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New approach to estimating variability in visual
field data using an image processing technique

David P Crabb, David F Edgar, Frederick W Fitzke, Andrew I McNaught, Henry P Wynn

Abstract
Aims-A new framework for evaluating
pointwise sensitivity variation in com-
puterised visual field data is demon-
strated.
Methods-A measure oflocal spatial vari-
ability (LSV) is generated using an image
processing technique. Fifty five eyes from
a sample of normal and glaucomatous
subjects, examined on the Humphrey field
analyser (HFA), were used to illustrate
the method.
Results-Significant correlation between
LSV and conventional estimates - namely,
HFA pattern standard deviation and short
term fluctuation, were found.
Conclusion-LSV is not dependent on
normals' reference data or repeated
threshold determinations, thus potentially
reducing test time. Also, the illustrated
pointwise maps of LSV could provide a
method for identifying areas offluctuation
commonly found in early glaucomatous
field loss.
(Br_' Ophthalmol 1995; 79: 213-217)
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Automated perimetry is widely used for the
detection and follow up of glaucomatous field
loss. Evaluation of the pointwise sensitivity or
threshold variation in visual field data con-
stitutes an important component of perimetric
assessment. Indeed, the behaviour of early
glaucomatous field loss is characterised by this
variability and fluctuation. l1
The Humphrey field analyser (HFA) is

typical of advanced perimeters in providing the
clinician with a battery of devices to quantify
and interpret this pointwise sensitivity varia-
tion and threshold fluctuation. STATPAC5
(HFA's results analysis package) produces
pattern deviation maps of the field by compar-
ing the tested thresholds at each location to age
corrected normal values adjusted to the
subject's hill of vision. Locations that have a
low probability of occurring in the normal
database are flagged. The extent of all the
deviations is summarised by the pattern
standard deviation (PSD) index. Short term
fluctuation (SF) is partly a measure of subject
response variability. STATPAC calculates SF
during a field examination as a weighted mean
of the differences at 10 preselected locations
where the threshold value is determined twice.

SF, pattern deviations maps, PSD, and
CPSD (pattern standard deviations corrected
by SF) are widely used by clinicians in their
diagnosis and management of ocular diseases.
However, the actual values adopted for the age
corrected normal reference data are subject to

debate.68 Furthermore, a test duration fatigue
effect has been widely reported in normal and
glaucomatous subjects.9-1" These research
findings question the suitability of the normal
reference field technique for evaluating pattern
deviation maps, PSD and, with regards to
fatigue factors, the time consuming double
threshold determination strategy for estimating
SF.

This paper illustrates a new framework for
estimating pointwise sensitivity variation and
fluctuation. The rationale exploits the inherent
spatial dependence which exists between
neighbouring sensitivity values in the field'2
and adheres to the trend of developing pro-
cedures that take this important relation into
consideration.13 14 Simply, the difference
between a sensitivity value and a suitable
average of its neighbours is assumed to be a
measure of the variance at that location. The
size, direction, and site of these differences
reflect the level of variability and non-uniform
deviation across the field. An image processing
technique was used to reduce the variability in
visual field data in the previous paper.'5 Here
the same spatial filter process is applied, but
additionally the level of extracted pointwise
variability is quantified to give a new measure
of local spatial variability (LSV). The method
is demonstrated and simple illustrative com-
parisons with the conventional HFA para-
meters of variability are made. LSV is
determined without normals' reference data or
replicate threshold measurement, thus saving
test time. Additionally, pointwise maps ofLSV
are illustrated that could provide a device for
identifying areas of high variability commonly
associated with glaucomatous field loss.

Materials and methods

SUBJECTS AND DATA
The sample used to illustrate these methods
comprised of one visual field from each of
55 eyes. Thirty ophthalmologically normal
subjects, mean age 23 (range 19-28) years had
one randomly selected eye tested. These were
volunteers from a student population. All had
perimetric experience and mean refractive
error was less than plus or minus 3 D in each
case. Twenty five fields from 25 glaucomatous
eyes of patients with a mean age 63 (range
40-75) years were additionally selected. The
glaucomatous eyes were selected, without prior
knowledge of the image processing analysis,
from a patient database. Abnormal fields from
cases of high tension glaucoma (IOP >21 mm
Hg) were selected with a wide range of defect
size, depth, and spatial distribution (range of
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Figure 1 A three dimensional representation of the translated 8 by 8field with sensitivity
(dB) depicted by the height of the surface. This is a field with a high level ofpointwise
threshold variability. Note the irregularity of the residual surface (derivedfrom subtracting
the filteredfield from the original) and the spread oflarge residuals shown by the histogram.

MD -0-26 to -17-93 dB, range of PSD 2-17
to 13-66 dB). All had optic disc appearance
consistent with a diagnosis of glaucoma. The
fields were selected to provide a reasonably
representative sample of common patterns of
glaucomatous field loss.

All subjects were tested on the HFA 630
(30-2 program) with the size III white stimulus
in standard conditions. The data files compris-
ing the results from each field examination
were converted to files for a PC. The files were
processed and analysed using purpose written
software. The peripheral locations of the 30-2
grid (locations with x or y coordinates of +27
or -27) were excluded from further analysis.
Each field was thereby reduced to an 8 by 8
matrix of points with the addition of four
corner locations computed using a weighted
interpolation of the three adjacent thresholds.
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Figure 2 A three dimensional representation ofafield with a relatively low pointwise
threshold variability. Note the smooth residual surface and the narrow distribution ofsmall
residuals that cluster at zero.

The two locations above and below the blind
spot were excluded.

IMAGE PROCESSING TECHNIQUE
The visual field can be considered as a type of
digital image composed of a matrix of light
sensitivity values. In this application median
filtering, described fully in the previous
paper,.5 is used to process sensitivity values
and thus generate a smoothed version of the
original field. Median filtering specifically
identifies locations with extreme thresholds,
and forces them to more closely resemble their
neighbours. Thinking of the field as a three
dimensional surface, with sensitivity (dB) rep-
resenting depth, the median filter process
removes isolated spikes and troughs.

LOCAL SPATIAL VARIABILITY
A filtered version of each field was computed.
The pointwise sensitivity differences (dB)
between the original and filtered versions are
called the residuals. It is these residuals that are
assumed to describe the LSV. They are a
measure of the non-uniform deviation of the
field. The distribution of these residuals for
each field can be expressed as a histogram.
A three dimensional representation of an

irregular field with a high level of pointwise
threshold variability (PSD=5.74 dB; p<2%
from STATPAC) is shown in Figure 1. In con-
trast Figure 2 depicts a subject with a low PSD
(1 2 1; not significant from STATPAC).
Note particularly the difference in the size

and distribution of the residuals.
Summary measures of the residuals that

constitute LSV were compared with conven-
tional HFA parameters for pointwise sensi-
tivity variation and fluctuation. The root mean
square of all the residuals was calculated for
each field. Large values of this measure indi-
cated an irregular field with many localised
threshold deviations. This estimate was
directly compared with PSD, as calculated by
STATPAC, for all subjects. The mean of the
absolute residuals from a central 6 by 6 array of
the field was calculated for each subject. This
area included the sites of the 10 locations
where replicate threshold measurements were
determined by the HFA. Comparisons
between this measure of ISV and SF, as cal-
culated by STATPAC, were also made for each
subject.

Results
Scatterplots of LSV against PSD in the cor-
responding eyes demonstrated a clear relation
in both normal and glaucomatous fields
(Fig 3). Spearman's correlation coefficient
(rho) is derived from a non-parametric test of
ranks. It is an appropriate test of the level of
association between two variables. Values
greater than 0 43 are significant (p=0.01)
for samples of this size. There was signifi-
cant correlation between LSV and PSD for
normals (rho=074) and glaucomatous fields
(rho=0-66).
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A 30-2 grid outline. The small blank rectangle
A indicates the blind spot area (all right eyes).

Dark areas depict sites of high LSV. Figures
5A and B are representations of the same
fields shown above in Figure 1 and Figure 2,
respectively. Note the difference between the
field with a high level of pointwise threshold

0 variability (a), exhibiting several areas of large
O (rho: 0.74) residuals, compared with the normal field (b).|oem| Interestingly Figure 5C shows a glaucomatous

B 0 field, with relatively low HFA parameters
for variability (PSD=3-61, p<10%;

0 CPSD=2-59, p<10% and SF=2-12,
0 0 p<1/0%). However, the grey scale map reveals

00 0 o

0 appearance which may indicate an area of
°o 0 o00 further glaucomatous field decay.

0 (rho: 0.66)
II
0 2 4 6 8 1

Pattern standard deviation 1
Figure 3 Scatterplot oflocal spatial variabi
against pattern standard deviation (PSD) a
sTATPAcfor (A) normals and (B) glaucomc
Each symbol represents a single field.

Significant levels of associatior
observed between the second estin
and SF (normals, rho=0-46
rho=0.52). Scatterplots are shown
Maintaining the plots on the sarr
resulted in a clustering of the no:
the extreme position of one of
fields. This subject was singular in
having SF flagged as having a sign
probability of occurring when con
an empirical database by STATPAC

Figure 5 shows grey scale repres
the absolute residuals (pointwise
between original and filtered field
subjects. The location of the proc(
matrix of values is shown relative
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Figure 4 Scatterplot of local spatial variabi
against short term fluctuation (SF) as calcu4
STATPAC for (A) normals and (B) glaucoma
Each symbol represents a single field.

LI Discussion
0 12 14 Adapted image processing techniques can
from HFA potentially enhance the analysis and inter-
ility (1) pretation of visual field data. Previously such
isckultedby techniques were found to substantially reduce

wsubects. pointwise sensitivity variability on repeated
testing.'5 The application reported here
attempts to quantify the level of variability

n were also removed by the process. The results intimate
nate of LSV concordance between summary measures of
>; patients, this extracted LSV and STATPAC variables PSD
in Figure 4. and SF. It must be stressed that the value of
ae scale has these preliminary results is as an illustration of
rinals. Note the methods. Future work will address the
the normal application to a large number and variety of
the normals visual fields. Other image processing tech-
ificantly low niques are being investigated to determine
npared with their effectiveness. These may prove optimum
(p<5%). in providing a framework within which esti-
,entations of mates of variability can be derived and cross
differences validated with larger samples.

Is) for three Local spatial variability (LSV) and the
essed 8 by 8 rationale that underpins its derivation clearly
to the HFA has advantages. Firstly, estimates of LSV are

subject centred and unlike PSD or CPSD
(pattern standard deviation corrected by
subject's SF) are not dependent on normals'
reference data. A measure of the departure
from a normal height of the field for mean
deviation is, however, still required. Secondly,
an alternative to the current strategy for esti-
mating SF is particularly appealing. The 10
replicate threshold measurements determined

(rho: 0-46) by the HFA gives the SF to an accuracy of
only plus or minus 25%.16 It has been advo-

XfiL cated that all available double determinations
0 should be used to improve the estimate. 17 LSV

actually utilises information from more
0 locations. It has been shown that replicate

threshold strategies that interactively test areas
0 close to a scotoma may prove useful.'8 How-

0 ever, in the interest of reducing test time and
subject fatigue, it is essential that such repe-

(rho 0.52) titions are performed only at locations that
yield clinically valuable information. Signifi-

LLffi cantly, LSV provides estimates of pointwise
3 0 3.5 4.0 fluctuation while adopting the principle of
m HFA parsimony, as no repetitions are required.
ility (2) This method would therefore have the
ztous subjects. advantage of reducing test time. The notion of

using a single field determination to measure
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Figure S Grey scale maps of local spatial variability for
three example fields.

short term fluctuation is not new.19 However,
the image processing techniques tailored to
individual fields may provide a more effective
framework for analysis.
A global analysis of field data does not fully

describe the clinically useful information in a
visual field examination.20 21 For example,
global indices such as PSD are spatially in-
sensitive - that is, they cannot distinguish
between spatially correlated and uncorrelated
(random) damage. In terms of localised field

loss, deviation maps and the glaucoma hemi-
field test (GHT)22 appear more intuitive and
clinically valid. Importantly, the residuals gen-
erated by the image processing technique that
form the LSV reported here are amenable to
pointwise maps, or plots such as the examples
shown in Figure 5. Dark areas indicate loca-
tions that are highly at variance with neigh-
bouring points. When Werner and Drance4
first described the potential utility of threshold
variations in predicting frank glaucomatous
change the variations were local and not
global. The types ofplots described here could
provide the clinician with an aid to inter-
preting the spatial configuration of variable
locations that may be an early characteristic of
glaucomatous field loss.

In summary, image processing techniques
can be utilised to describe the threshold
behaviour and spatial properties of field data.
The LSV extracted by these processes cor-
relates well with conventional parameters. LSV
is determined without normals' reference data
or replicate threshold measurement, thus
saving test time. Moreover, the process could
also provide clinically useful spatial maps of
the non-uniform deviations and fluctuations
within the field. These methods could, after
further development and validation, be added
to current perimeter software as a statistical
bolt on and prove valuable in the detection and
management of glaucomatous field loss.
This work was supported by grants from the City Educational
Trust, Royal National Institute for the Blind, the Science and
Engineering Research Council, the National Retinitis
Pigmentosa Foundation, the Wellcome Trust, the Medical
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