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SUMMARY 

Computer-assisted perimetry was performed 6-monthly 

on patients entered into the Primary Treatment Trial 
using the 30-2 program. Those patients with a minimum 
of five visual fields had pointwise linear regression analy
sis (Progressor) carried out. Two consecutive slopes sig
nificant at the 0.05 level were taken as evidence for 
change, either improvement or worsening. Forty-eight 
patients in the surgery group, 40 in the medical group and 

20 in the laser group were suitable for analysis. A com
parison of the eyes showing 'improvement' or 'worsen

ing' in the surgery and medicine groups showed no 
difference between them. This lack occurred despite a 
significant difference in intraocular pressure between the 
two groups. The reasons for this lack of difference are 

discussed. 

The Primary Treatment Trial was a prospective study 
which set out to investigate the effectiveness of managing 
untreated primary open angle glaucoma patients with 
either primary medical, surgical or laser therapy. The 
study followed patients for a minimum of 5 years. The cri
terion for treatment 'success' was an intraocular pressure 
(lOP) below 22 mmHg at all times. During the trial it 
became apparent that surgical treatment was the most 
'successful', then medicine and finally laser treatment. 1 A 
comparison of lOPs in the medicine and surgery groups 
showed that the former had consistently higher mean 
levels and higher daytime variations. 1 For the last 3 years 
of the trial patients were followed by means of computer
assisted perimetry. This paper sets out the results of the 
computer-assisted visual field analysis over that period. 

METHODS 

Criteria for entry, follow-up and successful lOP control 
have been recorded elsewhere. 1 For the purpose of this 
analysis all patients in the three groups have been analysed 
as a member of that group, even though failure of IOP con-
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trol at some point in time meant that they had to be given 
additional treatment. 

The visual field examinations were performed on a 
Humphrey computer-assisted perimeter, using the 30-2 
program. The patients attended 6-monthly for the examin
ation. A size 3 target was used unless the severity of the 
visual tield defect necessitated the use of a size 5 target. 
Linear regression analysis was carried out for each indi
vidual retinal point." Those retinal points showing two 
consecutive significant (at the 0.05 level) positive or nega
tive regression slopes were considered to have improved 
or worsened respectively. The outer two rows of points in 
the upper half, and the outermost row of points in the 
lower half, were not included in the analysis. Only those 
eyes with at least tive visual tields were included. 

The false positive and false negative errors. fixation 
losses and mean deviation in eyes considered to show 
deterioration and/or improvement were noted. The results 
for the medicine and surgery groups are presented. The 
laser group had the highest number of lOP 'failures', 
which, together with the highest number of irregularities 
in visual tield follow-up, precluded useful analysis. 

RESULTS 

'Progression' refers to two consecutive negative regres
sion slopes, and 'no progression' refers to the absence of 
two consecutive negative slopes, worsening at the p<0.05 
level. 'Improvement' refers to two consecutive positive 
regression slopes significant at the p<0.05 level. A sum
mary of the results is given in Tables I and II. 

lt will be seen that there was no signiticant difference in 
the false positive and false negative errors between the two 
groups, suggesting equal performance skills. The patients 
in the two groups had a similar number of analysable fields 
(Table n. 

Progression was found after the fourth or tifth tield, 
while improvement was found by the third or fourth field. 
An eye could improve and then deteriorate; the opposite 
was not seen. There was no significant difference between 
the starting mean deviation in the two groups (Table J). 
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Table I. Baseline data 

No. of patients 
No. of analysable patients 

No. of analysable VF per patient 
Progression 
No progression 

False positive errors 
Progression 
No progression 

False negative errors 
Progression 
No progression 

Fixation losses 
Progression 
No progression 

Surgery 

57 
48 

7.00 
7.06 

4.74°/r 
3.149'< 

15.30% 
23.14% 

1 l.799'< 
4.93% 

Medicine 

56 
40 

6.62 
6.93 

3.31% 
3.719'< 

32.06% 
22.79% 

9.46% 
8.579'< 

Mean deviation" 
Progression 
No progression 

11.53 (SO 6.44) 
12.00 (SO 5.85) 

16.40 (SO 9.48) 
13.74 (SO 7.05) 

'Progression' means one or more locations with two or more consecutive negative regression slopes. 'No progression' means no locations with signifi
cant negative regression slopes. False negative, false positive and fixation losses were calculated from the last recorded value for each eye. 
"Taken from the average of the second and third mean deviations for each eye. 

There was no significant difference between visual field 
change in the two groups despite a significant difference in 
lOP (Table II). 

DISCUSSION 

Computer-assisted perimetry offers the advantages of a 
mechanically repeatable test performed under optimum 
conditions with quantifiable results available for statistical 
analysis.3A The perimetrisfs role is to encourage, cajole 
and support the patient throughout the test to minimise the 
effects of boredom and fatigue. The results are obtained 
from threshold determination of retinal sensitivity usually 
within the central 30° and are expressed as global 
indices,5.6 giving an indication of within-test (short-term) 
fluctuation as well as any overall or localised reduction in 
retinal sensitivity. The patient's performance is noted as a 
percentage of fixation, false positive and false negative 
errors,S.6 all of which may increase with time spent on the 
test7 as well as with severity of the visual loss,1 age, X 
refraction9.lo and eccentricity. 1 1 .12 and lens opacities J3 and 
miotics. 

In glaucomatous eyes the test-retest variability pre
cludes useful analysis of a sequence of two (or even three) 
fields.4•13,1 4 Performance does improve with practicel4-IX 
for in many cases change may reflect only regression to 
the mean. 19.20 For the patients reported on here, improve-

Table II. Visual field changes and intraocular pressure 

Eyes 'worse' at p<0.05 
Av. no. of locations 

Eyes 'improved' 
Av. no. of locations 

Mean lOP 
Progression 
No progression 

ment was seen in up to five fields. the minimum number 
considered for analysis. 

The Humphrey perimeter has 'inhouse' software for 
analysis of visual fields (Statpac. and Statpac 2) and use of 
such indices has proved of use in recognising glaucom
atous change.1I24 either singly or in clusters.24 The recog
nition of change in a sequence of fields has proved more 
elusive. A preliminary study showed disagreement among 
experienced observers.25 Not only have the changes due to 
short-term and long-term fluctuation to be taken into 
account, but in the absence of knowledge of the natural 
history of the condition, allowance has to be made for the 
anticipated mode of progression of the visual loss.26 To 
date assumptions on visual loss assume a linear character 
of the loss. Analyses of change have been based either on 
an analysis of change between the 'latest' field and a base
line field (in practice an average of two or three fields )22.'1 

or on linear regression of either areas in the field27.2x or 
individual retinal locations.2.29 The patients in this study 
have already been subjected to a preliminary linear regres
sion analysis of individual retinal points,29 and this study 
has reported on a final analysis. 

Linear regression failed to demonstrate a difference 
between the two groups despite a significant difference in 
lOP (and visual loss noted on Friedman fields) occurring 
between them. Two reasons exist for this: the analysis 
method, and the timing of the tests. 

Surgery 

34 (719,,) 
4.4 (SO 4.0) 

20/40 (50%) 
2.00 

14.17 (SO 2.69) 
13.19 (SO 3.25) 

Medicine 

25 (63%)NS 
5.58 (SO 4.48) NS 

12/36 (33%) 
2.00 

19.03 (SO 1.81) p<O.OOl 
19.39 (S0 2.31)p<0.OOl 

'Progression' means eyes with one or more location with a negative regression slope. 'No progression' means eyes without locations having a negative 
regression slope. 
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Linear regression analysis has been criticised as a good 
method of diagnosing cataracts (A. Heijl. personal com
munication. Singapore 1990). The insertion of a filter in 
the visual system will cause progressive decline in sensi
tivity of all retinal locations. It could be expected that the 
decline would be greatest in the damaged areas of the 
visual field. Eyes in this series showed localised decline in 
the visual field at a time when the central acuity was 
unchanged. Although developing lens opacities could not 
be excluded from some contribution to this change. the 
localised nature of the change seems to rule them out as 
the major cause. Deterioration was considered to have 
occurred when there were two significant negative regres
sion slopes, i.e. the decline was maintained upon repeating 
the visual field after an interval of 6 months. This should 
exclude poor performance on one day of the test. 

The method of visual field testing is open to criticism in 
the light of experience gained over the last 8 years. The 
patients in our series showed improvements in perform
ance, i.e. increased retinal sensitivity. in up to five visual 
fields. If deterioration was occurring it was masked by the 
improved performance. Only when reduced sensitivity 
exceeded learning could deterioration become manifest. 
This was seen in fields five to seven. Recent large-scale 
glaucoma trials have insisted on pretrial training in per
imetric testing to remove the learning effect before enter
ing patients.3lU1 Our patients learnt 'on the job'. 
minimising the chances of detecting differences between 
groups. 

The computer-assisted perimeter was used only for the 
last 3 years of the study. It could be that visual loss 
occurred in eyes the initial (medical) treatment of which 
had not achieved adequate lowering of lOP. '2 This raises 
the possibility that in our series the visual loss had 
occurred by the time we looked for it with the Humphrey 
perimeter. However. this possibility seems unlikely as 
Kaplan-Meier analysis shows the progression occurring 
in the Friedman field throughout the study." 

Is the computer-assisted perimeter too sensitive a test 
for glaucoma patients'? Many patients in this series had 
severe visual loss. This may have made it more difficult for 
them to give consistent performances on testing. and in 
many cases limited them to a size 5 target. A dispropor
tionate number of patients in the laser group were unable 
to perform adequately, precluding analysis. Patients with 
central islands of vision would do best on a I 0-2 test. For 
useful follow-up information to be obtained from com
puter-assisted perimetry a test appropriate to the visual 
field has to be chosen. No deterioration can be expected to 
be identified until the patient has 'learnt' to do the test. 
Finally, if the patient 'has a bad day' with high error 
scores, then the test result should be ignored and the test 
repeated. 

It would appear that the lOP difference between the 
medicine and surgery groups could account for the differ
ences in visual field performance. Whether this is due to 
the mean lOP or spikes of lOP in the medical group 
detected only on annual phasing is not clear. This finding 

is in agreement with previously published studies3-1-37 
where the importance of visual loss occurring at the higher 
normal lOPs has been stressed (up to 73%37). However, it 
is of interest to note that not all studies confirm this.38 

The results obtained with a computer-assisted per
imeter could not identify differences attributable to lOP 
differences between groups. The Friedman analyser mark 
I is a simple machine, testing a small part of the visual 
field. The separation of test locations and the simple test 
strategy (using three isopters-threshold, 0.4 log units 
below threshold and 'absolute' defects) make it unlikely 
that it was a more sensitive test than the Humphrey per
imeter. Changes between the groups could be seen on 
Friedman analysis by 24 months into the study.39 It seems 
likely that using the appropriate test strategy. with the pre
cautions outlined above. computer-assisted perimetry 
would identify deterioration even sooner. 
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