negatively correlated with the specific ticks indi-
cating amplitudes of 0-3 degrees. Simply put, this meant
that subjects who had some gaze deviations of at least 4
degrees were likely to have more of such “higher” ampli-
tude deviations, and fewer small or negligible deviations
(0-3 degrees). If the converse were true, i.e., no correla-
tions between groups of relatively small or relatively large
amplitudes of movements, then the use of aggregate
gaze metrics would be less logical. False positive rates
were not correlated with any eye movement variable.
Further details are provided in the Appendix S1.

Given these results, it appeared that eyes could poten-
tially be distinguished by the proportion of low or high
amplitude eye movements (i.e., a propensity to have more
or fewer deviations as per the above correlations). An ag-
gregate gaze deviation metric would thus be expected to
identify eyes in which greater amounts of movement were
present, providing contrast along a spectrum of potential
gaze deviations.

Whilst the aggregate measures themselves may be cor-
related (thus potentially increasing the type | error when
performing multiple separate correlations), the goal was
to identify potentially useful, summary metrics for clinical
interpretation. Thus, we continued to report them sepa-
rately in our initial exploratory analysis, which could then
undergo further analyses to confirm significance.

Analysis 1: The influence of patient-specific
factors on gaze tracker metrics

We next examined patient-specific factors that might influ-
ence and confound analysis of gaze tracker metrics. Factors
that contribute significantly to the output of gaze tracker
metrics might therefore be confounders for analysis of sen-
sitivity or reliability measurements.

The independent factors analysed were age, eye lateral-
ity (right or left), test order (first or second) and visual field
mean deviation. These were analysed against the aggregate
gaze tracker metrics. For the continuous variables age and
mean deviation, a correlation analysis was used to obtain
the significance of the slope and the correlation coefficient
(n. For the categorical variables, we analysed the difference
between tests (i.e., the difference between right and left
eye results and the difference between first and second test
results). The results were then grouped together and a one-
sample t-test was used to determine if there were significant
differences from zero (no difference in gaze tracker metric).

From this analysis, our anticipated outcome is the iden-
tification of independent factors that might influence
aggregate gaze tracker metrics that might need to be ac-
counted for in clinical interpretation.

Analysis 2: The relationship between gaze
tracker metrics and sensitivity measurements

After identifying potential confounders and internal cor-
relations in the two approaches noted above, we then ex-
amined the relationship between gaze tracker metrics and
sensitivity measurements.

We performed analyses of correlation of the gaze tracker
metrics against several parameters related to visual field
sensitivity: mean deviation, number of “events” (points
identified as significant at the p <0.05 or lower level on the
pattern deviation map) and the average hill of vision. We
were interested in mean deviation and number of “events”
as these parameters are typically used in the staging of
glaucoma. These values were extracted directly from the
Humphrey Field Analyser printout.

The hill of vision has been variously defined in the liter-
ature.3°-3 In static automated perimetry, an individual's hill
of vision is typically used to scale their overall visual field
sensitivity and deviation results to create the pattern devia-
tion map. Accounting for the hill of vision aims to facilitate
identification of subtle clusters of defects that might other-
wise be missed if the patient had a high (for example, abnor-
mally high sensitivity) or low (for example, due to generalised
media opacities like cataracts) hill of vision. One method for
estimating the hill of vision is to take the 7th most positive
value on the total deviation map (approximately correspond-
ing to the 85th percentile).>*** To capture the extent of the
height of the hill of vision, we took the average of the seven
most positive values for each subject to represent the aver-
age hill of vision. An average of the seven highest sensitivity
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values, instead of selecting only the 7th ranked sensitivity
value, may provide an impression of whether more points
with “higher sensitivity” were present that may otherwise be
missed (i.e., a higher “ceiling”).

For the above variables, we determined the correlations
between the difference in gaze tracker and sensitivity re-
sults between tests 1 and 2. This was to account for inter-
individual differences in gaze patterns.

We also examined the relationship between gaze
tracker metrics and the root mean squared error’® of the
correlations of intrasession pairs of sensitivity and total
deviation values, which provides an impression of the de-
gree of result repeatability. In contrast to the differences
described above, the root mean squared error is positively
signed, and thus was correlated against the absolute differ-
ence in gaze tracker metrics.

From this analysis, our anticipated outcome is the ability
to account for differences in clinically relevant visual field
sensitivity outputs through the interpretation of aggregate
gaze tracker metrics.

Quartile analysis

Since there may be temporal variations in gaze behaviour
(such as at the start or at the end of the test), we also per-
formed a sub-analysis where we analysed separately the
gaze tracker outputs into first and fourth (last) quartiles. The
output sensitivity results from the Humphrey Field Analyser
do not provide accompanying information regarding the
time that it was measured. However, the test locations are
assessed in pseudo-random order. Therefore, for the first
“quartile”, we extracted the first four primary seeding points
(at locations 9 degrees vertical and 9 degrees horizontal
from the midline in each quadrant) and for the fourth “quar-
tile”, the 14 peripheral-most points were used.

For all analyses, if a subject contributed multiple results
(for example, in situations where both eyes or both first
and second visual field results were valid), only one visual
field result was selected at random for analysis. This was
to reduce the contributions of intra-individual correlations
and the association with test order. As only one result from
each subject was used, we analysed the data using simple
Spearman rho correlations, rather than linear mixed models.

RESULTS

We analysed 2947 visual field results (mean age 59.6 years,
SD 13.4; 409 males, 371 females) with valid gaze tracker
outputs to describe the frequency of each gaze tracker
metric tick. For the correlation analyses, we examined the
results of a subset of 1380 right-left eye pairs (mean age
59.5years, SD 13.5; 379 males, 343 females) and 1432 pairs
of test 1-test 2 (mean age 59.6 years, SD 13.5; 400 males, 360
females) intrasession visual field results. The mean devia-
tion characteristics of the visual field test results analysed

in the present study were as follows: median, —0.95dB,
interquartile range—2.34 to 0.03dB and full range from
—29.73 to 8.83 dB. We noted that the upper limit of the full
range of mean deviation was high. This was because the
study criteria intended to include a diverse range of peri-
metric sensitivities encompassing those that are typically
deemed to be unreliable or “supra-sensitive.”

The proportions of gaze tracker ticks for each subject
were divided into their respective outcomes (for example,
tracking error, 0-1 degrees, 2 degrees and so on) and their
relative frequency across all subjects is shown in Figure 2.
There were several findings evident from these distribu-
tions. A large proportion of subjects had low occurrences
of tracking error and large eye movements of 6 degrees or
higher. Most of the eye movements were 0 to 3 degrees
in magnitude. Interestingly, there were very few apparent
movements with a magnitude of 10 degrees and no blink-
ing artefacts noted in the present cohort. Overall, most
patients had a propensity for few or small magnitude eye
movements, and this is reflected in the ensuing results.

Analysis 1: The influence of patient-specific
factors on gaze tracker metrics

Comparison of the distribution of aggregate eye move-
ment metrics based on the eye and test order variables is
shown in Figure 3. The distributions showed no significant
difference from zero for nearly all conditions, except be-
tween the first and second tests within the same eye and
the sum of amplitudes, which was statistically (p = 0.04) but
not clinically significant (there was an average difference
of 9.3 degrees across the entirety of the test in test 1 com-
pared to test 2).

Analysis of the Spearman correlations between gaze
tracker metrics and age and mean deviation are shown
in Figure 4 (note that the correlation line is not shown for
mean deviation, b; see further below). For all conditions,
the correlation was significant at the p <0.0001 level. With
increasing age (Figure 4a), there was an increase in the
number of eye movements during the test. However, in
all cases the correlations were weak. Notably, the correla-
tion between the mean deviation and the number of ticks
showed a very wide distribution of number of ticks at near
normal levels of mean deviation (—2 dB or better). Nominal
bracketed correlations (-2 dB or better, —2 dB to —6 dB
or—6 dB to —12dB) showed no correlations between the
number of ticks and mean deviation (all p>0.05). Despite
a tendency towards more ticks with worsening mean de-
viation, the correlation across the entire cohort appeared
to be driven primarily by the outlier points at more severe
mean deviation levels, and thus the correlation line is not
shown in Figure 4b. There remained substantial spread
of data across all bins of mean deviation level. Using the
other aggregate indices (sum of amplitudes and aver-
age amplitude), as defined in Figure 1, showed similarly
weak correlations. Therefore, although these reflected
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Frequency distributions (proportion across all subjects, y-axis) of difference eye tracker outcomes as a function of different
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higher x-axis value indicates more instances within a subject.
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amplitude of movements during the test, they are unlikely
to contribute to clinical interpretation and thus are not
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Difference in number of ticks (left), sum of amplitudes (middle) and average amplitude (right) when examining test order (right—
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shown for clarity.

Overall, the assessed independent variables either did
not show or demonstrated only very weak relationships

with the aggregate gaze tracker metrics. As such, we did



§ THE COLLEGE OF
OPTOMETRISTS

=] OPO

GAZE TRACKING IN FRONTLOADED SITA-FASTER FIELDS

(a) Age vs. number of ticks

20071 ;o186

_ p < 0.0001

£

S 150-

4

©

S 100- :

o i

2 gL T

E 50 e

= o y ot
0 1 L L] 1 1
0 20 40 60 80 100

Age (years)

(b) MD vs. number of ticks
200+

1504

100+

50+

Number of ticks (n)

0 T T T 1 T
35 30 25 -20 15 10 -5 0 5 10

MD (dB)
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not incorporate these variables into models examining the
relationship between gaze tracker metrics and output sen-
sitivity results.

Analysis 2: The relationship between gaze
tracker metrics and sensitivity measurements

The first correlations performed were between the differ-
ence in mean deviation, “events” and the overall average
hill of vision as a function of difference in aggregate eye
movements (Figure 5). There were no statistically signifi-
cant correlations between eye movement parameters and
key visual field outputs.

The second Spearman correlation analysis performed
was between the root mean squared error (sensitivity and
total deviation) and the absolute difference in aggregate
eye movements (Figure 6). Similar to the results with key vi-
sual field output metrics, there were no significant correla-
tions between eye movement parameters and root mean
squared error on intra-session visual field results. Again,
there was no difference in the output correlations between
the number of ticks and the other aggregate metrics, and
thus, sum of amplitude and average amplitude results are
not shown for clarity.

Quartile analysis

We performed the correlation analysis after dividing the vis-
ual field sensitivity, total deviation and gaze tracker results
into the approximate first and fourth quartiles of the test.
Correlations were performed on the number of “events,”
root mean squared error of sensitivity and total deviation
values (mean deviation and average hill of vision calcula-
tions would not be meaningful on this subset of points).
Descriptive statistics showed that there tended to be
more eye movements (mean 0.5, p<0.0001) and greater

sum of amplitudes (mean 4.6 degrees, p<0.0001) made in
the fourth quarter of the test compared to the first quar-
ter, but the magnitude of difference indicated little clinical
significance. There was no difference in the average eye
movement between first and last quartiles (p = 0.32). These
results are summarised in Figure S1.

The correlations performed on “event” analysis for quar-
tiles 1 and 4 showed similar results to those reported above
when the entirety of the gaze tracker output was analysed,
with no apparent correlations between eye movements
and “events” (Figure S2). The lack of correlations with root
mean squared error for sensitivity and total deviation val-
ues for quartiles 1 (Figure S3) and 4 (Figure S4) were also
similar to that when the entirety of the gaze tracker output
was analysed.

DISCUSSION

In the present study, we aimed to identify correlations be-
tween SITA-Faster 24-2 gaze tracker results and patient-
related independent variables and resultant sensitivity
outputs. The specific interest in gaze tracker outputs, de-
spite the contention surrounding their interpretation,’®
arose due to the recent recommendations for interpreting
reliability in SITA-Faster.® None of the independent fac-
tors nor sensitivity measures appeared to have clinically
meaningful correlations with gaze tracker aggregate met-
rics. Inspection of the data from the present study showed
wide variation in gaze tracker output data. Even large dif-
ferences in aggregate eye movement measurements were
associated with only very small changes in visual field out-
puts such as events detected or the average height of the
hill of vision (when defined as the average of the top seven
sensitivity values across the visual field).

Overall, there was little apparent contribution of gaze
tracker metrics to the output sensitivity results. The pres-
ent study focussed on the associations between gaze
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tracker results and visual field metrics in frontloaded visual
field results. However, one might infer that, due to gener-
ally strong correlations between frontloaded visual field
tests, the overall variation in gaze tracker deviations means
little in the clinical interpretation of perimetric results.

Factors affecting gaze tracker
outputs—Test order

Test results after the first are typically predicted to re-
turn more reliable data, overcoming issues related to

procedural learning. Due to the relatively short test length
of SITA-Faster, fatigue is less likely to play a role in reliability
in comparison to a longer test like SITA-Standard. Thus, a
prediction was that, under normal perimetric conditions
using a short algorithm like SITA-Faster, test 2, left eye, and
quartile 4 results would return fewer overall eye move-
ments. Our present results showed, at times, statistically
significant differences in line with this prediction, but the
overall association of test order with differences in gaze
tracker outputs was small. Thus, test order did not seem to
have a clinically meaningful association with resultant eye
movement data.
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Factors associated with gaze tracker
outputs—Age, false positive rate and visual
field mean deviation

We found only weak correlations between age and visual
field mean deviation—but not false positive rate—and the
aggregate gaze tracker metrics. The correlation found with
age may be multifactorial, with contributions from psycho-
motor, age-related neural and sensitivity decline, and cog-
nitive factors such as attention having been described in
the literature in reference to fixation stability and inhibition
of eye movements.*’ The correlation found with mean
deviation was expected, as previous studies have shown
fixation instability to be more prevalent in patients with
glaucoma, even in its early stages, and worsening with
greater vision loss.*>*' However, the weak correlations sug-
gest little clinical relevance using this description of gaze
data.

The association of gaze tracker
deviations with intrasession visual field
sensitivity outputs

The direction of eye movements deviating from fixation
may be important for eliciting its anticipated associa-
tion with visual field parameters. Foveation towards the
stimulus presentation location is expected to increase
sensitivity (and thus, a more positive mean deviation,
fewer “events” and a higher average hill of vision), whilst
movements away from the stimulus expectedly lead to
the opposite associations. Our results suggested a trend
with more eye movements leading to the following: a
less positive mean deviation, more “events” and a more
positive average hill of vision when comparing intrases-
sion tests. The present results therefore did not appear to
fit any prediction and may be indicative of the random-
ness of eye movements. This remained a product of the
scalar output, and techniques that employ vector quanti-
ties may still be beneficial for reducing result variability
and increasing fidelity.

Implications for clinical practice

Our results differed slightly from previous reports™>~" that
have described the potential usefulness of incorporating
gaze tracker metrics into visual field interpretation. There
have been concerns regarding eye movements impairing
accurate progression analysis, as sensitivity values across
tests may therefore not be correlated.” Interestingly, our
results found no correlation between intrasession vari-
ability and gaze tracker metrics, contrary to these previous
reports.'” Our study design was different as we compared
tests within the same session (potentially overcoming is-
sues such as learning). However, a fundamental difference
is the test algorithm and therefore test length. As SITA-
Faster is a shorter test compared to SITA-Standard, patients
may be less likely to return excessive eye movements due
to fatigue and inattention. Further longitudinal studies
using SITA-Faster would be required to determine the use-
fulness of the gaze tracker output for progression analysis.

Although most gaze deviations in our patients were
small, with many returning deviations fewer than 3 degrees
unlike the results of Demirel and Vingrys,19 the relative as-
sociations with key output metrics were generally aligned
with their report. Specifically, our results demonstrated
generally weak correlations between aggregate gaze de-
viations and important perimetric outcomes, such as mean
deviation, “events” and the overall average hill of vision (as
defined by the average of the top seven sensitivity results).

A recent study by Camp et al.'® suggested that gaze
tracker and false positive rates assess different aspects of
result reliability due to their poor correlations. Our findings
provide support for the poor correlations between these
“reliability” metrics. Additionally, neither metric, both in
the work of Camp et al.'® and within previous reports,” has
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been shown to have strong correlations with resultant sen-
sitivity measurements when using SITA-Faster. Therefore,
the poor correlations may not simply be reflective of dif-
ferent aspects of reliability, but rather that neither are fully
reflective of the usability of the visual field result.

The association of different magnitudes of eye move-
ments can be estimated by understanding the shape of the
hill of vision across the 24-2 test grid. Using a Goldmann size
Il target, the difference in sensitivity between the fovea and
the 3 degree eccentricity ring is approximately 3 dB.*' Thus,
the difference between 3,9 and 15 degree rings are relatively
small (<1 dB) before a larger difference occurs at 21 degrees
or beyond (represented by similar sensitivity isocontours).”’
Therefore, the change in sensitivity would be greatest with
very large eye movements of 21 degrees or greater. Such
changes in the shape of the hill of vision should be obvious
upon inspection of the sensitivity map.

Practical constraints of current gaze
tracker outputs

As described above, it is impossible to predict the potential
effect of gaze deviations due to the current manner in which
gaze tracker deviations are reported. The emergence of
fundus-tracking perimetry has allowed for measurement of
visual field sensitivity whilst accounting for eye movements.
Reports in the literature on the variability of sensitivity meas-
urements from fundus-tracking and static automated pe-
rimetry have been mixed,**** with little clinically meaningful
improvement in repeatability by using fundus tracking. The
notable advantage of accounting for eye movements is re-
lated to potentially improving structure—function relation-
ships, but again, reports have been mixed.**"*° Given small
differences between fixation-compensating or tracked pe-
rimetric techniques and non-tracked methods, the clinical
value of gaze data remains a complementary method for as-
sessing visual field reliability and integrity.

An alternative strategy that targets lapses in atten-
tion and other sources of test noncompliance uses auto-
mated feedback if significant eye movement is detected.
Currently, the Humphrey Field Analyser provides an audio
cue indicating significant eye or head tracking errors.
However, specific feedback on how to reduce gaze devi-
ations is reliant upon the technician. Additional biometric
measurements aside from head and eye deviations have
been proposed by Jones and colleagues® for identifying
sources of measurement error. Even so, Jones and col-
leagues®’ acknowledge that patient-derived biomarkers
and metrics of “reliability” account for little of the measure-
ment error associated with perimetry.

Limitations

Although we used a large sample of consecutively exam-
ined patients, most of the gaze deviations were small, and

there was an under-representation of large magnitude er-
rors. Thus, we did not perform correlations with individual
ticks and instead chose to analyse aggregate measures.
Similarly, prior studies have examined nominal groups
of deviations (for example, less than 2 degrees, 3-5 de-
grees, 6+ degrees and others), but given the results of the
factor analysis (see Appendix S1) and the distribution of
gaze deviation magnitude, we only reported aggregate
metrics. Whilst this skew in the data could have affected
the resultant correlation analyses, this distribution of gaze
data is representative of the clinical population examined
in the present study. Furthermore, although there was a
risk of introducing a type | error with multiple separate
correlation analyses, all resultant correlations were weak,
and thus further analyses confirming significance were
not required.

A fundamental assumption made in the present study
was regarding the accuracy and precision of the output
gaze tracker data for representing a patient's gaze during
the test. The present study was not designed to assess the
precision of eye traces using the Humphrey Field Analyser;
however, the output metrics remain representative of a
clinician-facing, supposedly interpretable metric.

There was also an under-representation of subjects with
more advanced visual field loss. This was a product of the
clinic from which the subjects were sampled. Whilst the
distribution of mean deviation values is diverse, targeted
examination of subjects with more advanced loss may
strengthen the analyses involving mean deviation as an
independent variable.

The present study focussed on the 24-2 test grid, and
thus the gaze tracker outputs and correlations would only
apply under conditions where the test locations are spaced
6 degrees apart. In the 10-2 grid where the locations are
spaced 2 degrees apart, it is possible that an equivalent
magnitude of eye movements may be more significantly
associated with sensitivity measurements.

CONCLUSIONS

Aggregate quantitative metrics do not appear to provide
clinically meaningful information in the interpretation of
intrasession sensitivity metrics in perimetry conducted
using the SITA-Faster algorithm and the 24-2 test grid.
Instead, an approach when considering other facets of
test repeatability—the comparison of sensitivity results
in combination with classical “reliability” metrics—is
recommended.
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