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The Rate of Change in Different Regions of the Field 
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Summary 
Using automated perimetry the distribution of visual field loss in 40 chronic open 

angle glaucoma eyes (40 patients) was found to be predominantly in the nasal, supra

nasal, and superotemporal regions. The rate of change of visual field threshold 

values in seven regions of the field was measured by trend analysis over 44.9 ± 17.9 

months. Seventeen eyes had a significant rate of field loss in one or more regions of 
the field with the remaining eyes either showing improvement or stability. Seven of 
the 17 eyes with significant regional field loss had stable overall fields . The greatest 

rate offield loss occurred in the temporal and superotemporal regions. The correla

tion between the mean threshold value of the initial field test and the rate of change of 

field over time was significant in the temporal region and of borderline significance in 

the superotemporal region. The relationship was such that the greater the initial 

threshold value, the greater the subsequent rate of field loss. 

The use of static testing of the visual field by 
automated perimetry with resultant digital 
values allows for a quantitative determination 
of retinal sensitivity of the visual field. We 
have developed a statistical computer pro
gram (called trend analysis) to assess the rate 
of progression of the visual field over time in 
patients that have a minimum of five field 
examinations. l By plotting the threshold 
value (decibels-db) versus time (months), 
we are able to determine changes or trends of 
the visual field over time. This type of analysis 
can be applied to the mean threshold values 
for the whole field, to each point in the visual 
field, and also to seven selected regions of the 
visual field. 2 

We have measured the rate of change of the 
visual field in a group of 40 chronic open angle 
glaucoma (COAG) patients with localised 

visual field loss. We have previously pre
sented the rate of change of each point in the 
visual field. 3 In this report, we will present 
data on the baseline threshold values and the 
subsequent rate of change of the threshold 
values over time in the different regions of the 
visual field. 

SUbjects and Methods 
The criteria for entry to the study were: 

(1) a diagnosis of chronic open angle glau
coma, (COAG) i. e., intraocular pres
sure ;;;::21 mmHg on at least two 
separate clinic visits, open angles on slit 
lamp gonioscopy, and characteristic 
glaucomatous optic nerve damage and 
visual field loss, 

(2) follow-up of at least 20 months with a 
minimum of five visual fields (Octopus, 
program 31), 
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(3) best corrected visual acuity of 6/12 or 
better, 

(4) localised visual field loss, 
With the help of the computerised visual 

field database at the Tufts-New England 
Medical Centre, forty patients were identified 
that qualified for inclusion, and we randomly 
selected one eye of each patient for the study, 
Demographic and clinical information were 
gathered from the patients' charts, 

The visual fields were performed with the 
Octopus 2000R perimeter (Interzeag, Schlie
ren, Switzerland) using program 31 and the 
size 3 stimulus, All patients had been tested 
with programs seven and 33 prior to the first 
program 31 visual field included in this study, 
to become familiar with perimetry and to rule 
out any learning effect. When a minimum of 
five program 31 visual fields had been 
obtained, the rate of change of the visual field 
was measured by trend analysis, This is a com
puter software package which helps us to 
interpret the vast quantity of numerical data 
of the perimeter printout. 1 It is a linear regres
sion plot of the mean threshold value (db) of 
each field test versus time (month), 

The slope (db/month) of the regression line 
of this plot is a measure of the direction and 
rate of change of the field, and allows the clin
ician to determine the change or stability of 
the field over time, The trend analysis slope, 
either positive (indicating improvement) or 
negative (indicating deterioration), is signifi
cant if the Spearman p value of the correlation 
coefficient of threshold values over time is less 
than 0,05 (2-tailed test),4 This indieates that 
the slope is statistically different from zero, 

A similar type of analysis can be applied not 
only to the 73 test points of program 31 for the 
whole field but also to seven selected regions 
of the field, The seven regions are the nasal, 
superonasal, inferonasal, central, superotem
poral, inferotemporal and temporaL Figure 1 
is a map showing the division of the central 30 
degrees of the field into seven regions, with 
the number of test points in each region in 
parenthesis, The regions were selected 
according to the studies of Gramer et ai, 5 and 
Wirthshafter et al,6 To rule out the possible 
influence of the eyelids and the correcting lens 
on the field, several points on the periphery of 
the central 30 degrees have been excluded, 

These points are designated by an X in 
Figure L 

Non-parametric statistical tests were used 
to compare the frequency distributions of 
variables (Mann-Whitney U), and to corre
late variables (Spearmann rank coefficient),4 
A p value (two-tailed) of less than 0, 05 was 
considered as significant, and values between 
0,05 and 0,10 were considered as being of 
borderline significance, 

Results 
The mean ± standard deviation for the fol
low-up time for the 40 COAG eyes (40 
patients) was 44,9 ± 17,6 months, The mean 
intraocular pressure during the study period 
was 16,7 ± 2,7 mmHg (range 9,9 to 
20,6 mmHg), All patients were on treatment 
during the study, Twenty-six eyes had chronic 
simple glaucoma, ten had glaucoma with the 
pigmentary dispersion syndrome/ and four 
had pseudoexfoliation with glaucoma,8 The 
mean number of visual field examination was 
12,6 ± 5,6 per eye, 

The mean rate of change of the whole field 
for the 40 eyes was -0,029 ± 0,035 db/month, 
Based on the statistical significance of the 
trend analysis for the slopes of the whole field, 
ten of the 40 eyes (25%) had a significant rate 
of field loss, two eyes (5%) had a significant 
rate of field improvement, and the 28 eyes 
(70%) with non-significant slopes were 
judged to have stable fields, Further inves
tigation of the 28 eyes with stable fields 
showed that seven eyes had a significant rate 
of field loss in one or more regions of the field 
(Table I), The ten eyes which had a significant 
trend of loss of the whole visual field also 
showed significant loss in some if not all the 
regions of the field (Table I), 

Figure 2 is a representative map of the total 
number of eyes with a significant rate of field 
loss per region, plus the mean threshold value 
of the initial field test and the mean trend 
analysis slope of these eyes, Figure 3 is a 
similar representation of the total number of 
eyes with stable slopes in the regions, This 
shows that the mean rate of field change in the 
nasal and superonasal regions is positive, indi
cating a slight improvement in these regions 
during the study (Figure 3), On comparing 
Figures 2 and 3, the mean threshold value at 
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Fig.1. Central 3(f' field (Octopus, program 31) 
divided into seven regions (right eye) with the number 
of test points per region in parentheses. Region 1 is 
superotemporal, region 2 is superonasal, region 3 is 
temporal, region 4 is central, region 5 is nasal, region 6 
is inferotemporal, region 7 is inferonasal. The test 
points not included in the regions are described by an X. 

the time of the initial field test is greater in the 
eyes with significant regional loss than in the 
eyes with stable regions for all but the infer
onasal region. This difference is statistically 
significant (Mann-Whitney, p = 0.039) in the 
superotemporal region, and is of borderline 
significance (p = 0.089) in the temporal 
region. 

Two eyes had a significant improvement of 
the whole visual field. A further two eyes of 
the 28 with stable overall fields had a signifi
cant improvement in one or more regions of 
the field. 

The threshold value of the initial visual field 
and the rate of change of threshold values in 
the regions of the field of the 40 eyes are pre
sented in Table II. The regions most affected 

Table I. Number of eyes with a significant rate of visual 
field loss per region 

Region 

Superotemporal 
Superonasal 
Temporal 
Central 
Nasal 
Inferotemporal 
Inferonasal 

Stable Total 
Field (n=28) 

2 
2 
o 
o 
o 

3 
o 

Losing Total 
Field (n=lO) 

7 
6 
9 
3 
5 
3 
5 

by visual field loss, that is the lowest threshold 
values, at the initial field test were the super
onasal, nasal and superotemporal regions, 
while the least damaged (greatest threshold 
values) were the central, inferotemporal and 
inferonasal regions. The greatest rates of field 
loss were seen in the temporal and super
otemporal regions; the least rate of change 
occurred in the infero- and superonasal 
regions. 

The correlations between the initial thresh
old value and the rate of field change were 
found to be negative in all regions, indicating 
that the greater the initial threshold value the 
greater the subsequent rate of field loss (Table 
II). This relationship was significant in the 
temporal region (p = 0.011) and of borderline 
significance in the superotemporal region 
(p = 0.056). 

Discussion 
Visual field loss in chronic open angle glau
coma is a combination of diffuse and local 
changes.9-14 Diffuse depression of the retinal 
light sensitivity is thought to represent diffuse 
retinal fibre layer loss and a generalised 
decrease of the neuro-retinal rim area of the 
optic disc. Localised visual field changes are 
felt to reflect localised scotomas associated 
with slit or wedge shaped defects of the retinal 
nerve fibre layer and localised changes in the 
neuro-retinal rim. Using automated perime
try, different strategies have been developed 
to measure these two components of visual 
field loss. 15.16 Mean defect (or sensitivity) is a 
measure of diffuse depression, and corrected 
loss variance (or pattern standard deviation) 

n=8 n=8 

14.St8.2 18.8t4.4 

-.120t.083 -.188t.188 
n=5 n=8 

13.8t 7.0 n=3 20.4 t 2.8 18.0 t 4.0 
-.140 t .028 

-.234t.228 -.188t.142 
n=5 n=8 

13.4t8.1 21.2t3.0 

-.110 t .037 -.082t.042 

Fig. 2. Map showing the total number of eyes with a 
significant rate of field loss per region, with the mean 
threshold value at the initial field test and the mean trend 
analysis slope of these eyes [Presented as right eyes]. 
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Fig. 3. Map showing the number of eyes with stable 
fields per region; plus the mean threshold value of the 
initial field test and the mean trend analysis slope of 
these eyes {Presented as right eyes}. 

is a measure of localised defects. More 
recently, cluster analysis has been used to 
evaluate further the type of localised field 
10ss.17 Diffuse depression of visual field 
threshold may not truly represent glaucoma
tous visual field IOSS.

18
,
19 

Deterioration of the visual field in chronic 
open angle glaucoma (COAG) occurs in a 
variety of ways.20 There may be generalised 
depression of the 'intact' portion of the field, 
an increase in the size and/or depth of scoto
mas, or the appearance of new defects. Pro
gression may be gradual or episodic in nature. 

In this study, we examined seven regions of 
the field to determine 

(1) the distribution of field loss in COAG, 
(2) the rate of field change in different 

regions of the field using trend analysis, 
(3) the relationship between the threshold 

values of the initial field test and the 
rate of field change in the r�gions. 

We also wished to determine whether sig
nificant regional field loss occurred in the 
presence of a stable overall field. 

Table II Visual Field Measurements (n=40) 

Progression of visual field loss can be moni
tored by statistical tests which are based on 
changes in the threshold values of the 73 test 
points over time.1,21-25 Because of the con
siderable amount of fluctuation in thresholds 
seen from one visual field examination to the 
next,26-29 even in patients with stable fields,30 a 
minimum of four or five field tests are necess
ary before any meaningful interpretation of 
the data can be made. The patients in this 
study had a minimum of five visual field tests 
and a mean of 12.6 field tests during fol
low-up. Therefore, changes detected by the 
trend analysis are felt to reflect true changes in 
the visual field. 

The distribution of field loss in this inves
tigation shows that the superior regions were 
more involved than the inferior regions, and 
also that the nasal region was more affected 
than the temporal region at the time of the 
initial visual field examination. These findings 
are in agreement with other studies which 
used automated perimetry to document visual 
field loss in open angle glaucoma.31,32 

Ten eyes were found to have a significant 
rate of visual field less for the total field and 
then seven eyes were found to have a signifi
cant rate of field loss in at least one or more 
regions of the field. These seven eyes were 
part of the group of 28 eyes judged to have 
stable total fields. Identifying these seven eyes 
provides evidence of progressive glaucoma
tous damage and is an indication that further 
medical or surgical intervention to lower 
ocular pressure is probably warranted. 

Taking the group as a whole, the greatest 
rate of field loss was seen in the temporal 
region, followed by the superotemporal 
region. The least rate of change was seen in 
the supero- and inferonasal regions. A signifi
cant correlation was seen in the temporal 

Mean threshold Trend Analysis 
value of initial slope Spearman ('s) 

Field (db) (db/month) Correlation P 
Region (Mean ± SD) (Mean ± SD) Coefficient Value 

Superotemporal 12.2 ± 7.2 -0.041 ± 0.114 -0.304 0.056 
Superonasal 11.0 ± 7.8 -0.018 ± 0.108 -0.025 NS 
Temporal 15.5 ± 5.3 -0.053 ± 0.114 -00400 0.011 
Central 19.5 ± 6.1 -0.032 ± 0.142 -0.161 NS 
Nasal 11.6 ± 6.3 -0.025 ± 0.122 -0.188 NS 
Inferotemporal 18.6 ± 6.0 -0.031 ± 0.080 -0.192 NS 
Inferonasal 17.6 ± 6.9 -0.012 ± 0.099 -0.009 NS 
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region and a borderline significant correlation 
was obtained in the superotemporal region 
between the mean threshold value of the 
initial field test and the rate of change of 
threshold values. The greater the mean 
threshold value, the greater the rate of field 
loss, indicating that the greatest rate of field 
loss occurs early in the disease. 

The mean threshold value of the initial field 
test in the group of eyes with significant 
regional field loss was greater than the mean 
threshold value in the eyes with stable regions 
in all but the inferonasal region. This provides 
further evidence that a significant rate of field 
loss occurs at an earlier stage in the disease 
process, and confirms previous observations 
by other investigators. 25.33 

One of the authors (BS) has assigned a copyright 
received from the United States Government for the 
Trend Analysis Programs to the Tufts Medical Center 
Associates, Boston, Massachusetts, USA. 
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