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Clinical Evaluation of Swedish Interactive
Thresholding Algorithm–Faster Compared With
Swedish Interactive Thresholding Algorithm–
Standard in Normal Subjects, Glaucoma
Suspects, and Patients With Glaucoma
JACK PHU, SIEU K. KHUU, ASHISH AGAR, AND MICHAEL KALLONIATIS
� PURPOSE: To compare the visual fields results obtained
using the Swedish interactive thresholding algorithm-
Standard (SS) and the Swedish interactive thresholding
algorithm-Faster (SFR) in normal subjects, glaucoma sus-
pects, and patients with glaucoma and to quantify poten-
tial time-saving benefits of the SFR algorithm.
� DESIGN: Prospective, cross-sectional study.
� METHODS: One randomly selected eye from 364 pa-
tients (77 normal subjects, 178 glaucoma suspects, and
109 patients with glaucoma) seen in a single institution
underwent testing using both SS and SFR on the
Humphrey Field Analyzer. Cumulative test time using
each algorithm was compared after accounting for
different rates of test reliability. Pointwise and cluster
analysis was performed to determine whether there
were systematic differences between algorithms.
� RESULTS: Using SFR had a greater rate of unreliable re-
sults (29.3%) compared with SS (7.7%, P < .0001).
This was mainly because of high false positive rates and
seeding point errors. However, modeled test times showed
that using SFR could obtain a greater number of reliable
results within a shorter period of time. SFR resulted in
higher sensitivity values (on average 0.5 dB for patients
with glaucoma) that was greater under conditions of field
loss (<19 dB). Cluster analysis showed no systematic
patterns of sensitivity differences between algorithms.
� CONCLUSIONS: After accounting for different rates of
test reliability, SFR can result in significant time savings
compared with SS. Clinicians should be cognizant of false
positive rates and seeding point errors as common sources
of error for SFR. Results between algorithms are not
directly interchangeable, especially if there is a visual field
deficit <19 dB. (Am J Ophthalmol 2019;208:
upplemental Material available at AJO.com.
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P
ERIMETRIC TESTING IN CLINICAL PRACTICE1,2 IS AN

essential part of the diagnosis and management of
glaucoma, the most common optic neuropathy and

the leading cause of irreversible blindness. One of the
most commonly used automated perimeters for glaucoma
assessment is the Humphrey Field Analyzer (Carl Zeiss
Meditec, Dublin, California, USA),3–7 and algorithms
that have been available on the instrument include the
full threshold, Swedish interactive thresholding
algorithm (SITA)-Standard (SS), SITA-Fast, and Fastpac
paradigms.8 Specifically, SS has garnered widespread use
in clinical practice for glaucoma assessments because of
its shorter test duration relative to full threshold9 while
generally preserving the fidelity of the resultant estimated
sensitivity result.10–13

One significant problem with clinical perimetry is the
variability in sensitivity measurement,14 particularly in
conditions of disease15–17 that may stem from a number
of causes.18–22 In the face of known issues with variability
within and between tests, there has been a paradigm shift
towards conducting more visual field tests.23–25

Specifically, the concept of frontloading visual fields has
been recommended at a baseline examination and at
follow-up in order to minimize variability to maximize
the detection of progressive loss.23 In this way, a large
amount of perimetric data can be collected to increase
the likelihood of identifying patients exhibiting different
rates of disease progression.26,27

However, the implementation of recommendations for
increased frequency of testing has been challenging, with
issues of timing and availability of resources being cited
as barriers, despite long-term cost savings.28 Alternative
approaches, such as the use of previous sensitivity informa-
tion,29 adaptation to regions of interest, such as
scotomata,30 censoring of unreliable test points to reduce
the number of stimulus presentations,31 and the use of
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structural information for targeting specific regions of the
visual field32,33 remain theoretical at present and have
not yet been widely implemented in practice.

One recent suggestion has been the use of SITA-Faster
(SFR),34 an updated version of the SITA family of
threshold-estimating paradigms, that has been shown to
reduce testing time by approximately 50% compared with
SS. Numerous modifications to SS and SITA-Fast leading
to SFR have enabled this reduction in test time, including
eliminating stimulus presentation delay and modifications
to the starting stimulus intensity and staircase reversals to
arrive at the sensitivity threshold at the primary ‘‘seeding’’
points (the 4 points at the 98:98 position in each quadrant
that provide an initial estimate of sensitivity in adjacent
test locations). In a comparison of the 3 SITA paradigms,
Heijl and associates34 demonstrated that SITA-Fast and
SFR produced almost identical results in terms of sensi-
tivity and probability scores, and small differences between
SFR and SS. The logic was therefore extended to poten-
tially replacing SS with SFR in order to meet an increasing
demand of more perimetric tests in clinical practice. Before
this can be done, more evidence is required to determine
the clinical utility of the SFR algorithm compared with
the currently commonly used SS.

The goal of the present study was to compare the use of
SS and SFR to address 3 practical questions related to their
clinical use, adding to the work already presented by Heijl
and associates.34 First, we determined the number of unre-
liable visual field test results and the reasons for their occur-
rence, and then related these back to the modifications of
SFR. These results were used to address the second aim,
which was to determine whether SFR results in an overall
saving of clinical testing time, after factoring in retesting of
unreliable results. There may be a critical point where net
test time taken to arrive at the same number of reliable
visual field test results are equated when using SS and
SFR. Third, we used a pointwise approach to ascertain
location-specific differences in sensitivity or probability
score values between the 2 paradigms and confirmed these
using cluster analysis.
METHODS

� SUBJECTS: This cross-sectional study adhered to the
Declaration of Helsinki and ethics approval was provided
by the Human Research Ethics Committee of the Univer-
sity of New South Wales. Patients seen at the Centre for
Eye Health between June 1, 2018 and June 30, 2019 were
examined for their suitability for the study. These patients
consisted of those who were referred to the Centre for Eye
Health for comprehensive glaucoma assessment. Eligibility
criteria for inclusion were: age 18 years or over; patients
consenting to use of their clinical data for research and
teaching; no ocular, systemic or neurological comorbidities
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that would confound the visual field test result; no history
of ocular surgery aside from unremarkable selective laser
trabeculoplasty, peripheral iridotomy or cataract surgery
and intraocular lens implantation (all within <2 years);
no history of ocular trauma; spherical equivalent refractive
error between þ8.00 diopters (D) and �8.00 D (with no
evidence of trial lens rim artefacts); and the inability to
conduct a perimetric test.
Patients formed 3 diagnostic categories, the first 2 ofwhich

were similar to the criteria presented by Heijl and
associates.34 First, patients with glaucoma were diagnosed
as per current glaucoma guidelines,35,36 including clear
characteristic glaucomatous structural anomalies at the
optic nerve head (including, but not limited to: increased
cup-to-disc ratio, cup-to-disc asymmetry, and neuroretinal
rim thinning or notching) and/or retinal nerve fiber layer
(corresponding to the aforementioned neuroretinal rim
changes), with or without corresponding visual field loss
and with or without elevated intraocular pressure. Second,
glaucoma suspects included those being followed on the basis
of clinical features suspicious for but not conclusive for glau-
coma, including elevated intraocular pressure (defined as
>21 mm Hg on applanation tonometry), suspicious optic
disc or retinal nerve fiber layer changes, significant systemic,
ocular, or family risk factors for glaucoma, or suspicious visual
field results. By definition, none of the glaucoma suspects
were receiving treatment for glaucoma; treated ocular hyper-
tensive patients were excluded. Third, normal subjects
consisted of patients with completely normal ophthalmic
findings: no evidence of optic nerve pathology, no increased
intraocular pressure, no other retinal or neurologic diseases
affecting the visual pathway, and visual fields that did not
have defects expected in the presence of pathology. All pa-
tients hadprevious experienceperforming perimetric testing.
Clinical determinations weremade by at least 1 (generally 2)
examining clinicians, and the results were subsequently also
reviewed by at least 2 clinicians for agreement.

� VISUAL FIELD TESTING: All patients underwent auto-
mated perimetric testing using the SS and SFR paradigms
on the Humphrey Field Analyzer 24-2 test grid. Testing
for both was conducting at the same clinical visit, and
the test order (SS or SFR first) was randomized. One eye
was randomly selected for testing for all subjects. Pointwise
sensitivity and probability score data were flipped to right
eye orientation for all subjects for analysis. Randomization
of the eye was performed before the clinic visit. The peri-
metrist only measured visual acuities before perimetric
testing, and all other routine clinical procedures were
performed after completion.
The perimetrist administered the test (unmasked to the

algorithm) as per the instructions presented on the screen
by the instrument before test commencement, as per the
methods of Heijl and associates.34 The perimetrist moni-
tored the patient carefully throughout the test, with proper
head, eye, and lens positioning maintained to avoid lens
DECEMBER 2019OPHTHALMOLOGY



rim artifacts. If during the test there were signs of unreli-
ability, such as gaze instability, high false positive rates,
inattentiveness, or others, the perimetrist was permitted
to stop the test, to reiterate the instructions to the patients,
and to restart once.34 After a second failed attempt, the
patient was excluded from the study. Once the second
attempted of testing was completed, the result was accepted
for this study, regardless of the reliability outcome.

� AIM 1: EVALUATION OF TEST RELIABILITY AND TEST
DURATION: The first aim of the study was to evaluate test
reliability. SS has a number of indices for test reliability: fix-
ation losses determined using the Heijl–Krakau method,
false positive catch trials, false negative catch trials, and
the gaze tracker.37–39 These are commonly reported in the
literature as criteria for result reliability, and therefore 2
specific criteria of reliability for a SS result were: 1)
fixation losses >20% in conjunction with significant
deviations on the gaze tracker (defined as >68 of eye
movement >20% of the time) and 2) a >15% false
positive rate. The gaze tracker results are presented as
scalar but not vector units, so directional movements
cannot be extrapolated. There must also be no head
tracker deviations triggering instrument warnings. As per
more recent studies,40,41 we did not use false negative rate
as an index of poor reliability because it is known to be
elevated in disease. SFR however only uses 2 of these
indices: the false positive catch trials and the gaze tracker,
and does not use fixation losses found using the Heijl-
Krakau method.34 We therefore only used the criteria of a
>15% false positive rate and >68 of eye movement >20%
of the time as cutoffs for reliability for a SFR result, and disre-
garded the Heijl-Krakau blind spot monitoring result. We
compared the performance of both algorithms head-to-
head and therefore used the same criteria for reliability for
assessing both field results: the false positive cutoff and gaze
tracker errors (also in line with recent usage for SS).

Using the above, we ascertained the number of unreli-
able results using each paradigm, and for the final pointwise
and cluster analysis only included those patients who had
reliable results for both tests. For the unreliable results,
we examined the causes for low test reliability.

� AIM 2: MODELINGTESTDURATIONDIFFERENCES AFTER
EVALUATING OVERALL TEST RELIABILITY: Our second
aimwas to examine overall differences in test duration given
scenarios of reliable and unreliable test results. We modeled
these using 2 methods. The first model was to determine the
time it would take to obtain x number of reliable visual field
results, for example within an individual patient. We
factored in possible occurrences of unreliable visual fields
in between the reliable results. Because only permutations
where there were 0, 1, or 2 unreliable visual fields were
considered, the probabilities of these events occurring given
the need for x number of reliable visual fields were normal-
ized. These were done using the following equations:
VOL. 208 COMPARISON OF SITA-STAN
py¼0 ¼ pxR (1)

py¼1 ¼ x3pxR3pU (2)

py¼2 ¼
�
x3

xþ 1

2

�
3pxR3p2U (3)

The sum of these was py, which represented the total of all
probabilities within that set of conditions. Therefore, each
normalized probability was py¼0/py, py¼1/py, and py¼2/py.
From this, we determined the average net time needed to

obtain x number of reliable visual fields. The probability of
the reliable visual field occurring was multiplied by the time
taken tocomplete thefield test, and theprobabilities of theun-
reliable fields tests were multiplied by the test duration of an
unreliable result. Given the possible permutations, the net
time for x reliable fields is given by the sum of time for combi-
nationswith no unreliable results (equation 4, t0), 1 unreliable
result (equation 5, t1), or 2 unreliable results (equation 6, t2):

t0 ¼ py¼0

py
3ðtRÞ (4)

t1 ¼ py¼1

py
3x3

�
txR þ tU

�
(5)

t2 ¼ py¼2

py
3

�
x3

xþ 1

2

�
3
�
txR þ t2U

�
(6)

Where pR and pU were the probabilities of obtaining a reli-
able or unreliable result, respectively, and tR and tU were
the test durations for the reliable or unreliable results,
respectively. This net result of cumulative test time was
then plotted as a function of number of desired total num-
ber of reliable tests, x. As we had collected these data pro-
spectively and consecutively, we made no predictions
regarding the potential crossover points of levels of x or y
between SFR and SS.
The second model modeled the time required to obtain at

least 1 reliable result across a patient cohort of a certain size.
We had 3 conditions: no retest allowed, 1 retest allowed, and
2 retests allowed. To do this, we multiplied the number of
subjects within the cohort x with the probabilities of obtain-
ing a reliable (pR) or unreliable (pU) visual field result. These
were then multiplied by the time taken to obtain a reliable
(tR) or unreliable (tU) visual field result. The cumulative
times were summed to obtain the total time given a set of
x patients. For conditions where retests were allowed, the
same principle was applied, with a smaller set of x x pR, repre-
senting a retest of those with an initial unreliable result.
For the purposes of this study, both models assumed that

the likelihood of rates of low reliability were fixed, though
clinically it may be affected by factors such as learning
effects and stage of disease.
253DARD AND SITA-FASTER



FIGURE 1. (A) Venn diagram of the frequency of reliable vi-
sual field test results for each test paradigm. (B) Causes of cases
of low test reliability for each test paradigm. The asterisk indi-
cates a significant difference between the Swedish interactive
thresholding algorithm (SITA)-Standard and SITA-Faster at
P< .01. Note that some patients had multiple sources of error.
(C) Test duration (in minutes) for each diagnostic category,
divided into SITA-Faster and SITA-Standard and whether or
not the test result was reliable. The line, boxes, and tails repre-
sent the median, quartiles, and range, respectively.
� AIM 3: POINTWISE DIFFERENCES IN SENSITIVITY AND
PROBABILITY SCORES USING CLUSTER ANALYSIS: Our
third aim was to examine whether pointwise and systematic
differences exist in terms of sensitivity and probability score
results. For the sensitivity (in dB) results, we compared the
values that were directly extracted from the visual field
printouts. The probability scores, typically expressed in
grayscale, from P < .05 to P < .005, were extracted from
the pattern deviation map. We assigned an ordinal score
to this scale, as per our recent work42: P < .05 ¼ 1,
P < .02 ¼ 2, P < .01 ¼ 3, and P < .005 ¼ 4. A point
with no statistically significant reduction was given a score
of 0. Though the differences between the probability levels
are not equal, the use of an ordinal score can be more relat-
able to clinical practice because these present a fixed visual
cue for the likelihood of abnormality.

Cluster analysis was then used as a complementary tech-
nique to determine if there were locations within the visual
field that differed in the same fashion between the algo-
rithms. We have previously reported on cluster analysis
across the visual field for highlighting contrast sensitivity
isocontours,43,44 which is slightly different to other
approaches seeking to characterize archetypes of deficit
patterns.45 Additional details regarding this analysis are
provided in the Supplemental Material (available at
AJO.com).

� STATISTICAL ANALYSES: All data were extracted
directly from the Humphrey Field Analyzer printout, and
clinical information relevant to the present study was
also similarly obtained. From the printout, we extracted
test time, global indices (mean deviation and pattern stan-
dard deviation), pointwise sensitivity values and probabil-
ity scores (as described above), and reliability indices.
Differences were compared intraindividually, with the
resultant data pooled across diagnostic groups (normal sub-
jects, glaucoma suspects, and patients with glaucoma).

GraphPad Prism software (version 7; GraphPad, La Jolla,
California, USA) was used to perform statistical analysis. A
D’Agostino and Pearson omnibus normality test (a¼ 0.05)
was significant (P < .05) for differences in mean deviation,
pattern standard deviation, and false positive rate were not
normally distributed. Normally distributed data were
analyzed using parametric statistics, and nonnormally
distributed data were analyzed using nonparametric statis-
tics. Proportion data were compared using the Fisher exact
test. Correlations were performed using the Pearson r for
parametric data and Spearman rho for nonparametric data.46
RESULTS

� AIM 1: EVALUATION OF TEST RELIABILITY AND TEST
DURATION: During the study period, 364 patients
completed visual field testing using both SS and SFR.
The demographic characteristics of the final sample of
254 AMERICAN JOURNAL OF
250 subjects with reliable results on both algorithms
(Figure 1A) are shown in Table 1. The relatively younger
cohort of the normal subjects was likely a product of the
consecutive nature of subject testing. The overall distribu-
tion of subjects showed a generally demographically diverse
cohort. Glaucoma patients were mostly early stage
DECEMBER 2019OPHTHALMOLOGY
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FIGURE 2. Cumulative test duration (in minutes) as a function
of number of desired reliable visual field test results modeled us-
ing a condition of 2 maximum unreliable test results obtained
during a representative test period of 5 years (3 fields per
year) for Swedish interactive thresholding algorithm (SITA)-
Standard (red) and SITA-Faster (black). We also added a new
model, SITA-Faster with seeding points, which was the same
as SITA-Faster, plus 30 seconds to test duration and reducing
the probability of unreliability (blue). The error bars indicate
1 standard deviation.

TABLE 1.Demographic Characteristics of the PatientsWith Reliable Visual Field Results Using Both Swedish Interactive Thresholding
Algorithm-Standard and Swedish Interactive Thresholding Algorithm-Faster

Normal Subjects (n ¼ 54) Glaucoma Suspects (n ¼ 120) Patients With Glaucoma (n ¼ 76)

Mean age, y (SD)a 48.2 (11.9) 59.1 (11.8) 63.5 (14.1)

Males, n (%)b 22 (40.7) 70 (58.3) 43 (56.6)

Ethnicity, n (%)c

White 32 (59.3) 85 (70.8) 46 (60.5)

Asian 20 (37.0) 27 (22.5) 23 (30.3)

Indian or Pakistani 1 (1.9) 5 (4.2) 5 (6.4)

Hispanic 1 (1.9) 2 (1.7) 0 (0)

African 0 (0) 0 (0) 2 (2.6)

Aboriginal 0 (0) 1 (0.8) 0 (0)

Median SITA-Standard mean deviation, dB

(IQR)a
�0.14 (�0.75 to 0.48) �0.21 (�1.5 to 0.58) �2.02 (�4.62 to �0.84)

Median SITA-Standard pattern standard

deviation, dB (IQR)a
1.35 (1.16–1.57) 1.58 (1.37–1.84) 2.58 (2.00–4.17)

Median spherical equivalent refractive

error, Diopters (IQR)d
�0.25 (�1.25 to 0.25) 0 (�1.25 to þ1.00) 0 (�2.31 to þ1.31)

IQR ¼ interquartile range; SD ¼ standard deviation; SITA ¼ Swedish interactive thresholding algorithm.
aKruskal-Wallis test showed significant differences between the groups (P < .0001).
bx2 test showed no significant difference between the groups (P ¼ .1640).
cx2 test showed no significant difference between the groups (P ¼ .1089).
dKruskal-Wallis test showed no significant difference between groups (P ¼ .6559).
glaucoma, with a number (n ¼ 16/76, 21.1%) of moderate
and advanced stage glaucoma patients,47 based on their SS
mean deviation scores (median �2.02 dB [interquartile
range�4.62 to�0.84 dB; full range�30.62 toþ1.08 dB]).
VOL. 208 COMPARISON OF SITA-STAN
There was no significant difference in the proportion
with reliable results between normal subjects (70.1%; 54/
77), glaucoma suspects (68.0%; 120/178), and patients
with glaucoma (69.7%; 76/109) (P ¼ .9084). There were
significantly fewer instances where SS was unreliable
compared with SFR (8.2% vs 28.6%, P < .0001). When
SFR was performed first (n ¼ 181), there was a small
increase in the number of overall unreliable visual fields
results (34.3% vs 25.2% when SS was performed first;
n ¼ 183; P ¼ .0121). The relative proportion of times
where SFR and SS fields were unreliable remained similar
(9.4% vs 34.3% [SFR was unreliable 3.6 times more often
than SS] when SFR was first and 7.1% vs 23.0% [3.2 times]
when SS was first). However, given the unequal number of
overall reliable results and distribution of subjects depend-
ing on the algorithm used for initial testing, we combined
the results for subsequent analysis.
The most common cause of low test reliability across

both algorithms was a false positive rate >15% (SFR 66/
104 [63.5%]; SS 16/30 [53.3%]), occurring at a similar
rate across both tests (Figure 1B; P ¼ .3159). There were
significantly more instances of seeding point errors (defined
as any combination of the 4 points tested during the initial
phase of the test as having a combined statistically signifi-
cant reduction of P < .0001 [multiplication of P values] or
less in the absence of other pathologic depressions or corre-
lating structural loss, such as cataracts or established scoto-
mata) that had led to poor reliability in SFR (47/104,
45.2%) compared with SS (5/30, 16.7%) (P ¼ .0047).
255DARD AND SITA-FASTER



FIGURE 3. Difference between Swedish interactive thresholding algorithm (SITA)-Faster (SFR) and SITA-Standard (SS) in mean
deviation (A) and pattern standard deviation (B) in dB for normal subjects, glaucoma suspects, and patients with glaucoma. A positive
value on the y axis represents a more positive value obtained using SITA-Faster. The solid black horizontal line indicates no difference
between the algorithms. The asterisk indicates a significant difference from 0 using a 1-sample t test (P< .05). ns[ no significance.
There was no difference between groups for the gaze tracker
errors (SFR 24/104 [22.1%]; SS 7/30 [23.3%], P ¼ .9766).

Test durations were shorter for all 3 groups when using
SFR compared with SS when considering reliable results
(median difference 182 seconds [interquartile range 161–
207.3 seconds], P < .0001). Two-way analysis of variance
revealed a main effect of diagnostic group on the overall
test time, with patients with glaucoma specifically exhibit-
ing a greater relative difference in test duration between
the SITA algorithms and different levels of reliability
compared with normal and glaucoma suspects (F2,718 ¼
11.61, P < .0001; Figure 1C). On average, there was a
9.7% increase in test duration for an unreliable result using
SFR and a 20.4% increase for SS.

� AIM 2: MODELING TEST TIME BASEDONOVERALL EVAL-
UATION OF VISUAL FIELD RELIABILITY: After identifying
patients supplying reliable and unreliable data in aim 1,
we sought to model test time to determine if net time sav-
ings using SFR can be achieved. The modeled cumulative
test times were based on 262 reliable SFR (mean, standard
deviation [SD] 126.2 6 28.2 seconds), 334 reliable SS
(315.8 6 57.2 seconds), 104 unreliable SFR (138.9 6
38.3 seconds), and 30 unreliable SS (381.4 6 113.4 sec-
onds) results, and the probability for reliable and unreliable
occurrences found using the data presented in Figure 1. Spe-
cifically leveraging the data presented in Figure 1, we also
modeled an additional theoretical ‘‘algorithm,’’ SFR ‘‘with
seeding,’’ which includes an additional 30 seconds that is
typically used by SS or full threshold for carefully establish-
256 AMERICAN JOURNAL OF
ing the initial 4 seeding points. This is notably one of the
modifications applied to SFR to shorten testing times: the
starting stimulus intensity has a lower luminance, and
only 1 reversal is performed, which we have demonstrated
to lead to cases of low test reliability in Figure 1. Based on
the results of Figure 1, this modification is speculated to
reduce the number of unreliable cases of SFR by 23, with
a new unreliability rate of 17.8% (a 37.3% reduction).
For this model, average total predicted test times were

modeled for conditions where <_2 unreliable visual field
results were accepted in <_15 tests (a 5-year period if 3 reli-
able results are desired per year); because the results for 3 or
4 unreliable visual field conditions were similar, these are
not shown for clarity (Figure 2). The lower rate of unreli-
able test results when using SS compared with SFR did
not appear to cause a convergence in overall time to obtain
<_15 visual reliable fields tests when modeled in this
manner. This was still true when we modelled an alterna-
tive SFR algorithm with seeding points. SFR therefore still
results in overall time saving (Supplemental Figure 1A-C;
Supplemental Material available at AJO.com).

� AIM 3: GLOBALANDPOINTWISEDIFFERENCES BETWEEN
SS AND SFR SENSITIVITIES: Aim 3 was assessed solely with
the data from subjects with reliable results on both algo-
rithms. In brief, for normal subjects, 1-sample t test
comparing the difference between SS and SFR was not
significantly different to 0 for mean deviation
(P ¼ .6593) and for pattern standard deviation (P ¼
.4597; Figure 3). Patients with glaucoma also showed no
DECEMBER 2019OPHTHALMOLOGY
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FIGURE 4. Difference in sensitivity between Swedish interac-
tive thresholding algorithm (SITA)-Faster (SFR) and SITA-
Standard (SS) in dB, plotted as a function of visual field test
location for normal subjects, glaucoma suspects, and patients
with glaucoma. Each datum point indicates the result from 1
observer at that location. The horizontal dashed line indicates
no difference. The vertical dotted lines separate the approximate
concentric ‘‘rings’’ as depicted in the upper right inset. The solid
symmetrical lines indicate 2 standard deviations (SDs) at each
location across the visual field according to Phu and associ-
ates.53 The proportion of points outside 2 SDs for each group is
shown in each figure label. N2 [ nasal 2 points; R1 [ ring 1;
R2 [ ring 2; R3 [ ring 3; R4 [ ring 4.
significant difference between algorithms for mean devia-
tion (P ¼ .8974) or pattern standard deviation
(P ¼ .1019). The mean deviation score was slightly higher
for glaucoma suspects when using SFR (mean difference
0.26, P ¼ .0175) but not for pattern standard deviation
(P ¼ .0508; Figure 3).

Pointwise differences in sensitivity across each visual
field test location, arranged into near-concentric rings
from fixation, are shown in Figure 4 for each diagnostic
group. Based on the pointwise variability of test locations
across the visual field, 6.5%, 11.8%, and 13.4% of all points
were outside 2 SDs for normal subjects, glaucoma suspects,
and patients with glaucoma, respectively. Differences in
probability score were not plotted for clarity because of
the interval scale and overlapping data.

One-sample t tests were applied for each ‘‘ring’’ to
determine if there was a systematic bias in sensitivity dif-
ference. In general, there was a bias toward a higher
sensitivity result found using SFR compared with SS
(Table 2).

We then determined the correlation between the differ-
ence in SFR and SS sensitivities and the baseline SS sensi-
tivity, which was used as the reference standard (Figure 5).
The correlations were approximately moderate46 across all
diagnostic groups (normal subjects, r ¼ �0.46; glaucoma
suspects, r ¼ �0.48; patients with glaucoma, r ¼ �0.37).
Linear regression analysis revealed an x-intercept (ie, a
sensitivity difference of 0) of 31.1, 30.7, and 28.4 dB for
normal subjects, glaucoma suspects, and patients with glau-
coma, respectively. Therefore, SFR results in higher sensi-
tivity values when SS sensitivities were lower, and vice
versa for higher SS results. Because of the skews induced
by sensitivities of low reliability, we also performed separate
analyses for when sensitivities <19 dB were censored
(Figure 6).18 Notably, the relationship worsened signifi-
cantly for patients with glaucoma; though statistically sig-
nificant, the coefficient of determination was poor at
0.0182. This demonstrated that sensitivities are not pre-
dictable for glaucoma patients at levels of <19 dB.

Difference in probability score data was examined as a
function of SS probability score (Table 3). A Wilcoxon
signed rank test (difference to 0) showed significant differ-
ences across all groups except for a probability score of 4
for normal subjects (possibly related to the small sample
size). Where SS showed a probability score of 0, all sub-
jects tended to have a significant number of SFR results
with a probability score >1. Conversely, when the prob-
ability score on SS was 1–4, the SFR score tended to be
lower, whereby there was a relatively lower level of statis-
tical significance of visual field defects. This mirrored the
relationship identified in the difference in sensitivity,
where more significant defects in SS were underestimated
when using SFR.
VOL. 208 257COMPARISON OF SITA-STANDARD AND SITA-FASTER



TABLE 2.One-Sample t Test Results for Comparing the Differences Between Swedish Interactive Thresholding Algorithm-Faster and
Swedish Interactive Thresholding Algorithm-Standard Sensitivity (dB) and Probability Score Results

Normal Subjects Glaucoma Suspects Patients With Glaucoma

Sensitivity

Ring 1 0.28 (0.06–0.50)a 0.20 (0.03–0.38)a �0.17 (�0.53 to 0.19)

Ring 2 0.25 (0.11–0.39)b 0.38 (0.25–0.51)c 0.06 (�0.17 to 0.29)

Ring 3 0.19 (0.07–0.31)d 0.41 (0.29–0.53)c 0.45 (0.29–0.62)c

Ring 4 0.41 (0.26–0.55)c 0.66 (0.53–0.79)c 0.71 (0.51–0.91)c

Nasal 2 0.54 (0.06–1.03)a 0.92 (0.39–1.46)b 1.85 (0.98–2.71)c

Average 0.30 (0.22–0.38)c 0.50 (0.43–0.58)c 0.48 (0.36–0.59)c

Probability score

Ring 1 �0.01 (�0.07 to 0.04) �0.08 (�0.15 to �0.02)a �0.19 (�0.30 to �0.08)b

Ring 2 0.04 (�0.02 to 0.09) �0.03 (�0.08 to 0.02) �0.06 (�0.13 to 0.02)

Ring 3 �0.01 (�0.04 to 0.03) �0.03 (�0.07 to 0.00) �0.07 (�0.13 to 0.01)a

Ring 4 �0.03 (�0.04 to 0.04) �0.03 (�0.07 to 0.01) �0.10 (�0.17 to �0.04)b

Nasal 2 0.16 (0.04–0.28)a �0.00 (�0.11 to 0.11) �0.21 (�0.42 to 0.01)a

Average 0.01 (�0.01 to 0.03) �0.03 (�0.06 to 0.01)d �0.09 (�0.13 to �0.06)c

Mean differences with 95% confidence intervals of the difference are shown. A positive value indicates that the Swedish interactive thresh-

olding algorithm-Faster result was higher than the Swedish interactive thresholding algorithm-Standard result. Results have been arranged in

approximate rings from fixation, as per Figure 3.
aP < .05, bP < .001, cP < .0001, and dP < .01 indicate the level of significance from the 1-sample t test comparing the Swedish interactive

thresholding algorithm-Faster and Swedish interactive thresholding algorithm-Standard difference from a mean of 0.
� CLUSTER ANALYSIS OF SENSITIVITY DIFFERENCES BE-
TWEEN ALGORITHMS: To complement the analysis based
on approximate distance shown in Figure 4, cluster analysis
was performed to examine for pointwise systematic locations
exhibiting the same change. The resultant clusters demon-
strated no systematic pattern. Supplemental Figure 2 (Sup-
plemental Material available at AJO.com) shows an
example of a step before the final completemergewhenusing
a d9 > 1 criterion. The inability to resolve a pattern using this
was caused by the significant interindividual variation.
DISCUSSION

IN THE PRESENT STUDY, WE ADDRESSED 3 KEY QUESTIONS

pertaining to the application of SFR in clinical practice.
First, we confirmed shorter test times obtained using SFR
compared with SS and identified errors that contributed
to differences in reliability rates between algorithms. This
was then used to address the second aim, which was to
model cumulative test times. This analysis illustrated the
time saving benefits of SFR, even when lower rates of test
reliability were considered. Below we propose alterations
to further improve this while maintaining its benefits.
Third, we found that SFR generally resulted in higher sensi-
tivity values, and differences were more pronounced in
patients with glaucoma and regions with greater visual field
loss. However, no systematic difference was found on clus-
ter analysis because of inter- and intraindividual variation.
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� MODIFICATIONS TO SFR AND LOW TEST RELIABILITY:

We identified 2 modifications used to reduce test time in
SFR that may have contributed to lower test reliability rela-
tive to SS.34 Starting with an age-corrected sensitivity
value (rather than 25 dB) at the 4 seeding points introduces
significant uncertainty.21,22,48 Consequently, this may alter
response criterion, such that a more intense stimulus is
required before the subject indicates a response. This is
further complicated by having only 1 reversal for the
staircase, which finally manifests as higher seeding point
errors using SFR because there is no opportunity to
reorient to the actual sensitivity.49

As described by Heijl and associates,34 a higher false pos-
itive rate is expected in SITA-Fast and SFR compared with
SS. This has been attributed to the more difficult testing
condition of SITA-Fast and SFR where presentation
intensities are near to threshold at initial presentation,13

which is thought to lead to a more liberal response crite-
rion. In comparison, SS typically uses more subthreshold
intensities as starting points, creating a positive bias
(higher sensitivity) in responses. In addition, SFR may
also have a greater rate of false positive errors compared
with SS because of the shorter timing between stimulus
presentations.34 Reaction time varies considerably across
individuals, test location, and threshold level,50,51 and
this may result in greater false positive rates.

� TRADING OFF TEST RELIABILITY FOR TEST TIME: At
present, based on our results, there is a high level of low
test reliability found using SFR compared with SS within
a subset of patients, even after retesting. However, does
DECEMBER 2019OPHTHALMOLOGY
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FIGURE 5. Difference in sensitivity between Swedish interac-
tive thresholding algorithm (SITA)-Faster (SFR) and SITA-
Standard (SS) as a function of SS sensitivity value for each
diagnostic group. Each datum point represents the result from
1 observer at that particular SS sensitivity value. The horizontal
solid line indicates no difference between algorithms. The
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this mean that these cancel out the benefits obtained with
shorter test duration, such as the ability to conduct more
tests?
Our models suggest that the overall smaller increase in

test duration as a product of low test reliability when using
SFR may still outweigh the increase in frequency of unreli-
able results. This is a product of unreliable results obtained
with SS having a greater percentage increase in test dura-
tion. This indicates that increasing the frequency of testing
with SFR may still provide practical benefits in some cases.
Our results suggest that a number of the modifications

made to shorten the test duration for SFR may also require
alterations to patient instruction to reduce the rate of low
test reliability, with an emphasis on correct measurement
of the seeding points, and could enable one to pay specific
attention to the onset of the first 4 stimuli. We also postu-
late that one simple modification to seeding point determi-
nation in SFR may assist in retaining the benefits of short
test duration while improving the overall reliability and
confidence in clinical interpretation. At this point, this
suggestion remains speculative, and further experimental
testing using a different staircase procedure at the seeding
points would be informative. Furthermore, these conclu-
sions were based primarily upon a cohort of patients with
predominantly early to moderate glaucoma; a larger study
specifically in later stage disease would be useful.
Another finding from our study was the difference in reli-

able results, whereby SFR performed first led to a greater
rate of unreliability overall. As a result, the analyses could
not be performed separately because of different distribu-
tions of reliable and unreliable subjects. This result, howev-
er, raises the question of whether the learning effect is also
dependent on algorithm52: had the modifications leading
to SFR created a new learning curve for perimetric testing?
Importantly, does this also mean that alternating between
test paradigms may not be recommended because of
different response behaviors? A different study design
would be required to address these interesting clinical
questions.

� CORRELATIONS BETWEEN SENSITIVITY MEASURE-
MENTS USING SFR AND SS: Given the interest in using
SFR in lieu of SS in clinical practice, we aimed to deter-
mine if there were systematic differences between algo-
rithm results. The overall differences in sensitivity
between algorithms were low, and at face value, correla-
tions between algorithms suggest that they may be inter-
changeable, or at least some correction factor could be
applied to render the results comparable.
results of the linear regression analysis are also shown. The
dashed and dotted lines indicate the difference in sensitivity
when a SS difference of 5 dB and 10 dB from the x(y[ 0) value,
respectively.
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FIGURE 6. Difference in sensitivity between Swedish interactive thresholding algorithm (SITA)-Faster (SFR) and SITA-Standard
(SS) as a function of SS sensitivity value for each diagnostic group separated into 2 SS sensitivity groups:<19 dB (left) and ‡19 dB
(right). Each datum point represents the result from 1 observer at that particular SS sensitivity value. The horizontal solid line in-
dicates no difference between algorithms. The results of the linear regression analysis are also shown, except for normal subjects
<19 dB because of the few data points available.
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TABLE 3. Proportion of Different Levels of Difference Between Swedish Interactive Thresholding Algorithm-Faster and Swedish
Interactive Thresholding Algorithm-Standard (Ordinal Units) Occurring for Each Swedish Interactive Thresholding Algorithm-Standard

Probability Score for Each Diagnostic Group

SITA-Standard Probability Score

Difference Between SITA-Faster and SITA-Standard

P Value�4 �3 �2 �1 0 1 2 3 4

Normal subjects

0 (n ¼ 2626) 0.0 0.0 0.0 0.0 94.2 3.5 1.1 0.8 0.3 <.0001

1 (n ¼ 106) 0.0 0.0 0.0 89.6 5.7 1.9 1.9 0.9 0.0 <.0001

2 (n ¼ 48) 0.0 0.0 83.3 8.3 6.3 0 2.1 0.0 0.0 <.0001

3 (n ¼ 23) 0.0 65.2 17.4 8.7 4.3 4.3 0.0 0.0 0.0 <.0001

4 (n ¼ 5) 60.0 0.0 0.0 20.0 20.0 0.0 0.0 0.0 0.0 .1250

Glaucoma suspects

0 (n ¼ 5396) 0.0 0.0 0.0 0.0 89.6 6.2 2.3 1.4 0.5 <.0001

1 (n ¼ 404) 0.0 0.0 0.0 76.5 13.4 5.9 2.7 1.5 0.0 <.0001

2 (n ¼ 167) 0.0 0.0 64.1 15.6 9.0 7.8 3.6 0.0 0.0 <.0001

3 (n ¼ 162) 0.0 66.7 11.7 7.4 7.4 6.8 0.0 0.0 0.0 <.0001

4 (n ¼ 111) 39.6 10.8 12.6 9.9 27.0 0.0 0.0 0.0 0.0 <.0001

Patients with glaucoma

0 (n ¼ 2881) 0.0 0.0 0.0 0.0 85.0 7.5 3.4 2.9 1.2 <.0001

1 (n ¼ 321) 0.0 0.0 0.0 68.8 13.4 5.9 4.7 7.2 0.0 <.0001

2 (n ¼ 177) 0.0 0.0 63.3 11.9 8.5 10.2 6.2 0.0 0.0 <.0001

3 (n ¼ 151) 0.0 55.6 11.3 9.3 11.3 12.6 0.0 0.0 0.0 <.0001

4 (n ¼ 422) 19.4 9.2 5.9 9.7 55.7 0.0 0.0 0.0 0.0 <.0001

P values indicate the result of a Wilcoxon signed rank test examining for a difference to 0.

SITA ¼ Swedish interactive thresholding algorithm.
Although areas in some patients seem to exhibit a
greater magnitude of difference between algorithms, the
interindividual variability in sensitivity manifested as low
separability scores in the cluster analysis for both normal
subjects and patients with glaucoma. The absolute sensi-
tivity difference between classes identified on cluster anal-
ysis was small and was lower than the variance. One reason
for this may be that the probability density functions are
intrinsically different between SFR and SS.13 Another
reason that is supported by our data is that the overall sensi-
tivity differences were low, such that larger disparities may
be masked by the variability of the grouped data. Most dif-
ferences were still within the approximate test–retest vari-
ability using the SS algorithm.53 The probability score
results also appear to support this as the majority of points
demonstrated no statistically significant change in proba-
bility score. Again, this suggested that large differences be-
tween algorithms were the exception.

� ARE THE SITA ALGORITHMS INTERCHANGEABLE?: In
isolation, the results of the cluster analysis suggest that
there is a uniform difference between SS and SFR in sensi-
tivity across the visual field. However, knowing the ground
truth sensitivity differences, the merging of all clusters
occurred as the SD values at all locations exceeded that
of the average sensitivity differences. Therefore, the lack
VOL. 208 COMPARISON OF SITA-STAN
of statistically separable clusters found on cluster analysis
did not reflect a systematic and uniform difference across
the visual field. Instead, the high variance at each test loca-
tion meant that the differences between SS and SFR are
less predictable.
Higher variance at locations with greater defect depth

has been demonstrated by a number of other studies,54,55

and there have also been suggestions for the censoring of
perimetric data below certain sensitivity levels (15–19
dB).31,56 When we censored our data below 19 dB, there
was no difference in the slope values or goodness of fit,
suggesting that moderate strength of correlation was not
related to high variance at low sensitivities but rather
was likely driven by algorithm differences.
Importantly, we confirm the findings of Heijl and associ-

ates34 that the difference in sensitivity between algorithms
is dependent upon the underlying SS sensitivity (the refer-
ence value in the present study). The overestimation of
sensitivity by SFR also manifested as an underestimation
of the probability score on the pattern deviation map
(the significance of the defect). This has implications for
determination of patterns of loss using grading systems,
such as the Glaucoma Staging Score.47 The effect of these
differences in measurement of longitudinal sensitivity
change requires additional investigation. Based on these re-
sults, we suggest that the SITA algorithms are not
261DARD AND SITA-FASTER



necessarily interchangeable unless a postprocessing step is
added to account for these differences. In addition, our re-
sults further contribute to the literature by presenting a
different relationship between SS and SFR at different
sensitivity brackets (<19 dB and >_19 dB). The significant
variability in relationship at unreliable sensitivity values,
in combination with the discordance in probability scores,
further suggests that algorithms are not interchangeable,
especially in more severe field loss. This will likely have
ramifications in long-term monitoring, which requires
further investigation.

� LIMITATIONS: A limitation of this study was that we
only measured visual fields once. Although all patients
enrolled in this study had previously undergone perimetric
testing, there was no method to measure intraobserver
retest variability using each algorithm to confirm the results
of Heijl and associates.34 Further validation of test–retest
variability is important crucial to understanding the utility
of SFR in longitudinal settings. We also did not control the
level of perimetric experience across each subject, although
we attempted to reduce these potential effects on the com-
parisons of algorithms by randomizing test order and allow-
ing 1 test restart. Our model is also conservative in terms of
the number of restarts of visual fields and did not account
for a potential need for bringing patients back on another
clinic visit, which can add considerable time. Under those
circumstances, the time-saving advantage may be reduced.

Although the cross-sectional consecutive study design
has an advantage of reducing spectrum or selection bias,
the overall representation of moderate or worse glaucoma
262 AMERICAN JOURNAL OF
cases was relatively limited. Our cohort, although much
larger than the last report on SFR,34 also consisted of pa-
tients within a single referral-only clinic—comprised pre-
dominantly of white and East Asian patients—and
therefore may not be directly extrapolated to other clinics.
The decay in relationship specifically for patients with
glaucoma with advanced field loss reinforces the poor reli-
ability of perimetric testing within the sensitivity range of
<19 dB when SFR is performed18,56; however, another
study in a clinic with more advanced cases would be
useful to confirm these findings.
CONCLUSIONS

OUR RESULTS INDICATE THAT SFR PROVIDES BENEFITS IN

test time, even with higher rates of low test reliability
compared with SS. Common sources of error when using
SFR could be addressed through careful patient instruction
and/or future subtle modifications to the algorithm to
improve the measurement of seeding points. Differences
in sensitivity and probability scores between SFR and SS
were small, with no clear evidence of systematic differ-
ences. SFR could therefore be considered if a short test
duration or more data are desired. Its use under conditions
with greater visual field loss should be judicious because of
potentially larger differences in output sensitivity or prob-
ability score results: the algorithms are specifically not
interchangeable once more severe vision loss occurs.
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