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Analysis of visual field progression in glaucoma

represents an event type analysis which may be
particularly sensitive to sudden, marked loss in
sensitivity relative to baseline. Conversely, the
regression technique is a trend type analysis
which should detect more subtle gradually
developing loss. The two methods are perhaps
correctly identifying different progressing
locations in the same field which show a decay
pattern to which the respective analysis method
is more sensitive. Also the STATPAC-2 analysis
requires different levels of deterioration for dif-
ferent locations within the field. For example, a
greater level of loss is required to give a statisti-
cally significant change in areas of higher
threshold variability. The pointwise linear
regression technique is not weighted in this
fashion but rather identifies significant values
of field loss in relation to long term fluctuation.
Additionally, this pointwise linear regression
technique of determining the rate of loss at
individual locations against time of follow up
uses all the data from a complete series with
less dependence on baseline and normal refer-
ence data. In fact, extracting and quantifying
this pointwise rate of field loss alone may
provide clinically useful information.3*

It should be noted that the sensitivity values
of field locations are, however, not indepen-
dent in time or space. Furthermore, using
multiple linear regression analyses at each and
every field location inflates the estimation error
used for determining the significance of a slope
and subsequently affects the interpretation of
the associated p value. These are violations of
the statistical assumptions that underpin this
type of pointwise linear regression analysis.
However, the p values are simply used as
arbitrary cut off values to decide if the rate of
sensitivity loss at an individual location is
significant. These cut off values can be altered
and set within the analysis software to accom-
modate clinically based decision criteria.
Different values may, for example, be used in
different areas of the field because variability of
sensitivity values is partly a function of location
and eccentricity. Indeed, by adjusting these
arbitrary cut off values we can maximise the
sensitivity and specificity of the technique to
detect future field progression.2?

The PROGRESSOR software employs a
method of pointwise linear regression and
provides a graphical display of results using
colour coding to clearly indicate significant
field progression. This may prove easier to
interpret than inspection of long ‘print outs’ of
field series. Furthermore, this method allows
the clinician to examine the spatial configura-
tion of field loss and damage. Such analysis of
spatial patterns of loss is intrinsic to the
detection of true glaucomatous progression.
The sensitivity values of neighbouring field
locations have been shown to be spatially
dependent3> and the sensitivity of detecting
glaucomatous loss has been improved by
incorporating spatial information into certain
forms of visual field analysis.?® Some, newer
methods of analysis are wholly dependent on
spatial properties of the visual field.3”

In addition to the novel spatial presentation
of field loss central to the PROGRESSOR statistical
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analysis, the software has been developed to
allow exportation of data to other programs
that integrate spatial factors into the process of
detecting field progression. These methods
take advantage of the recognised spatial corre-
lation of the data and, by utilising image
processing techniques, effectively characterise
spatial properties of field data.26 They have
also been shown to quantify and reduce the
variability inherent in these data thus poten-
tially improving the signal to noise ratio of
visual field analysis.2’ 28 Moreover, these
image processing techniques have been shown
to improve the pointwise linear regression
algorithm for predicting and detecting glauco-
matous field loss.38

In summary, the PROGRESSOR software pack-
age implements a new method of analysis,
based on pointwise linear regression, that
transforms the field data into a colour coded
visual form which combines spatial relations
with temporal change. The agreement between
the pointwise linear regression method imple-
mented by PROGRESSOR and the glaucoma
change probability analysis from STATPAC-2 to
separate progressing from stable retinal locations
appears to be good using series of fields from a
sample of normal tension glaucoma patients.
The PROGRESSOR analysis, using one colour
coded figure, may prove easier to interpret
than the long print out of small triangular sym-
bols provided by STATPAC-2. We are currently
investigating this potential advantage by evalu-
ating clinicians’ interpretation and agreement
using PROGRESSOR analysis. Further develop-
ments to add to the suite of programs already
provided are under way. These allow spatial
relations to be characterised in a quantitative
way and are used to reduce noise and improve
the detection of true change. The software has
already been extensively used and tested on
hospital databases consisting of many
thousands of patient visual fields. By allowing
visual field results to be presented in a form
which is visually and intuitively easy to inter-
pret the methods presented here may provide
an efficient device for detecting true progres-
sion in glaucomatous field loss.
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