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Abstract

Purpose The aims of this paper were to examine focal and diffuse visual field loss in terms of threshold agreement between
the widely used SITA Standard Humphrey Field Analyser (HFA) threshold algorithm with the SPARK Precision algorithm
(Oculus Twinfield 2).

Methods A total of 39 treated glaucoma patients (34 primary open angle and 5 primary angle closure glaucoma) and 31
cataract patients without glaucoma were tested in succession with the Oculus Twinfield 2 (Oculus Optikgeridte GmbH,
Wetzlar, Germany) using the SPARK Precision algorithm and with the HFA 3 (Carl Zeiss Meditec, Dublin, CA) using the
30-2 SITA Standard algorithm.

Results SPARK Precision required around half the testing time of SITA Standard. There was a good correlation between the
MS of the two threshold algorithms but MD and PSD were significantly less severe with SPARK Precision in both glaucoma
(focal field loss) and cataract (diffuse field loss) groups (p <0.001). There was poor agreement for all global indices (MS,
MD and PSD) between the two algorithms and there was a significant proportional bias of MD in the glaucoma group and
PSD in both glaucoma and cataract groups. The pointwise sensitivity analysis yielded higher threshold estimates in SPARK
Precision than in SITA Standard in the nasal field. Classification of glaucoma severity using AGIS was significantly lower
with SPARK Precision compared to SITA Standard (p <0.001).

Conclusion SITA renders deeper defects than SPARK. Compared to the SITA Standard threshold algorithm, SPARK Preci-
sion cannot quantify early glaucomatous field loss. This may be due to the mathematical linear interpolation of threshold
sensitivity or deeper scotomas due to the plateau effect caused by the reduced dynamic range of the Twinfield 2 perimeter.
Although not of clinical significance in early glaucoma, the plateau effect may hinder the long-term follow-up of patients
during disease progression.
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Key messages

® In perimetry newer threshold algorithms are constantly developed by manufacturers. SPARK Precision has been

developed for the Oculus range of perimeters and uses mathematical linear interpolation to determine visual field

sensitivity. In normal subjects it shows good agreement with the more widely used SITA Standard algorithm of

the Humphrey Field Analyser.

® There is a limited amount of information available from independent sources evaluating the SPARK Precision

threshold algorithm in patients with visual field loss from glaucoma or cataract.

®  This paper reports that SPARK Precision cannot quantify early focal visual field loss compared to the Humphrey

Field Analyser, which has clinical implications for glaucoma management when visual fields are acquired using

the Oculus Twinfield perimeter. Furthermore, the reduced dynamic range of the Oculus Twinfield perimeter

impairs its ability to quantify deep focal visual field loss.

Introduction

Visual field assessments are a core part of assessing patients
with suspected or established visual field defects such as
those suffering from glaucoma. In order for visual field tests
to be used for clinical interpretation, they need to fulfil a
number of criteria which are impacted by patient compli-
ance, fixation, attention and fatigue [1-8]. In an attempt to
eliminate and control such factors, new visual field algo-
rithms have been developed some of which limit the number
of test locations, time and others [9].

The threshold variability makes defining normality dif-
ficult when all tested locations are considered, meaning a
patient can lose sensitivity for some time without exceeding
the limits of what is considered statistically normal. In con-
trast, values outside normal limits do not guarantee a secure
diagnosis of disease. Most clinical tests used for screening
and diagnostic purposes have to fulfil specific criteria in
respect to sensitivity and specificity, i.e. 95% specificity,
which translates into obtaining false interpretations in 5%
of the normal population. Simply introducing a higher cut-
off criterion can reduce the number of false positives, but
simultaneously reduces diagnostic capacity; hence, besides
these criteria, there are often additional grading criteria to
stratify patients into risk/disease groups [10, 11].

Diagnosis of glaucoma depends on a combination of
factors including family history, intraocular pressure (I0OP),
optic nerve appearance and the visual field status [12].

New visual field algorithms, such as SPARK Precision
(Oculus Optikgeridte GmbH, Wetzlar, Germany), have previ-
ously been shown to reduce the testing time [13] and provide
comparable results in respect to mean sensitivities when com-
pared to the widely used Humphrey Field Analyser (HFA) [13].

The aims of this paper were to examine focal visual field
loss (commonly seen in glaucoma) and diffuse field loss (due
to cataract) in terms of threshold agreement between the
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widely used SITA Standard (Humphrey Field Analyser, Carl
Zeiss Meditec, Dublin, CA) threshold algorithm with the
SPARK Precision algorithm (Oculus Twinfield 2, Oculus
Optikgeridte GmbH, Wetzlar, Germany).

Methods

A total of 39 treated glaucoma patients (34 primary open
angle and 5 primary angle closure glaucoma) and 31 cata-
ract patients without glaucoma were recruited from com-
munity eye clinics, hospitals and SEGi eye clinic (SEGi
University, Malaysia). All patients had glaucoma/cataract
diagnoses confirmed by an ophthalmologist. Each patient
had established glaucoma which was previously diagnosed
by an experienced ophthalmologist, based on the findings
from contact tonometry, stereoscopic examination of the
optic nerve head and visual field (VF) examination with
30-2 or 24-2 HFA SITA Standard VF testing. Cataract
patients with variable levels of lenticular opacity were
classified into type using the Lens Opacities Classifica-
tion System (LOCS) III [14, 15] but with healthy fundi
and best corrected visual acuity (BCVA) worse than 6/6.
Other inclusion criteria were absence of any ocular dis-
ease (other than glaucoma for the glaucoma group), intraoc-
ular pressure (IOP) <21 mmHg (for the cataract group),
refractive errors below —6.00DS/above 4+ 6.00DS and less
than 2.50DC astigmatism, no history of intraocular surgery
or other ocular diseases that could affect the visual field.
All participants were free from any systemic disease that
could affect ocular health such as diabetes mellitus (DM)
and hypertension (HT). Participants were asked to refrain
from caffeine, alcohol and nicotine use for a minimum of
2 h prior to their examination. The study was approved by
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the Aston University Research Ethics Committee (ID 755)
and adhered to the tenants of the Declaration of Helsinki.

Data collection

Following written informed consent, all subjects underwent two
visual field assessments on 2 separate days. At each visit, one
randomly selected eye was tested in succession with the Oculus
Twinfield 2 (Oculus Optikgerite GmbH, Wetzlar, Germany)
using the SPARK Precision algorithm and with the HFA (Carl
Zeiss Meditec, Dublin, CA) using the 30-2 SITA Standard
algorithm. The order of SITA and SPARK Precision testing
was randomised among subjects to minimise order effects but
remained constant between the two visits of a given individual.

Both instruments use a background luminance of 31.5
asb (10cdm™?) and have a maximum stimulus luminance
of 10,000 asb. The 30-2 test pattern used in the HFA has
a total of 76 test points covering the central 30° field with
a square grid of 6° separation [16]. The SPARK Precision
algorithm deploys a similar grid with a total of 66 test points
(30°%x24°) with the uppermost and bottommost rows and two
points located in the blind spots absent when compared to
the SITA 30-2 test grid [9]. For the purpose of this study,
all participants were examined with the four phases of the
SPARK Precision algorithm. In brief, during the first phase,
the 66 threshold values corresponding to the 66 test points
are estimated by directly examining only six points, one
in each functional region [17]. The six points are selected
automatically using a stepwise multiple regression program,
applied to a sample of 90,335 visual fields (derived using
tendency oriented perimetry (TOP)), whereas two of the
points are situated above and below the blind spot, another
two are located in the superior and inferior nasal field and
the remaining two points fall into the central region (below
10° eccentricity) and the temporal region. For example, the
right eye coordinates for the six points could be (-15°, 15°),
(15°, 15°), (-15°, -9°), (15°, 15°), (27°, =3°) and (3°, 3°).
Both the two upper points and lower points are examined
using an alternating bracketing strategy, utilising the response
obtained from each to improve the estimated threshold of the
other. The thresholds of the intermediate locations are then
calculated by linear interpolation between those points cor-
responding to the same area. This results in all points being
examined at least once. Based on these six locations, the sen-
sitivities and deviations of the other locations are calculated
using multiple regression analyses. The results of the first
phase serve as a starting point for the successive estimates
of threshold measures of the following three phases. During
these three phases, threshold estimates are made of the 66
points by examining points situated in sectors corresponding
to ganglion cell fibre bundles into which the glaucomatous
visual field can be divided. These sectors largely coincide

with those defined by functional analysis [18, 19]. Hence,
in the three phases following phase one, these regions are
examined using the threshold value estimated in the previous
phase, and corrections are made with a magnitude equal to
the associated previous standard error. In respect to number
of points tested, 21 points (distributed regularly through all
sectors) are examined in each of phase two to four, where
the threshold of the intermediate points is subsequently cal-
culated by linear interpolation between those points corre-
sponding to the same area. When all four threshold estimates
(one of each phase) have been obtained, their median value is
calculated: which is equal to the average of the three closest
threshold estimates, whereby the most extreme estimate has
been disregarded; the latter aiming to reduce the influence
of distraction or errors occurring in any of the four phases.

Participants were given a break of 10 min between the
two tests. Previous research (our paper) showed good agree-
ment between visits and between the two threshold methods;
hence, for the purpose of this study, only results of the sec-
ond visit were used to conduct between-strategy comparison
because they are less influenced by the perimetric learning
effect [17, 20]. All glaucoma patients included had under-
gone several perimetry tests previously, and hence were
experienced, whereas only 18 of the cataract patients were
experienced and the remainder was naive.

Visual field data analysis

Test results with poor reliability criteria, defined as false
positives (FP) or negatives (FN) >20% and fixation losses
(FL) > 30% with SITA and FP>20% and FL > 30% based
on SPARK Precision, since it does not measure FN, were
excluded from data analysis. A comparison of threshold
variability within each of the SITA and SPARK strategies
was made by carrying out a Bland—Altman analysis for
the 66 stimulus locations in SPARK and the 66 stimulus
locations in SITA which were coincident with the SPARK
test pattern. To make a between-strategy comparison, the
mean sensitivities of the 66 points test grid of SPARK and
matching stimulus locations in the SITA test grid from
the second visit were calculated for each patient and a
pointwise analysis in between strategies was carried out to
determine the threshold agreement between the two strate-
gies. The results from the test points of the uppermost and
bottommost rows of stimulus locations and the two points
located at the blind spot for SITA were excluded as was the
central foveal threshold in SPARK. For ease of analyses,
the left eye results were transposed into right eye format.

The number of abnormal pattern deviation points
(NAPDP) with at least p < 5% was also identified for each
strategy, whereby the abnormal pattern deviation points
for uppermost and bottommost test points in SITA Stand-
ard were not included.
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Table 1 Severity of glaucoma according to AGIS score for glaucoma
subjects

Table 3 Characteristics cataract patient

Best corrected visual acuity  n Cataract type

AGIS score Category No of patient Percentage (based according to
on SITA Standard) LOCS III
0 None 16 41% 6/18 2 N
1-5 Mild 12 31% 6/15 1 N
6-11 Moderate 6 15% 6/12 4 N
12-17 Severe 5 13% 6/9 22 N, PSC, C
18-20 End-stage 0 0% 6/7.5 2 N
N nuclear; PSC posterior subcapsular; C cortical
Table2 Age and spherical
equivalent of glaucoma and
cataract groups Glaucoma Cataract
Mean SD Median Mean SD Median
Gender (M/F) 20/19
Age (years) 54.7 12.6 55.0 60.8 9.6 63.0
Spherical equivalent (D) —1.66 246 —0.75 —-0.42 1.56 -0.38

Further analyses of glaucoma patient data

The severity of VF defects among glaucoma patients from
both strategies was determined and compared using the
Advanced Glaucoma Intervention Study (AGIS) severity
scale (The AGIS investigators, 1994). This scale is based
on the number and depth of neighbouring depressed test
locations on the total deviation plot of a single field analy-
sis in the nasal area of the upper and lower hemifield. A
test point is considered a depressed test location when a
minimum deviation from normal is reached.

Statistical analysis

Normality of the threshold data was determined by the Sha-
piro—Wilk test and the Wilcoxon signed ranks test which was
used for between-strategy comparisons. Bland—Altman plots
were used to determine the agreement of the mean sensitivi-
ties between both testing algorithms and regression testing
was conducted to determine proportional bias. All correla-
tions were determined using Spearman’s correlation coef-
ficient. Statistical significance was set at a level of p <0.05.

Results

Out the 47 glaucoma patients recruited, we included for
subsequent analysis a total of 39 glaucoma patients (six
patients had been excluded as their refractive error fell out-
side the exclusion criteria and two were excluded as their

@ Springer

reliability scores on both visits fell outside the exclusion
criteria); 20 were female, and the distribution of field loss
severity is detailed in Table 1. The same test order was used
at both visits for each subject, where 21 patients were first
tested with SITA Standard and the remainder with SPARK
Precision.

Among the 33 patients recruited, we excluded two (one
due to missing the second appointment and one due to
showing signs of diabetic retinopathy) cataract patients (18
females); 25 were classified with nuclear cataracts; three
had both nuclear and cortical cataracts; and the remain-
ing three had posterior subcapsular cataracts (LOCS III).
Table 2 shows a summary of demographic data of both
groups and Table 3 provides an overview of cataract
patients’ best corrected visual acuities and cataract types.

The global indices and test duration in both groups
were compared between the two thresholding methods
(Table 4). There were statistically significant differ-
ences between the two threshold algorithms in respect
to the mean deviation (MD), pattern standard devia-
tion (PSD) and test time. The mean sensitivity (MS) of
glaucoma patients appeared to yield larger numerical
differences between the strategies when compared to
the cataract group but the difference itself was not sta-
tistically significant. The MD obtained by SITA Stand-
ard showed more negative values than that of SPARK
Precision in both the glaucoma and cataract groups.
The PSD was distinctly higher with SITA Standard than
with SPARK Precision in glaucoma patients but not in
cataract patients. After taking into the consideration
the difference in the number of test points (SPARK
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Table 4 MS meap sensitivity; Group SITA Standard SPARK Precision p value
MD mean deviation; PSD
pattern standard deviation; Median IQR Median IQR P
NAPDP number of abnormal
pattern deviation points; IQR MS (dB) Glaucoma 27.36 11.2/31.0 28.42 11.6/32.3 0.451
interquartile range. *Paired 7 Cataract 27.18 13.5/30.3 27.97 17.3/31.0 0.003
test; showing mean and standard 7y (4 Glaucoma  —2.31 ~167/0.8 032 ~11.1/-35 <0.001
deviation rather than median
and interquartile range Cataract —1.38 —11.0/0.7 1.52 —6.6/3.0 <0.001
PSD (dB) Glaucoma 4.85 1.5/14.8 1.76 0.9/8.1 <0.001
Cataract 2.07 1.1/8.2 1.51 0.8/3.4 <0.001
Test time (min) Glaucoma 7.27 5.5/12.2 3.55 3.3/3.9 <0.001
Cataract 7.64% 1.36* 3.67* 0.13* <0.001*
NAPDP Glaucoma 14.0 1/47 8.0 0/35 0.035
Fig. 1 Bland—Altman plots of 8 8
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tests 10 locations less than SITA), the test time of SITA
Standard was more than twice the time compared to
SPARK Precision (Table 4; both patient groups).

Agreement and correlation
between strategies

Mean sensitivity

The group MS from the matching 66 test points for both
glaucoma and cataract groups were compared between
threshold strategies. There were statistically significant cor-
relations between the MS of SITA Standard and SPARK
Precision in the glaucoma group (Spearman correlation
coefficient: tho=0.847, p <0.001) and the cataract group
(Spearman correlation coefficient: rho=0.844, p <0.001).

Bland—Altman plots were used to determine the agreement
of threshold estimates between the threshold strategies.

The Bland—Altman plot of MS of the glaucoma group
is shown in Fig. 1. The bias/mean difference (95%
LoA) between the threshold strategies was 0.37 dB
(LoA —5.08, 5.82 dB). There was no significant propor-
tional bias for MS using regression (¢ =0.888, p=0.381).

In the cataract group, the bias was 0.90 dB (LoA —2.69,
4.50 dB) with no proportional bias (t= —1.937, p=0.062)
(Fig. 1).

Mean deviation

There was a lack of agreement of the MD between the
threshold strategies in both groups as well as a signifi-
cant proportional bias (t= —3.235, p=0.02). The bias/
mean difference (LoA) of MD between SITA Standard and
SPARK Precision was 2.84 dB (LoA —2.11 dB, 7.78 dB) in
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Fig.2 Bland—Altman plots of Glaucoma Cataract
mean deviation between SS and .
SP in glaucoma and cataract 0
patients. Red line denotes the . 9
bias, whereas the black lines + . °
denote the upper and lower 7 7
LOA: limits of agreement .
5 5
N ** L]
— ° L
< i . St et .
5 2 : e © o ol® o
o - * . 1
s : 1
a . .
8 A d
= A 1
@
2
o
2 3 3
&)
5 5
A4 9 1 |—‘ 14 9 4 1
Mean (dB)

Fig. 3 Bland-Altman plots
of pattern standard deviation 3

Glaucoma

Cataract
3

between SS and SP in glaucoma
and cataract patients. Red line
denotes the bias, whereas the 1 1 R
black lines de.no'te the upper and D ®
lower LOA: limits of agreement % .
1 . -1 °
3
. °
°

o -3 £ ¥ -3

< * oo

£ . .

@ °

o-5 . - -5

4 .

% . ¢

.

@ 7 . 7

a .« *

g 3

£ 9 -9

o

-1 11
0 2 4 6 10 12 0 2 4 6 8 10 12

Mean (dB)

glaucoma patients and 3.03 dB (LoA —0.01 dB, 6.06 dB) in
cataract patients (see Fig. 2).

Pattern standard deviation

Bland—Altman analyses for the PSD of SITA Standard and
SPARK Precision of glaucoma patients yielded a mean
bias of —2.84 dB (LoA —7.82, 2.15 dB). The PSD of SITA
Standard yielded higher values compared to SPARK Preci-
sion (see Fig. 3). Regression testing showed a proportional
bias (1= —7.302, p <0.001) indicating larger differences
between strategies as the severity of defect increases. In
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the cataract group, the mean bias (LoA) for PSD between
threshold strategies was —0.92 dB (LoA —3.14 dB,
1.29 dB) and showed a proportional bias which was
similar to that found in the glaucoma group (= —8.101,
p<0.001).

Pointwise analysis
Pointwise between-strategy comparison using Bland—Alt-

man agreement analysis was conducted for each of the cor-
responding 66 test points for each patient group separately



Graefe's Archive for Clinical and Experimental Ophthalmology (2022) 260:1983-1993 1989
2.84 3.23 1.74 2.42 1.45 1.90
A 8.84 10.29 7.76 7.72 6.13 7.23
2.77 1.39 0.87 1.74 0.87 1.03 0.26 0.65
9.34 8.96 5.56 4.41 3.03 5.60 4.41 6.13
213 1.61 1.29 0.55 0.58 0.71 0.52 0.26 0.10 -0.06
9.05 5.79 6.28 5.74 3.64 3.59 3.64 4.44 4.68 5.21
3.42 2.26 0.90 0.13 0.19 0.13 1.29 -0.29 -0.71
12.37 7.14 5.69 3.94 4.68 4.32 3.96 3.55 6.41
2.32 1.77 0.77 -0.23 0.48 0.65 0.48 -0.29 -1.23
7.99 8.89 4.29 3.02 2.99 3.60 4.26 3.89 4.63
2.23 1.13 1.26 0.23 0.84 0.52 0.19 -0.48 -0.58 -0.48
9.49 717 7.92 4.55 3.40 417 4.57 3.64 3.71 5.72
1.77 0.32 1.06 0.68 0.06 -0.52 -1.29 -1.06
10.07 6.00 6.88 4.22 4.23 6.62 3.86 4.98
1.71 1.45 0.65 -0.29 -0.16 0.26
7.96 8.00 6.04 4.91 5.50 4.41
1.26 0.28 0.15 1.69 1.00 0.97
B 13.61 11.10 9.47 10.62 10.36 10.99
2.41 0.13 -1.26 -0.51 -0.46 -0.21 -0.79 -0.46
10.97 11.47 13.96 13.86 11.34 7.73 6.82 8.52
3.38 1.97 0.92 -0.67 0.67 2.49 0.44 -0.90 -0.77 -0.26
13.17 11.76 12.46 8.05 9.10 9.08 7.64 7.90 7.94 9.05
2.74 2.36 0.90 -0.18 0.85 0.15 0.67 -1.23 -1.13
10.32 11.04 6.92 6.10 10.92 8.11 9.08 8.56 12.54
3.13 2.05 1.97 -0.56 -0.92 -0.92 -0.03 -0.51 -1.15
8.78 10.54 6.49 10.32 7.58 5.80 7.62 9.66 7.68
1.62 1.79 1.18 0.59 -0.23 1.46 0.38 -0.49 -0.33 -0.21
13.52 8.74 8.58 7.78 13.74 11.87 8.98 6.91 8.25 8.92
1.10 0.15 -0.41 0.10 -0.41 -0.97 -0.92 -0.79 Bias (dB)
14.84 13.55 11.86 12.56 8.24 7.83 8.40 10.57 <-1.00
-1.00 ~-0.01
0.46 -0.41 0.90 0.21 0.00 -0.03 0.00~0.99
13.29 11.11 10.63 10.76 7.99 10.40 1.00~1.99
>2.00

Fig.4 Pointwise analysis for mean sensitivity in the glaucoma (A) and cataract (B) groups

(see Fig. 4 A, glaucoma patients; B, cataract patients).
In both groups, the pointwise analysis showed a marked
difference between superior temporal and inferior nasal

fields, where SPARK Precision produced higher threshold
estimates than SITA Standard in the nasal field compared

to the temporal field.
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Table5 AGIS score using SITA Standard and SPARK Precision in
glaucoma patients

AGIS score

Mean SD Median Min Max
SITA Standard 3.69 4.76 1.00 0 14
SPARK Precision 1.96 3.23 0.00 0 10

Between-strategy comparison of AGIS score

The AGIS score was calculated for each glaucoma
patient’s threshold results as measured by SITA Stand-
ard and SPARK Precision separately. A comparison of
AGIS scores between the two thresholding methods is
displayed in Fig. 4. There was a statistically significant
difference between AGIS scores of the two thresholding
methods (Table 5 and Figs. 5 and 6; Wilcoxon signed
rank test: Z= —3.767, p<0.001). Nevertheless, the
AGIS scores from both strategies were highly corre-
lated (Spearman correlation coefficient: rho = —0.750,
p<0.001).

Discussion

Previous investigations in healthy subjects revealed
a higher MS in SPARK Precision compared to SITA
Standard [13, 21]. In this study of glaucoma and cataract
patients, the MS of SPARK Precision was on average 1 dB
higher than for SITA Standard. Lorch et al. suggest that
this higher MS value may be due to a higher start value
in SPARK. Indeed, threshold responses in SPARK Preci-
sion are interpolated from acquired thresholds at limited
stimulus locations whereas each stimulus location in SITA
is derived from independent assays at each stimulus loca-
tion and therefore is influenced more by subject variability
[13].

These factors may have resulted in an underestimation
of focal (as represented by glaucomatous loss) and diffuse
loss (as represented by cataract patients). Interestingly, the
differences in MS between methods (see Fig. 4) appear to
be asymmetrically distributed across the visual field with
the greatest disparity in the superior nasal field and the
lowest in the inferior temporal field. This demonstrates
that there must be differences between threshold determi-
nation methods in SITA Standard and SPARK Precision.

Overall, these findings have clinical implications,
because in this sample of glaucoma patients, the severity
of glaucomatous visual field loss measured with SPARK
Precision was lower than that measured with SITA Stand-
ard. The AGIS scoring system for glaucoma was chosen
because it represents glaucomatous visual field loss on a
continuous scale as well as providing a severity classifica-
tion [10]. These results show that SPARK underestimates
the severity of glaucoma across our sample. This may be
partly explained by the technical and methodological speci-
fications of the Oculus Twinfield 2 perimeter. The measure-
ment range of a perimeter is governed by the decibel scale,
which typically ranges from 0 to 40 dB which is the range
of typical human vision [22], according to the equation

L

dB = k + 1010g<ﬂ> 1)
where L is the background luminance in asb, AL is the stim-
ulus luminance and £ is a constant (40 for the HFA and 30
for the Oculus Twinfield 2); 0 dB represents the maximum
stimulus luminance of a perimeter, which is 10,000asb in the
HFA and 1,000asb in the Oculus Twinfield 2. Because both
perimeters present their stimuli against a background lumi-
nance of 31.5asb, this means that when the Oculus reaches
a threshold sensitivity of O dB, this is equivalent to 10 dB
on the HFA (Fig. 7).

Consequently, the HFA is able to measure deeper defect
depth than the Oculus Twinfield 2 perimeter. Both the
Oculus Centerfield 2 and the Twinfield 2 perimeters have

Fig.5 Severity of glaucomatous .
visual field loss defined by the SITA Standard SPARK Precision
AGIS score for SITA Standard 16 16
and SPARK Precision
14 (11 14
12 oo 12
) [ ]
5 10 10 .o
O
0 g (XY X) 8 S
) .
9 6 . 6 voe
< (XX ) e
4 4
(X ]
2 ° 2 X
000000 *
0 0000000000000000 0 PPV PPPPPP VPPV P 0000000000
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Left Eye

SITA Standard

Visual Field Statistical Output

PSD 139 dBP<5%
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Fig. 6 Illustrative example of a 69-year-old female glaucoma patient.
SITA standard shows focal visual field loss and a glaucoma hemifield
test outcome of ‘outside normal limits’. SPARK Precision shows an

a maximum stimulus luminance of 1,000 asb, whereas the
Oculus Easyfield 2 and Smartfield perimeters have a maxi-
mum stimulus luminance of 10,000 asb. All of the HFA
and Oculus perimeters present stimuli onto a background

outcome of a normal visual field (with a~3 dB more positive MD;
interestingly, the PSD is identical)

luminance of 31.5 asb [23, 24]. Hence, the Centerfield 2
and Twinfield 2 perimeters have been manufactured with a
reduced dynamic range compared to other Oculus perimeters
and the HFA.
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Fig.7 Decibel values and cor-
responding stimulus luminance
for the HFA 3 and the Oculus

Twinfield 2 perimeters 12000

10000

8000

6000

4000
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Because the Oculus Twinfield 2 has a reduced
dynamic range compared to the HFA 3, it cannot quan-
tify severe glaucomatous loss as defined by the AGIS
scoring system. This is highlighted by our observation
that none of the glaucomatous patients scored above 10
with AGIS in SPARK Precision compared to a maximum
score of 14 in SITA Standard (Fig. 5). This study also
found cases of glaucoma which were confirmed by an
ophthalmologist that showed clear optic nerve head dam-
age and corresponding early glaucomatous visual field
loss on the HFA using SITA Standard, whilst the SPARK
Precision probability plots were normal (illustrated by
Fig. 6). This underestimation of focal visual field loss
may be attributed to the higher starting threshold [21] as
well as the influence of the neighbouring test points’ sen-
sitivity in the final threshold estimate at a given location
determined by SPARK Precision, which may be due to
the fact that its development is based on TOP which has
been found to result in higher sensitivity values, underes-
timation of the slope of visual field properties and under-
estimation of the severity of damage [25]. Interestingly in
this patient, their MD (as determined by SPARK Preci-
sion) was 3 dB greater than SITA Standard and this may
have contributed to the underestimation of focal loss.

In conclusion, the reduced dynamic range of the Oculus
Twinfield 2 perimeter compared to the HFA and the meth-
odology it employs to determine individual thresholds sug-
gest that this perimeter and the threshold algorithm SPARK
Precision cannot quantify early glaucomatous field loss or
deeper scotomas due to the plateau effect caused by the
reduced dynamic range.
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