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Certain dimensions of the eye show character-
istic departures from the normal in patients 
with angle-closure and simple (open angle) glau-
coma. 

1,2
 In an attempt to obtain a method for 

predicting the presence or absence of either 
form of glaucoma, Tomlinson and French (Part 
1) derived two sets of multiple regression equa-
tions by the analysis of biometric data from the 
eyes of normal and glaucomatous subjects. One 
set, the 'Glaucoma Equations* were designed to 
discriminate between glaucomatous and normal 
subjects and another set, the 'Classification 
Equations,' to segregate the former into angle- 
closure and open angle categories. The discrim-
ination in both sets of equations was achieved 
by the comparison of the score obtained for an 
individual with a cut-off (discriminant) score. 
The equations performed well on the sample 
from which they were derived, but in order to 
assess their true worth and validity it was 
necessary to apply them to data obtained from  
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ABSTRACT 
A method of glaucoma prediction from 
ocular biometric data has been described 
previously. A study was undertaken to 
evaluate the performance of tie existing 
multiple regression equations (prediction 
systems) on data obtained from an 
independent sample consisting of 22 
angle-closure glaucoma, 29 open angle 
glaucoma and 44 normal subjects. This 
performance, found by comparing the 
predicted and actual classification for this 
sample, was such that between 2 and 7% 
false positives and 12 and 27% false 
negatives were found on the equations 
differentiating glaucoma from normal 
subjects; and between 14 and 27% false 
positives, with 10 to 14% false negatives on 
the equations classifying the glaucoma 
subjects as angle-closure or open angle. 
From these results the efficiency of glau-
coma prediction from ocular biometric 
data would appear to be equal to that of 
the combined tonography and provocative 
tests, provocation with corticosteroids and 
visual field screening. 
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another sample.
3
 The intention of this study 

was to assess the performance of these equa-
tions on such a sample and the data were 
obtained by one of us

4
 independent of the 

previous data. 

MATERIAL 

Subjects: 
The data analysed in this study were obtained 
from 22 patients with angle-closure glaucoma 
and 29 patients with open angle glaucoma who 
attended the University Unit of the Manchester 
Royal Eye Hospital. The other 44 subjects were 
'normal' in that they had no demonstrable 
ocular pathology or family history of glaucoma. 
This latter group of subjects consisted of Uni-
versity staff, students and patients attending 
the refraction clinic. 

METHOD 

Ocular Biometry: 
Ten ocular dimensions had been recorded for 
the sample considered, with their method of 
measurement these were: 

recorded at any time with the 
applanation tonometer attached to 
the Haag-Streit slit lamp,  

(x) BSR — Best sphere refraction i.e. sphere + 
V4 power of the cylinder, obtained 
by objective and subjective 
refraction. 

To these dimensions were added the age and 
sex of the subject, and the laterality of the eye 
measured. 

A score was obtained for each subject, feed-
ing the values of the above dimensions into five 
of the eight 'Glaucoma Equations' derived by 
Tomlinson and French (Part 1). It was not 
possible to employ all eight equations as cor- 
neal thickness, a factor in three equations, had 
not been recorded. The resultant score for each 
subject was compared with   the discriminant 
score for the equation reported by Tomlinson 
and French. If the value was greater than, or 
equal to the discriminant score, the subject was 
classified as 'glaucomatous' and if it was below 
as 'normal.

1
 Fifty-two subjects were classified as 

glaucomatous by one or more of the 'Glaucoma 
Equations.' The recorded dimensions of these 
subjects were then fed into three of the eight 
Classification   Equations

1
   derived   

previously; the absence of corneal thickness 
precluding the use of the other five. The scores 
for the glaucoma subjects were compared with 
the reported discriminant scores for each 
equation and the subjects categorized as 
angle-closure glaucoma if their scores were 
equal to or greater than this value and as open 
angle, if below. 

RESULTS 
The performance of the 'Glaucoma Equations' 
in segregation of glaucomatous from the normal • 
subjects in this sample can be seen in Table I. 
The incidence of false positives, i.e. the incorrect 
classification of normals as glaucomatous, was 
generally low varying between 2 and 7%. But 
the incidence of false negatives, i.e. the incorrect 
classification of glaucoma as normal, was higher, 
varying between 12 and 27%. 

The subjects defined as glaucomatous by this 
first stage analysis were now grouped into 
angle-closure and open angle glaucoma cate-
gories by the appropriate 'Classification Equa-
tion;' the appropriate equation being the one 
which contained a similar number of variables 
to the original Glaucoma Equation. The results 
of this may be seen in Table II. The incidence 
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TABLE I: The table shows the effectiveness of the 'Glaucoma Equations' (Tomlinson and French) when applied to the 
present data with the discriminant score for glaucoma as indicated. 

 

False positive, is the classification of a normal subject incorrectly in the glaucoma category. 
False negative, is the classification of a glaucoma incorrectly as a normal. 

TABLE II: The table shows the effectiveness of the ‘Classification Equations' (Tomlinson and French) when applied 
to the present data for subjects defined as glaucomatous by the 'Glaucoma Equations,* with the discriminant score 
for angle-closure glaucoma as indicated. 

 

False positive, is the incorrect classification of an actual open angle glaucoma subject as an angle-closure case. 
False negative, is the classification of an actual angle-closure glaucoma subject incorrectly as a case of open angle 
glaucoma. 

TABLE III: The table shows the results of Tables I and II presented together by a more descriptive method than 
that of false positives and negatives. 
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of false positives, i.e. the incorrect classification 
of open-angle as angle-closure glaucoma, varied 
between 14 and 27% and false negatives, i.e. the 
incorrect classification of angle-closure as 
open-angle glaucoma, between 10 and 14%. 

As it is difficult to picture the actual per-
formance of the two sets of equations repre-
sented in terms of false positives and negatives, 
Table III was compiled from the results of 
Tables I and II. Table III lists under descriptive 
headings the numbers of subjects glaucoma or 
normal, correctly and incorrectly classified. 
Although the results vary dependent on the 
equations applied to the data it may be said 
that for this sample the normal subjects are well 
defined; and of the glaucoma groups, which are 
not as well defined, the angle-closure subjects 
are better described than those with open angle 
glaucoma. 

DISCUSSION 
This evaluation of the method of prediction of 
glaucoma from ocular biometric data has pre-
sented some interesting results. As anticipated 
the performance of the 'Glaucoma' and 'Classi-
fication Equations

1
 on the sample considered 

here is not as good overall, as it was on the data 
from which the equations were derived. A 
comparison of the performance of the 'Glau-
coma Equations' shows that although the num-
ber of false positives reported for this sample is 
smaller than that for the original sample, the 
number of false negatives is considerably great-
er. The performance of the 'Classification Equa-
tions' for this sample compares unfavourably, 
in both the number of false positives and 
negatives, with the very good results obtained 
for the previous sample. 

It would appear from a consideration of the 
results of the two studies that the performance 
of the two sets of equations on the second 
sample would have been improved if the dis-
criminant scores were reduced for the Glau-
coma Equations. As an illustration let us con-
sider the application of 'Glaucoma' and 
'Classification Equations' Ac to the data. The 
results obtained with discriminant scores of 
0.39 for Glaucoma and 1.49 for angle-closure 
can be seen in Tables I to III. If the discrimi-
nant score for glaucoma was reduced to 0.25 
the results from the Glaucoma Equation Ac 
would be 5% false positives and 12% false 
negatives. This would mean that with a dis- 

criminant score for angle-closure glaucoma 
unchanged at 1.49, the results of each groups 
would read: angle-closure glaucoma — misclassi- 

fied as normal 1, misclassified as open angle 4, 
correctly classified 17; open angle glaucoma — 
misclassified as normal 5, misclassified as 
angle-closure glaucoma 4, correctly classified 
20; normals — misclassified as glaucoma 2, 
correctly classified 42. The original choice of 
0.39 as the discriminant score for glaucoma 
was made by Tomlinson and French (Part 1) to 
minimize the number of false negatives ob-
tained on the original data. It is possible that 
even with no statistical differences between the 
two samples considered, i.e. they belong to the 
same general population, that the best dis-
criminant score for each sample differs. This is 
a strong argument for the derivation of the 
discriminant score from as large a sample as 
possible, so that the best score can be derived 
for general application. 

Where characteristic differences in ocular 
dimensions  arise between  normal  and  glauc- 

omatous eyes, the values obtained for open 
angle glaucoma usually lie between those re-
corded for angle-closure glaucoma   and   the 
normal. This is reflected in the results of Table 
III  for equations Ac and Be where the segre-
gation of open angle glaucoma from the normal 
and angle  closure glaucoma categories on the 
basis of ocular biometric data is seen to be the 
most difficult task faced by these systems of 
glaucoma prediction. It may be possible by the 
introduction of new variables such as volume of 
eyeball, and/or equatorial diameter of the lens 
to   improve   the efficiency of the 
predictions made by these regression equations, 
but for the-present the methods of 
measurement of such variables are difficult. 
The single variable equations,   Ac   for   
glaucoma and   Ad, for classification which 
appear to favour the more accurate prediction 
of open angle glaucoma are deficient in the 
selection of angle closure glaucoma; mainly 
due to the failure to select on the Glaucoma 
Equation Ac the angle-closure glaucoma 
subject from the normal on the basis of the 
highest recorded intra-ocular pressure alone. 
Perhaps this is not surprising in a condition in 
which the intra-ocular pressure may be raised 
occasionally but not constantly to a high level. 
In   considering   the efficiency of any new 
system of prediction of glaucoma it is necessary 
to compare its performance with that of exist - 
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