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A B S T R A C T

The Swedish Interactive Thresholding Algorithm (SITA) is the main measurement acquisition algorithm used on 
the Humphrey Field Analyser, the most commonly used instrument for visual field (VF) assessment worldwide. 
We compare the sensitivity outputs and reliability parameters of the three currently available SITA algo-
rithms—SITA Standard (SS), Fast (SF), and Faster (SFR), with a focus on the newly released SFR and the 24–2C 
test grid. SFR displays similar sensitivity outputs to SS and SF, but may not be interchangeable with SS in eyes 
with more severe VF loss. The reliability metric with the greatest impact on VF reliability is the level of false 
positives, although the recommended 15 % false positive cut off may be inappropriate as a threshold for judging 
whether a test is reliable and should be included for use in SFR. Finally, the 24–2C grid may be useful in flagging 
the presence of a clustered central VF defect, while the 10–2 grid can be used to more comprehensively char-
acterize central field defects. We also discuss strategies to improve testing frequency in clinical practice.

1. Introduction

The assessment of visual field (VF) function using standard auto-
mated perimetry is an essential component in the care of patients with 
suspected or manifest glaucoma. VF testing is focused on identifying 
patients who demonstrate disease progression so that appropriate 
management strategies can be implemented. The Humphrey Field 
Analyzer (HFA, Carl Zeiss, Meditec, Dublin, CA) is the most commonly 
used instruments for VF assessment worldwide.1 In clinical practice, the 
Swedish Interactive Thresholding Algorithm (SITA), available in several 
strategies and across various test grids, is the most commonly deployed 

algorithm on the HFA.
In recent years, 2 new developments to the HFA have been intro-

duced—the SITA-Faster (SFR) strategy and the 24–2C grid.2,3

SITA-Faster reduces testing duration substantially compared to older 
test strategies and produces similar results, and therefore offers potential 
advantages in clinical workflow. Several studies have, however, 
demonstrated a difference in sensitivity and reliability outputs that need 
to be considered when transitioning patients from older SITA strategies 
(Standard and Fast) to SFR.4,5 As such, it is important for clinicians to 
appraise critically the advantages and limitations of SFR when applied 
to real world practice.

Abbreviations: CIGTS, Collaborative Initial Glaucoma Treatment Study; FL, Fixation losses; FP, False positive; FN, False negative; FT, Full threshold; GT, Gaze 
tracker; HFA, Humphrey Field Analyser; MD, Mean deviation; PSD, Pattern standard deviation; SF, Sita Fast; SFR, Sita Faster; SITA, Swedish interactive thresholding 
algorithm; SPE, Seeding point error; SS, Sita Standard; VF, Visual field; VFI, Visual field index.
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We compare the outputs and reliability parameters of the SITA al-
gorithms, with a focus on SFR and the 24–2C test grid. We discuss 
practical aspects of testing, such as the interpretation of standard reli-
ability metrics, the utility of the 24–2C test grid in relation to 24–2 and 
10–2 for central VF testing, and strategies to improve testing frequency 
in clinical practice.

2. The Swedish Interactive Thresholding Algorithm

The SITA-Standard (SS) strategy was designed to integrate real time 
estimates of threshold values and threshold error estimates to reduce 
test times significantly. This returned sensitivity outputs comparable to 
older algorithms such as full threshold (FT) which used a more tradi-
tional staircase reversal thresholding approach. SITA algorithms 
replaced the latter with a more efficient psychophysical procedure 
known as a maximum likelihood algorithm, which allowed thresholds to 
be estimated with fewer stimulus presentations Other innovations 
included adapting the interstimulus interval to the patient’s response 
speed and novel methods to estimate test reliability without using 
explicit catch trials.6 Improvements on the HFA II with faster stepper 
motors also enabled stimuli to be presented as quickly as patient reac-
tion times would allow. These modifications allowed testing times to be 
decreased by approximately 50 % compared with FT,7–14. The FT 
approach with the associated long duration would be impractical in 
modern clinical practice.

Several studies have shown that the sensitivity and specificity in 
detecting glaucomatous VF defects using SS were excellent (between 
96 % and 100 %) when using FT as a reference standard.10,12,15 Both 
strategies were, however, not directly interchangeable in longitudinal 
monitoring. VF defects were found to be wider and shallower, and global 
sensitivity indices higher in SS compared to FT.7,9,13,14,16–18 Certain VF 
endpoint criteria were also found to differ when switching from FT to 
SS.19 For instance, while switching from FT to SS has been shown to 
produce similar MD values in the Collaborative Initial Glaucoma 
Treatment Study (CIGTS), the mean CIGTS VF score was significantly 
lower and produced a less abnormal Glaucoma Hemifield Test (GHT) 
results than FT.20 In perimetrically naïve individuals, using SS was found 
to result in more depressed points on the pattern deviation (PD) prob-
ability map than FT.21 The test-retest variability profile of SS was, 
however, found to be similar,7 or lower compared with, FT.13,16,21,22 FT 
has also been found to yield approximately twice as many false negatives 
as SS.23 The reasons for this is unclear, but the shorter duration of SS 
compared to FT could result in less fatigue and an improved test per-
formance in the former and consequently more consistent outputs.

SITA Fast (SF) was released commercially with SS and was first 
described in 1998,8 incorporating further modifications to make testing 
durations even shorter than SS. In SF, stimulus intensities are altered in 
4 dB steps with 1 reversal at all test points except at the 4 primary 
points;8 At the 4 primary points (hence forth referred to as seeding 
points), stimulus sequences are performed until 2 reversals occur.8 At 
the remaining test points, stimulus sequences are interrupted at earlier 
stages than in SS by an increase in the error-related factor cut off value, 
which decreases the accuracy of test results.8

2.1. A new perimetric algorithm on the Humphrey Field Analyzer: SITA- 
Faster

The 24–2 SITA-Faster paradigm test protocol reduces test duration 
by approximately 30 % compared to SF and over 50 % compared with 
SS.2 Modifications made to SITA-Fast to produce SFR have been 
comprehensively described by Heijl and colleagues.2 These include 
reducing the number of starting stimulus presentations, requiring only 1 
staircase test reversal at seeding test points, removal of extra delays in 
stimulus timing, removal of false negative and blind spot catch trials and 
removal of second checks at perimetrically blind points (Table 1).2 Of 
specific interest, the 25 dB starting stimulus attenuation value for SS and 
SF (but not SFR) meant that, in cases without significant defects (i.e. 
healthy individuals or early disease), the test would be starting with a 
decreased stimulus.

2.2. Sensitivity values using SFR versus SS and SF

SFR has been reported to have similar global sensitivity values to SF, 
and small sensitivity differences with SS.2 Heijl and coworkers evaluated 
126 patients who underwent SS, SF, and SFR at each of 2 visits and 
reported mean deviation (MD) to be similar across SS, SF and SFR, while 
the visual field index (VFI) was significantly lower in SS compared to SF 
and SFR, although this was clinically negligible.2 Other studies have also 
reported similar MD and VFI values between SS and SFR.25,26 In a study 
of 74 perimetry-naïve, visually healthy individuals who underwent SS 
and SFR on the same visit in random order, investigators found no 
signficant difference in MD, VFI, GHT, foveal threshold and number of 
depressed points between both strategies.25 Another study of 49 patients 
with glaucoma and an average MD of − 8.12 dB who underwent SS and 
SFR on the same visit found excellent correlation for MD and VFI be-
tween both strategies (ICC = 98 %).27

Subsequent studies, however, demonstrated notable differences in 
sensitivity indices between SS and SFR in moderate to severe glaucoma. 

Table 1 
Comparison of test parameters across SITA-Standard, Fast and Faster.2,6,8,24.

Full threshold Standard Fast Faster

Starting stimulus intensities at 
4 primary (seeding) test 
points

25 dB at each of 4 seeding 
test points

25 dB at each of 4 seeding test points 25 dB at each of 4 seeding test points Age-corrected expected normal 
threshold level

Number of reversal at primary 
(seeding) test points

2 reversal sequences 2 reversal sequences 2 reversal sequences 1 reversal sequence

Prior models Nil; uses 4–2–2 algorithm6 Based on distribution of Full 
threshold normal values

Based on distribution of Full 
threshold normal values

Based on distribution of SITA- 
Fast normal values

Retesting at perimetrically 
“blind” locations (<0 dB)

Present Two checks Two checks One check

Timing windows Variable time intervals 
between stimuli, but less 
compared to SITA

Variable time intervals between 
stimuli. Extra 300-ms delay after 
non-seen stimuli

Variable time intervals between 
stimuli. Extra 300-ms delay after 
non-seen stimuli

Variable time intervals between 
stimuli. No delay after non-seen 
stimuli

Use of false positive catch 
trials

Present Nil; estimated based on patient 
response time measurements

Nil; estimated based on patient 
response time measurements

Nil; estimated based on patient 
response time measurements

Use of false negative catch 
trials

Present Present Present Off by default; present by user 
selection

Use of fixation loss catch trials Present Present Present Off by default; replaced by gaze 
tracker

Test duration in seconds (SD) 870a 369.5 (64.5)* 247 (56.7)* 171.9 (45.3)*

a Representative mean test duration as reported by Bengtsson and Heijl7 *Representative mean and SD test durations as reported by Heijl et.al.2
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These differences are important when transitioning patients to the new 
SFR strategy in the real world. In a cross-sectional study of 70 eyes of 70 
patients with manifest and suspect glaucoma who underwent SS, SF, and 
SFR in random order at the same visit, investigators reported a mean 
difference of 1.5 dB between SFR and SF/SS.28 There was no statistically 
significant difference in pattern standard deviation (PSD) and VFI across 
the 3 algorithms.28 A study of 364 healthy, suspect and glaucomatous 
eyes that underwent SS and SFR on the same visit found that SFR 
generally resulted in higher sensitivity values than SS, and SFR sensi-
tivity values tended to be higher, as SS sensitivity values were lower.5

The differences were more pronounced in patients with glaucoma and in 
regions with greater visual field loss.5 In another study of 766 eyes of 
421 patients who were transitioned from SS to SFR, Pham and coworkers 
examined the difference in MD between the SS-SS and SS-SFR se-
quences.4 They found no significant difference in MD between SS to SS 
and SS to SFR sequences in patients with mild or suspect glaucoma, but a 
0.87 dB improvement when transitioning from SS to SFR in moderate 
glaucoma, and 1.49 dB improvement in advanced glaucoma.4 Using SFR 
in patients previously tested with SS may therefore conceal disease 
progression in patients with moderate-severe glaucoma.4 This was 
supported by another study of 59 subjects who underwent SS and SFR on 
the same visit that demonstrated a worse MD in glaucoma patients when 
using SS (-3.17 versus − 2.81 dB).29 The agreement in sensitivity values 
between SS and SFR was also worse in severe compared to mild and 
moderate glaucoma.29

An important reason for observed differences in sensitivity outputs 
between SFR, SF and SS is fatigue as test duration increases, which has 
been shown to modify contrast sensitivity30,31 (described later in Section 
4.6). Specificity for detecting field defects may therefore decrease with 
longer test durations. Furthermore, shorter tests may have narrowed 
statistical limits for normality and consequently similar or better diag-
nostic sensitivity as a more time-consuming test. The normal values are 
also different among strategies, although deviations of sensitivity mea-
sures from normal age-corrected threshold values in each strategy are 
similar. While outputs of SF and SFR are therefore often compared to SS, 
the latter need not necessarily be deemed the gold standard for SAP 
sensitivity outputs.

Nevertheless, switching between SS and SFR in eyes with greater VF 
loss should be approached judiciously because of potentially larger 
differences in output sensitivity or probability score results.5 In such 
cases of severe visual loss, the algorithms are not interchangeable.5

Switching strategies is facilitated by the fact HFA progression event 
analysis uses empirically-determined cross-strategy significance limits 
when looking for change in patients whose follow-up tests have been 
performed using a different strategy than was used in the baseline tests. 
Switching is also facilitated when using progression rates that are based 
on VFI values instead of MD values, as cross-strategy differences in VFI 
are much smaller than in MD.

In an archetypal analysis of VF patterns in eyes that transitioned from 
SS to SFR, investigators reported an increased likelihood of SFR pre-
serving patterns reflecting a normal VF and lower tendency to preserve 
archetypal patterns of VF abnormalities compared to consecutive SS 
exams in the same eye.32 In other words, normal VF patterns tended to 
be repeatable, while there were differences in eyes with VF loss. The 
difference in sensitivity between SF and SFR may be less pronounced; a 
study of 93 eyes of healthy and glaucoma patients who underwent 24–2 
SF and SFR on the same visit found no statistically significant difference 
in MD, VFI, and number of depressed points in probability plots between 
both strategies.33

In clinical practice, SFR may, however, be preferred by patients with 
advanced field loss who have little remaining field and may perceive 
only a few stimuli during the test. These patients are also often older and 
more frail. In SFR retesting at perimetrically blind locations (locations 
where the subject has not responded to a stimulus of maximum in-
tensity) is not performed, unlike in older strategies where a second 
maximum intensity stimulus is presented (Table 1).2

2.3. Reliability metrics using SFR versus SS and SF

A practical concern with SFR is the associated increase in rates of 
unreliable results as described using conventional manufacturer- 
recommended guidelines such as >15 % false positive rate.4,5,34 Phu 
and Kalloniatis previously found the rate of unreliable results to be 
significantly higher in SFR compared to SS (29.3 % versus 7.7 %) in a 
cohort of 364 eyes that underwent both strategies on the same day.5 The 
biggest contributor to an unreliable result in SFR was false positive rate 
> 15 %, followed by seeding point errors and > 6 degrees of eye 
movement > 20 % of the time. Other studies have found a smaller in-
crease in false positive errors with SFR compared to SS. Pham and co-
workers17 found the level of FP errors to be 2 % higher in SFR compared 
to SS, similar to results published by Heijl and coworkers.9 The differ-
ence between both strategies was, however, noted to diminish with 
more severe glaucoma, possibly due to the extent and depth field loss 
offsetting the more difficult test conditions of SFR.17 This could also 
explain the higher incidence of results flagged as unreliable in SFR in the 
Phu and coworkers’ study, which contained a higher proportion of 
subjects with no or early VF loss.5 The effect of disease stage on VF 
reliability interpretation remains an important clinical consideration.

Although the utility of using false positive rate as a representation of 
test reliability has consequently been questioned,35 recent papers have 
provided further insight into the subject, given the relatively higher 
rates found using SFR.24,36–38 The elimination of a delay after non-seen 
stimuli in SFR may lead to more true responses recorded as false posi-
tives if the patient is slow to respond, which could explain the elevated 
false positive rates. The impact of FP rates on sensitivity results in the 
SITA strategies is discussed further below (Section 3: practical aspects of 
testing). Note that since the Heijl-Krakau blind spot monitor and false 
negative rates are not reported in SFR, we do not discuss these metrics of 
reliability.

2.4. Variability of sensitivity outputs of the SITA strategies

Studies that have quantified VF variability have used test-retest 
methods or regression residuals as a surrogate measure in larger data-
sets.39,40 The variability of SITA has been shown to worsen/increase 
with increasing defect depth, i.e. at lower sensitivity levels, which is a 
characteristic of the visual system and not from the testing strategy.2,41, 

42 Rabiolo and coworkers examined 4747 eyes of 3095 patients from a 
retrospective cohort tested with SS and found that variability as 
measured by standard deviation of residuals from pointwise exponential 
regression varied with threshold sensitivity and eccentricity.39 Vari-
ability ranged from 2.0 dB at a sensitivity of 33 dB to a peak of 5.5 dB at a 
sensitivity of 11 dB.39 The test-retest variability of SFR has been eval-
uated in a large cohort of healthy, glaucoma suspect and glaucomatous 
eyes. The mean global and pointwise variability was 2.17 ± 1.2 dB and 
2.17 ± 2.9 dB, respectively. Pointwise and global variability was 
observed to increase with worsening threshold sensitivity and was 
greater for peripheral compared with central test locations.43 The peak 
in variability around 10 dB is due to the threshold value approaching the 
HFA’s maximum stimulus intensity at 0 dB. Calculations that correct for 
data censoring suggest that variability does not peak, but continues to 
increase rather quickly as visual sensitivity decreases.44

Studies have also compared the variability profile of the SITA stra-
tegies. A study of 30 patients examined with FT, Fastpac, and SF on each 
of 2 visits showed lower test-retest variability in SF compared to FT.8

Other studies have shown that SF displays greater variability than SS 
and FT.11,45 In a study of 49 patients who underwent FT, SS and SF at 
each of 4 visits, SS displayed lower variability than FT, while in areas of 
low sensitivity (below 25 dB), test-retest variability was greater with SF 
compared to FT and SS.45

Heijl and coworkers performed SFR, SF and SS on 1 eye of 126 
glaucoma and glaucoma suspects patients on each of 2 separate clinic 
visits 1 day to 2 weeks apart. They reported test-retest variability 
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standard deviation to be below 2 dB at a threshold sensitivity of 30 dB 
using SFR, which increased to a peak of over 7 dB at a threshold sensi-
tivity of 7 dB before decreasing as threshold sensitivity approached zero. 
Test-retest variability was found to be small and statistically nonsignif-
icant between the 3 test algorithms.2

The normal values are also different among strategies. These test 
strategies may not, however, have a clinically significant effect on test 
results. In a large study of 473,252 SS and SF VF tests in over 88,000 
patients, although SF was found to be more variable than SS, differences 
in measurement precision did not result in a meaningful difference in 
improving time to VF progression.46 Giammaria and coworkers devel-
oped nomograms for the conversion of FT and SF tests to SS, and found 
that accuracies were negligibly different from test-retest differences 
with SS.47

2.5. Predictors of variability

Age, visual acuity (VA), mean total deviation, and false negatives 
have been found to be associated with test-retest variability in SS and SF 
with VA worse than 6/18 (20/60) Snellen equivalent associated with 
increased variability.48 Rabiolo and coworkers found Asian descent, 
higher false negative and positive rates, worse baseline MD, longer 
follow-up to be predictors of global visual field fluctuation.49 They also 
reported that predictors of greater pointwise variability include worse 
baseline MD, greater false negative and positive rates, faster VF decay, 
longer follow up and higher VF frequency.49 In a retrospective cohort 
study of 1531 eyes from the Duke Glaucoma Registry, the authors found 
VF variability as measured by standard deviation from linear regression 
trend lines to be 1.26 dB for White and 1.53 dB for Black patients.40

Other factors that affect variability include stimulus size,50,51 tech-
nician experience, time of day, season, and the percentage of 
false-positive answers.52 In our study of test-retest variability of SFR, we 
found that worse baseline MD and abnormally high sensitivity on GHT 
were significantly associated with increased variability.43

Overall, the limited evidence to date demonstrates that test-retest 
variability across the 3 SITA algorithms is comparable. In the presence 
of factors that increase variability, repeat/increased testing may be 
beneficial in improving the estimation of true sensitivity change.

In summary, SFR displays similar sensitivity outputs to SS and SF in 
healthy eyes and early glaucoma, it may not be interchangeable with SS 
in eyes with more severe field loss because of potentially larger differ-
ences in output sensitivity or probability score results. Further, limited 
studies to date show that SFR displays similar test-retest variability 
profile to SS and SF. Finally, increased age, Asian descent, worse visual 
acuity, worse baseline MD, and abnormal reliability indices (false pos-
itives, false negatives and glaucoma hemifield test) may be associated 
with increased variability.

3. Visual field test grids on HFA using SITA

The 24–2 grid on the HFA tests 54 evenly-spaced locations 6 degrees 
apart, comprising 52 within the central 24 degrees from fixation and 2 
nasal locations near 30 degrees.53 Within the central 10 degrees from 
fixation are 4 inner central points and 8 paracentral points. The 10–2 
grid tests 68 evenly spaced locations 2 degrees apart within the central 
10 degrees from fixation. The SFR strategy is only available on the 24–2 
grid, while the SS and SF strategies are available on both. Importantly, 
early studies have suggested that the 24–2 grid may miss early central 
defects.54 Therefore, the recommendation from those studies was that 
some patients may benefit from early central visual field testing using 
the 10–2. This notion has been challenged by later studies.55 Optical 
coherence tomography facilitates high resolution structural evaluation 
of the optic nerve and macular ganglion cell layer, identifying poten-
tially preperimetric cases of glaucoma. Nonetheless, measurement of 
central visual field defects remains important for understanding func-
tional impact and its progression.53 In glaucomatous eyes with 

parafoveal scotomata, the 10–2 grid also detects more progressing eyes 
than the 24–2 over time, warranting closer surveillance of the central VF 
using the 10–2 in patients with this specific VF defect.56 The studies 
above reinforce the importance of characterising the pattern of VF 
defect, as the relative utility of 10–2 and 24–2 test grids for the indi-
vidual patient can then be determined. This concept relates to both test 
location selection as well as dynamic range. Progression of primarily 
peripherally-located VF defects, such as nasal steps or high arcuate de-
fects, would be best sampled using a 24–2 test grid. Conversely, pri-
marily centrally-located defects could be better assessed using a 10–2 
test grid.

Notably, recent work by Phu and coworkers has contributed to the 
understanding of when to deploy a 10–2 test grid for central visual field 
testing by considering the dynamic range of the test.57 This phenomenon 
was termed the “functional vulnerability zone”. In brief, the 10–2 test 
grid contains test locations that occupy spaces between 24–2 test loca-
tions within the central visual field. Accordingly, these additional test 
locations present an additional “dynamic range” for testing, as they 
potentially afford more opportunities to detect progressive defects at the 
border of scotomata; however, the benefits of additional test locations 
are not always present, as 10–2 test locations that exhibit deep defects 
do not meaningfully contribute to progression measurement. Thus, they 
proposed parameters on the 24–2 that can guide clinicians on the utility 
of performing a 10–2 test using the functional vulnerability frame-
work.57 Testing using both 10–2 and 24–2 grids in a single clinic visit is, 
however, often impractical because of time and other resource con-
straints.58 Modifications to existing test grids have been suggested to 
address this, such as adding test points to the 24–2.59,60 The proposals by 
Ehrlich and coworkers and Chen and coworkers are, however, not 
available in clinical practice and not commonly used. In a modelling 
study, Rafla and coworkers have recently proposed a critical number of 
test locations within the central VF test grid that can optimize 
structure-function concordance (8–14 test locations), which are not 
necessarily location-specific.61 The 24–2C is a recent test grid on the 
HFA that incorporates 10 additional test points within the central 10 
degrees from fixation—5 each in the superior and inferior hemifields 
(within the “critical number” determined from our modelling study). 
The points are asymmetrically distributed and derived from the 10–2, 

Fig. 1. Test point locations of the 24–2, 24–2C and 10–2 grids superimposed on 
the same map. The 24–2C comprises the central red points and the 24–2 grid 
points. The visual field is in a right eye format.
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and were purportedly derived from test locations commonly affected by 
glaucoma (Fig. 1).3 Sensitivity measurements on the 24–2C are obtained 
via the SFR strategy. Given that a hybridized grid such as the 24–2C 
could potentially offer advantages for detecting defects in both periph-
eral and central visual field testing, several studies have compared the 
perimetric outputs between the 24–2C and the clinical standard 24–2 
and 10–2 grids.

3.1. Comparison of 24-2C and 24-2 test grids

In the first independent study on the 24–2C, Phu and Kalloniatis 
compared global sensitivity indices and structure-function concordance 
in 100 eyes of 100 patients with suspected and manifest glaucoma who 
underwent 24–2 (SS and SFR) and 24–2C SFR on the same visit.3 The 
average MD and central mean sensitivity was found to be worse for the 
24–2C SFR compared to 24–2 SS, but no different between 24–2C SFR 
and 24–2 SFR.3 The former difference was, however, not likely to be 
clinically significant.3 For the majority of patients, the additional test 
points in the 24–2C did not add further statistically significant clusters 
(3 or more contiguous points) of sensitivity reductions compared to the 
24–2 across the entirety of the 24–2 grid. Within the central 10 degrees, 
however, there was a tendency for the 24–2C to identify more clusters of 
sensitivity reduction compared to the 24–2 test grid alone.3 The 24–2C 
therefore offers the potential advantage of alerting the clinician to the 
presence of central visual field loss simply by virtue of having a greater 
number of test locations.3 Behera and coworkers examined 60 eyes of 
glaucoma patients who had a confirmed glaucomatous field defect on 
24–2 SS on a previous visit.62 Each eye then underwent a 24–2C and 
10–2 test on the same visit. They found that the 24–2C detected 5.5 and 
2 more defective points than the 24–2 on the central 10 degrees of the 
total deviation and pattern deviation plot, respectively. Excellent cor-
relation in MD and PSD was found between 24–2C and 24–2.62 Test 
duration for the 24–2C was found to be a median 26 seconds longer in 
the 24–2C compared to 24–2 in this cohort of healthy, suspect, and early 
glaucoma eyes.3

The greater number of points in the central 10 degrees of the 24–2C 
grid has enabled greater macular structure-function associations 
compared to the 24–2 grid.3,63 In 150 eyes of healthy, preperimetric and 
perimetric glaucoma subjects, there were significantly stronger 
structure-function correlations calculated by weighted correlation co-
efficients between the average and sectoral macular ganglion cell-inner 
plexiform layer thickness and central VF mean sensitivity using the 
24–2C grid compared to the 24–2 grid. Phu and Kalloniatis also found a 
greater number of test locations exhibiting structure-function concor-
dance in the central visual field when using the 24–2C test grid 
compared to the 24–2 test grid.3 Overall, these studies suggest that the 
24–2C identifies more central VF defects and instances of 
structure-function concordance compared to the 24–2. Strong correla-
tion in global indices however suggest similar depth of defect informa-
tion obtained using both test grids.

3.2. Comparison of 24–2C and 10–2 test grids

Phu and Kalloniatis compared global indices, VF defects and 
structure-function correlations with ganglion cell layer thickness in 131 
glaucoma and 57 glaucoma suspect patients who underwent 24–2C SFR 
and 10–2 SF in random order.64 The 24–2C and 10–2 test grids returned 
similar MD, PSD and central mean sensitivity and proportionally similar 
amounts of central visual field loss.64 The additional points in the 10–2 
grid returned more “clusters” of defects defined as a pair of contiguous 
points both at P < 0.01 level, or at least 3 points at P < 0.05 level with at 
least 1 point at P < 0.01 level.64 Importantly, it was noted that typical 
“contiguity” criteria for clusters of visual field defects could not be 
applied to the 24–2C due to the asymmetric distribution of test locations. 
There was also a greater rate of structure-function concordance with 
ganglion cell layer thickness compared with the 24–2C test grid. Finally, 

test duration for the 10–2 SF was a median 47 s longer than the 24–2C.64

As noted above, Behera and coworkers’s study found 2.5–3 times the 
number of defective points on the total deviation and pattern deviation 
plots respectively when using the 10–2 compared to the 24–2C There 
was a high intraclass correlation of 0.80 for MD and PSD between the 
24–2C and 10–2.62 In combination, the studies described above suggest 
a dose-dependent effect of the number of test locations on parameters 
important for VF interpretation, as discussed by Rafla and coworkers61

Therefore, while the 24–2C may therefore be useful in flagging the 
presence of a clustered central visual field defect, the 10–2 can be used 
to more comprehensively characterise a central field defect.64

In summary, the 24-2C is a recent test grid on the HFA that in-
corporates 10 additional test points within the central 10 degrees from 
fixation—5 each in the superior and inferior hemifields. These points are 
asymmetrically distributed and derived from the 10-2. The 10-2 SF, 24- 
2C SFR and 24-2 SFR have been shown to produce similar global 
sensitivity and central mean sensitivity outputs. While the 24-2C may be 
useful in flagging the presence of a clustered central visual field defect, 
the 10-2 should be used to more comprehensively characterise a central 
field defect.

4. Practical aspects of visual field testing

4.1. Standard reliability indices—false positive, false negative and 
fixation losses

Computerised perimetry was initially implemented with 3 parame-
ters to help users evaluate the reliability and usefulness of test results: 
fixation losses (FL), false negative rate (FN) and false positive rate 
(FP).24 FL responses were initially obtained via the presentation of test 
stimuli at the expected location of the physiologic blind spot (the 
“Heijl-Krakau” method). This method has several shortcomings though, 
especially when the blind spot is not situated at the assumed location or 
if it were improperly mapped out in the initial phases of the test, or if 
patients move back or tilt their head during testing. It was, however 
useful at the time of use in the competer perimeter, where the peri-
metrist could not see the patient’s eye. False negative (FN) responses are 
obtained by presenting suprathreshold stimuli (e.g. 6 dB above a 
threshold established earlier in the test), and act as a surrogate for 
inattention. FN responses may, however, be influenced more by the level 
of visual field damage than on patient vigilance,65,66 where extensive 
visual field loss increases the uncertainty of whether a stimulus was 
actually seen and thus raises the likelihood of spurious FN catch trial 
activity.66 A recent study, however, showed that false negative response 
rate was associated with improved classification of glaucoma, with no 
association found with false positive rate or fixation losses.67 Finally, 
false positive (FP) responses are intended to identify “trigger-happy” 
behaviour and were originally measured using catch trials in a response 
window in which no stimulus was presented. Modern SITA strategies, 
however, estimate FP based on the detection of patient responses during 
intervals where it is impossible or unlikely for a stimulus to have been 
seen.24 The FP rates estimated in the SITA family of algorithms are based 
on a maximum likelihood method68 and were based on the distribution 
of FP results, rather than necessarily representing true reliability or a 
relationship with sensitivity outputs.24 The utility of using FP rate as a 
representation of test reliability has consequently been questioned in 
recent papers.24,36–38

While the importance of FL and FN in assessing test reliability has 
declined over time, FP responses remain widely used in modern peri-
metric strategies, including SFR.24. Parallel to this, cut-off values for FP 
rates have also evolved over the past 3 decades, with differences in 
acceptable limits varying across major clinical trials. For instance, the 
Ocular Hypertension Treatment Study had an acceptable FP cutoff of 
33 %, while subsequent trials like the United Kingdom Glaucoma 
Treatment Study adopted a lower cutoff of 15 %.69,70 Currently, the 
15 % FP threshold is often used as a criterion for reliability in perimetric 
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testing. Notably, this is a recommendation by the manufacturer of the 
HFA.

4.2. Impact of standard reliability indices on mean deviation

FP and FN values are included in the frequency of seeing model for 
calculating threshold values in SITA tests, and, therefore, higher rates of 
FP and FN answers influence threshold/sensitivity values less in SITA 
than in FT and Fastpac tests. Yohannan and coworkers examined the 
impact of standard reliability indices on SS visual field reliability.71,72

They calculated predicted MD by multilevel modelling of longitudinal 
data, and the difference between predicted and observed MD was used 
as the reliability measure. FP was found to have the greatest impact on 
VF reliability, and this was most prominent in eyes with moderate or 
severe disease. For instance, 14 % FP is expected to produce an observed 
MD 1 dB above predicted MD in moderate and severe glaucoma, 
compared with 21 % FP required to produce the same change in mild 
disease.72 FN had a smaller impact on VF reliability than FP, with a 
greater percentage of FN generally associated with an observed MD 
more negative than that predicted by our models.72 This aligns with 
previous suggestions of the relationship between visual field defect and 
FN rate. FL produced almost no impact on MD difference.72

Relevant to deployment of SFR, a recent study of 126 patients who 
underwent SS, SF and SFR at each of two visits examined inter-visit 
differences in MD and VFI as a function of FP rates.24 This study 
found that higher FP rates were associated with greater increases in MD, 
but the effects were small and dependent on test strategy. For instance, 
each percentage point increase in FP was associated with an increase in 
MD of 0.06 dB in eyes with FP ≤ 15 %, and 0.04 dB in eyes with FP >
15 %. The positive effect of FP rates on MD was larger with SFR 
compared to SS and SF, and more pronounced in severe compared to 
early and moderate glaucoma. The effects of FP on VFI were weaker than 
that with MD. PD probability maps were also not influenced by changes 
in FP. The authors concluded that test results should not be discarded 
solely based on FP response rates.24 Instead, they proposed a method of 
evaluating reliability using general height (difference between numeri-
cal total deviation values and pattern deviation values), which was 
found to display stronger relationships with inter visit differences in MD 
and VFI compared to false positive rates.24 This metric is, however, 
currently not yet incorporated in clinical practice.

Tan and coworkers previously calculated the difference in test-retest 
mean deviation as a function of the false positive rate when using SFR.43

They observed a gradual increase in MD difference with an increasing FP 
rate. There was, however, minimal change in MD difference around the 
recommended 15 % FP cut off, suggesting that this threshold may be 
inappropriate as a threshold for judging test reliability and data inclu-
sion in SFR. It has also previously been shown that patients with FPs 
above 15 % returned global indices that were comparable to a result that 
met conventional reliability criteria.37 Depending on the acceptable 
range of sensitivity differences, different inflection points of FP rates 
could be used with the Tan and coworkers,43 study showing a delta MD 
value of 1 dB at around a FP rate of 33 %. Overall, the degree of test 
reliability captured by standard reliability indices is generally small, 
with FP responses likely to be the most useful metric.

4.3. Gaze tracker outputs

Gaze tracking (GT) measures degrees of gaze deviation during 
stimulus presentation and reports GT failures in real time.36 SFR has 
been designed to use gaze tracking instead of FL catch trials as a 
parameter for test reliability. GT outputs are displayed as upward bars 
that are representative of gaze deviations, with increasing bar sizes 
indicative of larger gaze deviations, while downward bars indicate 
failure to capture a signal.36 Camp and coworkers examined the asso-
ciation between gaze tracker metrics and standard HFA reliability 
metrics (FL, FP and FN).36 Gaze tracker metrics were calculated as the 

percentage of stimuli with gaze deviations between 1 and 2 degrees, 
3–5 degrees, and 6 degrees or more, and percentage of stimuli with 
tracking failure. Although there was a statistically significant association 
between fixation losses and FNs and GT metrics, the area under the 
curve calculations and low correlation coefficients indicate that clinical 
significance was low. They therefore concluded there was no clinically 
significant correlation between standard reliability metrics and gaze 
tracker metrics.36

Phu and Kalloniatis examined the correlation of GT outputs on the 
SFR with sensitivity and reliability indices.38 GT outputs were aggre-
gated into total ticks, sum of amplitudes and average amplitudes. There 
was a weak correlation between eye movements and MD which was 
driven by more severe MD values.38 There was no significant correlation 
between gaze tracker outputs and false positive rate.38 Another study 
found GT parameters to be associated with lower MD values.73 GT 
outputs have however been found to improve the detection of progres-
sion, with mean progression rates more reliable when stricter gaze 
tracking reliability criteria is used.73,74 GT outputs have also been found 
to be associated with test-retest variability in SS.75

Overall, standard reliability and GT metrics tend to be influenced by 
the severity of field loss,36 and more importantly, the methodology by 
which they are determined. Test results should not be discarded solely 
based on deviation of these parameters outside of recommended refer-
ence limits. Visual field tests may also not be truly reliable despite 
“normal” reliability indices.71

4.4. Seeding point errors

Seeding point errors (SPEs) contribute to a large proportion of un-
reliable visual field results, especially when using SFR5,76. They are 
typically identified at the end of the test by the presence of unusually 
reduced or elevated sensitivity results at any of the 4 seeding points in 
the test grid. Phu and Kalloniatis observed a greater occurrence of SPEs 
in SFR compared with SS, which contributes substantially to the rate of 
low test reliability especially in SFR.5 They proposed that the uniqueness 
of this artefact to SFR (in comparison to SS) was due to the modification 
to seeding point testing in the SFR strategy.5 In SFR, the luminance level 
of the stimuli initially presented at the 4 seeding locations is near the 
age-expected threshold.2 This contrasts with SS and SFR which present 
an initial stimuli at the 25 dB level, which is brighter than threshold in 
normal eyes. The presentation of stimulus intensities near threshold in 
SFR may introduce stimulus uncertainty, which consequently alters the 
response criterion such that a more intense stimulus is required before 
the subject indicates a response.76 The second modification with seed 
point testing in SFR is the use of only 1 reversal for the staircase, unlike 
the 2 used in SS.2

Phu and Kalloniatis proposed a model for detecting SPEs early in the 
test process to guide to retesting.76 The model utilises sensitivity results 
from 9 locations (each of the 4 seeding point locations plus 5 adjacent 
points) and distinguish SPEs at close to 90 % accuracy. Specifically, if 
the seeding point sensitivity result is ≤26 dB or if the seeding point 
sensitivity result is different from its neighbouring points by a total of ≥
11 dB, this should alert the perimetrist to a potential need to restart the 
test.76 Later, Phu and Kalloniatis examined the impact of SPE on overall 
visual field indices.76 They concluded that the presence of SPE (in the 
context of an otherwise “reliable” result) exerted no substantial effect on 
the returned global indices. Only the affected seeding points demon-
strated spurious defects, thus potentially reducing their effectiveness as 
a baseline for interpolating adjacent sensitivity results. Thus, this 
characteristic of SFR remains important to recognise as apparent defects 
in the seeding point locations could be mistaken for pathologic results.

4.5. Learning effect

Paradigms in perimetry aim to estimate a subject’s contrast sensi-
tivity threshold, i.e. the stimulus contrast at which it will be detected 

J.C.K. Tan et al.                                                                                                                                                                                                                                Survey of Ophthalmology xxx (xxxx) xxx 

6 



50 % of the time. One of the largest sources of variability in perimetric 
testing is instability in the patient’s decision rule, i.e. ‘how certain they 
have to be that they saw the visual stimulus before responding?’.77 The 
effect of the decision rule is conceptualized by signal detection theory, 
which describes the subject’s internal criterion for response, and can be 
affected by intrinsic factors such as procedural experience, practice and 
attention, and extrinsic influences, such as distractors.78 The learning 
effect has been frequently examined in the literature as a significant 
source of test variability.77 Perimetric learning can be demonstrated in 
both the short- and long-term and may vary depending on perimetric 
algorithm.79–82 Threshold sensitivity has been shown to increase in the 
first few sessions of VF testing in normal subjects.81 In 25 glaucomatous 
subjects who underwent repeated 30–2 FT on 5 sessions at 1 week in-
tervals, mean MD significantly improved between the first and second 
test session, but not between the second and fifth session.80 These effects 
were more pronounced for peripheral than central points and for better 
than more abnormal points.80

In another study of 55 patients who underwent SS twice in a single 
day, the threshold sensitivity increased on the second examination, with 
changes more evident in peripheral points.83 Several early VF tests are 
required to establish a baseline of visual field function. The learning 
effect may also be prolonged over a number of years; a study of 160 eyes 
of 80 patients who underwent standard automated perimetry found that 
mean sensitivity increased by 0.5 dB over the first year and showed no 
significant change until after 5 tests despite an expected decline in 
sensitivity due to aging and disease progression during this time.77 The 
intervals between visits is also expected to have an influence on the 
learning effect, as longer intervals may result in subjects needing to 
“relearn” how to perform the VF test. Having the opportunity to undergo 
a trial sequence before the formal test, or simple a second VF test on the 
same visit, may therefore provide a way of improving perimetric quality 
(discussed later).

4.6. Test fatigue

Test fatigue may contribute to sensitivity loss as testing progresses. 
Studies of fatigue in perimetry have shown that contrast sensitivity de-
creases for most individuals as test time increases where testing was 
performed in uninterrupted sessions lasting around 30 minutes. The 
resultant increase in threshold is generally small for normal individuals, 
but can be marked (exceeding 10 dB) especially in glaucoma.30,31 Test 
locations in a relative scotoma or adjacent to it can also display a pro-
nounced deterioration of threshold compared to normal points located 
away from field defects.31 Test fatigue may also be influenced by testing 
order, with the second eye expected to potentially display greater signs 
of fatigue than the first. In a study of 47 patients with suspected or 
manifest glaucoma experienced with perimetry, order of eye testing was 
not found to have any significant effect on MD or reliability indices.84

Starting with the right eye consistently may nevertheless help keep any 
perimetric fatigue effects constant over time.85 In a larger retrospective 
study of 6901 subjects that underwent at 6 SS or SF tests in routine 
clinics, investigators assessed fatigue based on test variability by linear 
regression of MD values. They reported a significant increase in peri-
metric fatigue effects in the second eye tested, although these effects 
tended to be small and highly variable among patients.85 In a large 
cohort of patients who underwent 2 SFR tests in each eye on the same 
visit, test duration as a surrogate marker for fatigue was not significantly 
greater on the second test.86 This could be due to the shortened duration 
of SFR, which along with SF may be advantageous in patients where long 
testing times are prohibitive. A shorter test may not translate to an easier 
test; for instance, SF presents stimuli closer to thresholds in order to 
reduce test time, which may make stimuli harder to perceive.46

In summary, studies of SS and SF have shown that FP has the greatest 
impact on VF reliability followed by FN, while FL has minimal impact on 
reliability. FN and FL are no longer routinely incorporated in the default 
SFR strategy. In SFR, the recommended 15% false positive cut off may be 

inappropriate as a threshold for judging test reliability and inclusion/ 
exclusion of an “unreliable test” and requires further evaluation to 
define a suitable cutoff. SFR can also result in a higher number of tests 
with poor reliability compared to SS due to seeding point errors – a 
major artefact observed in this algorithm due to its thresholding prop-
erties. Finally, there is minimal association between standard reliability 
metrics and gaze tracker metrics, which tend to instead be influenced by 
the severity of field loss.

5. Strategies to increase frequency of testing for earlier 
detection of progression

Distinguishing VF progression from inherent fluctuations of 
threshold estimates between tests represents a major clinical challenge 
in glaucoma.87 Fluctuations in perimetric performance may mask true 
progression, especially in individuals prone to higher rates of test-retest 
variability and also as glaucoma advances.88 An adequate number of 
tests is therefore required to achieve sufficient statistical power to 
confidently document stability or change in visual field function.89 For 
instance, it is estimated that at least 6 VF tests need to be performed 
within the first 2 years to identify progressors at MD rates of − 1 dB per 
year or worse if the subjects exhibit low or moderate levels of perimetric 
variability.90 The European Glaucoma Society recommends 3 VF tests 
per year for the first 2 years following diagnosis to identify rapidly 
progressing patients.91 Not only can increased VF testing identify pro-
gression sooner, it may also be cost-effective.92 Many clinicians never-
theless believe these recommendations are difficult to implement with 
current resources.92 The frequency of VF examinations is also often 
insufficient. A multicenter audit of hospital-based glaucoma clinics in 
England revealed that most patients only receive one VF test per year.58

Another study of a nationwide claims database on data from 2008 to 
2017 in the United States found that more than 75 % of patients with 
open-angle glaucoma failed to receive at least one test per year.93 The 
burden of time and labor to both staff and patients incurred by static 
automatic perimetry algorithms such as SS are likely contributors to 
this.93 Recommendations of the optimal frequency of testing to detect 
progression have been described elsewhere.90,94 Stratification of pa-
tients into those at low versus high risk of progression based on early 
visual field, optical coherence tomography, and clinical data may help 
identify subjects who may benefit from increased testing while 
balancing limited clinic resources.95,96

5.1. Clustered visual field testing to improve detection of change

Clustered measurement strategies in which multiple tests are per-
formed close together have been demonstrated to improve the likeli-
hood of detecting progression compared to evenly spaced testing,89,97

and improved the efficiency of testing and reduced the number of visits 
required98 as modelled by Chauhan and colleagues.90 The concept of 
essentially “signal averaging” facilitates a smoothing of variance across 
results.

A clustered test approach was integrated into the protocol for the 
United Kingdom Glaucoma Treatment Study, a randomized-controlled 
trial assessing vision preservation in latanoprost versus placebo.99 The 
trial protocol comprised 12 visits (11+ 1 training visit) over 24 months, 
with 2 SS tests on a training visit 0, visit 1 at month 0, visit 2 at month 2, 
visit 7 at month 16, visit 8a and 8b at month 18 and visit 11 at month 
24.100 Single VF testing per eye was performed at all other visits spaced 
evenly around 2–3 months apart. Clustering of tests was intended to 
increase the precision of estimate of the rate of VF change within the 
short trial duration of 2 years, and the authors subsequently reported 
longer VF preservation in the latanoprost versus placebo group.99

More recently, Bradley and coworkers demonstrated that a clustered 
measurement strategy with approximately half the number of total tests 
performed at either end of a 2-year period improved the accuracy of 
detecting glaucoma worsening using peripapillary optical coherence 
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tomography scans98 and VF testing97 and reduced the number of tests 
required compared with evenly spaced measurements. A clustered 
strategy with a long interval (eg. 2 years) between multiple VF tests at 
either end may, however, miss intervening rapid progression and is 
likely inappropriate for deployment in clinical practice. Furthermore, 
the longer test durations of older algorithms like FT and SS may make 
intravisit clustering of tests excessively time consuming and likely 
impractical within most clinical settings other than in clinical trials.

5.2. Intra-visit clustering of SFR—“frontloading” visual fields

To address the impracticalities of clustering with older strategies (SS, 
FT), Phu and Kalloniatis recently proposed a method of intra-visit 
clustering using 2 (instead of 3) SFR VF tests per eye per visit.101 This 
approach, initially termed “frontloading” VFs, leverages the shortened 
test duration of SFR, which facilitates more frequent testing within the 
same duration of older strategies. The frontloading protocol took less 
than 20 minutes to perform (a total of 4 visual field tests) in over 80 % of 
subjects including rest breaks,101 and has been found to be well tolerated 
by patients and technicians.15 This is in line with a survey of adult 

patients who regularly undergo VF tests demonstrating patients are 
prepared to increase the number and frequency of visual tests to obtain 
more information about their visual status.90 An example of a simulated 
patient is shown in Fig. 2, extrapolated from Wang and coworkers.102

The example of frontloading provided in Fig. 2B has the same number of 
VF test results as the wait and see approach (Fig. 2A) at 2 years of 
follow-up (6 tests in total), with a comparable 95 % confidence band and 
approximation of the ground truth progression rate. Both wait-and-see 
and frontloading clustering methods are more likely to identify statis-
tically significant progression with narrower confidence bands 
compared to the current clinical standard.

Frontloaded visual field tests display strong correlation of global 
sensitivity indices, with a significant improvement of reliability indices 
from the first to second test.86,101 Phu and Kalloniatis performed a 
simulation study of patients with early or suspected glaucoma under-
going different number of visual field tests per visit and the detection of 
MD change over time.103 They found that 2 visual field tests per session 
compared with 1 provided higher case detection rates at 2 years 
(99 %-99.8 % versus 34.7 %-76.3 %, respectively), a reduced time to 
detection of progression (3 or 4 visits versus 6–10, respectively), and less 

Fig. 2. Examples of visual field (VF) testing approaches in a simulated patient with glaucoma. Symbols represent the MD value of each VF test. The ground truth 
progression rate is − 2 dB/year and shown by the black dashed line. The simulation of one visual field per year does not reach significance (ns) for progression when 
three visual fields are performed over the two year period (open diamonds). The regression lines and shaded 95 % confidence band of two types of clustered VF test 
approaches are shown: (A) Three visual field tests at baseline and at 2 years using a clustering approach (red squares) provides a progression rate of − 1.8 dB/year, 
close to the ground truth rate. (B) The frontloading (2 VF per eye per visit, teal triangles) performed yearly to yield a total of six visual fields over the two year period 
with a predicted progression rate of − 1.7 dB/year, also close to the ground truth rate.
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negative mean deviation value (-4 dB versus − 10 dB, respectively) at the 
point of mean deviation change identification, especially in the context 
of unreliable results.103 These results were also apparent when exam-
ining “slow” progressors, which would be the majority of patients 
expectedly seen in most clinical practices.104 The above 2 studies 
examined cross-sections of simulated patients with fixed progression 
rates. The frontloading protocol was then applied to MD distribution and 
progression rate data derived from 2 cohorts of patients followed under 
routine glaucoma clinical care (a Swedish cohort collected by Heijl and 
coworkers105 and a Canadian cohort described by Chauhan and co-
workers106). These contrasting clinical cohorts presented an opportunity 
to examine the effects of frontloading in more “real world” scenarios 
with a variety of slow, average, and fast progressors. The inestigators 
showed that the frontloaded strategy detected more progressors than the 
non-frontloaded protocol.102 The time required to detect 50 % of pro-
gressors was also 1–1.5 years less using the frontloaded protocol.102

Frontloading VFs can provide additional perimetric data to not only 
compare global sensitivity values, but also to evaluate the consistency of 
pointwise defects.107 Tan and coworkers examined pointwise deviation 
map probability data from 3 sequential tests in a cohort of eyes with 
glaucoma—each patient had received one SS test on a previous visit, 
followed by a frontloaded pair of SFR tests at the next visit, to undertake 
an event-based analysis of pointwise changes seen on the first SFR test. 
When using only the first SFR test, 73.8 % of the points on SFR 1 
appeared to confirm locations of existing defects or non-defects on the 
pattern deviation grid of the SS test. The remaining points were divided 
between a possible reversal of a defect or a new defect. The second SFR 
test allowed the distinction between points on SFR 1 which were 
repeatable versus nonrepeatable, to provide greater certainty of the 
consistency of a new defect or reversal of a defect seen on SFR 1.107

While test fatigue is a valid concern with intra-visit clustered testing, 
the authors did not observe a significant decline in performance in the 
form of worsening false positive rate or an increase in test duration in the 
second test.86 While a significant worsening of MD values on the second 
test in some patients with MD values towards the normal end of the 
reference range has been observed, this is more likely attributable to a 
decrease in “trigger-happy behavior” as opposed to fatigue, given that 
rates of false positive and abnormally high sensitivity responses simi-
larly declined.86 In a cohort of patients with glaucoma and average MD 
of − 5.83 dB, there was no significant difference in MD between fron-
tloaded tests.107 A written questionnaire survey of patients who un-
derwent frontloaded testing found that the vast majority of patients 
reported being comfortable during the test and preferred to complete the 
tests at a single visit rather than returning for retesting.108

Overall, these recent studies demonstrate the potential benefits of a 
frontloading approach, facilitated by SFR. Moving forward, frontloading 
as verbiage could be reconsidered to improve real-world uptake, as it 
implies only performing multiple tests at baseline (Instead, intravisit 
clustering or multiplex testing have been suggested). Technical chal-
lenges of incorporating multiple tests on the same day into the ma-
chine’s progression algorithms and costs/billing of extra VF tests are, 
however, important issues to be considered.

5.3. Home monitoring of visual fields using portable devices

Other recent methods to increase perimetric data include home 
monitoring using portable tablet-based or virtual reality devices have 
demonstrated good concordance with clinic-based automated perimetry 
in terms of global sensitivity values,109–111 with good compliance.110 In 
a study of 101 participants with suspected or manifest glaucoma, each 
participant was given a tablet device for home monitoring of visual 
fields and advised to perform 6 examinations at weekly intervals;112

88 % completed at least 1 home examination and 69 % complete all 6 
examinations, indicating overall good short-term compliance.112

Pointwise sensitivity comparisons between portable devices and 
clinic-based machines have, however, highlighted notable deviations, 

with substantial differences based on location. Integrating data from 
these portable devices with clinic-based devices to detect visual field 
change also poses another important technical consideration. Discussion 
of portable perimetry is outside the scope of this review and has been 
described elsewhere.113,114

In summary, the frequency of visual field testing in hospital-based 
eye services are substantially below recommended minimum testing 
levels, which limits the detection of visual field progression. Further, 
shortened test durations of newer strategies such as SFR and SF may 
facilitate more frequent testing to meet recommended testing levels. 
Finally, frontloading SFR tests, performing 2 tests per eye on the same 
visit for the initial few visits, may be an effective strategy to increase 
visual field testing frequency in newly diagnosed patients, with no 
observable decline in performance from test fatigue.

6. Key takeaway points

SFR may not be interchangeable with SS in eyes with more severe 
field loss because of potentially larger differences in output sensitivity or 
probability score results.

FP is most likely to have the greatest impact on VF reliability fol-
lowed by FN, while FL has minimal impact on reliability.

The recommended 15 % false positive cut off may be inappropriate 
as a threshold for judging test reliability and data inclusion in SFR. 
While further investigation is required, the currently recommended 
15 % false positive cut off may need to be increased by as much as a 
factor of two when using SFR. SFR can result in a higher number of tests 
with poor reliability compared to SS due to seeding point errors – an 
artefact unique to the algorithm due to its thresholding properties.

There is minimal association between standard reliability metrics 
and gaze tracker metrics.

The 24–2C may be useful in flagging the presence of a clustered 
central visual field defect, while the 10–2 can be used to more 
comprehensively characterise a central field defect in some patients.

Frontloading SFR (performing 2 VF tests per eye per visit) may 
provide increased VF data for improved detection of progression, with 
the same test durations of a single SS test.

7. Conclusion

SFR, available on the HFA, provides time-saving advantages over 
older SITA strategies that can be leveraged to improve testing frequency; 
however, differences in sensitivity outputs may exist when switching 
between thresholding strategies, especially in patients with greater VF 
loss. The decrease in test duration also needs to be balanced with an 
increase in rates of elevated indices of unreliability, such as FP rate and 
artifacts. Some patients find testing conditions on SFR difficult and may 
ultimately be better suited for testing using SS.

8. Methods of literature search

A search of the peer-reviewed literature was conducted in February 
2024 in the PubMed database (www.pubmed.org). Search terms were as 
follows: visual field OR perimetry AND SITA OR Swedish Interactive 
Threshold Algorithm. Only full-text and English language articles were 
included. The abstracts of 599 records underwent a title and abstract 
screen, of which relevant articles were selected for full-text review. This 
was intended to be a synthesis of the literature on the subject rather than 
a systematic review.

CRediT authorship contribution statement

David P. Crabb: Writing – review & editing, Visualization, Valida-
tion, Supervision, Resources, Methodology, Investigation, Formal anal-
ysis, Data curation. Jonathan Crowston: Writing – review & editing, 
Validation, Supervision, Resources, Methodology, Formal analysis, Data 

J.C.K. Tan et al.                                                                                                                                                                                                                                Survey of Ophthalmology xxx (xxxx) xxx 

9 



curation. Jack Phu: Writing – review & editing, Writing – original draft, 
Visualization, Validation, Supervision, Resources, Project administra-
tion, Methodology, Investigation, Formal analysis, Data curation, 
Conceptualization. Jeremy C.K. Tan: Writing – review & editing, 
Writing – original draft, Visualization, Validation, Supervision, Re-
sources, Project administration, Methodology, Investigation, Formal 
analysis, Data curation, Conceptualization. Jithin Yohannan: Writing – 
review & editing, Visualization, Validation, Supervision, Methodology, 
Formal analysis, Data curation. Pradeep Y. Ramulu: Writing – review & 
editing, Visualization, Validation, Supervision, Methodology, Investi-
gation, Formal analysis, Data curation. Michael Kalloniatis: Writing – 
review & editing, Validation, Supervision, Resources, Methodology, 
Investigation, Formal analysis, Data curation, Conceptualization.

Declaration of Competing Interest

None.

References

1. Monsalve B, Ferreras A, Calvo P, et al. Diagnostic ability of Humphrey perimetry, 
Octopus perimetry, and optical coherence tomography for glaucomatous optic 
neuropathy. Eye (Lond). 2017;31:443–451.

2. Heijl A, Patella VM, Chong LX, et al. A New SITA Perimetric Threshold Testing 
Algorithm: Construction and a Multicenter Clinical Study. Am J Ophthalmol. 2019; 
198:154–165.

3. Phu J, Kalloniatis M. Ability of 24–2 C and 24-2 Grids to Identify Central Visual 
Field Defects and Structure-Function Concordance in Glaucoma and Suspects. Am J 
Ophthalmol. 2020;219:317–331.

4. Pham AT, Ramulu PY, Boland MV, Yohannan J. The Effect of Transitioning from 
SITA Standard to SITA Faster on Visual Field Performance. Ophthalmology. 2021; 
128:1417–1425.

5. Phu J, Khuu SK, Agar A, Kalloniatis M. Clinical Evaluation of Swedish Interactive 
Thresholding Algorithm-Faster Compared With Swedish Interactive Thresholding 
Algorithm-Standard in Normal Subjects, Glaucoma Suspects, and Patients With 
Glaucoma. Am J Ophthalmol. 2019;208:251–264.

6. Bengtsson B, Olsson J, Heijl A, Rootzén H. A new generation of algorithms for 
computerized threshold perimetry, SITA. Acta Ophthalmol Scand. 1997;75: 
368–375.

7. Bengtsson B, Heijl A. Evaluation of a new perimetric threshold strategy, SITA, in 
patients with manifest and suspect glaucoma. Acta Ophthalmol Scand. 1998;76: 
268–272.

8. Bengtsson B, Heijl A. SITA Fast, a new rapid perimetric threshold test. Description 
of methods and evaluation in patients with manifest and suspect glaucoma. Acta 
Ophthalmol Scand. 1998;76:431–437.

9. Bengtsson B, Heijl A, Olsson J. Evaluation of a new threshold visual field strategy, 
SITA, in normal subjects. Swedish Interactive Thresholding Algorithm. Acta 
Ophthalmol Scand. 1998;76:165–169.

10. Budenz DL, Rhee P, Feuer WJ, McSoley J, Johnson CA, Anderson DR. Sensitivity 
and specificity of the Swedish interactive threshold algorithm for glaucomatous 
visual field defects. Ophthalmology. 2002;109:1052–1058.

11. Sekhar GC, Naduvilath TJ, Lakkai M, et al. Sensitivity of Swedish interactive 
threshold algorithm compared with standard full threshold algorithm in Humphrey 
visual field testing. Ophthalmology. 2000;107:1303–1308.

12. Sharma AK, Goldberg I, Graham SL, Mohsin M. Comparison of the Humphrey 
swedish interactive thresholding algorithm (SITA) and full threshold strategies. 
J Glaucoma. 2000;9:20–27.

13. Shirato S, Inoue R, Fukushima K, Suzuki Y. Clinical evaluation of SITA: a new 
family of perimetric testing strategies. Graefes Arch Clin Exp Ophthalmol. 1999;237: 
29–34.

14. Wild JM, Pacey IE, O’Neill EC, Cunliffe IA. The SITA perimetric threshold 
algorithms in glaucoma. Invest Ophthalmol Vis Sci. 1999;40:1998–2009.

15. Bengtsson B, Heijl A. Comparing significance and magnitude of glaucomatous 
visual field defects using the SITA and Full Threshold strategies. Acta Ophthalmol 
Scand. 1999;77:143–146.

16. Aoki Y, Takahashi G, Kitahara K. Comparison of Swedish interactive threshold 
algorithm and full threshold algorithm for glaucomatous visual field loss. Eur J 
Ophthalmol. 2007;17:196–202.

17. Budenz DL, Rhee P, Feuer WJ, McSoley J, Johnson CA, Anderson DR. Comparison 
of glaucomatous visual field defects using standard full threshold and Swedish 
interactive threshold algorithms. Arch Ophthalmol. 2002;120:1136–1141.

18. Hirasawa K, Shoji N. Swedish Interactive Threshold Algorithm for central visual 
field defects unrelated to nerve fiber layer. Graefes Arch Clin Exp Ophthalmol. 2016; 
254:845–854.

19. Bourne RR, Jahanbakhsh K, Boden C, et al. Reproducibility of visual field end point 
criteria for standard automated perimetry, full-threshold, and Swedish interactive 
thresholding algorithm strategies: diagnostic innovations in glaucoma study. Am J 
Ophthalmol. 2007;144:908–913.

20. Musch DC, Gillespie BW, Motyka BM, Niziol LM, Mills RP, Lichter PR. Converting 
to SITA-standard from full-threshold visual field testing in the follow-up phase of a 
clinical trial. Invest Ophthalmol Vis Sci. 2005;46:2755–2759.
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