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PURPOSE. To explore the diagnostic performance of threshold
visual field tests using subsets of the standard 24-2 test pattern
in detecting early/moderate glaucomatous field loss.

METHODS. Normal (Brusini stage 0, n¼2344) and defective eyes
(Brusini stage 2–3, n ¼ 2222) from a database of visual field
tests (6696 eyes/3586 patients, SITA standard 24-2 algorithm)
were selected and resampled using a bootstrap method. The
positive predictive values (PPVs) of each test location were
calculated for the resampled datasets with a fail criteria of a
single missed stimulus at a pattern deviation probability level of
less than 0.01. Optimized test patterns started with the most
frequent location of the maximum PPV in datasets. Eyes
missing the location were removed and the PPV values of
residual sample recalculated. The process was repeated until
all defective eyes were detected. Receiver operating charac-
teristic (ROC) curves were established for the PPV-optimized
and five randomized patterns. Characteristics of visual field
defects detected with subsets of optimized test pattern were
established.

RESULTS. With the PPV-optimized pattern, 95% of the field
defects were detected with 30 locations and all with 43
locations. Areas under the ROC curve were greatest for the
optimized pattern. With each increment in the number of test
locations, the Mean Deviation of additionally detected eyes
became more positive while Pattern Standard Deviation
became less positive (P < 0.001).

CONCLUSIONS. Good diagnostic performance can be obtained
with optimized subsets of the standard 24-2 test pattern that
can provide substantial savings in test times. (Invest Oph-

thalmol Vis Sci. 2013;54:756–761) DOI:10.1167/iovs.12-10468

Glaucoma is one of the leading causes of blindness in the
world, affecting an estimated 60.5 million people in

2010.1 Measures of the IOP, the optic nerve head structure, and
the visual field are widely used for the detection and
management of glaucoma. Visual field measures quantify the
functional loss and are important when evaluating a patient’s
quality of life and the effectiveness of treatment.2–6

The Swedish Interactive Threshold Algorithm (SITA) with
the 24-2 distribution of test locations is the most widely used
visual field test for the management of glaucoma. The 24-2

distribution is composed of 54 test locations distributed on a
6-degree square matrix displaced 3 degrees from the vertical
and horizontal midlines. This pattern covers the central 24
degrees of the field with 2 additional stimuli at 27 degrees
eccentricity above and below the horizontal midline in the
nasal field. The 24-2 test has largely superseded the 30-2 test,
which, in addition to the 54 test locations of the 24-2 test, has
22 extra test locations taking the total test area out to 30
degrees. The reduction in the number of test locations (76 to
54) reduced test times from approximately 6 to 5 minutes per
eye (see Table 1). Additionally, the 24-2 was found to have a
smaller variability than 30-2 test pattern and is less sensitive
to artifacts due to the correcting lens or a droopy eye lid.
These benefits have contributed to SITA 24-2 being the first
choice for the detection and management of glaucoma in
many institutions.

Whereas SITA 24-2 is widely used in the management of
glaucoma, it is seldom used for routine screening in primary
eye care. Suprathreshold tests are more commonly used for
routine screening due largely to their shorter test times. The
shorter test times of suprathreshold tests result from both a
reduced number of presentations at each test location and,
more often than not, a reduced number of test locations. The
Humphrey, FDT, Octopus, and Henson 8000 have just 40, 17,
26, and 26 test locations in their basic glaucoma screening
tests, respectively. In addition, the Octopus and Henson
perimeters have a facility to extend a screening examination
either by gaining more information from the existing test
locations11 or by increasing the number of test locations.12

Being able to extend a test based on interim results allows
rapid screening of suspect eyes with an option for more
extensive testing in cases in which there is a screening failure.
The criteria for a screening failure can be set to give high
sensitivity, knowing that false positives, which tend to be high
when the sensitivity of a screening test is high, will incur a
simple extension of the test rather than reexamination with
another test strategy.12

The informational value of each 24-2 test location at
detecting glaucoma is likely to vary. Earlier work by Henson
and colleagues13,14 from an analysis of data obtained with the
Friedmann Visual Field Analyzer found that stimuli in the
extreme superior field (>20 degrees eccentricity) and around
the blind spots give the least information, whereas stimuli in
the superior and inferior arcuate areas give the most
information. Removal of locations with low informational
value is likely to have little effect on the diagnostic power of a
visual field test but would shorten test times.

Interpoint topographic correlations of test locations in
glaucoma15 vary with test location. Several studies have
explored the spatial pattern of interpoint correlation and
found strong relationships between locations that follow the
distribution of ganglion cell fibers.16–18 Importantly, while the
informational value of all locations within the arcuate regions
may be high, the high correlation between locations might
limit the value of additional test locations in these regions.
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In the present work, we explore the relative performance of
using subsets of the standard 24-2 test pattern at detecting
early/moderate glaucoma defects. It is hypothesized that a
subset of the 24-2 test pattern could serve as a potential fast
screening method to detect early/moderate glaucomatous field
defects with a potential to extend this test to a full 24-2 test
pattern on screening failure.

METHODS

A database of the visual field test results (SITA 24-2 algorithm,

Humphrey Visual Field Analyzer; Carl Zeiss Meditec Inc., Dublin, CA)

from 6696 eyes of 3586 patients with suspicious/diagnosed glaucoma

(age 66.0 6 13.0 years old, collected at Manchester Royal Eye Hospital)

were classified into seven perimetric stages with the Brusini staging

method.19 Eyes with stage 0 were defined as normal group (n¼ 2344)

and eyes with stage 2 and 3 were selected as a defective group (n ¼
2222) for further analysis. Eyes graded as borderline and stage 1 were

excluded from the analysis, as there is considerable overlap in these

grades between normal and early glaucomatous eyes. Eyes with

advanced visual field loss (stages 4 and 5) were also excluded from the

analysis on the basis that this level of loss does not offer a suitable

diagnostic challenge. We included all eyes that met these criteria and

did not exclude eyes on the basis of reliability indices.

Positive predictive value (PPV) is a statistical parameter used to

estimate the performance of a diagnostic test. It is defined as the ratio

between the true positives (TP) and total positive calls (false positives

[FP] plus TP).

To reduce any bias that might result from a single sample of visual

field data, we used a bootstrap method (Matlab, version 2008;

Mathworks Inc., Natick, MA) to generate 200 datasets from the original

sample. For each dataset, 4566 visual field tests were randomly

selected, with replacement, from the original dataset. For each of the

200 datasets the PPV of the 54 test locations was calculated using a

cutoff criterion of pattern deviation probability less than 0.01 to define

a location as being normal or defective. For each of the 200 datasets,

the location with the highest PPV was then identified and the most

frequent location with the highest PPV was selected for the optimized

test pattern. Visual field results of eyes in which this abnormal location

was missing were then removed in each of the 200 datasets and the

PPV of the residual sample calculated. This process was repeated until

all defective eyes in the set had been detected (see Fig. 1).

The diagnostic performance of the optimized test patterns

(sensitivity and specificity) were then calculated at each step (i.e.,

for 1, 2, 3. . . n test locations), from the original dataset (n ¼ 2344

normal and 2222 defective eyes). The sensitivity was defined as the

proportion of the abnormal eyes detected with defects at the n test

locations and the specificity was the proportion of normal eyes

detected with no defects at the n test locations.

In addition, five random test patterns were generated to establish

the benefits of using optimized distributions. The five random series of

test locations were generated with a Matlab program (version 2008;

Mathworks). Receiver operating characteristics (ROC) curves were

plotted for both the PPV optimized pattern and randomized test

patterns based on the sensitivity obtained at a specificity level of

approximately 95%, 90%, 85%, 80%, 75%, 70%, and 60%.

To analyze the characteristics of visual field defects detected with

increasing number of test locations, the average and SD of mean

deviation (MD), pattern standard deviation (PSD), and total number of

defective locations, were calculated for 1–10, 11–20, 21–30, and 31–40

optimized test locations from the original dataset. One-way analysis of

variance (SPSS 16.0 for Windows; SPSS Inc., Chicago, IL) was used to

compare means of those parameters between the defined location

groups.

RESULTS

Visual Field Test Performances

With the optimized test patterns, all defective eyes were
detected with 43 test points. The sensitivity increased
logarithmically with the number of test locations (more than
95% with just 30) while the specificity decreased linearly (99%
for 1, 62.1% for 43) (Fig. 2).

Figure 3 gives the optimized distribution of 10, 20, 30, and
43 test locations for the defective group. Slightly more
locations were observed in the superior hemifield when fewer
locations were involved (e.g., 10 and 20 test locations). The 11
locations (2 in the blind spot) that did not contribute anything
to the performance were distributed throughout the central
field and often (9/11) fell within the arcuate areas (5 superior, 4
inferior).

Compared with the randomized patterns, the PPV-opti-
mized pattern showed a better performance with a larger area
under the ROC curve (see Fig. 4).

Characteristics of Visual Field Defects Detected
with PPV-Optimized Locations

Figure 5 displays the characteristics (MD, PSD, and defect
numbers) of glaucomatous eyes detected with PPV-optimized
test locations. With the increasing number of test locations,
MD became less negative, whereas PSD and defect numbers
became less positive (P < 0.001). This finding highlights how
more advance defects can be detected with fewer test
locations.

Estimated Test Time for Subsets of 24-2 Pattern

Based on results from previous studies (see Table 1), the
average SITA Standard test time for one test location is
approximately 0.08 to 0.09 minutes in healthy subjects.7–10

Using these figures, the test times, sensitivity, and specificity
for a range of different test patterns has been calculated (see
Table 2). For test patterns composed of 30 stimuli, test times
would reduce to less than 3 minutes from an average of 4.6
minutes for all 54 test locations and for patterns of 20 stimuli to
less than 2 minutes.

TABLE 1. Test Duration of SITA Standard Visual Field Test

Test Strategy Test Program Subjects Test Time, min No. of Test Locations

Average No. of

Presentations (Range) References

SITA standard 24-2 28 4.59/4.54 54 NA Wall et al.7

30-2 90 6.6 76 NA Budenz et al.8

30-2 20 6.1 76 287(273–321) Bengtsson et al.9

30-2 50 NA 76 325 Bengtsson et al.10

NA, not applicable.
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DISCUSSION

We have established the diagnostic performance of visual field
tests using subsets of the 24-2 test pattern on eyes with mild/
moderate glaucomatous loss (Brusini stages 2 and 3). This was
done with optimized distributions (greatest PPV) and random
distributions of the standard 24-2 test pattern. Using a cutoff
criterion of a single missed location (pattern deviation
probability value < 0.01), we were able to obtain high
sensitivity with just 30 test locations (95.5%). The specificity
for this number of test locations was 76.3%. In a protocol in
which a patient is initially tested with a truncated test set with
an extension to a full 24-2 test pattern on screening failure (1
missed location at a pattern deviation probability level of
<0.01), this would reduce test times to approximately 2.5
minutes in approximately 75% of eyes with no visual field loss.

Such strategies would be particularly beneficial when examin-
ing those with ocular hypertension and those at risk of
glaucoma (no visual field loss), since the usage of full 24-2 test
pattern is not cost efficient for large population screening. Test
times of 2.5 minutes per eye, while still being longer than
suprathreshold tests with the same number of test loca-
tions,20–22 make routine screening with threshold strategies
much more viable with the added advantage that in screening
failures there is a baseline 24-2 threshold test result (with
extension) without having to reexamine the patient. Although
this study has used a dataset obtained with the SITA Standard
test algorithm, similar gains would be expected with alterna-
tive threshold algorithms (e.g., SITA Fast). Differences between
SITA Standard and Fast relate to their terminating criteria23 and
reducing the number of test locations will have a proportional
benefit on test times of both algorithms.

The measures of diagnostic accuracy derived in this study
used two large population samples, those with Brusini stage 0
and those with Brusini stages 2 and 3. The Brusini staging
system was used in this study because it combines the MD and
PSD values, making it sensitive to both early localized loss and
advanced loss. Excluding the stages of Borderline and Stage 1
from the analysis, although justifiable on the basis that it is very
difficult with cross-sectional data to establish whether or not a
test location missed at a pattern deviation value of less than
0.01 is the result of normal variability or an early defect, will
lead to overestimates of the diagnostic accuracy of the
optimized patterns when used on populations including these
stages. Nevertheless, because the classification was based on

FIGURE 1. Flowchart of PPV calculation.

FIGURE 2. The sensitivity and specificity of the optimized test patterns
with increasing numbers of test locations. The solid line represents a
logarithmic relationship between the sensitivity and increased test
locations and the dashed line represents a linear relationship between
the specificity and increased test locations.

TABLE 2. Test Time Estimated for Variable Subsets of the Optimized
Test Pattern

No. of

Test Locations Sensitivity, % Specificity, %

Test Time

Estimated, min*

10 70.2 96.0 0.8 to 0.9

20 91.0 86.2 1.6 to 1.8

30 95.5 76.3 2.4 to 2.7

54 97.4 58.6 4.3 to 4.9

* Values derived from literature.7–10
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FIGURE 3. Optimized distributions consisting of 10, 20, 30, and 43 test locations. Numbers in the box indicate the ith test location involved in the
pattern.

FIGURE 4. ROC curves of visual field test with the optimized and five randomized test location patterns.
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single visual field test results, the eyes defined as ‘‘normal’’ in
this study cannot fully exclude those that could be abnormal
on subsequent testing or have an early undetectable functional
loss. Excluding eyes with Brusini stages 4 and 5 will lead to an
underestimate of the optimized pattern sensitivity when
testing populations that include these stages.

In our study, the relationship between the sensitivity and
the number of test locations was well fitted with a logarithmic
curve. Simultaneously, the specificity was linearly related to the
number of test stimuli. These findings are consistent with a
previous study,24 as were the findings of good performance
with comparatively few test locations.24–27

The use of optimized test locations based on the PPV of
each test location and an experimental design that accounted
for interpoint correlations (removing cases detected with prior
distribution) was found to be superior to the use of random
distributions of less than approximately 35 stimuli. Once above
this number there was little difference between the two
designs, a finding consistent with that of Henson et al.24 using
optimized versus an even distribution of stimuli. Examination
on the residual PPV maps reveals that after 35 stimuli have
been chosen, the variance of the PPV values is small and hence
there is no real benefit in selecting locations on the basis of this
map or randomly.

The finding that some locations in the arcuate areas
contribute little to the diagnosis performance reflects the
strong interpoint correlations within this region of the visual
field. With such correlations, adding neighboring test points
provides little additional value.

The nature of current threshold tests places high demands
on the patient’s ability to maintain vigilance. In a recent study
using pupil dynamics to derive an estimate of vigilance during
a perimetric test, it was found that most patients start to lose
vigilance after approximately 3 minutes of testing.28 After this
time, their response variability increases. Using subsets of the
24-2 pattern with reduced test times is, therefore, likely to have
the added advantage of reducing variability in responses.

In conclusion, good diagnostic performance can be
obtained with optimized subsets of the current 24-2 stimulus
pattern. Such patterns could be valuable when testing suspect
eyes (those with no known visual field loss) and for screening
large populations in which test times with the complete 24-2
pattern are not cost effective.
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