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Preface 

The XIth Annual Symposium of the International Perimetric Society was held in Washing- 
ton, D C , USA on July 3-6, 1994 As always, there were thought-provoking and enlightening 
scientific sessions and the traditional lively social program The scientific sessions were di- 
vided into seven paper sessions and three poster sessions The many excellent presentations 
attest to the continued tine perimetry research on five continents Again, at this meeting one 
session and many posters were devoted to ophthalmic imaging; this field continues to thrive 

From our 301 members, 108 abstracts were received Eighteen (17%) were rejected Of the 
92 accepted, 45 were platform presentations and 45 were posters Sixty-one percent were from 
Europe, 15% from Japan and 20% from North America There was one from Argentina and 
one from Australia Overall, fourteen countries were represented Of these 92 presentations, 
80 manuscripts were accepted for Perimetry Update 1994195 

The International Perimetric Society is indebted to the members of our Executive Commit- 
tee for their peer review of the submitted manuscript President - Anders Heijl, Vice Presi- 
dents - Mario Zingirian and Eric Greve, Treasurer - Fritz Dannheim, Group Chairmen - John 
Wild, Bernard Schwartz, Jorg Weber, William Hart, Yoshiaki Kitazawa and Enrico Gandolfo, 
and Members at Large - Gordon Douglas, Christine Langerhorst, Toshifumi Otori and Mario 
Zulauf. 

The Symposium was hosted by Richard Mills’ team from Seattle, Washington The Society 
acknowledges the enormous effort of Suzanne Collum in organization of the meeting and this 
monograph 

We are all looking forward to our next meeting, the XIIth International Visual Field Sym- 
posium in Wiirzburg, Germany, June 4-8, 1996. 

Richard P Mills, MD 
Michael Wall, MD 
Editors 



VISUAL FIELD CHANGE 



Assessing progressive field loss in glaucoma using a self-organizing feature 
map 

David B. Henson’, Susan E. Spenceley’ and David R. Bull2 

‘Department of Optometry and Vision Sciences, University of Wales, Cardifj Wales, 
and 2Department of Electrical and Electronic Engineering, University of Bristol, Bristol, 
United Kingdom 

Abstract 

Purpose The large degree of variability in glaucomatous visual field defects makes it difficult to dif- 
ferentiate between non-significant random variations in the visual field and true progression The majority 
of research into the quantification of progression has concentrated on the use of global measures of defect 
depth, measures which take little or no account of spatial patterns within the data Artificial neural networks 
(ANNs) have potential to exploit spatial information and may assist the recognition of progressive change 

Methods An ANN based on an unsupervised learning paradigm (Kohonen self-organizing feature map) 
has been trained with a population of glaucomatous defects (139 eyes) to cluster them on the basis of their 
pattern of loss 

Results The output classes which can be derived from the ANN extend from the perfectly normal to ab- 
solute blindness and encompass all the phases of glaucoma described within the literature Examples will be 
presented showing how patients with progressive loss pass from one class to another and how this path 
through the derived classes varies from that of patients with noisy but stable defects 

Conclusions Changes in the spatial characteristics of glaucomatous field loss as evidenced by the move- 
ment between classes derived from a Kohonen map are proposed as having potential in differentiating be- 
tween progressive loss and random noise 

Introduction 

Artificial neural networks (ANNs) have been shown to be useful in differentiating visual 
field datale5 They possess a series of attributes that make them particularly useful to this task 
They utilize all the spatial information that exists within the field data. They have an ability to 
learn similarities among patterns directly from instances of them and without prior knowledge 
and they have an ability to generalize when.used to process previously unseen data 

These attributes are also of potential value in the harder task of detecting progressive loss. 
One way in which ANNs might assist in this task is by classifying glaucomatous patients on 
the basis of their pattern of loss and then establishing how patients with progressive loss pass 
from one class to another and whether this differs from patients with noisy but stable fields 

A network particularly suited to this classification problem is the Kohonen self-organizing 
feature map6 This network has an input layer, which in this case will receive the visual field 
data from a single examination, and a 2-dimensional output layer (map) of nodes The activa- 

Supported by the UK Science and Engineering Research Council (grant number GRH54393) 

Address for correspondence: D B Henson, PhD, Department of Optometry and Vision Sciences, University 
of Wales College of Cardiff, P 0 Box 905, Cardiff CFI 3XF, Wales, United Kingdom 

Perimetry Update 1994195, pp 3-11 
Proceedings of the XIth International Perimetric Society Meeting 
Washington DC, USA, July 3-7, 1994 
edited by R P Mills and M Wall 
0 1995 Kugler Publications, Amsterdam/New York 



4 D B. Henson et al. 

tion of the output layer can be used to classify the input data. When the network has been 
trained, highly correlated input patterns (visual field defects) will activate the same output 
node while adjacent nodes will be activated by input patterns which, while being sufficiently 
different so as not to activate the same node, have a degree of similarity The output map 
shows a continuum of change as you pass from one node to its neighbor. 

An important difference between the Kohonen map and the networks used in the papers 
cited above is that it employs an unsupervised learning paradigm It does not require the train- 
ing examples to be classified using a priori information. Its final classification is based solely 
on the interrelationships between data included in the training set. 

The anatomical separation of the superior and inferior field at the optic nerve head means 
that there is a degree of independence in the nature of the defects within the two hemi-fields. 
It also means that a spatially based classification of defects can result in a large number of 
classes which have either the same, or very similar, defects in one hemi-field but with varying 
types of loss in the other hemi-field. This problem can be overcome by classifying superior 
and inferior defects independently. 

This paper demonstrates that a Kohonen self-organizing feature map can be trained with a 
number of glaucomatous visual fields to identify the common spatial characteristics of glau- 
comatous visual field loss The resulting 2-dimensional maps contain areas which respond to 
different conditions, ranging from an area responding to normal fields to an area responding 
to the most advanced defects. The intervening classes correspond to the clusters of defects 
present in the training set Typical glaucomatous defects (and different stages of their devel- 
opment) can be seen in the intervening classes. The chronological development of a defective 
field forms a locus across the map as the field moves from normal to advanced defect Differ- 
ent types of progressive loss will show different trace patterns and noisy, but essentially sta- 
ble, series of fields would present further patterns which, hopefully, can be used to differenti- 
ate between progressing and stable defects. 

Methods 

Training data were selected from a database of Henson CFS2000 fields’ Each record came 
from a threshold-related multiple stimulus supra-threshold test strategy which examined 132 
locations within the central 25 degrees of the visual field The supra-threshold increment was 
5 dB, missed stimuli being further quantified at 8 and 12 dB above the threshold estimate. 139 
first visit fields from 139 patients with established glaucomatous visual field loss (one eye per 
patient) were selected to train the network. These fields were further classified according to 
whether they included a defect in the superior and/or inferior hemi-field 122 fields were iden- 
tified as having a defect in the superior field while 103 were identified as having one in the 
inferior field. 

In all training sets the depth information was eliminated by having only a binary distinction 
between a defective and normal test location Thus the network could learn features based 
only upon the spatial location and extent of a defect rather than upon the depth of the defect. 
In some experiments the fields were divided into the superior hemi-field (74 test locations) or 
inferior hemi-field (58 test locations) while other experiments used the entire field (132 test 
locations) Test locations falling within the blind spot (12 to 18 degrees temporal and 3 de- 
grees superior to 6 degrees inferior) were removed and left eyes were reversed around the ver- 
tical meridian. 

Kohonen networks (Neural Works Professional II’) with a 5 x 5 output layer were trained 
for the whole field, the superior field and the inferior field the number of iterations corre- 
sponding to 30 times the number of input vectors in the training set 

As a means of graphically representing the characteristics of each output node within a 
given map, each network was tested with a database of 1376 eyes which included those used 
in the training set All the examples that activated a particular output node were combined to 
form a summary representing the location and frequency of missed points in that class An in- 
terpolation routine was then used to produce a grey scale representation of the summary. 
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The visual field data from 12 patients in whom there was a minimum of three records 
(maximum six) were classified by the networks to demonstrate how patients with progressive, 
stable and noisy field data trace patterns pass through the output maps 

Results and discussion 

ClassiJication of defects 

Figure 1 illustrates the results of a Kohonen network trained and tested on the whole field 
(central 25 degrees) Normal eyes are located within classes 18 and 23 while severe defects 
are in classes 1, 2 and 3 Isolated inferior arcuate defects can be found in classes 14 and 9 
while isolated superior arcuate defects can be found in classes 12 and 11. Other classes repre- 
sent isolated paracentral defects and hemi-field loss 

The map trained on the whole field (Fig 1) shows some abrupt changes where a defect 
could not progress without making a large jump across the map. The occurrence of abrupt bor- 
ders between classes is to be expected when the number of ways in which a pattern may 
change exceeds the number of neighbors within a 2-dimensional map. While this problem can 
never be totally overcome with a 2-dimensional map, it can be reduced by treating the supe- 
rior and inferior hemi-field independently Such a division, which can be justified on the basis 
of the anatomical separation of the superior and inferior field at the optic nerve head, signifi- 
cantly reduces the potential number of ways in which a defect can progress and should, there- 
fore, produce maps with less abrupt changes 

Figures 2 and 3 give the output maps of networks trained on just the superior or inferior 
hemi-fields The gradual development of a defect is more notable in these maps For example, 
it is possible to see how a superior defect progressing from the blind spot would gradually 
move from class 14 to 18 to 17 to 16 and then depending upon whether it progressed more in 
the temporal or nasal field into class 15 or 12 Such fine classifications are not apparent in the 
whole field map Similar fine classifications are also seen in the inferior hemi-field map. The 
development of an inferior nasal defect would progress from class 19 to 14 to 9 to 4 while the 
development of a more central defect would pass from 19 to 23 to 22 to 21. 

The grey scales in Figures 1 to 3 are only representations of each defect class rather than 
precise definitions. It is possible for examples to have missed points outside of the grey areas 
and for examples of a particular class to have a less extensive defect than the grey scales im- 
ply. For example, the rather patchy appearance representing class 7 in Figure 2 results from 
the superior hemi-field of the 9 field defects presented in Figure 4. Several of the defects have 
areas of loss which are not shown in the composite and none of them cover all the areas 
marked on the composite The defects do share some common traits such as the approximate 
number of missed points and the existence of misses on both sides of the vertical midline 

Figure 4 demonstrates the diversity of defects placed within a particular class. It is difficult 
to imagine how a series of class boundaries could be drawn on a visual field chart which 
would selectively encompass these 9 defects This ability to generalize and to recognize pat- 
terns of loss which do not fit within tightly defined spatial boundaries may well be beneficial 
when differentiating between progressive loss and noise. 

Figures l-3 include, in the right hand corner of each grey scale, the number of examples of 
this class found within the whole data base. In some instances this number is low, e g , class 6 
and 7 of Figure 3. When the numbers are low the grey scale representation fails to be a gen- 
eral representation of that class and additional care should be taken when making assumptions 
about the network’s basis for classification 

The data used for generating the maps of Figures 1-3 used a 5 dB cut-off for classifying a 
test location as either defective or normal. Raising this to either 8 or 12 dB did not meaning- 
fully alter the feature maps. 

The allocation of output nodes within the map is based upon the examples given within the 
training set. If this set contains a large number of similar defects, as may occur when multiple 
fields of the same patient are used, then the network may allocate a proportionately large 
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Fig 1 Output map of Kohonen network trained on 139 glaucomatous visual field defects. Training 
data came from 132 stimulus locations within the central 25 degrees of the visual field The number 
in the top left of each field pattern is the defect class while the number in the top right is the number 
of examples of that class within the data base. 

J 
1: 

Fig 2. Output map of Kohonen network trained on 122 glaucomatous visual field defects. Training 
data came from 74 stimulus locations in the superior hemi-field of the central 25 degree of the visual 
field The number in the top left of each field pattern is the defect class while the number in the top 
right is the number of examples of that class within the data base 
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Fig 3 Output map of Kohonen network trained on 103 glaucomatous visual field defects Training 
data came from 58 stimulus locations in the inferior hemi-field of the central 25 degrees of the visual 
field. The number in the bottom left of each field pattern is the defect class while the number in the 
bottom right is the number of examples of that class within the data base 

number of nodes to this type of loss. For these reasons the training set was composed of only 
the first visit results from one eye of each patient When establishing the data set, care was 
also taken to have a distribution of defects which range from the earliest to the most advanced 
loss If the data set has a preponderance of early defects then a proportionately large area of 
the map may be allocated to early loss. The Henson Visual Field Analysers are used primarily 
to detect glaucomatous loss and the data set used in this analysis may, therefore, have a larger 
proportion of early defects than exists within the overall glaucoma population. The collection 
of an unbiased population is not a trivial problem as most clinicians have preconceptions con- 
cerning the validity of certain measures. 

The size of the Kohonen output map can be selected prior to training. Increasing its size re- 
sults in a finer classification of defects while reducing its size forces the network to further 
generalizations. If the output map is made large then there is a danger that insignificant 
changes in the visual field will result in a change in the output class. If the network is reduced 
then there is a danger that significant changes will fall within the same output class. The se- 
lection of 25 output classes is a compromise based upon an empirical judgment of how many 
discrete patterns of loss are likely to be found in any one hemi-field. Further research is 
needed to establish whether an increase or decrease in output classes would be beneficial 

Longitudinal data 

Twelve patients in whom longitudinal data (three to six visits) were available have had 
each of their visual field charts classified by the maps given in Figures 2 and 3. The intention 
is to demonstrate how patients with progressive, stable and noisy data trace different patterns 
through the maps. Details of the patients are given in Table 1 and their patterns in Figures 5 
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Fig 4 Eight visual field defects from class 7 of the Kohonen network trained on the superior hemi- 
field defects (Fig 2) 
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Fig 5. Examples of superior hemi-field trace patterns from patients with progressive changes (a), a 
mixture of progression and stability (b+c), stable fields (d) and noisy fields (e+f). 
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Fig 6 Examples of inferior hemi-field trace patterns from patients with progressive changes (g), a 
mixture of progression and stability (h), stable fields (i+j) and noisy fields (k+l). 

Table I Dates of test for the longitudinal data shown in Figures 5 and 6 

Superior 
hemi-field 

Test dates 

Type 

progressing progistable 

prog/stable stable 
noisy 
noisy 

Field I 

12187 3187 

12/86 3187 
4187 4187 

Field 2 

3188 3/88 

9187 7187 
12187 9187 

Field 3 

lo/88 7188 

3/88 7188 
2/88 7188 

Field 4 Field 5 Field 6 

5188 
10/88 

Inferior 
hemi-jeld 

Test dates 

Id Field I Field 2 Field 3 Field 4 Field 5 Field 6 

progressing prog/stable 
stable 
stable 
noisy 
noisy 

10186 5187 12/86 9187 6187 5188 2188 7188 
10187 5188 IO/88 
l/87 3187 5187 7187 12187 3188 

12187 3188 IO/88 
1 l/86 2187 8187 9188 
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and 6 The data used in this study was collected over a relatively short time period (approxi- 
mately two years) and while there was clear evidence of progression in some of the patients 
its extent on the map was generally small. 

Ideally, movement from one class to its neighbor should carry approximately the same 
level of significance for all regions of the map. Unfortunately, significance of change cannot 
be assessed from the data used in this study; it is, in fact, the absence of reliable estimates of 
change that has initiated this research. There is, however, a need for these and similar maps to 
be tested on longitudinal data in which there is an unequivocal decision as to whether the field 
is progressing, stable or noisy 

Direction of movement within the map can convey important information about the nature 
of any change. In the maps shown in Figures 2 and 3 normals fall on the right hand edge and 
advanced defects in the top left hand comer. In this case, movement from the right hand edge 
to the top left signifies progression while movement in other directions may signify noise 
The direction and amplitude of movement may in the future lead to single numerical index of 
progression that could be used to aid clinical decisions 

Conclusions 

The Kohonen self-organizing map is useful for clustering glaucomatous visual field data 
into a number of different defect classes without any pre-existing classification or artificially 
imposed criteria for distinguishing defects 

Data from the whole of the central field was, however, characterized by abrupt changes due 
to problems representing all modes of progression within a single two-dimensional map. Net- 
works trained on either the superior or inferior hemi-fields overcome many of these problems 
with smooth paths of progression from normality to absolute loss. Within these maps typical 
glaucomatous defects can be identified including various stages of arcuate scotoma and exten- 
sions of the blind spot 

Examples of longitudinal data have shown how these maps could be used to monitor 
changes in glaucomatous loss and to differentiate between progressive loss, stable loss and 
noisy data There is potential to use the output maps to provide indices of progression which 
are less sensitive to noise. 

The use of a Kohonen self-organizing feature map to characterize spatial patterns of loss 
heralds a major departure from the current forms of analysis which are based almost exclu- 
sively upon measures of defect depth. Further research is ongoing which should establish the 
full potential of this form of analysis. 
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Rate of change of visual fields over time in glaucoma - velocity versus 
acceleration 

Bernard Schwartz 

Tufts University School of Medicine, Boston, MA, USA 

Abstract 

Trends of visual fields thresholds over time have usually been characterized by measurement of the 
slope of the linear regression or a curved linear tit Changes of visual field over time (dB/month) can be 
characterized as a velocity evaluation or a first derivative function From the velocity plot change of the 
slopes of visual fields over thresholds over time can be determined as an acceleration function in dB per 
month Examples of normal, ocular hypertensives treated and non-treated and open-angle glaucomas treated 
and non-treated eyes followed over time are shown to compare velocity versus acceleration functions In the 
acceleration plots, trends are present which are not apparent in the velocity plots The acceleration plots tend 
to be smoother curves with less scatter than the velocity plots Also acceleration plots may be multiphasic, 
indicating different rates of change of the visual field during the course of the disease Acceleration plots 
may be useful in further characterizing the course of open-angle glaucoma, particularly the effect of therapy 
at different stages of the disease 

Introduction 

In a chronic disease such as primary open-angle glaucoma, there is a need to determine the 
course of the disease over time Primary open-angle glaucoma can be characterized as a glau- 
comatous optic neuropathy in which pressure is a major risk factor The disease can be fol- 
lowed by changes in the visual field, optic disk and retinal nerve fiber layer. The trends of 
visual fields over time have been analyzed by linear regression analysis’-’ Another analysis 
attempts to obtain the best lit curve of the visual field thresholds over time with polynomial 
and multiple regression techniques*-i0 

The change of visual fields over time as the slope of the linear regression line is analogous 
to a velocity measurement that is the measure of some parameter over time However, 
changes in the velocity or the rate of change of visual field thresholds over time can also be 
used to characterize the course of primary open-angle glaucoma Such changes in the velocity 
curve over time are analogous to the concept of acceleration. 

The purpose of this study is to develop the concept of the use of acceleration curves of 
visual field thresholds over time and to illustrate their usefulness in following patients with 
primary open-angle glaucoma. 

Methods 

Measurements of visual field thresholds or sensitivities were done with an 2000R Octopus 
perimeter using either programs 31 or Gl The measurements of each visual field are then ac- 
cumulated in a database”. Plots of threshold measurements for the total field and for nine dif- 
ferent regions of the field are made over time 4 Mean values for the thresholds for the total 
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field and for each region of the field over time can then be displayed and are analogous to a 
velocity plot. Linear regression techniques can be used to obtain the best fit of a line to all the 
threshold measurements over time as a slope and its standard deviation. Statistical analyses to 
obtain the trend of the data over time can utilize the Pearson parametric correlation coefficient 
and its significance as well as the non-parametric Spearman correlation coefficient and its sig- 
nificance12 

To obtain an acceleration plot, that is the change of slope of visual field thresholds over 
time, the slope for the measurement of the first five fields are first determined using the linear 
regression technique Threshold measurements of each subsequent field is then added to the 
first five visual fields and a new slope is calculated. The acceleration plot is thus a continuous 
recalculation of the slope of visual field thresholds over time Similar to the velocity plot, a 
statistical analysis can be done to determine a Pearson or a Spearman correlation for signifi- 
cance 

Samples for subjects representing various categories of open-angle glaucoma were then 
chosen to illustrate the comparison of the velocity versus the acceleration plots Categoriza- 
tion of the subjects included normals that is subjects with a normal ocular examination includ- 
ing examination by slit lamp gonioscopy with open angles, ophthalmoscopy and visual fields 
with the ocular pressures as measured by the Goldmann applanation tonometer consistently 
below 21 mmHg and no family history of glaucoma Ocular hypertensives included subjects 
who had ocular pressures greater or equal to 21 mmHg on two or more occasions with no evi- 
dence of visual field loss, open angles and a range of optic disk cupping and pallor High pres- 
sure open-angle glaucomas had ocular pressures consistently equal to or greater than 21 mm 
Hg, and open angles on slit lamp gonioscopy, abnormal visual fields demonstrating visual loss 
characteristic of open-angle glaucoma associated abnormalities of the optic disk with in- 
creased cupping and pallor Two ocular hypertensives and one open-angle glaucoma had 
greater than 2+ pigmentation of the trabeculum in all anglesI and one open-angle glaucoma 
had evidence of exfoliation. 

Results 

Normal 

Figures IA and B are the velocity and acceleration plots respectively of the right eye of a 
normal subject (L B.). Figure 1A shows the plot of mean visual thresholds over time for the 
total field as the velocity plot while Figure 1B shows the plot of the slope for the mean thresh- 
olds over time vs time, that is the acceleration plot. The subject is a 60-year-old normal white 
female, who had a series of ten visual fields for approximately every three months for a pe- 
riod of 40 months or 3 3 years She had no known systemic disease and was on no medication 
Her visual acuity for the right eye was 20120 during the performance of these visual fields. 
Analysis of the velocity plot shows a decreasing trend of the visual field thresholds with a 
borderline p value (p = 0 08) The acceleration plot (Fig. 1B) shows no trend 

Ocular hypertension 

Figures 2A and 2B show respectively the velocity and acceleration plots for the right eye of 
a 49-year-old white male untreated ocular hypertensive (J.F ), who has pigmentary dispersion, 
with no known systemic disease. He is on no medication The patient was followed for about 
15 years with 16 visual fields His visual acuity for the right eye during follow-up was 2005. 
The velocity plot shows a borderline significant increase over time (p = 0 097). The accelera- 
tion plot is biphasic and shows a significant decrease in positive values for the slope. The ac- 
celeration plot indicates that during the first 95 months of follow-up, there was an increasing 
relative rate of visual field loss However, the slope was still positive as the visual field 
thresholds are showing less of an increase of values over time The velocity plot appears es- 
sentially flat, while the acceleration plot shows a definite trend. 

Figures 3A and 3B are the velocity and acceleration plots respectively for the left eye of a 
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Fig IA Normal subject - Threshold values (dB) plotted over time (months) for the total visual field 
(velocity plot). Figures in the plot indicate the sequence and number of the visual fields 
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Fig IB Normal subject - Plot of slope in dB/month plotted over time (months) (acceleration plot) 
Figures in the plot indicate the sequence and number of the visual fields used for analysis The first 
number is the slope of the first five visual fields from Figure 1A 

77-year-old untreated ocular hypertensive white female (D.F.) followed for about ten years 
with 17 individual visual fields. The patient has hypothyroidism for which she is being treated 
with L-thyroxine. She has also vascular hypertension being treated with chlorthalidone. Her 
visual acuity for the left eye during follow-up was 20125. The velocity plot for Figure 3A 
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Scatter Plot of Mean Threshold Value vs. Time, Scatter Plot of Mean Threshold Value vs. Time, 
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Fig 2A Untreated ocular hypertensive - Threshold values (dB) plotted over time (months) for the 
total visual field (velocity plot). Figures in the plot indicate the sequence and number of the visual 
fields. 
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Fig 2B Untreated ocular hypertensive - Plot of slope in dB/month plotted over time (months) (ac- 
celeration plot). Figures in the plot indicate the sequence and number of the visual fields used for 
analysis. The first number is the slope of the first five visual fields from Figure 2A. 

shows no significant trend even though the Spearman correlation is negative. However, the 
acceleration plot (Fig 3B) shows a significant increase in time in comparison to Figure 2B. 
Of particular note is that all the slopes for this patient are negative, that is she is losing visual 
field at varying rates. The patient’s rate of losing field has decreased over time and has be- 
come relatively stable beginning about 60 months. Again similar to the untreated ocular hy- 
pertensive eye in Figures 2A and 2B, there is no indication in the velocity plot that there is a 
trend over time. However, the acceleration plot (Fig. 3B) for this eye appears to be relatively 
improved in showing a decreasing rate of visual field loss. 

Figures 4A and 4B respectively show the velocity and acceleration plots for the left eye of a 
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Fig 3A Untreated ocular hypertensive - Threshold value (dB) plotted over time (months) for the to- 
tal visual field (velocity plot) Figures in the plot indicate the sequence and number of the visual 
fields. 
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Fig. 3B Untreated ocular hypertensive - Plot of slope in dB/month plotted over time (months) (ac- 
celeration plot). Figures in the plot indicate the sequence and number of the visual fields used for 
analysis. The first number is the slope of the first five visual fields from Figure 3A. 

72-year-old white treated ocular hypertensive male (B.D.) followed for about six years with 
19 visual fields. The visual acuity for the left eye during follow-up was 20120 This eye is be- 
ing treated with 0.5% levobunolol b.i d. and 0 1% dipivalyl epinephrine b i.d The patient also 
has had diabetes mellitus for 20 years with no retinopathy and is being treated with insulin. 
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Fig. 4A Treated ocular hypertensive - Threshold values (dB) plotted over time (months) for the total 
visual field (velocity plot) Figures in the plot indicate the sequence and number of the visual fields 
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Fig 4B Treated ocular hypertensive ~ Plot of slope in dB/month plotted over time (months) (accel- 
eration plot) Figures in the plot indicate the sequence and number of the visual fields used for analy- 
sis The first number is the slope of the first five visual fields from Figure 4A. 

Figure 4A, the velocity plot, shows a significant trend over time with a decrease in the visual 
field thresholds. In Figure 4B, the acceleration plot, all the slopes are negative, indicating that 
the patient as shown on the velocity plot is losing field However, the acceleration plot is flat 
and shows no significant trend indicating the rate of visual field loss is at a constant rate 



Rate of change of visual fields over time in glaucoma 

Scatter Plot of Mean Threshold Value vs. Time, 
Session 1 to Session 22 

Spearman R I -0.139 

E.O. 
Spearman P = 1 .OOO 

z24.0 020 
E 
2 23.0 l 4~6 

>” l 7 012 
‘0 08 l 16 021 222.0 l 2 

et0 

!!! 
(I1 

l 3 
l 17 

c 21.0 l 6 
l 19 l 22 

c 
l 9 

014 l 18 
l l1 

l 13 
= 20.0 015 

o 10 20 30 40 50 60 70 80 90 

Time (Months) 0 wes, lsw. 1se9 

19 

Fig 5A Treated open angle glaucoma - Threshold values (dB) plotted over time (months) for the to- 
tal visual field (velocity plot) Figures in the plot indicate the sequence and number of the visual 
fields 
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Open-angle glaucoma 

Figures 5A and 5B show the velocity and acceleration plots respectively for the left eye of 
a 51-year-old white male (E.O.) who has been followed for about seven years with 22 visual 
fields The patient’s visual acuity for the left eye during follow-up was 20120. For his glau- 
coma he is using 0.5% timolol OU b i.d He has a history of ulcerative colitis and is being 
treated with sulfas and folic acid. He had one month of prednisone therapy 15 years before his 
first visual field. The velocity plot (Fig. 5A) shows no significant trend. The acceleration plot 
(Fig. 5B) is biphasic and appears relatively flat and beginning at about 26 months, the slopes 
which were previously positive have now become negative. The trend appears rather stable 
over time indicating that the patient is now losing field at a constant rate while previously he 
was increasing his rate of visual field gain. 

Figures 6A and 6B show the velocity and acceleration plots respectively for the right eye of 
a 54-year-old white male (D Fl.) with treated open-angle glaucoma. This patient has been fol- 
lowed for about six years with 19 visual fields. The visual acuity for the right eye during fol- 
low-up was 20/15 He is being treated with 0.5% timolol OU b.i.d, 6% pilocarpine OU q id. 
and 0 1% dipivalyl epinephrine OU b.i d. He has had argon laser trabeculoplasty OU. He has 
no known systemic disease and is on no other medications. The velocity plot (Fig 6A) shows 
no significant trend and has a negative Spearman correlation The acceleration plot is biphasic 
(Fig. 6B) and the slopes show all negative values The acceleration plot shows a course quite 
different from the velocity plot. The negative values of the slopes have become less negative 
with time so that at about 40 months they level off and become relatively stable. The accelera- 
tion plot shows a decrease in the rate of loss of visual fields so that now field loss is occurring 
at a small constant rate 

Figures 7A and 7B are respectively the velocity and acceleration plots for the left eye of a 
78-year-old white female (D.S.) with treated open-angle glaucoma with exfoliation OS. She 
has been followed for about seven years with a total of 26 visual fields. The visual acuity for 
the left eye during follow-up was 20120. She is being treated with 0.5% timolol OU b i.d , 6% 
pilocarpine OU q.i d and 0.1% dipivalyl epinephrine OU b.i.d. She has had argon laser trabe- 
culoplasty OU. She is also being treated for vascular hypertension with hydrochlorothiazide 
and nifedipine. Figure 7A, the velocity plot, shows a significant negative trend and it appears 
that the patient is losing field at a constant rate although small in magnitude. The acceleration 
plot (Fig. 7B) is biphasic showing an increasing rate of losing visual field until about 50 
months at which time the curve appears to have leveled off and recently has become less 
negative. The patient is still losing visual field now but at a smaller rate. 

Figures 8A and 8B are the velocity and acceleration plots respectively for the left eye of a 
65-year-old white male (F.R.) being treated for open-angle glaucoma. He has been followed 
for about 5 years with a series of 21 visual fields. His visual acuity for the left eye during fol- 
low-up was 20/20. He is being treated with 0 5% timolol OU b i.d., 4% pilocarpine OU q i d 
and 0.1% dipivalyl epinephrine OU b i d. He has had argon laser trabeculoplasty OU He has 
no known systemic diseases and is on no other medication. The velocity plot (Fig. 8A) shows 
a significant positive trend indicating that the patient has increased visual field threshold val- 
ues over time but relatively flat since about 20 months. The acceleration plot (Fig. 8B) is 
biphasic and confirms this tendency. However, slopes are decreasingly positive up to about 35 
months Thus the patient was relatively losing field at an increasing rate showing less positive 
slopes. After 35 months the curve is relatively flat, indicating that the patient has stabilized 
and is still gaining field but at a less constant rate 

Discussion 

These examples from a series of a normal subject, untreated ocular hypertensives, treated 
ocular hypertensives and treated open-angle glaucoma patients show some characteristics of 
acceleration plots that have distinctive advantages over simple trend analysis or a velocity 
plot of visual field thresholds over time. First the acceleration plots are relatively smooth, 
that is they show little scatter compared to the velocity plots Secondly, they show changes 
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occurring in the rate of visual field loss not apparent in the velocity plot. Thirdly, the rates of 
change of the visual field loss can be biphasic or even multiphasic which is not always evi- 
dent in the velocity plots indicating differences in the course of the disease. These phases in 
the acceleration plots may be related to changes in treatment or perhaps reflect the natural 
course of the disease. 

Of interest in the use of acceleration plots is the concept of the thinking of the course of 
glaucoma as a progressive disease occurring at different rates. Some of these examples show a 
definite decrease in the rate of loss of visual fields so that even though they were still losing 
visual field, it is at a fairly small constant rate which may be tolerable considering the age of 
the patient The relatively slow rate of change may suggest precluding surgical intervention. 

Also the acceleration plots offer a substantial advantage in evaluating the effects of therapy 
of the disease for any patient. In the evaluation of therapeutic trials in glaucoma, not only 
velocity plots with trend analysis or change in the visual fields over time should be evaluated 
but also the rates of change of the visual field over time as in an acceleration plot should be 
obtained for the effect of the therapy during the course of the disease. 
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Evaluation of a technique for determining glaucomatous visual field 
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Abstract 

The authors wanted to determine the usefulness of a visual technique to help determine glaucomatous 
field progression The first two visual field examinations of 16 glaucoma suspects and 16 glaucoma patients 
followed for a median of 7 46 years with seven examinations were averaged Three-dimensional color- 
coded images of the field (hill of vision) were then generated After correcting for the expected test-retest 
variability and inserting one interpolated image per month of follow-up, the images were aligned and pre- 
sented in rapid sequence to create an animation sequence After a short learning session five glaucoma spe- 
cialists classified the visual field sequences as progressing or not progressing The inter-observer and intra- 
observer agreement rates were then estimated Perfect agreement (100% concordance) between the observ- 
ers was obtained in 18 (56 3%) subjects while at least 80% concordance was obtained in 27 (84 4%) sub- 
jects (kappa = 0 572) Of the eight sequences that were repeated, four of the five observers had an intra-ob- 
server agreement of at least 87 5% 

The full article will be published elsewhere 
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Variability of normal visual fields in a prospective study 

Balwantray C Chauhan, Terry A. McCormick, James H Whelan and Rajender N Mohandas 

Department of Ophthalmolog-v, Dalhousie University, Halifax, Nova Scotia, Canada 

Abstract 

The authors present results from a prospective study of clinically normal subjects undergoing 
psychophysical tests including the 30-2 program of the Humphrey Field Analyzer, and the serial changes in 
inter-individual variability and intra-individual test-retest variability of the visual fields were examined A 
total of 144 subjects (mean age 50 24 years, range 30 to 84 years) were enrolled and are tested every six 
months Currently, 129 subjects have had a one-year follow-up (three examinations), 94 a two-year follow- 
up (five examinations) and nine a three-year follow-up (seven examinations) In all examinations, the inter- 
individual variability increased exponentially with eccentricity of test location At examination 1, the 95% 
confidence interval of threshold deviations of the fitted function was 18 dB for the most peripheral loca- 
tions This value decreased to 13 dB for examinations 2 and 3 The corresponding values for the most cen- 
tral locations, however, remained constant at 6 dB for examinations l-3 Test-retest variability was esti- 
mated in a manner described previously in glaucoma patients ’ Age effects on test-retest variability were not 
meaningful when subjects were divided into three age groups For locations with negative deviations, nor- 
mal subjects had a larger regression-to-the mean effect compared to glaucoma patients The 90% confidence 
interval of test-retest variability was compared for deviations ranging -6 to 4 dB Even when matched for 
deviation level, glaucoma patients showed up to twice the test-retest variability compared to normal sub- 
jects 

Introduction 

Effective use of perimetry as a diagnostic tool depends on an understanding of the variabil- 
ity of results. Inter-individual variability in normals is important in comparing a particular 
test result to normal age-matched normals, while intra-individual variability between tests 
(test-retest variability) is important in determining whether a particular visual field has 
changed 

Inter-individual variability characteristics in normals have been reported previously2, how- 
ever, it is not known how this variability changes over a series of tests. Additionally, while 
test-retest variability is known in glaucoma’x3, studies are still lacking in normals. 

The purpose of this study was to characterize these aspects of variability in a prospective 
study of normal subjects. 

Materials and methods 

Subjects 

The sample contained 144 healthy subjects whose mean age was 50.24 years (range, 30 to 
84 years). It was drawn from an ongoing study investigating the longitudinal changes in visual 
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function in normal subjects measured with a small battery of psychophysical tests. Subjects 
are tested at six-monthly intervals 

The inclusion criteria were. (i) best corrected visual acuity of 602 or better; (ii) normal 
ocular exam; and (iii) intraocular pressure less than 22 mmHg. The exclusion criteria were: (i) 
presence of any ocular disease; (ii) any systemic disease known to affect the visual field; (iii) 
any medication known to affect the visual field; (iv) family history of glaucoma; (v) distance 
refraction exceeding 5 00 D equivalent sphere and astigmatism exceeding 3.00 D: and (vi) 
aphakia or pseudophakia. 

Testing method 

One randomly selected eye was designated the study eye and is the only eye tested. The 
subjects were tested with program 30-2 of the Humphrey Field Analyzer (Humphrey Instru- 
ments Inc , San Leandro, CA) 

Data analysis 

We used only visual field results which were reliable defined according to a classification 
based on empirical data4. The data were analysed in terms of threshold deviations For the 
analysis of inter-individual variability we used the results of examinations 1, 2 and 3, while 
for the analysis of test-retest variability we used the results of examinations 2, 3, 4 and 5. 

Results 

Number of examinations 

When the data were analysed, 129 subjects had a one-year follow-up (three examinations), 
94 had a two-year follow-up (five examinations) and nine had a three-year follow-up (seven 
examinations) 

Inter-individual variability 

Inter-individual variability of threshold deviations in examinations 1, 2 and 3 is shown in 
Figure 1 In examination 1, the 95% confidence interval exceeded 25 dB at some locations, 
particularly in the superior field Inter-individual variability increased exponentially with ec- 
centricity of test location (Fig. 2). In examinations 2 and 3, the slope of the fitted function 
shallowed with nearly a 30% reduction in inter-individual variability at the most peripheral 
locations In central locations, however, inter-individual variability remained constant 

Examination 1 Examination 2 Examination 3 

Fig I Grey-scale maps showing the pointwise inter-individual variability in 129 normal subjects over three 
examinations with program 30-2 of the Humphrey Field Analyzer 
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Fig 2 Inter-individual variability as a function of eccentricity in 129 normal subjects over three examina- 
tion The solid lines show the best least-squares fit (exponential) through the data points 

-30-W 
Deviation at Exam 2 (dB) 

d -15 -10 -5 
Average deviation exa’ms 2 a\d 3 (FB) 

. 5,h percenm 

L-l 

. Median 

. 95th percentile 

Fig 3 Intra-individual test-retest variability in 94 normal subjects for single exams (left) and averaged ex- 
ams (right) Corresponding glaucoma data from Heijl and colleagues’ are shown in solid lines 

Test-retest variability 

Inter-individual test-retest variability of threshold deviations for single and averaged tests 
is shown in Figure 3. Age effects were not meaningful when the sample was divided into three 
groups according to age (3045 years, 46-60 years and > 60 years). Test-retest variability data 
in glaucoma patients were taken from a previous study published by Heijl and colleagues’ 
For negative deviations, normals had more symmetric distributions of test-retest variability 
and a much larger regression-to-the-mean effect. Additionally, even when matched for devia- 
tion level, glaucoma patients showed up to twice the test-retest variability compared to nor- 
mal subjects (Fig 3). 

Discussion 

Inter-individual variability is dependent on examination sequence. It is alarmingly high in 
peripheral locations in perimetrically naive subjects While some individuals have near nor- 
mal threshold deviations in the periphery, others have profound increases raising the inter-in- 
dividual variability After the first examination, there is a considerable decrease in inter-indi- 
vidual variability in these locations, but not in central ones These findings may be partially 
explained by a learning effect which is preferential in the periphery5s6. First examination re- 
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suits therefore should be avoided both for establishment of normal values and diagnostic pur- 
poses. 

Matched for deviation level, normals have a larger regression-to-the-mean effect for nega- 
tive deviations compared to glaucoma patients This means that “bad” points in normal sub- 
jects which were within around 5 dB of the expected threshold were much closer to normal 
values on retest compared to glaucoma patients Additionally when matched for deviation 
level, glaucoma patients exhibit as much as twice the test-retest variability This study, in 
conjunction to another7, shows that both intra- and inter-test variability characteristics in nor- 
mal subjects are different to glaucoma patients, even when matched for deviation level. These 
results suggest alterations in “normal” areas of glaucomatous fields. 
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Determining progressive visual field loss 
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Abstract 

Serial Humphrey fields of 85 eyes were examined to detect progressive field loss over a mean follow-up 
period of 38 months We compared subjective clinical evaluation of serial grey scales with the following 
three commercially available computerized statistical algorithms for detecting progression: 1) Progressor 
Programme; 2) Linear Regression Analysis of Statpac (LRA [Statpac]); 3) Statpac 2 Glaucoma Change 
Probability (GCP) LRA [Statpac] identified progression in 13% of eyes, GCP identified progression in 26% 
of eyes and Progressor Programme identified progression in 3 1% of eyes In contrast to the other two algo- 
rithms, which detected progression in similar percentages of both eyes with ocular hypertension (OHT) and 
primary open angle glaucoma (POAG), Progressor Programme detected progression predominantly in eyes 
with POAG Clinical impression identified much less progression than any of the three Blgorithms, deter- 
mining only eight eyes (9%) as showing deterioration Comparison against clinical impression suggested 
that none of these three algorithms, as used in this study, satisfied the criteria necessary to provide objective 
yet clinically signficant determination of field progression 

Introduction 

Automated perimetry (AP) provides objective visual field analysis’ and has resulted in the 
earlier detection of glaucomatous field loss when compared to manual perimetry2 Addi- 
tionally AP has offered the hope of earlier and more objective determination of the progres- 
sion of glaucomatous field 10s~~. However AP has also demonstrated the presence and impor- 
tance of test-retest variability in visual field analysis 4 This long-term fluctuation, which is 
greater in glaucomatous compared with normal visual fields, remains a major obstacle to real- 
izing the full potential of AP in the determination of the progression of glaucomatous field 
loss5. 

A variety of statistical algorithms, designed to make use of the numerical nature of the field 
data collected by AP, have been proposed to help differentiate true progression of field loss 
from long-term fluctuation5m10. At present however there is no agreement as to what consti- 
tutes clinically significant progression of the glaucomatous visual field over time using AP, 
nor any generally accepted technique for detecting it Subjective clinical impression based on 
simple visual inspection of a series of AP grey scales, in the context of associated clinical fea- 
tures, is probably still the most widely used means of determining progression. 

The purpose of this study was to evaluate the three commercially available computerized 
algorithms for the Humphrey Visual Field Analyser (HVFA) and to compare them with sub- 
jective clinical impression in the determination of the progression of glaucomatous visual 
field loss. The three algorithms evaluated were: 1) Progressor Programme (Institute of Oph- 
thalmology, London) which is the newest commercially available algorithm and uses linear 
regression analysis to derive a slope of change at each individual test location in the field in a 
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pointwise fashion lo,“; 2) linear regression analysis of Statpac (LRA [Statpac]) which derives 
a single slope of change for the entire field from the “global measure” of mean deviation 
(MD)‘*; 3) glaucoma change probability of Statpac 2 (GCP) which is another pointwise 
method of determining progression based on comparing change at each individual test loca- 
tion with an empirical database of the variability of stable glaucoma patients at these test lo- 
cations to produce a probability map of change9 

Patients and methods 

Visual field data for this study was obtained by retrospective review of the hard disk of the 
HVFA in the glaucoma unit for the period 1988-93 All eyes met the following inclusion cri- 
teria: 1) Ocular hypertension (OHT) or primary open angle glaucoma (POAG) 2) At least five 
C24-2 or five C24-1 threshold tests with the HVFA 3) At least two years follow-up between 
first and last field 4) Previous automated perimetry experience prior to first field. 5) Good re- 
liability indices throughout follow-up period. 6) Visual acuity 608 or better throughout the 
follow-up period Eyes with low tension glaucoma and artefactual or non-glaucomatous field 
loss were excluded. 

One of us (PKW) made a subjective clinical assessment of the stability of each field series 
based on a visual inspection of the serial grey scales and global indices in conjunction with a 
review of the case records. This was done masked to the results of the analysis of the field se- 
ries by each of the three algorithms. The three statistical algorithms were then applied to each 
field series and progression defined by the following criteria: Progressor Programme deter- 
mining significant deterioration at a minimum of two non-edge points on analysis of the com- 
plete field series (default setting = 1 dB/year); LRA [Statpac] determining a negative slope 
greater than 0.5 dB/year (p c 5%); GCP determining significant deterioration (p < 5%) at a 
minimum of two adjacent non-edge points in last field compared with baseline pair For the 
ten HVFA programme C24-1 field series which could not be analysed by GCP we applied the 
following criteria as an alternative determinant of significant deterioration at a point: A point 
must have declined by 5 dB from the average of 3 baseline values, have declined at least 3 
times the patient’s short-term fluctuation and be outside all three baseline values. Point 
change identified by these criteria has previously been demonstrated to show a good correla- 
tion with point change identified by GCP I3 In similarity with our definition of deterioration 
by GCP a minimum two adjacent non-edge points had to meet these criteria. 

Results 

Field data from 85 eyes (48 patients) met the inclusion and exclusion criteria. The mean 
follow-up per eye was 38 months (minimum 24 months) and the mean of number of fields per 
eye was six (minimum five fields) Diagnosis at first field was OHT in 51 eyes and POAG in 
34 eyes. This diagnosis was based on the following criteria for the presence field loss in the 
first field; pattern deviation probability plot showing at least three contiguous non-edge points 
depressed to the 5% probability level, with at least one non-edge point depressed to the 1% 
level14. The OHT eyes had a mean MD at first field of -1 65 dB and the POAG eyes had a 
wide spectrum of field defects with a range of MD from -0.24 to -23 35 dB and a mean MD 
of -7.55 dB Overall LRA [Statpac] detected progression in 11 of 85 eyes (13%), GCP de- 
tected progression in 22 of 85 (26%) eyes and Progressor Programme detected progression in 
26 of 85 (31%) eyes. A total of 38 out of 85 eyes were identified as having deteriorated by at 
least one statistical algorithm All three algorithms reached agreement on progression in five 
of these 38 eyes Accounting for the 47 eyes in which all three algorithms reached agreement 
on stability, all three algorithms reached agreement (100% concordance) on stability or pro- 
gression of field loss in 52 of 85 (61%) eyes Subjective clinical impression identified eight of 
85 eyes (9%) as showing progression. 
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GLAUCOMA CHANGE 
PROBABILITY 

PROGRAMME 

Fig I. OHT eyes demonstrating progression by at least one statistical algorithm (n = 18 of 5 1 eyes). 

OHT eyes 

Considering the 51 OHT eyes in isolation, subjective clinical impression determined two 
eyes to have converted to POAG Analysis of progression by the three statistical algorithms 
determined 18 eyes to be significantly worse by at least one algorithm The concordance be- 
tween the three algorithms in these 18 eyes is represented graphically by the The Venn dia- 
gram in Figure 1 All three statistical algorithms reached agreement on progression in only 
three OHT eyes including the two eyes deemed to be worse by clinical impression. Overall the 
three statistical algorithms gave very different results when applied to this same group of 
OHT eyes. By our criteria GCP detected twice as much progression as the other two algo- 
rithms in OHT eyes and seven times as much change as our clinical observer Additionally we 
applied the same criteria for the presence of a field defect14 to the final field of each series in 
the OHT eyes, as already used for diagnosis at the first field By these criteria only two OHT 
eyes were determined to have a field defect in the final field and thus by implication to have 
converted to POAG These were the same two eyes as determined to have converted to POAG 
by subjective clinical impression 

POAG eyes 

Amongst the 34 POAG eyes subjective clinical impression determined six to have shown 
deterioration of the visual field. Of these six eyes all three statistical algorithms also reached 
agreement on progression in one eye, GCP and Progressor Programme agreed in a further four 
eyes and GCP alone detected progression in the remaining one eye. Overall 20 POAG eyes 
were determined to show progression of field loss by at least one statistical algorithm and the 
concordance between the results of the three algorithms in these eyes is shown in the The 
Venn diagram in Figure 2 Again there was a wide variation of results from analysis of the 
same group of eyes by the three different statistical algorithms. In the POAG eyes Progressor 
Programme was most likely to detect progression. It detected 2.4 times more progression than 
GCP, 4.75 times more progression than LRA [Statpac] and 3.2 times more progression than 
our clinical observer 
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GLAUCOMA CHANGE 
PROBABILITY 

LINEAR REGRESSION 

Fig 2 POAG eyes demonstrating progression by at least one statistical algorithm (n = 20 of 34 
eyes) 

Discussion 

Early and objective determination of the progression of glaucomatous visual field loss is 
important because: Visual field progression is a commonly used criteria by which outcome is 
evaluated in glaucoma research 15; in the clinical setting progression is also a major criteria by 
which disease control is measured and against which consequent decisions on medical or sur- 
gical therapy for an individual patient are made. Although AP provides objective field analy- 
sis’ the presence of test-retest variability continues as a major obstacle to the early and objec- 
tive determination of progressio&. Subjective clinical impression almost certainly remains the 
most widely used means of determining progression in a series of AP fields in clinical prac- 
tice. Unfortunately even experienced clinicians have been shown to demonstrate a high degree 
of disagreement when asked to determine progression in the same AP field series” Statistical 
algorithms have therefore been proposed, to make use of the numerical nature of the data col- 
lected by AP, to achieve both early and objective determination of true progression from long- 
term fluctuation At present there is no general agreement as to what constitutes clinically sig- 
nificant field progression in a series of AP fields, nor any generally accepted algorithm for 
detecting it. However, the three algorithms for the HVFA we evaluated are all commercially 
available and intended for use in the clinical setting. 

We found a wide variation of results from analysis of the same field series with each the 
three algorithms LRA [Statpac] identified the least progression, detecting deterioration of the 
field in only 13% of eyes. GCP detected progression in 26% of eyes and Progressor Pro- 
gramme identified the most progression, detecting deterioration of the field in 31% of eyes. 
One possible explanation for LRA [Statpac] detecting the least progression of the three algo- 
rithms is that it is calculated from the “global measure” of MD and may therefore be insensi- 
tive to progression of early localized defects which have only a relatively small effect on the 
MD5 LPA [Statpac] has also been criticized as being oversensitive to generalized depression 
such as may be caused by cataract lo Progressor Programme attempts to overcome these dis- . 
advantages of LRA [Statpac] by performing linear regression analysis on the threshold values 
at each individual test point in the visual field. There is however an estimation error for the 
analysis at each individual point which is then compounded when the field is considered as a 
whole16 This could explain part or all of the greater tendency of Progressor Programme to de- 
tect progression in this study 

LRA [Statpac] and GCP detected change in similar percentages of both OHT and POAG 
eyes. In contrast Progressor Programme detected change in a much higher percentage of 
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POAG eyes compared with OHT eyes It detected progression in 56% of POAG eyes com- 
pared with 14% of OHT eyes This may reflect either the capability of this algorithm to detect 
true progression in POAG eyes without the detection of equivalent amounts of fluctuation in 
OHT eyes, or simply a tendency to detect a high degree of spurious fluctuation, predominantly 
in eyes with existing defects 

All three algorithms reached agreement, as to whether a field series demonstrated stability 
or progression in 52 of 85 (61%) of eyes. Comparisons with previous studies which have re- 
ported on the concordance between different statistical algorithms for determining progres- 
sion3,i5 are difficult as they compared both a greater number of different algorithms and also 
included field improvement as a third possible outcome. Indeed a high degree of concordance 
between different algorithms is not to be expected unless all algorithms are almost equally ef- 
fective What concordance between different algorithms does indicate is that some changing 
field series demonstrate a number of different characteristics which may individually be ap- 
parent to different algorithms 

All three algorithms detected much more progression in the fields of OHT and POAG eyes 
than was evident by clinical impression As already discussed clinical impression has been 
demonstrated to be highly subjectiveI and therefore our determination of clinical impression 
cannot be used as a definitive “gold standard” against which to compare the algorithms How- 
ever our clinical assessment was based on both review of serial fields and case notes Clini- 
cally we detected much less progression than all the three algorithms but in seven of eight 
eyes which were determined clinically to have deteriorated at least two or three algorithms 
also agreed on progression Additionally the two OHT eyes determined clinically to have con- 
verted to POAG were also the only eyes to show field defects in the last field by our defined 
criteria of field abnormality I4 We therefore suggest that our clinical determination of pro- 
gression appears to have had at least a high specificity for true progression even if its sensitiv- 
ity for true progression cannot be verified 

Comparison of the three algorithms against clinical impression on this basis suggests that 
LRA [Statpac] was of little value, for while it was significant in the two OHT eyes that clini- 
cally appeared to convert to POAG, it was only significant in one of six POAG eyes deemed 
clinically to have deteriorated Previous authors have reached similar conclusions5 and possi- 
ble reasons for the failure of LRA [Statpac] to usefully determine progression have already 
been discussed. In contrast Progressor Programme identified progression in the two OHT eyes 
and five of the six POAG eyes deemed clinically to have deteriorated Additionally however it 
also detected significant change in a further 14 (45%) POAG eyes that appeared clinically sta- 
ble Progressor Programme was the only algorithm to detect a much greater degree of progres- 
sion in POAG eyes than OHT eyes Even treated POAG eyes might be expected to continue to 
loose field at a greater rate than OHT eyes convert to POAG. Our clinical impression also de- 
termined a greater degree of progression in POAG eyes than OHT eyes, if at a much lower 
overall level than determined by Progressor Programme Whether any or all of this high de- 
gree of progression detected in POAG eyes by Progressor Programme is genuine cannot be an- 
swered by this study GCP was significant in all eight OHT and POAG eyes determined clini- 
cally to have progressed Additionally it also detected the greatest amount of deterioration 
amongst the OHT eyes Clinically and by our definition of field defect in the final field only 
two OHT eyes converted to POAG making the clinical significance of deterioration at two ad- 
jacent non-edge points by GCP questionable. If we had defined significant change by GCP as 
deterioration at a minimum two adjacent non-edge points present, in not just the last, but in 
the last two fields as has been recommendedi then GCP would have been significant in three 
OHT eyes but only one POAG eye and of possibly less clinical value 

It appears from our evaluation that none of these three algorithms currently meets the crite- 
ria necessary to provide an objective determination of field progression by AP that is clini- 
cally significant Indeed some argue that this is not a realistic aim and that such algorithms 
will never be more than a limited aid to the continued determination of field progression by 
subjective clinical impression It is however interesting to note that of ten eyes in which GCP 
and Progressor Programme agreed on progression seven were also deemed clinically to have 
progressed. This is out of a total of only eight eyes deemed clinically to have progressed It 
may be that, while no current algorithm is able individually to accurately determine true pro- 
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gression, a combination of algorithms may come closer. Most recently a multivariate analy- 
sis16 to determine field progression has been proposed with the aim of significant improve- 
ment over the univariate analyses evaluated in this study. 
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Comparison of early visual field disturbances and their progression in POAG 
and NTG 

H Suzumura, H. Ohkoshi, T Nonaka and T Ogawa 

Department of Ophthalmology, Tokyo Medical College, Tokyo, Japan 

Abstract 

The authors compared early central visual field disturbances and their progression in 152 eyes with pri- 
mary open-angle glaucoma (POAG) and 151 eyes with normal-tension glaucoma (NTG) Central fields 
were examined with the Humphrey Field Analyzer program 24-2 and were classified using the box plot 
classification Using 52 examination points, excluding two examination points around the blind spot, the 
percentage of the eyes showing p values of less than 5%, 1% and 0 5% on pattern deviation at each exami- 
nation point were calculated for each stage 

In this study, we found some differences in early visual field changes, and also in the pattern of visual 
field progression to the middle stage, between eyes with POAG and NTG 

Introduction 

The visual field disturbances in primary open-angle glaucoma (POAG) and normal-tension 
glaucoma (NTG) have been reported by some to be different, and by others to be the same 
Thus, it is not yet clear whether or not differences in visual field changes actually exist be- 
tween POAG and NTG 

The Statpac program in the Humphrey Field Analyzer (HFA) calculates total deviation 
which is the difference between actual and age-related normal sensitivities, and pattern devia- 
tion which indicates localized sensitivity loss in the visual field’. 

In this study, visual field changes and their pattern of progression, were compared to the 
pattern deviation, in patients with POAG and NTG 

Materials and methods 

One-hundred and fifty-two eyes with POAG and 151 eyes with NTG were examined with 
the HFA program 30-2 or 24-2 and divided into four stages, i e , stage I to IV, according to 
the box plot classification2 (Table 1) All eyes had visual acuities greater than 0 7, and reli- 
ability of the visual fields was satisfactory. 

Using 52 examination points excluding two points around the blind spot (program 24-2), 
the ratio of abnormal points to total points for 5%, 1% and 0 5% probability levels on pattern 
deviation at each examination point were calculated for each stage 
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Table 1. Number of eyes and average age in POAG and NTG. There was no statistical difference in 
average age at each stage between POAG and NTG (t test) 

Box plot 
classification 

POAG NTG 

Stage I 39 eyes 3 1 cases (59 3 * 9 8 y/o) 22 eyes 20 cases (6 1.7 * 8.2 y/o) 
Stage II 37 eyes 24 cases (59 9 * 14 3 y/o) 48 eyes 35 cases (59 8 h 11 6 y/o) 
Stage III 35 eyes 25 cases (59 1 i 16 2 y/o) 43 eyes 3 1 cases (62 0 * 10 6 y/o) 
Stage IV 41 eyes 35 cases (61 9 + 13 1 y/o) 38 eyes 24 cases (65 4 h 12 4 y/o) 

Total 152 eyes 115 cases (60.1 h 13 2 y/o) 151 eyes 110 cases (62.1 i 11 2 y/o) 

P OAG 

STAGE I STAGE ll 
CD< 5 %) CD< 5 %) 

CD< 1 %) CD< 1 %) 

CD<0 5%) PERCEITASE 
OF AsmmlAL PalliS 

30%SB 

20%6 <30% 

1 O%S~<ZO% 

q <lO% 

Fig I Percentage of abnormal points in the early stage (POAG) There was no significant difference 
in percentage for corresponding examination points in the upper and lower visual fields at each prob- 
ability level 

Results 

Early visual field changes in POAG and in NTG 

At the 5% probability level, points with a percentage of less than 20% lay scattered in both 
POAG and NTG in stage I, with no particular trend. In stage II, points with a percentage 
greater than 20% were found in only the upper and the lower nasal areas in POAG, and in the 
nasal and upper Bjerrum areas in NTG At the 1% probability level, there was no point with a 
percentage of more than 10% in stage I in both POAG and NTG In stage II, percentages of 
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N 1- G 

STAGE I 
co< 5 %) 

STAGE II 
CD< 5 96) 

PERCEYTIE 
OF asltoRlL POIITS 

30966~ 

2O%S <30% 

1 O%Sfgjj<20% 

q <lO% 

Fig 2 Percentage of abnormal points in the early stage (NTG). In a comparison of percentages for 
the corresponding points in the upper and the lower visual fields * represents a statistical probability 
level of less than 5% and ** represents that of less than 1% in the x2 test 

STAGE I * II 
CD< 5 90 

P 0 A G 

STAGE II *Ill 
[DC 6 94) 

Fig 3 Pattern of visual field progression in POAG Percentage of abnormal points to total points at 
the various stages was compared using the x2 test 
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N 1- G 

STAGEII *III 

Fig 4 Pattern of visual field progression in NTG Percentage of abnormal points to total points at 
the various stages was compared using the x2 test. 

more than 10% were found in the lower nasal and Bjerrum areas in POAG, and in the nasal, 
upper paracentral and lower Bjerrum areas in NTG. At the 0 5% probability level, there was 
no point with a percentage of more than 10% in stage I in both POAG and NTG. In stage II, 
percentages of greater than 10% were found in only the lower nasal area in POAG and in the 
nasal, upper paracentral and lower Bjerrum areas in NTG (Figs 1 and 2) 

When the percentage of abnormal points to total points was compared in corresponding 
examination points in the upper and the lower visual fields, there was no significant differ- 
ence at each probability level in stages I and II of POAG. In NTG, there was no significant 
difference in the percentages for corresponding points at each probability level in stage I. 
However, in the stage II, the paracentral point and the nasal point next to the blind spot in the 
upper visual field showed higher percentages at the 1% and 0.5% probability levels respec- 
tively, and the paracentral point in the upper visual field also showed a higher percentage at 
the 5% probability level (Figs 1 and 2). 

These results indicate that POAG in the early stage had no significant difference in the per- 
centage of abnormal points to total points between the upper and lower visual fields, although 
it had a tendency to present with defects of the nasal and Bjerrum areas in the lower visual 
field. On the other hand, NTG in the early stage had a tendency to present with defects of the 
upper nasal, paracentral and lower Bjerrum areas. In particular, the upper paracentral area in 
NTG had significantly higher percentages 

Comparison ofprogression of visualJield changes in POAG and in NTG 

To investigate which locations were involved with progression of visual field defects, the 
percentage of abnormal points to total points was compared for the various stages in POAG 
and NTG. 

In POAG, the nasal visual field was most involved as visual field defects progressed from 
stage I to stage II. The visual field damage then spread through the nasal area to the upper and 
lower fields with progression to stage III. By stage IV, however, visual field damage had 
spread to encompass the entire field with particular involvement of the upper rather than 
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lower field (Fig 3). In NTG, the nasal field was involved as visual field damage worsened 
from stage I to stage II, similar to POAG. However, unlike POAG, the visual field damage in 
NTG spread mainly to the upper field with progression to stage III. By stage IV, progression 
of visual field damage in NTG was again similar to that observed in POAG (Fig. 4) 

Discussion 

It has been reported that there are no differences in visual field changes between POAG and 
NTG3-5. On the other hand, it has also been reported that there are some changes characteris- 
tic of NTG including localized upper field defect, deep and steep defects near fixation, and 
absence of diffuse sensitivity loss6-15. Thus there is no clear concensus as to whether or not 
differences exist in visual field disturbances between POAG and NTG 

In this study, we found that there was no significant difference between the upper and the 
lower visual fields in the early stage of POAG. However, the upper paracentral area in the 
early stage of NTG had a significantly higher percentage of abnormal points In addition, the 
visual field disturbances in POAG progressed in a parallel fashion in the upper and lower 
visual field until the middle stage (stage III), while those in NTG progressed mainly in the up- 
per visual field only until the middle stage 

These results suggest that the mechanism for optic nerve damage may be different in POAG 
as compared to NTG until the middle stages of disease. 
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Correlation between IOP changes and deterioration of the visual field 
according to a nerve fiber bundle map 

Ian A. Ugi, Aharon Wegner, Richard Wertheimer, Regina Lehr and Hans Hofmann 

Department of Ophthalmology, Technical University of Munich, Munich, Germaq 

Abstract 

Purpose: To evaluate whether the rate of change in intraocular pressure influences the deterioration rate 
of the visual field in glaucomatous eyes 

Method: To perform a retrospective study of 287 visual fields and the corresponding 287 diurnal 
intraocular pressure curves of 47 patients with chronic open-angle glaucoma (COAG) All patients had no 
additional comeal, retinal or optic nerve disease and were treated with a non-selective beta blocker for three 
and a half to ten years Eighteen (32%) patients had systemic hypertension, 29 (68%) patients had no further 
vascular disease A regression curve was calculated for every group of perimetric points in the visual fields 
(Octopus 201 program 3 1, worst eye approach) representing a nerve fiber bundle (according to the map of 
Weber and Ulrich) A correlation was calculated between the regression curve of the diurnal intraocular 
pressures and the regression curve of each nerve fiber bundle of every patient 

Results: In the group of patients with systemic hypertension a statistically significant inverse correlation 
between IOP change and visual field deterioration was found in five nerve fiber bundles No such correla- 
tion was observed in the group without systemic hypertension 

Discussion: We found that in patients with systemic hypertension the development of the visual field dif- 
fers from those without systemic hypertension A reason for this might be found in their differing vascular 
properties 

Introduction 

Intraocular pressure (IOP) control and the rate of visual field deterioration are closely re- 
lated parameters. Previous studies have analysed the progression of visual field loss depend- 
ing on an average IOP reached by medical treatment or surgical therapy’s2 As the IOP rarely 
remains stable in a patient during long-term observations, we applied a trend analysis to find a 
possible correlation between the rate of visual field loss and slowly progressive changes in 
IOP. 

It has been reported that systemic hypertension correlates with the progression of visual 
field loss in glaucomatous patients ’ Additionally, to evaluate an influence of systemic hyper- 
tension on the visual field of patients with long-standing chronic open-angle glaucoma 
(COAG) treated with topical beta blockers, we correlated IOP changes and the visual field de- 
terioration in individual nerve fiber bundles of patients with and without systemic hyperten- 
sion 

Materials and methods 

The clinical charts of patients from our out-patient glaucoma department were evaluated 
retrospectively Patients are regularly checked for diurnal intraocular pressure and visual field 
at least once a year. 
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Fig I. Nerve fiber bundle map according to Weber and Ulrich 

Our inclusion criteria were: 
1. chronic open-angle glaucoma treated with topical timolol 0.5% or carteolol 2% therapy 

for at least three and a half years without any additional therapeutic step necessary; 
2. the maximum peak pressure of each diurnal IOP curve did not exceed 22 mmHg; 
3. visual acuity better than 20140, 
4. no other retinal or optic nerve disease was observed; 
5. at least four visual fields and their corresponding diurnal curves were available; 
6 pupil diameter greater that two mm at each perimetric session; 
7. previous perimetric experience; 
8. no ocular surgery during the follow-up time. 

Our exclusion criteria were: 
1. poor reliability, defined as a false-positive error greater than 10% and false-negative error 

greater than 10%; 
2. inexperience in perimetry 

According to their vascular status two groups were created: (1) Eighteen patients with sys- 
temic arterial hypertension that was treated and stable. (2) Twenty-nine patients without 
known systemic arterial hypertension 

The perimetry was performed using an Octopus 201 perimeter and program 31 Perimetric 
data were evaluated according to the perimetric nerve fiber bundle map of Weber and Ulrich3 
using the worse eye approach (Fig 1) A mean threshold value was calculated for every nerve 
fiber bundle of each visual field. Using these values a regression analysis of every nerve fiber 
bundle of each patient was performed 
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Table I Statistical comparison of age, mean IOP, follow-up time, gender, beta blocker and mean 
sensitivity at the beginning of the observation, between patients with systemic hypertension and 
without systemic hypertension 

Patients with 
hypertension 
n = 18 

Patients without 
hypertension 
n = 29 

Age (years) 
Mean IOP (mmHg) 
Follow-up time (years) 
Sex (M/F) 
Timolol/carteolol 
Mean sensitivity (dB) 

65 11 zt 12 01 62 17* 1325 
16.97 i 1 38 1698+ 162 
5 42 + 1 87 5 41 * 1.90 
6(33%)/12(67%) 10(34%)/19(66%) 
12 (67%)16(33%) 20(69%)/9(3 1%) 
20 8 l 4.6 21 Oh42 

The following parameters were evaluated 
- Regression analysis of IOP during the observation period, calculated from the diurnal 

IOP curves. 
- Regression analysis of the threshold sensitivity of every nerve fiber bundle during the 

observation period. 
- Correlation between the above regression curves was performed for each nerve fiber 

bundle of systemically hypertensive and normotensive patients separately 
Statistical analysis was carried out using the StatView 2 0 program, version 1 .Ol on an 

Apple Macintosh IIci computer 

Results 

The average age of the patients in group 1 and 2 was 65.11 f 12.01 yr and 62.17 * 13 25 yr 
respectively - not significantly different The mean follow-up time of the patients was 5 42 * 
1 87 yr and 5 41 * 1 90 yr respectively There was no statistically significant difference in 
average IOP (16.97 + 1 38 mmHg and 16 98 f 1.62 mmHg respectively) or the regression co- 
efficient of IOP (-0 01 zt 0 41 mmHg/yr and -0.10 f 0.42 mmHg/yr respectively) during the 
observation period between the groups. There was no statistical difference between the two 
groups in sex distribution and the ratio of patients receiving timolol or carteolol medication 

The mean sensitivity of the visual field for the two groups at the beginning of the observa- 
tion period was not significantly different 20.8 f 4 6 dB and 21 0 f 4.2 dB for groups 1 and 2 
respectively (Table 1). 

There was no correlation between IOP change and visual field changes for non-hyperten- 
sive patients. In the systemic hypertensive group there was an inverse correlation for nerve 
fiber bundles 1, 4, 6, 13 and 19 (p < 0 05). 

Discussion 

In this study, patients with and without systemic arterial hypertension were compared for 
differences in their visual field development depending on progressive changes in IOP over a 
period of at least three and a half years In order to assess the changes, we used one of the few 
cluster maps that are defined from an empirical perimetric retinal map - the Weber and Ulrich 
nerve fiber bundle map3. To make a long-term observation of up to ten years possible and 
comparable we selected patients from our out-patient glaucoma department with COAG re- 
ceiving only topical beta blocker treatment. Hypertensive and non-hypertensive patients were 
similar in mean age, follow-up time, IOP, IOP regression coefficient, treatment modality or 
sex distribution. We found that patients without systemic hypertension and IOP changes up to 
22 mmHg showed no significant correlation between IOP and visual field deterioration 
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Patients with systemic hypertension on the other hand had a statistically significant negative 
correlation between visual field and IOP This correlation could be seen in five of 21 nerve 
fiber bundle areas Nerve fiber bundles in the temporal and especially temporal inferior retina 
and the inferior temporal disk region4,5 are thought to be most vulnerable in COAG Corre- 
sponding observations are reported for visual field loss showing that the superior nasal visual 
field is most prone to deteriorate . Ia6 The nerve fiber bundles with the greatest correlation of 
IOP change and visual field deterioration in hypertensive patients could however not be 
placed in a specific region. 

Leydhecker and Gramer found in a review of 126 eyes with COAG that 67 had a stable 
visual field for over five years if the IOP was below 21 mmHg at all visits7 Similar results 
have been published by other authors ls2 It is not fully understood which factors aside from 
ocular pressure are responsible for a favorable visual field development. Schulzer et al found 
subgroups of the glaucoma population depending on blood flow measurements, hematological 
and rheological variables* Our results show an influence of systemic hypertension on the 
course of glaucomatous visual field development. We suggest that glaucoma patients be di- 
vided into two subgroups, systemic normotensive and hypertensive, as these two populations 
differ in their vascular properties. 

The vascular bed in hypertensive patients has decreased elasticity of the arterial wall. Ad- 
ministration of beta blockers has a different effect on blood vessels in normotensive and hy- 
pertensive patients The application of topical beta blockers in healthy volunteers showed a 
vasoconstrictive effect on human retinal arteries9, while a long-term use of beta blockers in 
hypertensive patients ultimately leads to a fall in peripheral vascular resistancelo. 

The systemic antihypertensive medication of the patients in our study showed a great diver- 
sity and varied over the period of observation It cannot be excluded, that the systemic 
antihypertensive medication is at least in part responsible for the observed effect on the visual 
field. Further evaluation of the effect of long-term systemic medical treatment of vascular hy- 
pertension on glaucoma is necessary. 
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Is there an accelerated loss at older age for normal sensitivity in the central 
visual field? 

B J. Lachenmayr, S Kojetinsky and P M. Vivell 

University Eye Hospital, Section of Psychophysics and Physiological Optics, Mtinchen, 
Germany 

Abstract 

The aim of the present study was to verify whether or not an accelerated loss at older age is present for 
normal subjects in the central visual field 117 eyes of 117 subjects aged 9 to 86 years were tested with the 
Humphrey Field Analyzer 640, program 30-2, the Rodenstock Peristat 433 PRT, program GLl, the Octopus 
l-2-3, program Gl, our automated flicker perimeter20z2’ and the resolution perimeter of FrisCn22 Global in- 
dices were calculated as follows: mean light-difference sensitivity (MS) for the various light-sense peri- 
meters, mean flicker fusion frequency (MF) for the flicker perimeter and mean ring score (MR) for the reso- 
lution perimeter For all procedures global sensitivity decreases with increasing age In order to verify 
whether or not a linear or bilinear model is appropriate for the description of the data, the statistical ap- 
proach of Owsley et al 24 was used Both for the various light-sense perimeters and the resolution perimeter 
a statistically significant accelerated loss of sensitivity at older age is present This is not the case for flicker 
perimetry, however A possible explanation could be the stimulus configuration of flicker perimetry which 
is largely independent from preretinal factors 

Introduction 

Visual function decreases with increasing age due to 
1. loss of transmission of the optical medialm5, 
2 neuronal loss in the retina6x7, and 
3 neuronal loss in the postretinal visual pathways8s9 

The majority of studies investigating the age effect of lens transmission, absorption or 
autofluorescence suggests an accelerated increase of optical density at older age’-5 There are 
only few authors claiming a continuous increase of lens density with increasing agelo,“. The 
studies dealing with the influence of age on the cell populations of retinal and postretinal 
visual pathways are few and usually small in sample size - 7 9 The age effects suggested by dif- 
ferent authors are controversial, some authors suggest a monotonous decrease of cell number 
with increasing age7-9, some authors even suggest a decelerated loss at older age7 

The aim of the present study was to answer the following questions: 
1. Is there an accelerated loss of normal visual function at an older age? 
2. Is there an influence of the threshold criterion on the age effect? 

When looking at the normal data published by various authors for automated perimetry the 
same controversy is present: some authors suggest a continuous loss of normal sensitivity in 
the visual field over the entire lifespan12-15, others found an accelerated loss of sensitivity at 
older age*“*9 In order to clarify this controversy 117 eyes of 117 normal subjects were tested 
with five different automated perimeters 
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Materials and methods 

Normal population 

117 normal subjects were recruited according to the following criteria: Subjects were ex- 
cluded if they had corrected decimal visual acuity < 0.8 (20/25), refractive error > f 5 dpt sph 
or 2 dpt cyl, intraocular pressure > 21 mmHg, media opacities (e g , nuclear sclerosis or 
subcapsular opacifications), abnormalities of the fundus (e g , pigmentary changes of the 
macula or sclerotic changes of the retinal vessels or the choroid), severe ocular trauma or any 
ocular surgeries, family history of glaucoma or any inheritable ocular diseases, history of 
poorly controlled hypertension, diabetes mellitus, multiple sclerosis, cerebrovascular acci- 
dents, epilepsy or ingestion of any psychotropic medication 24 hours prior to field testing. A 
complete ophthalmological examination was performed including refraction, tonometry, ex- 
amination of the anterior segment with the slit lamp and examination of the fundus with indi- 
rect ophthalmoscopy in mydriasis If both eyes of a subject were eligible according to our ex- 
clusion criteria, one eye was chosen randomly for the study 

The age distribution of our study population is as follows: mean 44 2 years, median 44.0 
years, minimum 9 0 years, maximum 86.0 years, standard deviation 19.1 years 

Instruments 

Three light-sense perimeters were included in the present study: the Humphrey Field 
Analyzer 640 (HFA), the Rodenstock Peristat 433 (PRT) and the Octopus l-2-3 (OCT) In ad- 
dition, subjects were tested with the automated flicker perimeter (FLI) according to one of the 
authors20,21 and with the resolution perimeter (FRI) developed by FrisCn22. The light-sense pe- 
rimeters are standard equipment used under clinical settings, details concerning the instrument 
parameters and testing conditions may be obtained from the manufacturers 

The test grids of the five perimeters used for the present study are shown in Figure 1: for 
the HFA, program 30-2 was used, testing 77 points up to 30 degrees; for the PRT, program 
GLl with 81 points up to 30 degrees was used; for the OCT, program Gl was used, testing 59 
points up to 30 degrees; the program of the flicker perimeter (FLI) comprises 77 points up to 
40 degrees; the standard program of the resolution perimeter (FRI) has 50 points up to 30 de- 
grees. For each subject all tests were performed in random order. A short custom-made intro- 
ductory learning test was used before the standard program for HFA, PRT, OCT and FL1 and 
tests were run twice for FRI. 

Statistical analysis 

In order to study the age effect, global indices were calculated as follows: mean light dif- 
ference sensitivity MS/HFA, MSiPRT and MS/OCT, mean flicker frequency MF, and mean 
ring score MR The MSiOCT values obtained in this study have to be increased by 1.3 dB in 
order to correct for a calibration error of the background luminance; the correction procedure 
is described elsewhere23. Left eyes were transformed onto a right eye grid. Statistical analysis 
was performed with the SPSS-software package. 

Results 

The scatterplots of the global indices MS/HFA, MYPRT, MSIOCT, MF and MR as a func- 
tion of age are shown in Figures 2a-e. Whereas MF shows a continuous loss over the entire 
life-span, there is an accelerated loss at older age for the other global indices. In order to 
verify whether or not a linear or bilinear fit is appropriate for our data distributions, the statis- 
tical approach of Owsley et al 24 was applied these authors have developed a maximum like- 
lihood procedure for comparing linear vs bilinear fits. Two candidate models are calculated. 
The first model consists of a linear fit, i e , a single straight line. The second model defines 
two straight line segments which meet at a point. For each of the lines, the slope and the inter- 
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Fig I Test grids of the five automated perimeters used in the present study: Humphrey Field 
Analyzer 640, program 30-2 (top left), Rodenstock Peristat 433, program GLl (top middle), Octopus 
l-2-3, program Gl (top right), automated flicker perimeter according to Lachenmayr et al 20,21 (bot- 
tom left), and resolution perimeter according to Fris@ (bottom right) 

Table I P values and age of intercept for the regression lines of the scatterplots of Fig 2a-e as cal- 
culated by the procedure of Owsley et al 24 

p value Age of intercept (a) 

HFA < 0 0001* 
PRT ~00001* 
OCT < 0 0001* 
FL1 < 0 5649 
FRl < 0.0024* 

*statistically significant 

46 4 
57 0 
50 6 
- 
57 0 

cept is calculated. In addition, the breakpoint, i e , the value of the abscissa where the two 
lines intercept, is given. For both models the multiple correlation coefficient is derived as the 
r-square value RSQ. A test is performed to decide whether the two-line model is necessary 
(Likelihood Ratio Test) 

The model of Owsley et al 24 suggests a bilinear fit for HFA, PRT, OCT and FRI, whereas a 
bilinear fit is not appropriate for FL1 (Table 1). The lines plotted into the diagrams of Figures 
2a-e are the regression lines suggested by this statistical approach. Table 1 also gives the age 
of the intercept for HFA, PRT, OCT and FRI. 

Discussion 

Our data suggest that light-difference sensitivity and spatial resolution as assessed by the 
resolution perimeter show an accelerated loss of normal sensitivity for older subjects For 
flicker perimetry, in the same normal population, no such accelerated loss at older age is 
present. What is the explanation for this discrepancy? 

The different threshold criteria of our test procedures are shown schematically in Figure 3 
when testing light-difference sensitivity, an annular stimulus is projected onto a homogeneous 

’ surround; spatial resolution in the system of Frisen 22 is assessed by high-frequency filtered 
ring targets; flicker fusion frequency in our automated flicker perimeter20%21 is measured with 
homogeneous flickering targets at the same average luminance level as the surrounding. 
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Fig 2 Mean light difference sensitivity MWHFA (a), MWPRT (b), MYOCT (c), mean flicker fusion 
frequency MF (d), and mean ring score MR (e) as function of age (years). The regression lines plot- 
ted into the diagrams were calculated with the statistical model of Owsley et al 24 



Is there an accelerated loss at older age for normal sensitivity? 53 

MWOCT = f(age) 

MS/OCT [dB] 

40 

30 

: 

- I 
:+: . l ..- . . . . , : .I 

. . 

---++. - ------.. 

. . 
. .- . . 1 . .. 

. . . . . . = . 

‘I,: = 

. . . 
. . . . 

20 . . . . 

0 10 20 30 40 50 60 70 80 90 

age [years] 

MF = f(age) 

MF [dB] 

1:: 

30 1 . . . . 

20 I- 

0 10 20 30 40 50 60 70 80 90 

age [years] 

d 

Fig 2c-d 



54 B J Lachenmavr et al. 

e 

Fig 2e 

MR = f(age) 

MR [dB] 

8- 
61 * . 

0 10 20 30 40 50 60 70 80 90 

age [years] 

light difference sensitivity 

spatial resolution 

flicker fusion frequency 

A 
LO 

m 

‘( 

1 GRANIT - HARPER - Law 1 

Fig 3 Schematic display of the threshold criteria used in the various automated perimeters of the 
present study: light-difference sensitivity (top), spatial resolution (middle), and flicker fusion fre- 
quency as measured with our system (bottom) 
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Figure 3 demonstrates that the threshold criteria of light sense and resolution perimetry de- 
pend on retinal image quality: when the retinal image is poor or impaired, sensitivity de- 
creases and thresholds increase For flicker perimetry, however, blurring of the stimulus does 
not affect the threshold, even up to high amounts of blur Blurring the stimulus increases tar- 
get area, thus compensating for the loss of contrast induced by blurring the stimulus. The in- 
crease of flicker fusion frequency with increasing stimulus area is described by the Granit- 
Harper law It is interesting to see that light-difference sensitivity and spatial resolution are 
strongly affected by refractive defocus25-27, whereas flicker thresholds are independent from 
blur up to 9 dpt sphz5 

We suggest that the accelerated loss at an older age which we found for light-difference 
sensitivity and spatial resolution could be due to slight media opacities, present in older eyes 
even with normal visual acuity. Overall, light-difference sensitivity and spatial resolution in 
the central visual field show an accelerated loss in the older age group. However, flicker fu- 
sion frequency demonstrates a monotonous loss over the entire lifespan. The differences in 
behavior could be explained by the fact that flicker thresholds are largely independent from 
retinal image quality. Due to the lack of an accelerated loss at older age, flicker perimetry has 
a broader dynamic range and is less affected by artefacts from the optical media in older indi- 
viduals 
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Color-coded probability maps; separation of field defect types 

Peter &man 

Department of Ophthalmology in Malmii, Lund University, Sweden 

Introduction 

The empirical Statpac probability maps have considerably facilitated visual field interpreta- 
tion. Significant depressions are highlighted and many artifacts de-emphasized. The glaucoma 
hemifield test, GHT, was later developed based on those maps’ The GHT is a knowledge- 
based expert system yielding a short written statement about a field’s condition. Recently, im- 
portant properties discriminating glaucomatous types of field depressions from other types 
caused by (e.g ) artifacts, cataract or miosis have been explored in more detail’“. 

It has thus been shown that. (1) physiologic threshold variability should be considered, as 
in empirical probability maps; (2) up-down comparisons, as in the GHT, are efficient in re- 
cognizing glaucomatous field 10s~~; (3) localized field depressions are more indicative of 
glaucoma if they follow the directions of the retinal nerve fiber layer as detected by arcuate 
cluster anaZysis5; and (4) diffuse visual field loss is not indicative of glaucoma3. 

The above four facts were all considered in the development of the color-coded probability 
map described here The aim was to separate: (1) glaucomatous types of field depression, (2) 
other localized types of field depression, (3) diffuse types of field depression, which affect the 
entire field, typically seen in the presence of e.g , cataract, and (4) apparent depressions 
within the range of physiological variability Color-coding was well suited for that purpose6 

Test points, in Humphrey 30-2 full threshold fields, belonging to the various types of de- 
fects listed above are identified as follows: 

1. Points with glaucomatous types of depression - all significant test points (in the pattern 
deviation probability map) belonging to 
(a) Glaucoma hemifield test (GHT) sectors abnormal enough to result in GHT classifica- 
tion “outside normal limits”’ or 
(b) arcuate clusters (groups of significant test points adjacent along the directions of the 
retinal nerve fiber layer) with significant (p < 0.01) volume (sum of probability scores)5. 

2. Points with other localized types of depression - all significant test points (in the pattern 
deviation probability map) belonging to traditional clusters5 with significant (p < 0.01) 
volume. 

3. Points affected by diffuse types of depression - all test points in fields with significantly 
(p < 0.005) reduced general height (GH, i.e., the 85th percentile of a subset of the total 
deviation values).’ 

The color-coded map is similar to the standard total deviation probability map. However, 
the symbols are plotted in different colors depending upon the results of the above-mentioned 
analyses Thus, all points with glaucomatous types of depression are plotted red, all, not yet 
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Foundation, Malmii; by fhe Karin Sandquist Foundation, Stockholm, Sweden 
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colored, points with other localized types of depression are plotted blue; all, not yet colored, 
points affected by diffuse types of depression are plotted cyan; and all remaining test points 
are plotted green. 

In fields from patients with well established glaucoma-typical glaucomatous field defects 
were highlighted in red color In normal visual fields the test points were plotted green. Cata- 
ract, in the absence of other ocular disorders, resulted in cyan-colored test points In fields 
from patients with glaucoma and cataract the glaucomatous defects stood out in red color 
while the remaining points were cyan Trial lens artifacts resulted only in significant tradi- 
tional clusters and were thus plotted blue 

Comments 

Color-coding has been used before to show quantitative perimetric data. The map described 
here is an attempt to use color to describe qualitative perimetric data The analyses are based 
on modem knowledge of computer-assisted visual field interpretation. It is assumed that this 
color-coded map can aid the physician in discriminating between different defect entities. It 
may also be combined with text-based computer-assisted interpretation, e g. the GHT to 
clarify the text message. The need for two probability maps (total and pattern deviation) may 
be eliminated since discrimination between diffuse and localized defect entities are allowed 
within one single color-coded probability map 

Similar to the GHT, the map is intended to be used in the diagnosis and follow-up of glau- 
coma. It is not yet applicable in neurological or retinal diseases. Further studies including 
visual field results from patients with such disorders may allow the construction of more gen- 
eral-purpose maps. 

The full article will be published elsewhere 
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Perimetric learning in glaucoma 

Anders Heijl and Boel Bengtsson 

Department of Ophthalmology in Malmd, Universitla of Lund, Sweden 

The influence of perimetric experience was prospectively studied in 37 glaucomatous eyes 
of 25 patients, who were all naive to any kind of perimetty Each patient underwent ten field 
examinations divided between five test sessions; inter-test intervals were approximately one 
week The 30-2 full threshold program of the Humphrey perimeter was used. 

Improvement was obvious already in the greyscale representations in 57% of glaucomatous 
eyes. The number of normal points increased with learning and average mean deviation (MD) 
improved significantly 01 < 0 001) between the first and second sessions, no significant dif- 
ferences were shown between tests two to five. Average improvement between first and fifth 
test sessions was 3.2 dB in right eyes and 2 7 dB in left eyes The difference in learning effect 
between right and left eyes was not significant Visual fields with moderate field loss showed 
larger improvements of sensitivity than fields with severe or mild loss 

Pointwise analyses were performed to investigate learning effect vs eccentricity and test 
point status. A model was fitted which took into account the time course of learning The 

Fig la Series of five fields from one eye Large defect is apparent in the first field Learning effect is obvi- 
ous between the first and second test session 
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Fig lb 

Fig Ic 

learning effect and the “fully trained threshold value” were estimated for each point in each 
field The 30-2 test point pattern was divided into rive concentric rings from the center to the 
mid-periphery A multiple regression analysis was then performed, using the five rings of ec- 
centricity and the fully trained threshold value as independent variables The result showed 
that learning effects were more pronounced in the periphery than paracentrally Learning was 
also more pronounced at test point locations with better “fully trained threshold values”, than 
at more abnormal locations 
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Fig Id 

Fig le 

The regular and large effects of perimetric learning in glaucomatous eye demonstrated by 
this study, clearly indicates that one initial field test is insufficient or at least not ideal as a 
baseline for future follow-up of glaucoma patients. Another important conclusion is that clini- 
cal studies of therapeutic measures in glaucoma require a randomized design with a control 
group to neutralize, as much as possible, the disturbing effects of perimetric learning 



Spatial summation in glaucomatous visual fields 

Jiirg Weber and Joachim Baltes 

University Eye Hospital, Cologne, Germany 

Abstract 

Spatial summation is the increase of sensitivity by increasing the spot size of a perimetric stimulus De- 
spite Ricco’s law and Piper’s law, it is not a constant factor but dependent on sensitivity The authors inves- 
tigated the amount of summation under different conditions 

Study 1: Five normals and five glaucoma patients were examined with stimulus sizes I, II, III, IV and V 
(Goldmann notation) in random order using a Humphrey Field Analyzer in a custom program with 16 test 
points The resulting 80 summation curves of both groups showed great similarity The plot of sensitivity in- 
crease against initial sensitivity showed greatest summation for low sensitivity and very low summation for 
high sensitivity This relation was nearly linear and about the same for all stimulus sizes and both groups 

Conclusion I: Summation is mainly a function of basic sensitivity and not dependent on disease or basic 
stimulus size 

Study 2: Forty glaucoma patients were examined with stimulus sizes III and V in random order using 
Humphrey program 24-2 The plot of sensitivity increase against initial sensitivity (IS) could be proved to 
be exactly linear It was +22 dB at IS=0 dB, +lO dB at IS=20 dB and 0 dB at IS=37 dB Eccentricity had no 
influence on this function The standard error of estimate of a linear regression analysis was only 2 47 dB 

Conclusion 2: Summation is not dependent on eccentricity The sensitivity increase by changing from 
stimulus size III to V can be forecasted with very high precision The data should be used for conversion 
programs 

The complete article will be published elsewhere. 
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Changes in spatial summation and SKD in the normal aging eye 

E.J. Casson, D.H. Zackon, H R Shillingford-Ricketts and M.D. Lafontaine 

University of Ottawa Eye Institute, Ottawa, Canada 

Abstract 

Physiological statokinetic dissociation (SKD) and spatial summation (SS) effects are known to exist in 
normals, as well as in patients We have previously reported that increased SKD and SS are found in the 
same patients However, the relationship between these two variables needs to be assessed in the normal 
population as our first step in understanding how it is altered by pathology We used automated static and 
kinetic perimehy to investigate SS and SKD in a group of 46 normals ranging from 20 to 80 years of age 
We found that both SKD and SS increase with age and the two variables are directly related in all age 
groups. Furthermore, the slope of the function relating the amount of SKD and SS increases substantially 
with age These findings suggest (1) a role for changes in the number and interaction of functional detectors 
across the visual field with aging and (2) that caution is needed in the comparison of static and kinetic fields 
in older individuals. 

Introduction 

Statokinetic dissociation (SKD) refers to the difference between sensitivity to identical ki- 
netic and static perimetric targets. This difference was first reported by Riddoch in 1917’ 
when he noted a greater impairment for the detection of stationary targets than for the detec- 
tion of moving targets in a small group of patients with post-chiasmal lesions. Since that time, 
this phenomenon has been described in a number of clinical populations including patients 
with pre-chiasmal lesions and optic neuropathies 2-6 Physiological SKD has also been reported . 
in normal subjects, although it is not clear how age affects this phenomenon5-‘. 

In addition to reporting increased amounts of SKD in one group of optic neuritis patients, 
Casson et al. (199 1) reported evidence for pathological spatial summation in another, similar 
group of patient& Spatial summation (SS) refers to increases in sensitivity associated with 
increases in the size of the perimetric target presented in a specific location in the visual 
field. There have been numerous recent studies of SS in both normals8-10 and in clinical 
population&’ l-14. A g m, the impact of age on the characteristics of SS as measured with a’ 
perimetric targets has had only limited studylo. 

As mentioned previously, Casson and coworkers have suggested a relationship between 
pathological SKD and SS, as have previous authors -,15. In this study we investigated the na- 
ture of SKD and SS in the normal, aging population and the relationship between these two 
variables in their physiological, rather than pathological, form. 

The authors gratefully acknowledge the loan of the HFA from Humphrey Instruments, Inc. for research 
purposes This research was supported in part by a grant from the Ottawa General Hospital Research Foun- 
dation. 
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Static Tests Kinetic Tests 

1OdB Kinetic 10 dB SKD 

Fig I Average sensitivity values for static and kinetic testing for the three age groups Left panel 
shows the results for static testing along with the average values for the SS index Right panel shows 
the results for kinetic testing and the average values for SKD Error bars indicate one standard error. 

Methods 

We tested 46 normals (one eye only) using customized static and kinetic testing procedures 
on a Humphrey Field Analyzer (HFA, 10 cd/m2 background). Static testing consisted of ob- 
taining two threshold estimates (sensitivity in decibels [dB]) at eight equally spaced test loca- 
tions between 7” and 60” along the four, 45” meridians in the visual field. Three target sizes 
were used in the static testing: 0 1 lo (Goldmann size I), 0 41” (size III) and 1.44” (size V). 
Five estimates of threshold to a moving target (in terms of isopters in degrees) were obtained 
along the same meridians in each individual, using the Humphrey kinetic testing program. A 
0 1 l”, 10 dB target (Goldmann 14E) moving at 4’/sec was used to obtain these estimates of ki- 
netic threshold. Static testing was done prior to kinetic testing, and the order of testing for tar- 
get size and location was randomized. 

The subjects ranged in age from 20 to 80 years. For the purposes of some graphs, the re- 
sults were grouped according to age (12 YNL (20-35 yr), 21 MNL (35-5.5 yr), 13 ONL 
(55-80 yr)). Each of these subjects had a visual acuity of at least 20/40 and no evidence of 
ocular pathology or systemic disease likely to affect visual fields. 

Twenty-five of the subjects were also tested on the same eye with the low contrast Regan 
Letter Acuity Chart (25%) with and without the brightness acuity tester (BAT) set to medium 
intensityI These subjects ranged in age from 19 to 75 

The SS index was estimated by taking the average difference in sensitivity to the size V and 
III targets along each meridian 

Estimates of SKD were obtained by comparing the average eccentricity at which the kinetic 
target was first seen to a value derived by interpolating from the static size I results. These 
were used to determine the greatest eccentricity at which a size I, 10 dB static target would be 
detectable. The difference between these values was obtained for each meridian tested. 

The difference in performance on the 25% Regan Acuity Chart with and without the BAT 
(25 eyes) was used to estimate the potential impact of forward light scatter on the sensitivity 
to the different targets 

Results 

The overall estimates of sensitivity to static (left panel) and kinetic targets (right panel) are 
presented in Figure 1 along with the average values for the indices of SS and SKD. These data 
represent averages based on mean values for each individual where individuals have been 
separated into three different age groups as mentioned above. Sensitivity to all targets de- 
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Age vs. SS 
r = 0 374, p=o 01 

15 

Fig 2 Scatterplots of individual mean SS values (left) and SKD values (right) against the age of the 
subject Regression lines are indicated Correlation values and probabilities are indicated in the up- 
per left of each panel. 
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Fig 3. Scatterplots of individual mean SS values (left) and SKD values (right) against the estimates 
of the effect of scatter for each individual tested Probabilities are indicated as non-significant in up- 
per left of each panel, thus no regression line is given 

creases with age, but it decreases more for smaller, static targets. The SS index and the SKD 
index increase significantly with age (p < 0 01 and 0.02 respectively) 

Figure 2 shows the mean SS and SKD values for each individual plotted as a continuous 
function of age. Note that both SS and SKD are positively related to age (p 5 0 01). To deter- 
mine if this increase could be due to increased light scatter in the aging lens and vitreous, we 
obtained estimates of scatter from 25 of our subjects The scattergrams plotting these values 
against SS and SKD are shown in Figure 3 In both cases the correlations are non-significant. 

Figure 4 demonstrates the relationship between SS and SKD and compares the results for 
the YNL and ONL groups. Values for all four meridians tested are shown for each individual. 
All data have been normalized using the quadrant means and SDS for the YNL group to re- 
move variability due to quadrant differences. There is a significant positive relationship (r = 
0.421 and 0.579, p < 0.01) between SS and SKD, such that greater amounts of spatial summa- 
tion in a given portion of the visual field correspond with larger estimates of statokinetic dis- 
sociation. In each case the regression line accounts for a significant amount of the variance 
However, the slope of the function relating SS to SKD appears to be greater in the older 
group; that is, the same level of SS in an older person is associated with larger amounts of 
SKD. 
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Fig 4 Scatterplot of quadrant means for SS vs SKD for younger (YNL) and older (ONL) subjects 
Regression lines (YNL dashed; ONL solid) and significant (p < 0 01) correlations are given. 

Discussion 

Our results indicate that both SKD and SS, as we have measured them, increase signiti- 
cantly and continuously with age These results differ from those reported by Hudson et al. 
(1991)7 who found no significant increases in SKD with age. However, they used a different 
method to calculate SKD which may not be as sensitive as that used in this study. 

These age-related changes cannot be due to increases in light scatter that also occur with 
age, since there is no significant correlation between measures of SKD or SS and estimates of 
scatter obtained from a cross-section of our subjects. 

We have also demonstrated that there is a significant positive relationship between SKD 
and SS in subjects in both the older and younger age groups. This suggests, as we have previ- 
ously postulated, that SKD or the greater sensitivity to moving vs stationary size I targets, is at 
least in part due to the nature of spatial summation across local areas of the visual field A 
moving target is summed across space and thus can act like a larger static target. Increases in 
SS, due to age or individual differences, indicate a relative preservation of sensitivity to large 
vs small targets. On this view, SKD, or the sensitivity to a small moving target relative to a 
stationary target of the same size, will increase as SS increases 

If SKD is the result of the characteristics of spatial summation, any explanation of the age- 
related SS increases will also serve as an explanation for the age-related increases in SKD. 

The characteristics of spatial summation at each visual field location and the resultant SS 
index are the result of two factors: classic spatial summation and probability summation. 
Classic SS, which occurs for smaller targets, refers to the integration of the retinal responses 
across an area. Probability summation, which predominates when the target is larger than the 
receptive fields at a given visual field location and has a much shallower slope than classical 
SS, is the result of probabilistically summing the responses of independent detectors within a 
specific retinal area. Reductions of the numbers of detectors will have a significant impact for 
classic SS and sensitivity to smaller targets, where sensitivity is directly related to the number 
of detectors. There will be less impact on probability summation and the sensitivity to larger 
targets, since increases or decreases in sensitivity depend on something closer to the square 
root of the number of detectors17 

Curcio and Drucker (1993)rs have reported age-related losses in ganglion cell density 
across the retina This would account for the reduced sensitivity to smaller static targets in the 
older group. Due to probability summation between detectors, sensitivity to larger targets 
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would be more resistant to this loss This would result in greater values for the SS index in the 
older group. Given a relationship between SS and SKD, this also helps to explain the increase 
in SKD with age. 

Conclusions 

Age-related changes in SKD and SS do occur and both may reflect age-related neural 
losses, such as those reported by Curcio and Dmcker18. Measurements of SS and SKD may be 
a useful tool in characterizing age-related and pathologic changes in the visual system These 
results also suggest that the relationship between static and kinetic perimetry and between 
static perimetry with different target sizes is complex and can change with age and possibly 
pathology 
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High resolution central visual field to detect progressive glaucomatous 
damage 
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New Haven, CT, USA 

Introduction 

Since automated perimetry was introduced in the mid-1970s the 30” field has emerged as 
the most commonly tested field size when evaluating glaucoma patients One feature of the 
computerized perimeter is the ability to vary the tested field size and spacing, allowing high 
resolution testing of any portion of the field. Although most patients with early glaucomatous 
visual field loss have well preserved 10” fields, there are occasional patients who demonstrate 
reproducible paracentral defects with otherwise intact 30” fields In contrast, many patients 
with advanced glaucomatous damage have small remaining central islands of vision. It is this 
spectrum of glaucoma involving the central 8” of the visual field which has traditionally been 
followed by ophthalmologists with central visual field testing 

Purpose 

The purpose of the study was to compare a widely used standardized program, Gl, with a 
central high resolution program, C08, each performed longitudinally with the Octopus 201 
perimeter on a patient population with glaucomatous scotomata involving the central visual 
field. Both the ability to detect glaucomatous progression and inter-observer concordance 
were assessed with the two field types 

Methods 

Octopus Gl was performed in a standard fashion. CO8 is a customized central 8” field 
centered on fixation with linear 2” spacing. Fifty-seven locations were tested with a single 4- 
2-1 dB staircase strategy Typically, 350 questions were asked during a single CO8 session 
The overall study design was to review the charts of glaucoma patients with a minimum of 
four pairs of same-day Gl and CO8 tests spanning a minimum of one year Typically, the Gl 
was performed first on a given day. Patients with confounding macular pathology were ex- 
cluded so all field loss was deemed glaucomatous. Eighty patients were thus identified with a 
mean of 5 7 visual field pairs over a mean of 53 months The visual fields were photocopied, 
the Gls were separated from the CO% and chronologically arranged The patients’ name and 
age were masked, but the reliability indices, mean defect, and variance data were available to 
the reviewers. Three experienced reviewers were then asked to independently review all of the 
fields with the Gls separated from the CO&. The reviewers were asked to make a binary as- 
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Table I Number of patients progressing by reviewer and field type 

Reviewer 1 

Gl worse 22 
CO8 worse 37 
Patient worse* 38 
“Sensitivity” Gl 58% 
“Sensitivity” CO8 97% 

p<oooo1 x2 
*Patient worse = either field worse 

2 3 

19 22 
36 28 
42 37 
45% 60% 
87% 76% 

Overall 

18 
34 
39 
46% 
87% 

Table 2 Inter-observer concordance (kappa index) 

Reviewer l-2 I-3 2-3 Average 

Gl 0 394 0 640 0.436 0 490 
CO8 0 654 0 536 0.616 0.602 
Patient 0 501 0 577 0 573 0 550 

signment for each patient and visual field type as to whether the glaucoma was stable or 
worse. Criteria for progression were specifically non-standardized. All three reviewers were 
well familiar with prior published criteria for statistical field progression. Reviewers were 
asked to consider long-term fluctuation and reliability indices on a case-by-case basis when 
determining progression. For overall results, two out of three reviewer agreement defined pro- 
gression. In order to determine sensitivity of a given test, patients were considered to have 
progressed if either visual field type was determined to have worsened. 

Results 

Table 1 displays progression rates for individual and overall reviewers for each visual field 
type. Table 2 displays inter-observer concordance with kappa indices for each visual field 
type and overall patient progression. Unanimous agreement by all three reviewers that glau- 
coma was stable on both field types was found for 27 patients Five patients were evaluated by 
all three reviewers as having Gl fields that were stable, while the CO8 worsened. No patients 
were felt to unanimously worsen on Gl while remaining stable on C08. Nine patients unani- 
mously worsened on both field types. 

Conclusion 

Central visual field testing is more sensitive than standard perimetry in detecting subtle 
progression in this patient population with glaucomatous central visual field loss The 
specificity of the high resolution test remains unclear. Central visual field testing may have a 
higher inter-observer concordance regarding glaucoma progression compared with standard 
sized testing. Long-term fluctuation remains a major factor in determining progression in 
glaucoma patients Overall, independent reviewer concordance is only moderate when evalu- 
ating series of visual fields for glaucomatous progression. 
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Abstract 

Statistical modelling and image processing techniques are used to describe sensitivity decay over time in 
normal (low)-tension glaucoma (NTG). Twelve initially normal fellow eyes of confirmed LTG were used as 
the initial test-bed for these methods All subjects had at least 16 Humphrey visual fields (mean follow-up 
5 7 years) Competing statistical models of sensitivity loss were investigated using pointwise y (sensitivity; 
dB) and x (time; years) data with curve fitting software The goodness of tit and predictive performance 
were examined Fields were then filtered using a spatial process which extracts and quantifies the inherent 
variability in field data The effect of this image processing technique on the modelling of sensitivity loss 
was assessed It was found in this group that complex polynomial expressions provided the best tit to 
pointwise sensitivity loss. However, a linear model of glaucomatous field decay provided the best prediction 
of fnture field status This predictive power was enhanced by an image processing technique 

Introduction 

The detection of true visual field deterioration is critically important to the management of 
glaucoma12. However, a clear, early diagnosis of glaucomatous field decay is difficult Firstly 
the rate of progression is often slow. Moreover this progression is frequently masked by the 
contaminating effects of variability and noise between field tests. Progression of glaucoma- 
tous field loss has been previously evaluated by monitoring a summary measure of the field 
over time Such global analyses are generally regarded as less sensitive than some form of 
pointwise assessment of field loss Change-point probability analysis3, pointwise regression 
analysis& and modelling using field order in conjunction with polynomial surface fitting’ 
have all recently been advocated. 

In this study linear and other higher order regression models are applied to pointwise longi- 
tudinal field data. The long-term objective is to identify an appropriate pointwise model that 
may provide useful predictions of future field status. This could reduce the time elapsed and 
therefore the number of field tests needed before true deterioration can be diagnosed. The test- 
bed for this initial investigation is a sample of untreated eyes at high risk of developing nor- 
mal (low)-tension glaucoma (NTG) with individual locations which were deteriorating Using 
time of field test (x) and sensitivity (y) data from each of these locations an array of candidate 
curvilinear and linear models are firstly assessed on the extent to which they adequately fit 
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sensitivity loss over time (curve-fitting analysis) Secondly, they are assessed on the potential 
to forecast future sensitivity values when projected over time (prediction analysis). 

Additionally this paper illustrates how the predictive performance of the optimum point- 
wise model can be improved This method uses an image processing technique which exploits 
the spatial dependence that exists between the sensitivities of neighboring locations*. This 
method has the joint effect of reducing the variability between tests and adding spatial infor- 
mation into the modelling procedure which in turn can improve forecasting precision. 

Methods 

Subjects and data 

Twelve patients with confirmed normal (low)-tension glaucoma (NTG) were selected. All 
had visual field defects in one eye but initially normal fields in the other eye. Humphrey field 
(30-2 program) series were chosen from these latter eyes which, as fellow eyes of confirmed 
NTG, were considered at high risk of developing field defects. A normal initial field status 
was defined as no clusters of more than three locations with symbols representing a probabil- 
ity of abnormality (p < 2%) on the Humphrey Statpac pattern deviation plot in either field two 
or three9 (The first field of all eyes was excluded to reduce learning effect) Additionally, 
none of the eyes had significant MD (mean: (0 4, SD: 1 0 dB) or CPSD (mean: 1.3; SD: 1.0 
dB) in either fields two or three 

All patients had in excess of 16 fields available with mean follow-up of 5 7 years (SD: 0 4 
years) Any additional fields in excess of 15 (after learning field exclusion) were omitted. 
This equalized the number of fields for each patient and balanced, as far as possible, the fol- 
low-up period and time elapsed between tests (mean: 0 4 and SD 0.1 years) The peripheral 
locations of the 30-2 grid (x or y coordinates of +/- 27) and locations above and below the 
blind spot were excluded from further analysis 

Locations for the curve fitting and prediction analysis were selected from this cohort if they 
demonstrated unequivocal loss at the final two fields of the series of 15 fields. The criterion 
for this loss was the development of a threshold which was depressed by more than 10 dB be- 
low the age-matched Humphrey normal database value and was reproducible in both the final 
two fields Five of the initially normal 12 eyes had at least one location which fulfilled this in- 
clusion criteria resulting in 51 locations in total This sample was reduced to 47 locations by 
further exclusion of locations with final thresholds of zero dB This value may represent a lu- 
minance sensitivity outside the dynamic range of the perimeter 

Curve fitting analysis 

Data from each of the 47 locations expressed as x (time in years) and y (luminance sensi- 
tivity dB) was analyzed separately using automated curve-fitting software (Tablecurve, Jandel 
Scientific Corporation). This program automatically applies 221 different curve models to the 
data Models which provided a statistically significant fit (p < 0 01) were then ranked accord- 
ing to the level of goodness offit in descending order of R2 (least squares). The model which 
provided the best fit (highest R2) was recorded. Additionally R* values of four other candidate 
models, namely linear (y = a + bx), quadratic (y = a + bx*), cubic (y = a + bx3) and exponen- 
tial (y = a + hex) were recorded 

Prediction analysis 

The potential of the candidate models to predict future sensitivity at each location was in- 
vestigated by firstly repeating the curve fitting analysis using only the first five fields The 
best fitting model (normally a high-order polynomial) and the four other candidate models 
were then extrapolated to the date of the final (15th) field The projected or predicted thresh- 
old at this point was then compared with the actual measured threshold for each location and 
for each candidate model. 
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Table I Summary of R2 values for candidate models 

Curve model Median R2 Range No of locationsfitted 

Best fit curve 
(complex polynomial) 
Exponential curve 
y=a+be2 
Cubic curve 
y = a + bx3 
Quadratic curve 
y=a+bx2 
Linear curve 

0 93 0 48 to 0 99 47 

0 61 0 26 to 0 95 35 

0 55 0 29 to 0 90 38 

0 55 0 28 to 0 92 38 

0 53 0 26 to 0 85 36 
y=a+bx 

Image processing and predictive performance 

Spatial filtering is a widely used image processing technique Here the visual field is con- 
sidered as a digital image composed of a matrix of luminance threshold values. A filter, which 
can be thought of as a small 3 x 3 window, is passed over each location in turn across the 
original field. In this application a Gaussian filter is used (Fig !) Each central value in the 3 
x 3 window or neighborhood is replaced by a weighted average of the adjacent values. Partial 
neighborhoods are used at field edges and corners. 

For this analysis all the locations from the five eyes that had at least one location that ful- 
tilled the progression criteria were used. The model that provided the optimum prediction per- 
formance from above was fitted to the first five fields and projected forward to give a forecast 
of sensitivity at the final (15th) field for all locations The predicted value, from these raw 
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Performance of candidate models at one location 
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Fig 2 Example location from one of the studied eyes (a) to (e) show fit of candidate models to all 15 fields 
in time. Dashed lines on (f) to (i) represent predicted projections. Only the linear prediction lies inside the il- 
lustrated range 

data, was compared to the actual measured value. This operation was repeated using the proc- 
essed fields (1 to 5) generated by the Gaussian filter. The extrapolated value at the final (15th) 
field, from these processed data, was then compared to the actual measured value to ascertain 
any improvement in predictive performance due to the spatial filtering 
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Table 2 Summary of predictive performance of candidate models 

Curve model Median absolute 
prediction ewor 

Range 

Best tit curve 
(complex polynomial) 
Exponential 
y=a+bex 
Cubic 
y=a+bx3 
Quadratic 
y=a+bx* 
Linear 
y=a+bx 

1116 dB 0 to 7589 dB 

374 dB 107 to 1117 dB 

209 dB 37 to 1157 dB 

44 dB 0 to 219 dB 

11 dB 0 to 44 dB 

Results 

Curve jtting analysis 

The results of the curve fitting analysis on the 47 locations are summarized in Table 1 
Large numbers of actual significant fits and high R2 are indicators for best fitting models. 
Clearly the models which demonstrated the best fit using these criteria were all complex high- 
order polynominal expressions The median R2 of the best (polynomial) models for each loca- 
tion was 0.93 (range 0 48-0.99). The less complex curvilinear and linear candidate model 
demonstrated a statistically significant fit at fewer locations and exhibited lower median R2 
for those locations that were fitted There was a statistically significant difference between the 
median R2 of the best (complex polynomial) models and all four of the simpler models 
(Kruskal-Wallis test p < 0 001). Figure 2a-e shows an example location fitted with all the 
candidate curve models 

Prediction analysis 

The candidate models were fitted to the first five fields and extrapolated to generate a pre- 
diction of the sensitivity of the location at the final (15th) field An illustration of this and the 
behavior of the candidate models is shown for an example location in Figure 2f-j. The dashed 
line represents the path of the model projected to the final (15th) field The actual prediction 
error for each model at each of the 47 locations was calculated as the absolute difference be- 
tween the predicted and actual threshold measurements. Summary results for the candidate 
models are shown in Table 2. These clearly indicate that the magnitude and spread of the pre- 
diction errors are largest with the complex polynomial models and smallest (most accurate) 
with the linear model. with others intermediate 

Image processing and predictive performance 

All the locations from the five ey,F that fulfilled the progression criteria were used (290 lo- 
cations). Figure 3 illustrates results from one of these eyes Each individual plot represents its 
particular location with sensitivity (dB; y) and time (years; x) The linear model (best predic- 
tive accuracy from above) was fitted to the first five fields (filled symbols) and extrapolated 
(dashed line) to the date of the final (15th) field. The error shown for each location is the ab- 
solute difference (dB) between the predicted and measured value at the final (15th) field. Fig- 
ure 4 shows a similar representation of the same eye with a linear model fitted to the first five 
fields which, in this case, have all been separately processed by the Gaussian filter. Note the 
linear projections now have slopes that are more consistent in direction and gradient. Bold 
axes and an asterix symbol indicate that the prediction error at that location has decreased as a 
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RAW DATA (Prediction based on first 5 fields) 

Time from first field (years) 

Fig 3 Locations modelled for an example eye (raw data) 
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PROCESSED DATA (Prediction based on first 5 fields) 

Time from first field (years) 

Fig 4 As Figure 3 but with predictions based on modelling the processed data Bold axes and asterix indi- 
cate a location with improved prediction error as a result of processing 
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result of the image processing technique. In this case 40 locations (69%) exhibited an im- 
proved prediction error. In fact for the whole sample (five eyes) 74% of the 290 locations had 
an improved prediction error as a result of modelling the processed data. Moreover, the over- 
all median forecast error was reduced from 9.6 dB (range 0 to 44.4 dB) to 7 3 dB (range 0 to 
29.4 dB) as a result of modelling the processed data. This represents a statistically significant 
improvement in the predictive performance (Wilcoxon ranked paired test; p < 0.01). 

The reduction of between test variability and spatial processing has improved the 
specificity of identifying progression with the pointwise linear model Illustrative examples 
are the locations labeled (a) and (b) in Figures 3 and 4. However, this particular filter process 
causes the pointwise linear model to be relatively insensitive to localized loss. (For example, 
the location labeled (c) in Figures 3 and 4) 

Discussion 

The results of the curve-fitting analysis on 47 Humphrey locations from five initially nor- 
mal fellow eyes of NTG show that complex polynomial models give the best R* values to 
pointwise longitudinal data. Simpler expressions fitted fewer locations significantly and dem- 
onstrated lower R2 values However, when the potential to predict future visual field status 
was assessed, the best predictive power was demonstrated by the linear model in spite of low- 
est R* values. This seemingly apparent contradiction can be explained with some insight of 
statistical modelling Increasingly complex models provide a better fit but at the expense of 
modelling more of the variation inherent in the data R* alone is a poor indicator of the suit- 
ability of a given model to describe a trend, particularly if the data are subject to variability or 
noise. Moreover, Rz simply increases as a function of the number of parameters within a 
model. Generally the most appropriate model is a simple expression which both fits the data 
and gives the lowest prediction error. The results reported here suggest that pointwise glauco- 
matous sensitivity decay in this group of NTG eyes is adequately described by a linear model. 
Adopting such a model violates statistical assumptions such as the non-independence of the 
longitudinal data in both time and space. Other issues include the dangers of extrapolation and 
the use of the significance of fit. Nevertheless the seemingly monotonic underlying trend, or 
rate of loss, in glaucomatous progression is amenable to pointwise linear modelling tech- 
niques. 

Image processing techniques can improve the repeatability of visual field testing as well as 
extract and quantify the variability within the data l”,ll. Importantly, image processing tech- 
niques can provide a framework within which reduction of between test variability and impor- 
tant spatial information can be built into the modelling of visual field loss. An example has 
been reported here demonstrating how the predictive performance of the linear model was im- 
proved by pre-processing the modelled fields using a simple Gaussian filter. However this 
particular process is insensitive to highly localized loss. One solution to this problem may be 
to develop an algorithm which switches between modelling the raw and processed data 
points. Moreover, other image processing operations are currently under investigation, includ- 
ing those customized specifically to the pathological configuration of the field, that reduce 
noise and detect important signal changes. Used in tandem with pointwise linear modelling 
these methods may provide an important advance in the detection of true glaucomatous field 
progression. 
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Acceptable false response rates for reliable perimetric outcomes 
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Abstract 

A 33% false-positive (FP) or false-negative (FN) rate is commonly used to flag an unreliable test This 
criterion has been determined by considering the response profiles of normal observers rather than the effect 
that such errors have on perimetric outcomes In this study, we evaluate the effect that different false-posi- 
tive and false-negative rates have on perimetric results 

Artificial FP and FN rates (O%, 33% and 50%) were generated in a random manner, while a subject un- 
derwent full thresholding of 100 points within the central 30’ Four repeat tests were performed in the same 
one-hour test session Mean threshold, field variance and the number of abnormal points were calculated 
and compared for the three FP and FN rates; field variance is the mean of the point-wise variance (in dB*) of 
the field over the four tests 

Mean threshold was significantly increased by a 33% FP rate and significantly decreased by a 33% FN 
rate Field variance increased significantly for the 33% FP or FN rate The number of abnormally supersen- 
sitive points was significantly increased by a 33% FP rate and the number of abnormally depressed points 
was significantly increased by a 33% FN rate These findings lead us to conclude that a 33% reliability crite- 
rion is too generous for accurate clinical perimetry with significant changes in field parameters occurring by 
this level Accepting a 33% false response rate may hinder the detection of field loss or progression 

Introduction 

Automated perimetty is a psychophysical task and as such is subject to all the trappings of 
behavioral experimentation performed on human subjects. Several factors limit the capacity 
of such measurements, namely fluctuations and false responses Fluctuation is sometimes 
called stimulus-related noise. It arises from an inherent variability in the stimulus or the 
visual system’s response to such stimulation l. On the other hand, false responses are subject 
dependent and can be termed extraneous noise i. They manifest in otherwise reliable observ- 
ers* but usually not at a very high rate. It has been suggested that such false responses are 
more numerous in the early stages of a perimetric test when a significant learning effect is 
present3 although others have failed to show any association between false responses and 
leaming4. 

False responses can be of two types; false positive or false negative A false positive occurs 
whenever the subject responds in the absence of a stimulus 5. This suggests a certain level of 
“trigger happiness” and that the subject’s response may be driven by factors other than the 
presentation of a stimulus. These driving factors may be sounds, entopic phenomena, a lack of 
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understanding of the test procedure (including slow responses) or a desire to perform well at 
the test. A false negative occurs when the subject fails to respond to a stimulus due to inatten- 
tion or for other reasons In automated perimetry, false negatives are measured by determining 
the miss-rate for a suprathreshold stimulus5. 

The effect that such false responses have on perimetric outcome varies False positives act 
to elevate the lower limit of the psychometric function whereas false negatives act to lower 
the upper limit of this function. In perimetry most staircase procedures use a limited number 
of responses to estimate threshold and assume a reliable observer. Therefore the presence of 
false positives or false negatives will act to reduce or elevate the resultant threshold respec- 
tively. The clinical interpretation of false negatives is less clear than for false positives. The 
presence of a moving scotoma can increase the false negative rate even in reliable subject&. 
Furthermore, high FN rates have been reported in glaucoma patients suggesting that this may 
be a sign or consequence of glaucomatous change rather than an index of reliability’,*. 

The purpose of this study was to investigate the consequence of elevated false response 
rates on the perimetric outcomes obtained in an otherwise reliable observer 

Materials and methods 

The Medmont M6008 perimeter was used in this study. This is an LED perimeter that has 
been described in detail elsewhere 9,10 In short, the perimeter has a 3.2 cd/m* (10 asb) back- 
ground intensity and a maximum stimulus brightness of 318 cd/m* (1000 asb). LEDs (0.43” 
diameter at 33 cm viewing distance, h,,, = 565 nm) are arranged in concentric rings at vari- 
ous eccentricities. For this study a full threshold logic was used in the central visual field (< 
30”). The thresholding algorithm in this perimeter uses a 6/3 dB staircase procedure. During 
thresholding, approximately 6% of all stimuli are FP or FN catch trials. FP catch trials consist 
of a 1.2-second pause in stimulus presentation, any patient response in this period is counted 
as a FP response FN catch trials only commence once threshold has been estimated at some 
locations No response to a stimulus that is 9 dB brighter than the previous threshold estimate 
is registered as a FN response 

Special software was written for this experiment to artificially generate false responses in- 
ternally (positive or negative but not both in the same test) in a random manner at any rate be- 
tween 1 and 99%. For example, when set to the 10% FP rate there was a 10% probability that 
any “not seen” response would return a “seen” status to the staircase algorithm Similarly for 
FN rates, the selected proportion of “seen” responses would be registered as “not seen”. This 
logic did not apply to the fixation monitor so that reliable information regarding fixation was 
always available 

Two rates of artificial false responses were examined, 33% and 50% These’were used for 
both FPs and FNs with a 0% condition being used as the control It should be noted that under 
the control (0%) condition the observer’s internal false response rate was present A total of 
live test sessions, each lasting about one hour, were required to gather the data over a two-day 
period The order of the sessions was randomized prior to commencement of the study. Four 
repeat thresholds were obtained at each level of false response studied. The data presented in 
this study were obtained from a 25-year-old well trained observer who has no systemic or 
ocular disorder. 

Three factors were used to assess the effect that these false responses have on visual field 
outcomes, viz, the mean threshold, the field variance and the number of abnormal points 
Each of these measures were considered important for the clinical interpretation of perimetric 
data. Mean threshold was calculated as the mean of the four repeat tests over all points. Field 
variance was calculated as the average pointwise variance of the four repeat tests. The number 
of points with abnormal thresholds were assessed by performing a pointwise comparison be- 
tween the mean threshold at each location and the threshold expected from age-matched 
norms used by the manufacturer. A point was considered abnormal if it was removed from the 
normal value at the p < 0.05 level. The significance of the number of abnormal points was as- 
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sessed using a x2 analysis, other comparisons were made to the control condition (0%) using a 
paired t test 

Finally, we considered how well the internal catch trials actually detected the false re- 
sponses being generated. This was done by comparing the specified false response rate to that 
reported by the perimeter. This issue is important because it reflects the clinician’s capacity to 
identify unreliable tests 

Results 

The mean thresholds for the five false response states is shown in Figure 1 There is a sig- 
nificant increase for the 33% and 50% FP rates (p < 0 0000) False negatives have the oppo- 
site effect and there is a significant reduction for the 33% and 50% FN rates (p < 0.0000). 

Field variance (FV) for the five false response states is shown in Figure 2. It can be seen 
that the FV is significantly increased by 33% and 50% FP and FN rate (p < 0 0000) 

The number of abnormal points in the field is shown in Figure 3a These data show that 
there is an increase in the number of abnormal points by a 33% FP rate. By a 33% FN rate the 
number of abnormal points is also increased However, Figure 3a indicates that even at the 
0% false response rate our observer generates a substantial number of abnormal points with 
high sensitivity This is because our highly trained observer is more sensitive than is the aver- 
age control. If correction is made for this higher than expected sensitivity (Fig 3b) then the 
data for the 0% false response rate generate no abnormal points Figure 3b shows that even af- 
ter such sensitivity normalization there is a significant number of abnormal points when 33% 
false positives (p < 0.005) or 33% false negatives (p < 0 005) are occurring. 

The number of false positives and false negatives detected by the usual catch trials are 
shown in Figure 4. The filled symbols indicate those false responses that are under study 
whereas the unfilled symbols indicate the fellow false response category It can be seen that 
the average number of false responses detected by catch trials is close to the true number oc- 
curring. However, a substantial spread is found about these values (small symbols Fig. 4) 
When 33% of responses were generated as false, the percentage detected by the catch trials 
ranged from 7% to 57%. For the 50% false response rate the percentage detected by catch tri- 
als ranged from 36% to 64% 



S. Demirel and A.J Vingrys 

60- 60 

40 

FN 

20 

1.; 

FP 

0 
0 10 20 30 40 D 1 

a False response rate (%) b. False response rate (%) 

Fig 3 Number of points with abnormal sensitivity as a function of false response rate, a) shows uncorrected 
data (LHS) and b) shows data normalized for the subject’s sensitivity (RHS) 

70 
g 

Z60 

.s! 50 L 

;=’ Y 40 

g 30 

s 
.z 20 
3 
v) .= 10 

= 0 
0 lb 20 30 40 50 

False response rate (%) 

Fig 4 Average hit rate (i SD; large symbols) as a function of the actual false response rate Individual data 
are shown as small symbols, these have been displaced along the x axis for clarity 

Discussion 

False responses act to artifactually elevate sensitivity if they are false positives or lower 
sensitivity if they are false negatives (Fig. 1). This has been reported previously by Katz and 
Sommer who note a mean depression of 9 dB in glaucoma patients and 7 dB in normals when 

o the FN rate was greater than 33 /o I1 This report compares well with our data where a 33-50% 
FN rate depressed sensitivity by about 5-11 dB (Fig 1). 

An increase in variability is also seen when false response rates are elevated Johnson et al 
found that the occurrence of a single mistake (a false response) during a threshold estimation 
led to a loss of accuracyr2. Since full threshold algorithms in most perimeters require at least 
4-5 responses per location to determine an end-point, and since only one of these responses 
need be erroneous to lead to a reduction of accuracy, then it is apparent that a 20-25% false 
response rate will cause an increase in variability Our finding of a significant increase in 
variability by a 33% false response rate is consistent with this proposal. 
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Step size was shown to be an important factor in determining the effect of fluctuation and 
false responses12 This is likely to be a function of the number of trials needed to find a 
threshold and whether a method of limits or staircase logic is being used. Although the perim- 
eter used in this trial adopts a 6/3 dB staircase, we believe that similar trends would be found 
for most of the step sizes used by modern perimeters and that a method of limits would be 
particularly affected by such errors 

It is interesting to consider the number of false positives and false negatives that were actu- 
ally detected by the catch trials during the thresholding procedure (Fig. 4). This is an impor- 
tant factor as it is the only flag that indicates to the clinician that the test is unreliable. When 
33% false responses were occurring the detection rates varied between 7% and 57% Out of 
the eight tests performed with a 33% false response rate, four (50%) yielded a catch trial rate 
of less than 33% and would not have been flagged as unreliable. When a 50% false response 
rate was occurring, all tests had a reported catch trial rate of higher than 33% and thus all 
would have been flagged as unreliable. The fact that the observed false response rate is low (< 
1%) in the control condition (Fig 4) confirms that our observer was reliable and that internal 
variability could not have accounted for this spread in the data. Instead it must have been as- 
sociated with the limited sampling capacity of the false response monitor. The increased false 
response rate for the fellow category (unfilled symbols Fig. 4) is to be expected and has been 
reported in the presence of a high FP rate. These false positives give rise to an artifactual in- 
crease in the FN reports5 

The major use of automated perimetry is for the detection and monitoring of progression of 
field loss. False responses cause field parameters to depart from their “true” values Mean 
threshold, field variance and the number of abnormal points are all altered significantly at the 
currently accepted criterion for test reliability (33%) False responses will complicate the 
clinical interpretation of data because they may cause an abnormal field to appear normal, a 
normal field to appear abnormal, a worsening field to appear stable and a stable field to im- 
prove or deteriorate What is even more important is that the catch trial monitor can provide 
inaccurate information regarding the true false response rate Our data would suggest that any 
reported high values (> 33%) would most likely be unreliable, any low values (~10%) are 
most likely reliable whereas intermediate values need to be viewed cautiously. Clinical judg- 
ment should be deferred in the absence of reliable information Further work to elucidate the 
practical significance of this problem is presently being undertaken in our laboratory. 

Conclusion 

This study shows that the accepted criterion for reliable outcomes in automated perimetry 
(33%) allows significant changes in visual field parameters. Our data suggest that reported 
false response rates of less than 10% are likely to be reliable. Relaxation of reliability criteria 
would only serve to obscure subtle field loss and hinder monitoring of visual field progres- 
sion. Given that half of the tests with a 33% false response rate are not flagged to the clinician 
caution needs to be exercised when interpreting outcomes in the presence of moderate levels 
of false responses (1 l-33%) 
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Abstract 

Short-wavelength automated perimetry (SWAP) was compared to standard automated perimetry in 26 
eyes of 13 patients with recovered optic neuritis and/or multiple sclerosis Fifteen out of 26 eyes showed 
greater amounts of visual field loss for SWAP testing than for standard automated perimetry, eight out of 26 
eyes showed either equivalent loss or normal visual fields for both procedures, and three out of 26 eyes 
showed a greater number of abnormal visual field locations for standard automated perimetry than for 
SWAP testing. On the average, SWAP testing showed a 50% greater number of abnormal visual field loca- 
tions than for standard automated perimetry Our preliminary findings suggest that SWAP may be useful for 
detecting subtle visual field abnormalities in multiple sclerosis, optic neuritis, and other optic neuropathies 

Introduction 

Short-wavelength automated perimetry (SWAP) is a visual field test procedure that uses a 
high luminance yellow background and a large (size V) short-wavelength target to isolate and 
measure the sensitivity of short-wavelength mechanisms throughout the central visual field 

1 Previous longitudinal investigations - l2 of ocular hypertensive and glaucoma patients have es- 
tablished the following results: (1) short-wavelength deficits have been found in about 
15-20% of ocular hypertensives with normal visual fields for standard automated perimetry, 
(2) short-wavelength deficits are more prevalent in high-risk glaucoma suspects and ocular 
hypertensives than in those with low or moderate risk, (3) short-wavelength deficits in ocular 
hypertensives are predictive of the onset and location of impending visual field loss for stand- 
ard automated perimetry, (4) short-wavelength deficits are larger in size than for standard au- 
tomated perimetry losses in patients with early glaucomatous visual field abnormalities, (5) 
the rate of progression of SWAP deficits is approximately twice as great as for standard auto- 
mated perimetry losses in glaucoma, and (6) SWAP deficits in glaucoma patients are predic- 
tive of the onset and location of progression of visual field loss for standard automated 
perimetry. These findings indicate that SWAP is a useful clinical procedure for detecting 
early visual field loss and subtle visual field changes in patients with glaucoma and ocular hy- 
pertension 

The purpose of the present study was to determine whether SWAP testing was capable of 
detecting early or subtle abnormalities in other optic neuropathies that were not revealed by 
standard automated perimetry In particular, we evaluated a group of patients with recovered 
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TEST PROCEDURE 

Fig 1 Average number of abnormal visual field locations (beyond the normal 5% probability level) 
for standard automated perimetxy and SWAP in 26 eyes of 13 patients with recovered optic neuritis 
and/or multiple sclerosis 

optic neuritis and/or multiple sclerosis to compare SWAP and standard automated perimetry 
results. Our motivation for this study was based in part on an unexpected finding of a repro- 
ducible homonymous hemianopsia for SWAP testing and normal visual fields for standard au- 
tomated perimetry in a patient with a probable diagnosis of multiple sclerosis and dissemi- 
nated plaques in her MRI scan, particularly in the occipito-parietal region. 

Methods 

Detailed descriptions of our short-wavelength automated perimetry (SWAP) test procedure 
have been published previously 7,8,13. Both standard automated perimetry and SWAP testing 
were performed using a modified Humphrey Field Analyzer. Standard automated perimetry 
was conducted using a size III white target superimposed on a 31 5 asb white background. 
SWAP testing was performed with a size V blue stimulus (OCLI 500 nm cutoff filter) super- 
imposed on a 635 asb yellow (Schott OG 530 filter) background. These test conditions pro- 
vide approximately 15 dB (1.5 log units) of isolation of short-wavelength mechanisms 
throughout the central 30 degree visual field. For both procedures, the program 30-2 target 
presentation pattern was used, a full threshold strategy was employed, and appropriate lens 
correction was placed before the eye to be tested, and an eye patch was used to occlude the 
non-tested eye Both test procedures took approximately 15 minutes per eye to perform. For 
this study, standard Humphrey visual fields were performed first, and SWAP visual fields 
were performed second following a rest period of at least 20 minutes Periodic rests were pro- 
vided throughout testing as needed by individual patients. 

To correct SWAP results for short-wavelength transmission losses produced by the ocular 
media, we measured the wavelength-dependent absorption properties of the lens using a non- 
invasive video-based procedure we developed, known as the lens absorption monitor 
(LAM)14 This procedure has been previously described in detail Basically, the procedure in- 
volves measuring the intensity of the Purkinje image IV in comparison to a reference standard 
for eight different wavelengths (410, 420, 430, 450, 470, 500, 530, and 550 nm). Measure- 
ments of scattered light above and below Purkinje image IV are also obtained Sixteen mea- 
sures of Purkinje image IV and scattered light are obtained for the eight wavelengths in less 
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Standard SWAP 
Fig 2 An example of standard automated perimetry and SWAP testing in the left eye of a 28-year- 
old male patient with a history of optic neuritis and multiple sclerosis, mild optic disk pallor and 201 
30 visual acuity. The top figure shows the gray-scale representation for standard automated 
perimetry. Visual field locations with sensitivity below the normal 5% (stippled squares) and 1% 
(dark squares) probability levels are presented in the lower left figure for standard automated 
perimetry and in the lower right for SWAP testing 

than two seconds. Spurious results produced by small eye movements are removed by a soft- 
ware artifact rejection procedure, and transmission properties of the lens for the eight wave- 
lengths are then calculated The LAM measures are then used to correct SWAP results for in- 
dividual differences in lenticular absorption of short-wavelength light 

Both eyes of 13 patients with recovered optic neuritis and/or multiple sclerosis were exam- 
ined. Comparison of standard automated perimetry and SWAP results were conducted by 
comparing the results of each to age-matched normative values for the two test procedures 
Visual field locations with sensitivities below the 5% and 1% normal limits were determined 
for each test. Descriptions of the normal population and the visual field characteristics for 
standard automated perimetry and SWAP testing from this population have been previously 
published13s15 

Results 

Figure 1 presents the average number of visual field locations (beyond the normal age- 
matched 5% probability level) for standard automated perimetry and SWAP testing in the 26 
eyes of 13 patients with optic neuritis and/or multiple sclerosis. It can be readily observed that 
there was an approximately 50% increase in the number of abnormal SWAP sensitivity values 
as compared to abnormal sensitivity values for standard automated perimetric testing. In gen- 
eral, the location of visual field abnormalities was similar for the two tests, with SWAP deli- 
tits demonstrating a larger size for the area of abnormality. In 15 of the 26 eyes tested, there 
were a larger number of abnormal visual field locations for SWAP testing as compared to 
standard automated perimetry. Eight eyes demonstrated either equivalent numbers of abnor- 
mal visual field locations for standard and SWAP visual field testing, or the visual fields for 
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Fig 3. An example of standard automated perimetry and SWAP testing in the left eye of a 50-year- 
old female patient with recovered optic neuritis, mild optic disk pallor, 20125 visual acuity and an in- 
ferior visual field defect. The top figure shows the gray-scale representation for standard automated 
perimetry Visual field locations with sensitivity below the normal 5% (stippled squares) and 1% 
(dark squares) probability levels are presented in the lower left figure for standard automated 
perimetry and in the lower right for SWAP testing 

both procedures were within normal limits. Only three of the 26 eyes showed a greater 
number of abnormal locations for standard automated perimetry than for SWAP. 

Figure 2 presents an example of standard and SWAP testing in the left eye of a 28-year-old 
male patient with a history of optic neuritis and multiple sclerosis, mild optic disk pallor, and 
20/30 visual acuity. The top center figure shows the gray scale representation for standard 
visual field testing, and the lower figures show the points beyond the 5% and 1% probability 
levels for standard automated perimetry on the left and SWAP testing on the right. The SWAP 
results show a more extensive and severe amount of visual field loss in comparison to stand- 
ard automated perimetry 

A second example is shown in Figure 3, which presents standard automated perimetry and 
SWAP results for the left eye of a 50-year-old female patient with recovered optic neuritis, 
mild optic disk pallor, 20/25 visual acuity, and an inferior arcuate visual field defect. The gray 
scale representation for standard automated perimetry is shown in the top center figure, with 
the visual field locations with sensitivity below the 5% and 1% normal probability levels 
shown in the lower left for standard automated perimetry and in the lower right for SWAP 
testing. Both procedures reveal the inferior arcuate deficit, but the SWAP abnormalities ex- 
tend into the superior visual field as well 

A more subtle example is shown in Figure 4, which presents the right eye of a 37-year-old 
female patient with a history of optic neuritis and multiple sclerosis, no optic disk pallor and 
20120 visual acuity. The top center figure shows the gray-scale representation for standard au- 
tomated perimetry. Visual field locations beyond the normal 5% and 1% probability levels are 
shown for standard automated perimetry on the lower left and for SWAP testing on the lower 
right. Standard automated perimetry results show a few abnormal visual field sensitivities in 
the superior visual field, primarily clustered about the superior temporal midline. A more ex- 
tensive amount of abnormality is observed for SWAP results in the superior visual field. 
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Standard SWAP 
Fig 4 An example of standard automated perimetry and SWAP testing in the right eye of a 37-year- 
old female patient with a history of optic neuritis and multiple sclerosis, no optic disk pallor and 201 
20 visual acuity The top figure shows the gray-scale representation for standard automated 
perimetry. Visual field locations with sensitivity below the normal 5% (stippled squares) and 1% 
(dark squares) probability levels are presented in the lower left figure for standard automated 
perimetry and in the lower right for SWAP testing 

Discussion 

Our preliminary findings for SWAP testing in optic neuritis and/or multiple sclerosis pa- 
tients indicate that in most cases, SWAP testing reveals more extensive visual field loss than 
standard automated perimetry using a white target on a white background. These findings sug- 
gest that SWAP testing may be useful in detecting subtle visual field deficits in optic neuritis 
and/or multiple sclerosis Further investigations will be needed to determine whether these 
SWAP abnormalities are due to a selective loss of optic nerve fibers conveying short-wave- 
length information or whether subtle abnormalities are more readily detected with SWAP due 
to the reduced redundancy or undersampling of the short wavelength sensitive mechanisms16 
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Automated perimetry for a blue test light on an intense white background in 
glaucoma 

Hisato Gunji, Kenji Kitahara and Gen-Ichiro Takahashi 

Department of Ophthalmology, The Jikei University School of Medicine, Tokyo, Japan 

Abstract 

In this study, the authors applied the procedures for a blue test light on an intense white background with 
automated perimetry for early diagnosis of glaucoma. We set the test stimuli as a blue light using Kodak 
wratten filter No 47B and altered the background intensity from 3 1 4 asb (10 cd/m*) to 3 14 asb (100 cd/m*) 
to detect the S cone responses on each eccentricity of the retina Thirty patients with ocular hypertension or 
early glaucoma were studied We found that the distribution in sensitivity for blue-on-white perimetry dif- 
fered from that of both normals and Humphrey in early glaucoma patients The differences are remarkable 
in a lo-20 degree area of the total and/or specific quadrant of visual field 

As a result, it was suggested that this method might be useful for early diagnosis of glaucoma as much as 
the blue-on-yellow perimetry and easy to apply clinically 

Introduction 

The vulnerability of the short wavelength sensitive cone (S cone) system in glaucoma has 
been pointed out’ as well as in retinal and optic nerve diseases Therefore, several attempts 
have been made to detect the S-cone system in ocular hypertension and glaucoma patients 

Recently, the usefulness of so called blue-on-yellow perimetry for detecting early visual 
field changes in glaucoma has been reported 24 On the other hand, spectral sensitivity meas- 
urements on an intense white background have been applied in order to investigate the charac- 
teristics of opponent channel damage in patients with glaucoma5-7. 

In this study, we applied the procedures that were used in the spectral sensitivity measure- 
ment on an intense white background with automated perimetry for early diagnosis of glau- 
coma. Then we investigated the differences between the results from blue-on-white and white- 
on-white using the Humphrey Field Analyzer. 

Methods 

Preliminary experiments 

Previously, we investigated the necessary intensity of the white background for detecting 
the S-cone pathway sensitivity by measuring the extra-fovea1 spectral sensitivities on various 
intensities of white backgrounds Consequently, it was suggested that the necessary intensity 
of white background to detect the S-cone pathway would be more than 2 log photopic trolands 
(TP)’ 

To confirm this result, the increment threshold versus intensity (t v i.) curve was measured 
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with a blue test light on a white background at various eccentricities on the retina. A two- 
channel Maxwellian view optical system with a 150-watt xenon arc as a light source was used. 
A one degree diameter circular test field was superimposed in the center of an eight degree 
circular background field. The test light was exposed for 200 msec every 1 5 seconds. The 
Kodak wratten filter No 47B was used for the test light. The observer’s fixation was control- 
led by a small red light from an accessory system. The biting board was adjusted at each ec- 
centric position in order to allow the test flash and the background light to pass directly 
through the center of the pupil. 

Blue-on-an intense white perimetry 

For the blue-on-white perimetty, an automated perimeter made by Topcon company (To- 
kyo, Japan) was used and the necessary intensity of the white background for detecting the S- 
cone pathway was obtained using a power supply Kodak wratten filter No. 47B. was installed 
for the test light 

The perimetry examinations were performed for ten normal subjects, 30 ocular hyperten- 
sion or early glaucoma patients, and each patient was examined with both Humphrey Field 
Analyzer and blue-on-white perimetry The distribution of age of normal subjects was be- 
tween 28 and 45 (mean 36) The age of the patients had the same distribution as the normal 
group, in order to compare both results without any aging factors 

Measuring strategy employed static threshold field testing using the 30-2 threshold program 
and STD 340 program of Topcon perimetry which tests the same locations as the 30-2 thresh- 
old program of the Humphrey Field Analyzer 

The mean sensitivities obtained from both perimeter were normalized using the mean val- 
ues within two degrees from the fovea of each perimeter for comparison 

Results 

Preliminary experiments 

The t.v.i. curves measured for a blue test light on a white background at the extra fovea 
consist of at least two branches Figure 1 represents the t v i. curve at ten degrees temporal 
retina. The lower branch represents the response of the rod function and the upper one the re- 
sponse of the S cones The absolute values for S cones were determined by measuring the dark 
adaptation curve for the blue test light. The results indicate that the necessary intensity of a 
white background is at least 2 log Tp 

Based on this and our previous results, it was suggested that enough intensity of white 
background to distinguish the S cone system from others required approximately 100 cd/m* 
for normal pupil in automated perimetry 

Automated perimetry examinations 

The results of the Humphrey Field Analyzer (on the top) and the blue-on-white perimetry 
(on the bottom) for a representative case of ocular hypertension are shown in Figure 2. In this 
case, Humphrey results show an almost normal distribution of sensitivity and there are no 
unusual features in either the total or pattern deviation of Statpac On the other hand, in blue- 
on-white perimetry we can find the attenuation of sensitivity connecting to the Mariott 
scotoma These results suggests the blue-on-white perimetry might be useful to detect minor 
changes of glaucomatous visual field. 

We compared these two perimetry methods by dividing the whole field into 12 areas, that 
is, zero to ten degrees, ten to 20 degrees and 20 to 30 degrees of each quadrant. 

Figure 3 represents the results of the Humphrey Field Analyzer (on the top) and the blue- 
on-white perimetry (on the bottom) of the average of ten normal subjects The horizontal axis 
indicates the eccentricity and vertical axis indicates the normalized sensitivity. Both results 
show the gradual decrease in sensitivity with an increase in eccentricity for all quadrants. 
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Fig I The increment threshold versus intensity curve at ten degrees temporal retina for normal observer 
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Blue-on-white 

Fig 2 The results of the Humphrey Field Analyzer (on the top) and the blue-on-white perimetry (on the 
bottom) for a representative case of ocular hypertension 
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Fig 3 The results of the Humphrey Field Analyzer (top figure) and the blue-on-white perimetry (bottom) of 
average of ten normal subjects The distribution of their age was between 28 and 45, and average age was 
36 The horizontal axis indicates the eccentricity and vertical axis indicates the normalized sensitivity The 
result of blue-on-white perimetry and HFA for a slightly advanced glaucoma patient 

Figure 4a-d represents the results of four glaucoma suspects. These patients have a normal 
distribution of sensitivity in Humphrey perimetry and were diagnosed as normal. All figures 
show the Humphrey results on the top and blue-on-white perimetric results on the bottom For 
blue-on-white perimetry, the distribution in sensitivity of four quadrants differs from the nor- 
mal pattern for all of the four patients. There are different sensitivity characteristics in each 
quadrant and a significant sensitivity loss in particular visual areas The most noticeable dif- 
ferences in both perimetric results is sensitivity loss in the 10-20” area in blue-on-white 
perimetry 

Discussion 

The short wavelength sensitivity responses have been thoroughly investigated in various 
ophthalmic diseases because of the vulnerability of the S-cone systems. One of the techniques 
for detecting S-cone responses is the spectral sensitivity measurements for a low temporal fie- 
quency test flash on an intense white background. In normal subjects, the spectral sensitivity 
curve shows three peaks which are about 440 nm, 530 nm and 610 nm. The peak near 440 nm 
can be accounted for by the action of S cones, while the narrowed two peaks have been attrib- 
uted to linear subtractive interaction between the M and L cones. Previously, we investigated 
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Fig 4 The results of four glaucoma suspects These patients have a normal distribution of sensitivity in 
Humphrey perimetry and were diagnosed as normal All figures show the Humphrey results on the top and 
blue-on-white perimetric results on the bottom 

the extra fovea1 spectral sensitivity on an intense white background and found that the peak at 
about 440 nm remained prominent even at 15 degrees from the fovea9 

In this study, we applied the technique of spectral sensitivity measurement directly to the 
perimetric strategy We set the test stimuli as a blue light using Kodak wratten filter No. 47B 
and altered the background intensity from 3 1.4 asb (10 cd/m2) to 3 14 asb (100 cd/m2) to de- 
tect the S-cone responses on each eccentricity of the retina. We found that the distribution in 
sensitivity for blue-on-white perimetty differed from that of both normals and Humphrey in 
early glaucoma patients The differences are remarkable in a IO-20 degree area of the total 
andor specific quadrant of visual field. 

As a result, it was suggested that this method might be useful for early diagnosis of glau- 
coma as much as the blue-on-yellow perimetry and easy to apply clinically. However, please 
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note that the relatively young age of the subjects in this study may mean that the results 
achieved may not necessarily apply to the diagnosis of glaucoma if the patients are elderly 
and cataractous changes are present 
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Abstract 

Displacement threshold perimetry is a technique that measures motion displacement thresholds for 60 
locations within the central 30 degree visual field, using a 21-inch high resolution monitor and a Macintosh 
IIfx computer system Preliminary comparisons of displacement threshold perimetry and conventional 
automated perimetry (Humphrey 30-2 threshold procedure) were conducted in 38 ocular hypertensive or 
glaucomatous eyes Results for both tests in patients were compared to age-matched normal values obtained 
in a group of control subjects between the ages of 21 and 83 In eyes with glaucomatous visual field loss, 
there was good correspondence in the location of visual field deficits between the two test procedures How- 
ever, many of the glaucomatous eyes showed more extensive losses for displacement threshold perimetry 
than for standard automated perimetry Several ocular hypertensive eyes showed nerve fiber bundle-like 
deficits for displacement threshold perimetry in the presence of a normal visual field for standard automated 
perimetry These preliminary results suggest that displacement threshold perimetry may be a useful proce- 
dure for identifying early glaucomatous damage 

Introduction 

Recently, several investigators have utilized various motion stimuli to evaluate ocular 
hypertensives, patients at risk of developing glaucoma, and patients with early glaucomatous 
damage - . 1 5 These studies have found that motion or displacement sensitivity losses are some- 
times present in patients with normal visual field sensitivity, and suggest that motion sensitiv- 
ity deficits may represent earlier glaucomatous damage than that revealed by conventional 
perimetry One of the limitations of previous motion and displacement sensitivity investiga- 
tions is that the procedures either stimulated rather large areas of the visual field or were only 
able to examine a small number of localized visual field regions In this view, we have re- 
cently developed a procedure for measuring movement displacement thresholds for a number 
of localized regions of the central visual field. 

The purpose of the present study was to conduct a preliminary evaluation of displacement 
threshold perimetry, a new technique that measures motion displacement sensitivity at 60 lo- 
cations throughout the central 30 degree visual field using a 21-inch high resolution monitor 
and a Macintosh IIfx computer system Our preliminary investigation consisted of measure- 
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ments of displacement threshold perimetry and standard automated perimetry (Humphrey 
Field Analyzer) in 38 patients with ocular hypertension or early-to-moderate glaucomatous 
visual field loss For both tests, patient results were compared to age-matched normal popula- 
tion values derived from 60 individuals between the ages of 21 and 83 years. 

Methods 

Peripheral displacement thresholds were obtained for 60 visual field locations within the 
central 30 degrees The 60 locations are in a grid pattern bracketing the horizontal and vertical 
meridians, with a six degree spacing between points. Basically, the target presentation pattern 
for displacement threshold perimetry is identical to that of Humphrey 30-2 pattern with the 
four outermost points in the superior, inferior, nasal and temporal visual field removed 

Displacement thresholds were determined by means of a staircase procedure similar to that 
employed for standard automated perimetry. Staircases began with a step size of 24 minutes 
or arc. Each staircase reversal resulted in a halving of the step size down to the minimum of 
three minutes of arc. The staircase was terminated by two staircase reversals at the minimum 
step size, and the mean of the two reversals was taken as the threshold displacement value 
The lower displacement limit was three minutes of arc and the upper limit was five degrees. 
Each displacement threshold perimetry session consisted of approximately 400 stimulus trials 
to obtain 60 threshold determinations, and lasted approximately 12 to 15 minutes. 

Stimuli were displayed on a 21-inch Raster-Ops Model 2168 high resolution monitor con- 
trolled by a Macintosh IIfx computer system with a 24-bit color video controller Background 
luminance of the high resolution monitor was adjusted to 31.5 asb (10 cd/m2) and the lumi- 
nance of targets was 158 asb (50 cd/m2) Each stimulus was a small white square (ten by ten 
pixels) that subtended approximately 0.6 degrees of visual angle at the 30 cm viewing dis- 
tance. During testing, the entire grid of 60 test points were presented concurrently. For each 
trial, one of the test locations was selected and was randomly displaced to the right or the left 
for a period of 50 msec and then returned to its original position. Subjects were instructed to 
depress a mouse button each time they noticed the movement of one of the elements in the 
grid. 

Preliminary studies indicated that presentation of a single target that was then displaced led 
many subjects to confuse target onset and target motion, thereby generating a large number of 
false-positive responses For this reason, all elements of the grid pattern were presented con- 
currently After every eight to ten stimulus trials, the entire grid was faded out for a period of 
one second, remained extinguished for two seconds, and then faded back in over a one-second 
period Additional trials were initiated 1.5 seconds after the grid had been completely faded 
back in. The intermittent fade-out and fade-in of the target grid pattern was done to minimize 
the influence of Troxler fading in the periphery and the build-up of afterimages of the grid 
pattern. Subjects with good fixation would often experience Troxler fading and disappearance 
of portions of the grid pattern after 3040 seconds of continuous presentation. With prolonged 
viewing of the grid, subjects with poorer fixation would experience distractions from the 
negative afterimage “shadow” grid pattern which would move with their fixational instability. 
The fade-out and fade-in of the grid pattern following every eight to ten trials avoided both of 
these problems 

Displacement thresholds were determined by means of a staircase procedure similar to that 
employed for standard automated perimetty. Staircases were terminated by two staircase re- 
versals at the minimum step size, and the mean of the two reversals was taken as the threshold 
displacement value. Each displacement threshold perimetry session consisted of approxi- 
mately 400 stimulus trials to obtain 60 threshold determinations, and lasted approximately 12 
to 15 minutes 

Standard automated perimetry was performed on a Humphrey Field Analyzer, using the 30- 
2 target presentation program, a full threshold test strategy and the standard stimulus condi- 
tions (size III target, 31.5 asb background) For both test procedures, an appropriate near lens 
correction was placed before the eye to be tested and an eye patch was used to occlude the 
non-tested eye. 
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Fig 1 Number of abnormal points at the p < 1% level for standard automated perimetry using the 
Humphrey 30-2 threshold program, plotted as a function of the number of abnormal points at the p < 
1% level for displacement threshold perimetry Only the 60 locations of the 30-2 procedure that cor- 
responded to the displacement threshold perimetry target presentation pattern were included in the 
analysis Results for 38 glaucomatous and ocular hypertensive eyes are presented Note that some 
data points at and near the lower left comer overlap for individual patients 

A normative database for displacement threshold perimetry was established by testing the 
right eye of 60 normal volunteers (38 females, 22 males) between the ages of 21 and 83 The 
normal subjects were divided into three age groups (20-39, 40-59, 60-83 years old), each 
containing 20 individuals. Normal subjects were included if they had a normal eye exam, at 
least 20/30 best-corrected visual acuity OU, refractive errors of less than 5 diopters sphere 
and 2 diopters cylinder, intraocular pressures less than 20 mmHg OU, normal visual fields 
(Humphrey 30-2), a negative history of ocular or neurologic disease or surgery, a negative 
history of diabetes or other systemic disorders, and were not taking any medications known to 
affect visual field sensitivity. 

Ocular hypertensive and glaucoma patients had to meet the same criteria as outlined above 
for normal subjects, except for the following differences: (1) IOP was greater than 21 mmHg 
(off medication) for ocular hypertensive and primary open-angle glaucoma patients; (2) glau- 
coma patients had early to moderate visual field deficits in one or both eyes for standard auto- 
mated perimetry 

Results 

Figure 1 presents the number of visual field locations with sensitivity below the 1% limit of 
the normal population for standard automated perimetry (Humphrey 30-2) and displacement 
threshold perimetry in 38 eyes of glaucoma patients, glaucoma suspects and ocular 
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Fig’ 2 Three examples of good correspondence between standard automated perimetry results and 
displacement threshold perimetry findings in eyes with glaucomatous visual field loss The examples 
show locations exceeding the normal 5% and 1% limits for standard automated perimetry (left tig- 
ures) and displacement threshold perimetry (right figures) [A] Results for the right eye of a 65-year- 
old male glaucoma patient [B] Results for the left eye of a 52-year-old female glaucoma patient [C] 
Results for the right eye of a 68-year-old male glaucoma patient 

hypertensives that were tested with both procedures Only the 60 visual field locations that 
were common to both test procedures were evaluated Thus the outermost (27 degree) four 
points in the superior, inferior, nasal and temporal quadrants of the Humphrey 30-2 program 
were not considered in the analysis. 

The diagonal line in Figure 1 represents equal numbers of abnormal test locations for the 
standard Humphrey 30-2 procedure and displacement threshold perimetry It can be readily 
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Fig 3 Three examples of eyes with glaucomatous visual field loss in which the displacement thresh- 
old perimetry results indicate more extensive loss than that shown by standard automated perimetry 
findings. The examples show locations exceeding the normal 5% and 1% limits for standard auto- 
mated perimetry (left figures) and displacement threshold perimetry (right figures) [A] Results for 
the right eye of a 76-year-old male glaucoma patient [B] Results for the left eye of another 76-year- 
old male glaucoma patient [C] Results for the right eye of a 69-year-old male patient with glaucoma. 

observed that for all eyes, the number of visual field locations with dispiacement threshold 
abnormalities is equal to or greater than those found for the Humphrey Field Analyzer Note 
that some of the data points overlap for different patients at and near the lower left comer of 
the figure. 

Figure 2 presents three examples of good correspondence between displacement threshold 
perimetry results and standard automated perimetry. Visual field locations with sensitivity be- 
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Fig 4. The top two examples show two ocular hypertensive eyes with essentially normal visual fields 
for standard automated perimetry (left figures) and nerve fiber bundle-like deficits for displacement 
threshold perimetty (right figures). [A] Results for the right eye of a 50-year-old female ocular hy- 
pertensive patient [B] Results for the right eye of a 53-year-old male ocular hypertensive patient. 
The bottom example [C] shows the results for standard automated perimetry (left) and displacement 
threshold perimetry (right) in the right eye of a 52-year-old male with 20160 visual acuity due to 
cataract 

low the 5% and 1% limits are presented at the 60 corresponding visual field locations for each 
procedure. Standard automated perimetry results are presented on the left and displacement 
threshold perimetry findings are presented on the right. Figure 2[A] displays the right eye of a 
glaucoma patient with an inferior’arcuate defect, Figure 2[B] shows the left eye of a glaucoma 
patient with an inferior nerve fiber bundle defect, and Figure 2[C] displays the results for the 
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right eye of a glaucoma patient with an inferior nasal step In each case, there is good agree- 
ment in the size and location of visual field deficits for both perimetric techniques 

Figure 3 presents three examples of glaucomatous eyes which have greater deficits for dis- 
placement threshold perimetry than for standard automated perimetry Figure 3[A] shows the 
results for the right eye of a glaucoma patient with an inferior nerve fiber bundle defect and a 
paracentral scotoma. The displacement threshold perimetry results reveal more extensive 
losses superiorly and inferiorly Figure 3[B] displays the left eye of a patient with glaucoma 
exhibiting an inferior nerve fiber bundle defect. Displacement threshold perimetry results 
show more extensive losses inferiorly as well as deficits in the superior visual field Figure 
3[C] shows the results for the right eye of a glaucoma patient with an inferior nasal step, with 
the displacement threshold perimetry results showing more extensive loss 

The top two examples in Figure 4[A] and 4[B] present the results for the right eyes of two 
high-risk ocular hypertensive patients with essentially normal visual fields for standard auto- 
mated perimetry and deficits for displacement threshold perimetry with nerve fiber bundle- 
type patterns of loss The bottom example, Figure 4[C] displays the results for the right eye of 
a patient with 20/60 visual acuity due to cataract Standard automated perimetry results show 
generalized central depression, whereas the displacement threshold perimetry findings are es- 
sentially normal This suggests that displacement threshold perimetry is more resistant to im- 
age degradation than standard automated perimetry 

Discussion 

Our preliminary findings indicate that in patients with early to moderate visual field loss, 
displacement threshold perimetry deficits are equal to or larger than those obtained for stand- 
ard automated perimetry. In addition, several ocular hypertensives with normal visual fields 
on standard automated perimetry were found to have nerve fiber bundle-like deficits for dis- 
placement threshold perimetry Future longitudinal investigations will be necessary to deter- 
mine whether these deficits are predictive of impending glaucomatous visual field loss as re- 
vealed by standard automated perimetry. 

In conjunction with the findings of previous studieslm5, these preliminary results suggest 
that motion sensitivity deficits in localized regions of the visual field may reflect early glau- 
comatous damage that precedes visual field losses with conventional automated perimetry 
Another potential advantage for displacement threshold perimetry as a clinical test procedure 
for glaucoma is its resistance to image degradation produced by cataract and other optical fac- 
tors As indicated in the example shown in Figure 4[C], displacement thresholds are less af- 
fected by cataract than increment thresholds (standard automated perimetry) This is consist- 
ent with previous reports, which have shown that displacement thresholds are minimally 
affected by refractive error, pupil size and media opacities L6 Although additional investiga- 
tions will be needed to establish the clinical efficacy of this procedure, findings to date sug- 
gest that displacement threshold perimetry may be a useful procedure for identifying early 
glaucomatous deficits 
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Abstract 

Motion perimetq is a method that measures a subject’s ability to detect a coherent shift in position of 
dots in a circular area against a background of non-moving dots We define motion size threshold as the 
smallest detectable circular area in which the subject can detect motion Subjects respond by touching a 
computer screen with a light-pen where they detect motion stimuli Their reaction times and localization er- 
rors (number of pixels from target center) are then calculated 

Motion thresholds to 44 points were tested within the central 21’ (6” spaced grid) and Humphrey 24-2 
testing was done on one eye of 80 patients with optic neuropathies (20 each with idiopathic intracranial hy- 
pertension, optic neuritis, glaucoma, ocular hypertension) We also tested 15 normal subjects per decade for 
comparison data. We found that patients with optic neuropathies often have abnormal motion perception 
Motion perimetry deficits correlate well with conventional perimetry findings and occur in areas with nor- 
mal conventional perimetry results 

Introduction 

Perimetry is our most comprehensive and diagnostically important method of visual assess- 
ment. In spite of the integration of new technology, considerable histologic optic nerve dam- 
age can be present with a normal manual or automated visual field examination1,2. It is com- 
mon, especially in patients with ocular hypertension, to visualize damage of the optic nerve 
head while conventional automated perimetry remains norma13. Visual loss, hidden to conven- 
tional automated perimetry, also occurs commonly in patients with optic neuritis For exam- 
ple, in patients followed in a treatment trial protocol (Optic Neuritis Treatment Trial), 80% 
had the return of conventional automated perimetry to normal after six months, but only 45% 
had recovery of normal pupil responses (H S Thompson, personal communication) 

Because of these problems, many new types of perimetry have been developed in the past 
ten years. Computer graphics perimeters have been found to have many advantages as they al- 
low: 1) a wide variety of stimuli and test parameters, 2) improved patient ergonomics, 3) 
feedback of results for the 4-6 patient To develop a more sensitive method of perimetry, we 
have designed a computer graphics perimeter that measures a subject’s motion perception size 
threshold and its associated reaction time and localization error. Hence, we report our experi- 
ence in 80 patients with optic neuropathies and 75 controls. 
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Methods 

Twenty patients each with idiopathic intracranial hypertension, optic neuritis, ocular hyper- 
tension and glaucoma and 15 normal subjects per decade (20-70 years) gave informed consent 
to participate in the study. Most of the normals were paid volunteers who were employees of 
the hospital or were friends or family members of eye clinic patients The protocol was ap- 
proved by the University of Iowa Investigational Review Board. All subjects underwent 
neuro-ophthalmologic examination. Normals were included if they had no history of eye dis- 
ease except refractive error of less than 5 diopters, a normal examination and normal auto- 
mated perimetry results (Humphrey Visual Field Analyzer, program 24-2) All patients under- 
went Humphrey perimetry with program 24-2 or 30-2 and motion perimetry of one eye on the 
same day 

The patients with idiopathic intracranial hypertension met the modified Dandy criteria’. 
The optic neuritis patients were between 18 and 46 years with a history of acute unilateral 
visual loss They had a relative afferent pupillary defect and they worsened over one to three 
weeks and improved over one to two months; the subjects were tested at least six months from 
their initial symptom The ocular hypertension patients had a cup to disk ratio of less than 0.6, 
an intraocular pressure of greater than 23 and no optic cup or retinal nerve fiber layer damage. 
In addition, they had normal conventional automated perimetry. The glaucoma patients had 
elevated intraocular pressure sufficient to produce optic nerve damage with characteristic 
visual field loss on conventional automated perimetry Most of the patients were experienced 
in conventional automated perimetry; most of the normals were not. None of the patients or 
normals were experienced with motion perimetry. 

Conventional automated perimetry was performed with the Humphrey Visual Field 
Analyzer using the manufacturer’s recommendations. The patients’ appropriate near correc- 
tion was used. Subjects were tested with a program using a 6” spaced grid of the central 21” or 
27” Rest breaks were given as often as requested. 

Motion perimetry 

Motion perimetry was performed in a darkened room using an IBM compatible 486 com- 
puter with software we have developed The patients’ appropriate near correction was again 
used. Care was taken to prevent lens rim artifact by asking if the subject could see each corner 
of the video display while looking at the fixation target 

The test background for motion perimetry is composed of 5000 randomly positioned white 
dots - 2 2% of pixels are illuminated The dots are one pixel (0 28 mm) in size and 580 asb 
(2.25 log units above background) The dots are randomly displayed on a gray background 
(luminance = 31 5 asb) using a VGA video display - 640 x 480 pixels (Fig 1) The motion 
targets are circular random dot cinematograms within which 50% of the dots move in one of 
four directions relative to fixation (up, down, left or right) and 50% move in random direc- 
tions. The circular target itself is stationary (dots move within the target). Each trial is com- 
posed of eight cinematogram frames, each displayed for 16 msec. Each dot moves five pixels 
- about %” per frame - giving a velocity of about 30”isec Dots moving out of the circular 
window are wrapped back to the point 180” from the dot exit position The stimulus presenta- 
tion time is 128 msec (shorter than the 200 i 30 msec latency time of a saccadic eye move- 
ment) The targets are of 20 sizes with a step factor is 10 t = 1.26 The angle subtended by the 
targets ranges from 0.25’ to 21”. The size of the stimulus window varies from trial to trial, 
and a 2/l staircase procedure is used to bracket the threshold The test, therefore, continues 
until the smallest target size seen (size threshold) at each test point is bracketed by the stair- 
case procedure Stimulus presentation is randomized among the preselected test loci. Fixation 
is monitored by the visual field technician. We tested 44 locations; these match the 24-2 
Humphrey perimetry test points except for absence of the top and bottom rows (y = 21” and 
-21”) and the two points along the nasal horizontal (x = -27”) 

Valid responses are defined by 1) having a reaction time greater than 110 msec and less 
than one second and 2) having a localization error of no more than 10” from the center of 
where the target is presented The testing distance from the screen is fixed at 22 cm by a lens 
holder attached to the monitor. The monitor is on an adjustable-height table and is set so that 
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Fig I Diagram of the motion perimetry video display The small circle represents a motion perimetry tar- 
get The enlargement of the target shows 50% of the dots moving at random and 50% moving in one direc- 
tion (bold figures) The “x” represents the fixation target 

a test subject is comfortably seated looking slightly down The 17 inch diagonal monitor gives 
a 21” test field (42” by 42” total) 

The subject fixes on a central cross while a target is displayed for 128 msec (Fig. 1) as he 
holds a light-pen less than one cm from the monitor. The subject then touches the pen to the 
center of the bottom of the screen to indicate the target is seen We used the FTG Data Sys- 
tems high resolution light-pen model FT-1000 It has a response time of less than 250 nsec 
The maximum diameter of a detected circle with the pen touching the screen is 0 14 cm at 
normal viewing intensities. The reaction time is calculated using a high resolution timer func- 
tion with one to ten microsecond accuracy 8 The subject then touches the monitor a second 
time at the position on the screen where they perceive the center of the test target This two- 
step response becomes automatic for nearly all subjects after 15-25 practice trials (performed 
prior to the test) The localization error is calculated using the distance from the target center 
x and y pixel coordinates (corrected for distortion from monitor screen parallax) to the x and y 
pixel coordinates of where the patient points with the light-pen The calculation is done using 
the method of least square distance. The subject receives feedback of the localization error at 
the end of each trial To help maintain attention, if the subject comes within three pixels of 
the target center, reinforcement is given as a computer-simulated fireworks display 

Statistical analysis 

For the size threshold data the target areas were used So that the criteria for parametric sta- 
tistics could be met, we normalized the distribution for the size threshold data by transforming 
it with its base ten logarithm The primary outcome variables (motion size threshold, reaction 
time and localization error) were all normally distributed Results were considered significant 
ifp < 0 05 

Point-wise probability plots similar to those used for the Humphrey Visual Field Analyzer 
were generated by tabulating whether the tested point in the patients fell outside the upper 95 
or 99% confidence bound of the normal subjects 9 To be considered abnormal, three contigu- 
ous test points had to be abnormal at a p < 0.05 level or two contiguous points abnormal, one 
at the p < 0 01 level in a clinically suspicious area For example, in the Bjerrum area three ab- 
normal points would be sufficient for an abnormal classification, but three abnormal points at 
the superior periphery would not The two types of perimetry were compared using these plots 
for the 44 test loci common to both tests 
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Fig 2 Mean circle size for the 44 test points of the age-matched normal subjects for motion perimetry The 
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Fig 3 Regression of mean motion perimetry size threshold against age Note the gradual increase of thresh- 
old with age 

Results 

The mean motion perimetry size thresholds of the 75 normal subjects aged 20-70 at the 44 
test locations is shown in Figure 2 The location of the blind spot (arrowhead) also has a 
higher threshold. Notice the slight increase in threshold with eccentricity. There is also an in- 
crease in size threshold with age in the normal subjects (Fig. 3). The motion size thresholds 
for the optic neuritis, idiopathic intracranial hypertension, and glaucoma patients were signifi- 
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Fig 4 A glaucoma patient with an inferior nasal step to conventional automated perimetry has a full infe- 
rior arcuate defect to motion perimetry 

cantly different than sets of age-matched normals (p < 0.0001) There was no difference for 
the ocular hypertension patients 

Regarding the probability plot comparisons - the deficits present usually paralleled the con- 
ventional automated perimetry results However, we did find nerve fiber bundle defects in 
32% of cases in areas that tested normally to conventional automated perimetry (four of 20 
each of the ocular hypertension and optic neuritis patients and nine of 20 each of the 
idiopathic intracranial hypertension and glaucoma patients). The data on reaction times and 
localization errors will be reported in future publications. 

Motion perimetry can show defects in areas that test normally to conventional automated 
perimetry For example, in Figure 4 a glaucoma patient with near normal conventional 
perimetry has a large inferior arcuate defect and a smaller superior arcuate defect with motion 
perimetry However, the defects we found usually were similar with the two tests, as in a 
glaucoma patient with an inferior nasal step defect to conventional automated perimetry (Fig 
5) With motion perimetry, a full inferior arcuate defect is present. 

Discussion 

Patients with optic neuropathies have elevated motion thresholds in the central 21” of the 
visual field. The deficits, in general, closely resemble the conventional perimetry defects as in 
Figure 5. Comparing results of tests having different measures (differential light sensitivity 
versus motion perception) is very difficult. We believe comparison of probability plots gives 
the most unbiased comparison since these plots represent the statistical likelihood that a test 
point is normal. Using these plots, motion perimetry identified localized defects in 32% pa- 
tients in areas of the visual field where conventional perimetry results were normal. This sug- 
gests that motion perimetry may be a more sensitive test for optic neuropathies We believe 
the defects found using this method of analysis are real because they conform to anatomic 
(nerve fiber bundle) patterns. If these defects are due to artifact, the confounding process is 
not apparent. 

The detection of motion perception defects in areas testing normal with conventional auto- 
mated perimetry might be explained by the architecture of the sensory visual system. There 
are at least two parallel streams of visual information processing in non-human primates1g’2. 
The small fiber, slower conducting P system originates in small retinal ganglion cells and 
travels via small axons to synapse in the parvocellular layers of the lateral geniculate nucleus 
Fibers then course through the optic radiations to synapse in the 4cp layer of Vl Fibers then 
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Fig 5 Glaucoma patient with near normal conventional perimetry has a large inferior arcuate defect and a 
smaller superior arcuate defect with motion perimetry 

pass ventromedially to occipito-temporal cortex The large fiber, faster conducting M system 
synapses in the magnocellular lateral geniculate nucleus Fibers then course through the optic 
radiations to synapse in the 4ca layer of occipital cortex The pathway then flows 
dorsolaterally in the temporal lobe to area MT (V5). Lateral geniculate lesions of the P layers 
in rhesus monkeys affect perception of tine spatial resolution, color, size discrimination and 
tine stereopsislO. M or magnocellular pathway lesions affect perception of motion, and high 
temporal frequency flickerlo. 

Early damage to large diameter optic nerve fibers in idiopathic intracranial hypertension13 
or glaucoma14, could explain why some nerve fiber bundle defects, present to motion stimuli, 
are not found with conventional perimetry. An alternative explanation is that the light detec- 
tion system and the motion system are damaged simultaneously; visual field defects may be 
seen only in the motion processing system if there is less redundancyi We favor the latter 
explanation. 

In summary, about 113 of patients with optic neuropathies had nerve fiber bundle defects to 
motion stimuli in areas testing normal with normal conventional perimetry The deficits 
though were usually similar between the two tests Motion perimetry appears to be a sensitive 
test for visual loss in patients with optic neuropathies 

References 

1 

2 

3 

Quigley H, Addicks EM, Green WR: Optic nerve damage in glaucoma: III Quantitative correlation of 
nerve fiber layer loss and visual field defect in glaucoma, ischemic optic neuropathy, papilledema and 
toxic neuropathy Arch Ophthalmol 100:135-146, 1982 
Quigley HA, Duukelberger GR, Green WR: Retinal ganglion cell atrophy correlated with automated 
perimetry in human eyes with glaucoma Am J Ophthalmol 107:453464, 1989 
Tuulonen A, Lehtola J, Airaksinen JP: Nerve fiber layer defects with normal visual fields Do normal optic 
disc and normal visual field indicate absence of glaucomatous abnormality? Ophthalmology 100:587-598, 
1993 
Fristn L: Computerized perimetry: possibilities for individual adaptation and feedback Dot Ophthalmol 
69:3-9, 1988 
Fristn L: A computer graphics visual field screener using high-pass spatial frequency resolution targets 
and multiple feedback devices Dot Ophthalmol Proc Ser 42:441-446, 1987 
FrisCn L: High-pass resolution perimetry A clinical review. Dot Ophthalmol 83: l-25, 1993 
Wall M, George D: Idiopathic intracranial hypertension A prospective study of 50 patients Brain 
114:155-180, 1991 
Designing a high-resolution timer function Inside Microsoft C 2(6):1-7, 1992 



Motion perimetry in optic neuropathies 117 

9 House P, Schulzer M, Drance S, Douglas G: Characteristics of the normal central visual field measured 
with resolution perimetry Graefes Arch Clin Exp Ophthalmol229:8-12, 1991 

10 Schiller PH, Logothetis NK, Charles ER: Role of the color-opponent and broadband channels in vision 
Vis Neurosci 5:321-346, 1990 

11 Livingstone MS, Hubel DH: Psychophysical evidence for separate channels for the perception of form, 
color, movement, and depth J Neurosci 7:3416-3468, 1987 

12 Hubel DH, Livingstone MS: Segregation of form, color, and stereopsis in primate area 18 J Neurosci 
7:3378-3415, 1987 

13 Tytla ME, Buncic JR: Optic nerve compression impairs low spatial frequency vision in man Clin Vis Sci 
2:179-186, 1988 

14. Quigley HA, Dunhelberger GR, Green WR: Chronic human glaucoma causing selectively greater loss of 
large optic nerve fibers Ophthalmology 95:357-363, 1988 

15 Johnson CA: Selective versus nonselective losses in glaucoma J Glaucoma 3:S32-S44 



Pupil perimetry: methods of threshold determination and comparison with 
visual responses 

Randy H. Kardon and Stacy Thompson 

Department of Ophthalmology, Neuro-Ophthalmology Division, University of Iowa and 
Veterans Administration, Iowa City, Iowa, USA 

Abstract 

Purpose: To determine an optimal method of pupil threshold determination, enabling pupil and visual 
threshold to be compared at different locations within the visual field 

Method: Two different methods were compared for determining pupil threshold; one method used cumu- 
lative probability functions and the other used stimulus-response functions of the pupil A computerized in- 
frared pupillometer was linked to a Humphrey Field Analyzer to record pupil contractions to stimuli over a 
range of intensities at ten different locations in the visual field of normal subjects 

Results: There was a highly linear correlation between pupil threshold determined by probability function 
compared to that determined from stimulus-response curves (R2 > 0 9) Using these methods, the “hill of 
pupil threshold” was steeper compared to visual threshold under mesopic conditions 

Conclusions: When the variability of pupil responses at a given stimulus intensity followed a normal 
Gaussian distribution, the two methods of threshold determination compared favorably This implied that 
the stimulus-response curve at a given perimetric location can be used to derive threshold 

Introduction 

Classically, visual field defects due to retinal or optic nerve disease have been measured as 
a function of visual threshold. While this system has great clinical usefulness, it still depends 
upon the subjective responses of the patient to light stimuli Recently, a method of using the 
pupil as a means of mapping the visual field (pupil perimetry) has been developed using a 
computerized infrared pupillometer linked to an automated perimeter14 

It has been shown, using monochromatic light sources, that the pupillomotor and visual 
sensitivity in the center of the retina and the periphery are parallel under dark adapted condi- 
tions, with the pupil being about 1.5 log units less sensitive 5,6. A number of studies comparing 
pupillomotor and visual threshold at different perimetric locations have shown that the two 
differ as a function of eccentricity However, the results vary in each study depending on the 
state of retinal adaptation (background illumination), size of stimulus light, wavelength of 
stimulus, duration of stimulus, and methods used to determine threshold for the visual and 
pupillomotor systems7-r l. 

One important question is whether the pupillaty and visual thresholds parallel each other in 
normal and damaged areas of the visual field under mesopic conditions. Before addressing 
this question it is necessary to determine how to best measure pupillary threshold and whether 
it can be derived from suprathreshold pupil responses How does criterion level affect 
pupillary threshold? We set out to answer these questions by comparing two methods of pupil 
threshold determination along the horizontal meridian in normal subjects. The normal “hill” 
of pupillary response was also compared with visual threshold in the same eyes 

Address fir correspondence: Randy Kardon, MD, PhD, Department of Ophthalmology, University of Iowa 
Hospital, 200 Hawkins Dr , Iowa City, IA 52242, USA 

Perimetry Update 1994/95, pp 119-123 
Proceedings of the XIth International Perimetric Society Meeting 
Washington DC, USA, July 3-7, 1994 
edited by R P Mills and M Wall 
0 1995 Kugler Publications, Amsterdam/New York 



120 R.H. Kardon and S. Thomnson 

Methods 

Each eye of eight normal subjects was tested for visual threshold at two different back- 
ground intensities (31.5 abs and 3.15 abs), three stimulus sizes (0.431, 0.9, and 1.7 degrees = 
Goldmann size III, IV, and V), and at ten locations along the horizontal meridian. Visual 
threshold at each location was recorded as the mean of three determinations using the 
Humphrey Visual Field Analyzer staircase method. The methods of performing pupil 
perimetry and analyzing pupillary responses have been described in detail previously. Pupil 
contractions were recorded using a computerized infrared pupillometer linked to a Humphrey 
Field Analyzer. With random stimuli, a total of ten pupil responses were recorded for each 
stimulus intensity at each of the ten locations. A total of eight intensities were used over a 35 
dB range in five dB steps (from 35 to 0 dB attenuation; 0 dB atten = 10,000 apostilbs on the 
Humphrey Field Analyzer) 

Pupil threshold was determined using two different methods: a “frequency of seeing” 
method and a stimulus response curve method In the frequency of seeing method, a cumula- 
tive probability distribution yielded the stimulus intensity where a 50% response rate oc- 
curred. The probability distributions were constructed using five different criterian levels (> 
0, 0.05, 0 1, 0 2, and 0.3 mm contraction amplitude) for what was arbitrarily considered a pu- 
pil response to see what effect criterion would have on the shape of the function and the 
threshold. In the stimulus-response curve method, a Naka-Rushton non-linear curve was fit to 
the log intensity vs pupil contraction data at each location The intensity on the curve where 
each of the five criteria were met was taken as threshold.and compared with the probability 
method. 

Results 

The pupil contraction amplitude as a function of stimulus intensity tit the Naka-Rushton 
function well at all locations. In most subjects, the fovea1 location had a much different func- 
tion compared to peripheral locations The fovea1 stimulus-response function showed a shal- 
lower slope (decrease in n parameter) and a larger maximum. 

The variability of pupil contractions as a function of stimulus intensity is shown for a sin- 
gle location in Figure 1 These data were transformed into cumulative probability functions by 

Fig 

log intensity 

1 Stimuls-response curve for location 15 3 
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Fig 3 Average threshold for all subjects vs location 

using different criteria. At each intensity, single pupil contractions were counted as a “yes” 
response if they met or exceeded the criterion or were counted as a “no” response if the crite- 
rion was not met. An example of the resulting cumulative probability curves for differing cri- 
teria is shown in Figure 2. Typically, at higher criterion, the curves shifted to the right, with 
higher thresholds, as expected. A consistent finding was a steepening (decrease in standard 
deviation of the normal distribution) in the cumulative probability curve at higher criteria lev- 
els. 

The shape of the average pupil threshold “hill” of vision is shown along the horizontal me- 
ridian for differing criteria levels in Figure 3. The hill consistently peaked at the fovea and 
sloped down in the periphery. At higher criteria levels, the hill flattened more. This is in con- 
trast to the hill of visual threshold for the same locations, which was flat (Fig 4), except near 
the blind spot (the points were all located three degrees above the horizontal meridian) 
Smaller sized stimuli or brighter bowl background raised the visual threshold, but did not ap- 
preciably change its flat shape. 

Pupil threshold determinations from the Naka-Rushton stimulus response curves for each 
criteria showed a significant linear correlation (Fig 5) with the probability method of pupil 
threshold determination (R2 = 0 90 for 0.3 mm criteria, R2 = 0 92 for 0 2 mm criteria, R2 = 
0.79 for 0.1 mm criteria). 
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Fig 5 Probability threshold vs threshold derived from Naka-Rushton response curves 

Discussion 

The difference in the normal island shape between pupil and visual threshold under 
mesopic conditions highlights the fact that the two systems show some fundamental differ- 
ences. Although the two systems share the same photoreceptors, the receptive field organiza- 
tion at the ganglion cell level is probably very dissimilar The pupillomotor system has fewer 
ganglion cells and summates area of stimulus very efficiently. The results shown here were 
obtained under mesopic conditions and using a 1 7 degree stimulus size. It is likely that both 
adaptive state and stimulus size affect the shape of the hill of pupil response. The broad shal- 
low slope of the fovea1 response function also may imply that the pupillomotor input channels 
are organized differently in this location 

We found a very high correlation between the two different methods of pupil threshold de- 
termination. Provided the pupil contractions are distributed normally at each intensity, it is 
not surprising that the Naka-Rushton curve fit intersects the criterion level (contraction ampli- 
tude) at the same intensity as the 50% level on the probability function. For normally distrib- 
uted data, the 50% level should equal the mean and if the Naka-Rushton tit is reasonably 
good, it too should intersect the mean (and median) of each level of contraction amplitude. It 
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was only at the lowest criteria (0 and 0.05 contraction amplitude) that the correlation between 
the two methods diminished We believe this is because the data become less normally dis- 
tributed at the lower intensities where more and more of the response hit bottom (no contrac- 
tion) (See Fig. 1) The good correlation between the two methods implies that pupil threshold 
may be derived from suprathreshold responses by using the Naka-Rushton fit from the higher 
intensity responses These suprathreshold responses are more reliably measured and since 
every stimulus light elicits a response within this range, threshold determination would be- 
come more time efficient 

Another interesting finding was the increased slope of the probability functions at higher 
criteria A higher slope would be more advantageous for threshold determination because 
theoretically the variability would be less. One explanation for this finding would be the in- 
creasing slope of the stimulus-response functions at contraction amplitudes approaching the 
highest criteria levels that were used. Although the higher criteria would be expected to el- 
evate threshold, there may be substantial improvement in the repeatability of the threshold de- 
termination in the higher slope area of the curve 

We are presently investigating the effect of optic nerve disease on the stimulus-response 
functions derived from pupil perimetry. The shape of the response function appears to provide 
new information with regard to the probability of seeing curve and may help to explain how 
disease affects threshold measurement. 
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Pupil perimetry with the Octopus l-2-3: first experience 

0. Bergamin, S Turtschi, A. SchGtzau, Ph. Hendrickson, J Flammer and M. Zulauf 

University Eye Clinic Basel, Switzerland 

Abstract 

Purpose: To determine parameters appropriate for pupil perimetry with an Octopus l-2-3 To evaluate 
quantification of the pupillary light reflex (PLR) using cross-correlations and line-fitting techniques 

Materials and methods: In 60 healthy volunteers (mean age * S D = 39 3 * 2.6 years), parameters A 
[Goldnnmn stimulus size (ss) 5 at 410 apostilbs (asb) intensity, dark background] were compared with three 
experimental conditions: B [ss3 at 1632 asb], C [ss3 at 4100 asb], both dark background, and D [ss5 at 410 
asb, 31 4 asb background] The inter-individual coefficient of variability (ICV) of the latency time of the 
PLR, and the response amplitude was calculated for each experimental condition at 20”/20’ eccentricity 

Results: The variability for latency of PLR onset (ICV,,tency = 8 1%) was considerably smaller than for 
amplitude (ICVamplitude = 48.1%) Experimental condition B and C were equivalent Condition D compared 
unfavorably with A (ICVamplihlde = 52 % versus 86 2%; valid responses 76% versus 52%) 

Conclusions: Our own software using line-fitting techniques was preferred to cross-correlations, because 
the results are not given on a nominal scale (“seen” and “not-seen”) and, instead, quantifications on an in- 
terval scale were obtained. Condition D [ss5 at 410 asb intensity, 31 4 asb background] with its higher inter- 
individual variability and fewer valid responses appears to be less suitable for pupil perimetry 

Introduction 

Automated perimetry is currently a standard, universally available test of visual fimction 
for early diagnosis and follow-up of a variety of diseases. However, standard perimetry re- 
quires reliable patient cooperation, which is often limitedlA. Pupil perimetry5-13 is an objec- 
tive type of perimetry originally proposed by Harms14 which has received some attention in 
the 1970s15-20. It requires less cooperation and can be considered useful for legal documenta- 
tion of impaired visual function. Incongruities between standard perimehy and pupil 
perimetry can substantiate the diagnosis of functional visual loss. In standard perimetry, 
pupillary light reactions could be considered in addition to catch-trials when evaluating the 
patient’s reliability, because catch-trials are considered to be poor measures of patient reli- 
ability21. 

The study’s aim was to optimize the two examination parameters background luminance 
and stimulus size as well as to evaluate the software provided by the manufacturer of the Oc- 
topus l-2-3 to quantify the pupillary light reflex (PLR) during pupil perimetry Subsequently, 
an improved software to quantify the pupillary light reflex was developed. 
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Materials and methods 

Informed consent was obtained from each subject to meet the regulations of the local au- 
thorities. Medical history was obtained to exclude any systemic diseases An ophthalmic his- 
tory was taken, and a complete ocular examination was performed to exclude all eyes with 
ocular disease or trauma. Eyes with a visual acuity 5 20/25 or with intraocular pressures of 2 
21 mmHg were excluded. Following these criteria, one subject was excluded, because low- 
tension glaucoma was diagnosed. The evaluated data set consists of 60 eyes of 60 subjects, 
average age 39 3 i 2.6 years, pupillary diameter in the dark 6 1 i 0 9 mm, 35 were females, 
25 were males. 

A slightly modified Octopus 1-2-322 was remotely controlled by a 486/40 mHz personal 
computer. The Octopus l-2-3 measures the pupil size at a rate of 50 Hz and transmits the 
measurements to the PC. An illustration of a typical PLR is given by Turtschi et al 199413 

The subjects completed a customized program with 29 test locations, i.e , a selection of 
program G123. Each test location was tested four times. In addition, five reference test loca- 
tions which were tested twice had an eccentricity of -51-5, +5/+5, -IO/-IO, and +lO/+lO de- 
grees Stimulus duration was always set to 200 milliseconds, the stimulus interval to approxi- 
mately three seconds, and a dim single fixation point was chosen (“7” on the Octopus l-2-3 
scale) No acoustic or visual cue preceded the stimulus, otherwise introduced to minimize 
blinking artifacts Each subject completed two tests, once with test condition A (no back- 
ground illumination, Goldmann stimulus size (ss) 5 or 1 7”), and once with one of the follow- 
ing three experimental conditions; B (ss5 at 1632 asb intensity), C (ss3 at 4100 asb intensity), 
both with no background illumination, or D (ss5 at 410 asb on a 31.4 asb background). 

The raw data were processed with the analysis package provided by the manufacturer Es- 
sentially, it is a batch of commands which let the mathematical software package, Matlabz4 
perform cross-correlations to evaluate the PLRs as produced by the Octopus l-2-3. This math- 
ematical procedure compares each PLR with an average of the ten reference PLRs If the cor- 
relation coefficient of the two curves exceeds r = 0.7, the two curves are considered similar, 
thus the stimulus has been “seen”. 

Our self-designed software consists of a code written in the programming language C++. 
The beginning of the pupillary constriction was defined as the intersection of two optimally 
fitted lines within the first 25 pixels (500 ms) after the beginning of the stimulus presentation. 
“Latency” is the time interval between the beginning of the stimulus presentation and the be- 
ginning of the PLR No filtering was applied when fitting these two lines. The slope of the 
first line reflects the contraction velocity before the PLR begins. The slope of the second line 
reflects the velocity of the PLR In case of a late onset of the PLR, the time frame of pixel lo- 
35 (200-700 ms) was chosen. After filtering by a moving average of five pixels, a fifth-order 
polynomial was fitted beginning 20 pixels (400 ms) after the beginning of the stimulus pres- 
entation and continuing up to a maximum of 60 pixels (1200 ms) after the onset of the stimu- 
lus presentation or until the fit got worse The first minimum of this polynomial defined the 
maximal contraction of the pupil. “Amplitude” is the difference in pupil diameter between the 
onset of the PLR and the maximal contraction. The redilation velocity was defined as the 
slope of a line fitted into the time frame of 5-20 pixels (100400 ms) after the maximal 
pupillary contraction 

A PLR was rejected if (except for the velocity of the redilation) one of the above-men- 
tioned lines and curves could not be fitted. The average of the four PLRs for each test location 
of each examined eye was calculated However, this study reports only on the test location at 
an eccentricity of +20/+20 degrees. The inter-individual coefficient of variability (ICV) of 
these averages per test location was chosen as measure of scatter This parameter is 
dimensionless and is often called “relative error”. However, the latency can never reach 0. 
Therefore, ICVlatency is similar to the variance depending on the size of the variable and may 
falsely suggest a high measurement reproducibility. 
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Table I The results refer to the test location at an eccentricity of 20/20 degrees, the test condition A = 
stimulus size 5, 410 asb intensity, no background illumination; test condition B = stimulus size 3, 1642 asb 
intensity, no background; test condition C = stimulus size 3, 4100 asb intensity, no background; test condi- 
tion D = stimulus size 5,410 asb intensity, 31 4 asb background 

Mean Minimum Maximum ICV Valid responses 

Test condition A versus B 

Latency A 
Latency B 
Amplitude A 
Amplitude B 

Test condition A versus C 

Latency A 
Latency C 
Amplitude A 
Amplitude C 

Test condition A V~YSUS D 

Latency A 
Latency C 
Amplitude A 
Amplitude C 

322 265 377 8 3% 
348 295 403 89% 
22 1 1 31 44 9% 
18 10 28 52 4% 

332 261 408 96% 
338 270 378 8 3% 
19 08 27 44 9% 
17 09 24 51 7% 

334 286 394 8.5% 
334 258 412 90% 
19 09 30 52 8% 
12 06 20 86 2% 

76% 
80% 
76% 
80% 

76% 
76% 
76% 
76% 

76% 
52% 
76% 
52% 

Latencies are given in ms, amplitudes in mm ICV = inter-individual coefficient of variability = relative 
error 

Results 

The quantification by the Matlab batch of commands performing cross-correlations took 
approximately 12 minutes for 126 pupillary light reflexes For experimental condition A, in- 
cluding 29 test locations of 60 persons, i.e , 1740 test locations, 44 or 2.53% were classified 
as “not seen” or no pupillary light reflex was detected by the algorithm 

The quantification using our own software on the same system was performed within ap- 
proximately 20 seconds Table 1 summarizes the number of valid quantifications and the in- 
ter-individual coefficient of variability or relative error for each set of stimulus parameters 
Test condition D, i.e., with a background illuminance of 31 4 asb, was considered less apt, as 
the number of valid quantifications was considerably lower and ICVl,tency comparatively 
higher. 

Discussion 

The concept of cross-correlations to quantify the PLR 

In the test condition with Goldmann stimulus size 5, at 410 apostilbs intensity and dark 
background, 2.53% of the stimulus presentations were presumably wrongly classified as “not 
seen”, or no pupillary light reflex was detected using cross-correlations Individual inspection 
of these 44 wrongly classified PLRs revealed vulnerability of the algorithm (at least in its cur- 
rent version) to blinking artifacts, fixation losses and pupils smaller than 3 mm. Cross-corre- 
lations were performed with a Matlab routine which interpreted a set of commands. On our 
system this took approximately 12 minutes or 126 stimuli Furthermore, cross-correlations 
give only the nominal quantification of “seen” or “non-seen”. 
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The concept line-fitting to quantzfi the PLR 

The onset of the PLR was defined as the intersection of two fitted lines. The maximal con- 
traction was defined as the minimum of a fifth-order polynomial fitted to the pupil sizes 
wiihin an appropriate time frame The velocity of redilation was defined as the slope of a 
best-fitted line after the maximal pupil contraction. This is a very robust technique to quantify 
even PLRs with considerable noise’ superimposed Current investigation will reveal if our 
way of quantification is, indeed, a better method than that proposed by Kardon et al ” in 
which the onset and the end of the PLR is defined as first and second derivatives of the pupil 
size. 

Stimulus parameters for clinical pupil perimetry 

The search of optimal stimulus parameters had to remain within the technical limits given 
by the Octopus l-2-3 perimeter, i.e , the stimulus size had to be less than approximately two 
degrees, and the background luminance could not be less than three asb. However, the latter 
could be turned off. The current investigation revealed very disturbing hippus (i e , steady- 
state pupillary dynamics without stimulus) with 31.4 asb background luminance. As no back- 
ground is a poorly defined physiologic state, we are currently investigating a background lu- 
minance of three asb. 

The results were similar with either stimulus size Stimulus size three at an intensity of 
4100 asb corresponds to the maximal stimulus brightness of the Octopus l-2-3 Entoptic stray 
light might be a major problem at such stimulus intensities Therefore, the larger stimulus at 
an intensity of 410 asb is preferred. 

Further research is required to investigate whether lower stimulus intensities yield reliable 
PLRs. Less intense stimuli would permit less recovery time after the stimulus presentation, 
and, therefore might allow shorter stimulus intervals 
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’ This “noise” of lo-20 Herz occurs infrequently but is still of unknown origin 
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Correlation between large field sinusoidal flicker and automated perimetry 
indices in glaucoma patients 
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Abstract 

Purpose: To compare quantitative indices of large field sinusoidal flicker testing to automated light 
threshold perimetry in glaucoma patients 

Method: Forty-one chronic open-angle glaucoma patients (age 40-60) with intraocular pressure normal- 
ized below 21 mmHg were tested by a) the flicker system, b) the Humphrey Visual Field Analyzer program 
30-2 Quantitative indices, LFSF, MD, and CPSD were generated by these systems 

Results: There was a statistically significant correlation between LFSF and MD ( r = -0 5 1, p i 1%) The 
relationship of LFSF and CPSD was not statistically significant 

Conclusion: Large field sinusoidal flicker tests might be usefnl in screening and follow-up of glaucoma 
patients, especially when diffuse damage appears to be an active component 

Introduction 

Light threshold automated perimetry has become the standard in the diagnosis and follow- 
up of glaucoma. However, it is a long test, accessible only to those patients capable of per- 
forming it and in any case not necessarily well adapted to screening. There is, therefore, a real 
need for an easier and faster test Among tests to consider, we have selected the temporal-con- 
trast test, specifically the large field sinusoidal flicker test 3,4,6,8,1 ‘-13. After initially demon- 
strating2 that this test qualitatively differentiates mean curves of glaucoma patients from nor- 
mal controls, we described’ a quantitative index for large field sinusoidal flicker (LFSF). In 
this report, LFSF is compared to quantitative indices of the Humphrey Visual Field Analyzer, 
specifically mean defect (MD) and corrected pattern standard deviation (CPSD), in an homo- 
geneous glaucoma population. 

Methods 

Our stimulating device uses a yellow color (585 mn) light-emitting diode (Hewlett Packard, 
HLMP/4719) with maximum illumination located photo-optically at 21 candelas/m2 The 
flickering target is projected onto a black background at a distance of 25 mm and observed 
under a 30 degree angle through an optical viewer providing a Maxwellian-like view Using a 
custom program, temporal modulation can be studied from l-70 Hz. In this study, seven mean 
and high flickering frequencies (15,20,25,30,35,40,45 Hz) were studied. In addition, the 
stimulus luminosity was modulated sinusoidally (Delta system), from O.l%, 0.2%, 0.4%, 
0.8%, l%, 15%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, lo%, 15%, 20%, 40%, 50%, 80%, 
100% 
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During the examination for each frequency presented in a randomized simulation sequence, 
contrast threshold of flicker fusion (or perception) is determined using a bracketing technique 
which ultimately leads to identifying the infra- and supra-liminal thresholds. The infra-liminal 
threshold is downloaded and represents the “fusion threshold”. Sensitivity curves for a wide 
field sinusoidal flicker function are expressed as a function of a frequency logarithm (along 
the x axis) and a logarithm of an inverted modulation rate (along the y axis), which is known 
as a temporal modulation transport function (TMTF) curve, also referred to as a De Lange 
curve 

For each glaucoma patient, we calculated the mean contrast (LFSF) obtained from the total 
number of recorded frequencies (15,20,25,30,35,40,45 Hz) defined by the formula 

LFSF = f ti Cr[f(i)] 

The light threshold perimetry test was carried out using the Humphrey Field Analyzer with 
optimum optical correction. Indices, MD and CPSD, were generated by Statpac 

Definition of patients groups 

Our 41 glaucoma patients were aged between 40 and 60 years (mean age 51.9) and included 
21 males and 20 females. Visual acuity was > S/IO (20/25) for distance and > Jl for near. In 
all cases, the left eye was arbitrarily chosen except when only the right eye met the visual 
acuity criteria. The glaucomatous visual field was defined as having a mean defect > 3 dB on 
the Humphrey Field Analyzer, program 30-2 or local defect > 3 dB as detinited by the CPSD. 
Disk cupping was defined as > 0.6. In 29 patients with chronic open-angle glaucoma, 
intraocular pressure was greater than 21 mmHg confirmed by several measurements. How- 
ever, LFSF, MD, and CPSD were performed after normalization of intraocular pressure by ei- 
ther medical, laser and/or surgical, treatment g,10,14,15. Eyes with other ocular or optic nerve le- 
sions were excluded. 

Results 

We have noted a statistically significant correlation between MD and LFSF (Y = -0.51, p < 
1%) The regression curve slope is negative (-0.026, with confidence interval of -0.04 to 
-0 01) (Fig. 1). There is no statistically significant correlation, however, between CPSD and 
LFSF (Y = 0.18, confidence interval -0.14, -0.47) (Fig 2) 
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Discussion 

The clinician screening for glaucoma must be able to perform a rapid psychophysical test to 
identify visual function disturbances. Many tests could be considered for this role, but large 
field sinusoidal flicker sensitivity is most promising l1 After a quick demonstration, the test 
takes but two to three minutes and is quite easy for patients 

Its inter- and i&a-individual reproducibility is good5 and since the test is not sensitive to 
retinal image degradation therefore may be used in the face of a poor refraction7 or a cataract 

The fairly good correlation shown between LFSF and MD suggests this to be a good test for 
population screening although small localized defects, with little effect on MD, would be 
missed. Combining this test with fundus examination or red free disk photos would render the 
screening effort most comprehensive. 

Conclusion 

Large field sinusoidal flicker tests might be useful in screening and follow-up of glaucoma 
patients, especially when diffuse damage appears to be an active component. 
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Forced choice flicker perimetry in glaucoma and ocular hypertension 
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Abstract 

The authors have used a prototype flicker perimeter of their own design to investigate temporal contrast 
sensitivity in patients with glaucoma, high-risk ocular hypertension (OHT) and normal controls Three novel 
thresholding strategies were used based on critical flicker fusion frequency, stimulus modulation and differ- 
ential light sensitivity (luminance threshold) respectively 

The results for each strategy correlated closely both with each other and with the mean sensitivities for 
corresponding visual field locations as measured by the Humphrey Visual Field Analyzer using program 
24-2 All strategies identified similar field defects in the glaucomatous subjects For the ocular hypertensive 
subjects (normal fields with 24-2) the mean flicker perimetry threshold values did not differ significantly 
from those of the normal controls There were significant differences however between the standard devia- 
tions of the two groups of subjects when thresholding by the critical flicker fusion (CEF) strategy (p = 
0 005) These results confirm the use of forced choice strategies for flicker perimetry in glaucoma and pro- 
vide further evidence for flicker field defects in ocular hypertensives 

Introduction 

Eyes with glaucoma suffer a preferential loss of magnocellular retinal ganglion cells early 
in the disease process’s2 These cells are responsive to stimuli of low spatial but high temporal 
contrast3 and consequently much interest has arisen in the development of psychophysical 
methods to demonstrate abnormalities of sensitivity to flicker+12. Despite the promising re- 
sults of these and other similar studies, flicker perimetry has yet to become widely used in 
clinical practice 

We have previously described a prototype flicker perimetry, the main feature of which is an 
array of red light emitting diodes (LEDs) which are not equiluminant with the (white) back- 
ground13. In order to investigate the use of threshold strategies based on the different compo- 
nents of a flickering stimulus and in an attempt to make our instrument “patient-friendly” we 
have devised new test routines based on forced choice; i e the identification of the presence 
of a flickering stimulus amongst a group of other non-flickering stimuli. The aim of this study 
was to confirm the use of the test routines to detect visual field defects in glaucoma patients 
and to compare the various strategies. 
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Subjects 

The following groups of subjects were identified from the glaucoma clinic (see below): pa- 
tients with primary open-angle glaucoma (iz = 12, mean age 57 6 years, range 45-71 years), 
high-risk ocular hypertension (n = 10, mean age 64.1 years, range 46-77 years) and normal 
controls (n = 12, mean age 65 years, range 43-78 years). There were no significant differ- 
ences between the ages of the groups (p = 0.27, ANOVA) All subjects had clear ocular media 
and a best corrected visual acuity of 6/12 or better. All subjects had previous experience of 
perimetry using both the Humphrey Visual Field Analyzer (HVFA) and the prototype flicker 
perimeter. Potential subjects were excluded if there was a history of ocular or neurological 
disease or surgery, diabetes, or the systemic administration of any medication known to have 
ocular side effects. 

Glaucoma group: All had an established diagnosis of primary open-angle glaucoma with 
intraocular pressure (IOP) greater than 21 mmHg, characteristic cupping of the optic disk and 
a reproducible visual field defect using HVFA (program 24-2) A visual field was considered 
abnormal if the HVFA pattern deviation plot contained three contiguous locations with defects 
of greater than or equal to 5 dB. 

High-risk ocular hypertension group: All had normal visual fields when tested by HVFA 
(program 24-2). The subjects satisfied the criteria of Yablonski et al l4 by having a history of 
IOP greater than or equal to 28 mmHg and a cup:disk ratio of greater than or equal to 0 6. 

Normal controls: These had a normal ocular examination, including a normal optic disk ap- 
pearance, an intraocular pressure of less than 21 mmHg and normal visual fields (by HVFA). 

Methods 

Threshold values were obtained at 16 test locations of lo situated within the central 50” of 
the visual field (Fig 1). Stimuli were provided by 5 mm diameter red “superbright” light- 
emitting diodes The background illumination was 10 cd/m 2. Sine wave flicker was used 
throughout Three threshold strategies were employed (Table 1): 

Flicker luminance threshold test: This test strategy is similar to that of many other auto- 
mated perimeters and is comprised of presentations of flickering stimuli at single locations. 
The subject was instructed to respond to perception of the stimulus and not to its flickering 
nature per se. Mean luminance varied according to a threshold algorithm using a 4-2 dB stair- 
case. The modulation of the stimulus, i e , the ratio of the peak-trough amplitude of the sine 
wave to its mean luminance, was kept constant. Flicker frequency was also constant at 15 Hz. 

30” 

Fig I Stimulus locations (as for right eye), groups for forced choice tests identified by different 
shading 
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Table 1. Stimulus parameters for the luminance, modulation and critical flicker fusion threshold 
tests 

Threshold strategy 

Parameters Luminance Modulation CFF 

Luminance (dB) 4-2 staircase 30 30 

Modulation (dB) 54% of mean luminance 4-2 staircase 8 

Flicker frequency (Hz) 15 15 8-2 staircase 

Duration (ms) 200 600 600 

2a. Luminance threshold (dB, + S.E.M.) 2b. Luminance threshold S.D. (dB, + S.E.M.) 

50 

0 r 

C 

t 

* P < 0.0001 

t P = 0.3 

G OH C G OH 

2c. Flicker luminance threshold vs 

retinal sensitivity in glaucoma patients 
Luminance (dB) 

r= 0.8207. p <0.0006 
HVFA (dB) 

* 

* P<00001 

t P = 0.44 

2d. Flicker luminance threshold vs 
retinal sensitivity in ocular hypertensives 

Luminance (dB) 
46 

r= 0.8207, p <00006 
HVFA (dB) 

Fig 2. Histograms and scattergrams for the luminance threshold test 

CFF and modulation threshold lforced choice strategies): These tests require the subject to 
respond to the perception of the flicker of the stimulus Groups of four LEDs were illuminated 
in a pseudo-random sequence. Only one of the four was made to flicker during any one stimu- 
lus presentation. The mean luminance of all four LEDs in the group was kept constant during 
stimulus presentation. Critical flicker fusion threshold values were obtained using an 8-2 Hz 
staircase, modulation being constant Similarly modulation values were obtained by varying 
the amplitude of the stimulus according to a 4-2 dB staircase, frequently being constant 

As the forced choice tests represented a departure from the traditional thresholding methods 
with which the subjects were familiar a double checking of the first crossing of the threshold 
from “seen” to “unseen” was employed Thus the direction on the staircase and step size were 
not changed until the subject had failed to respond to a stimulus twice 
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3a. Modulation threshold (dB, + S.E.M.) 3b. Modulation threshold S.D. (dB, + S.E.M.) 

6 r 4 r 

* P<OOOOl 

t P=O6 

l P<00001 

t P=OS 

C G OH C G OH 

3c. Flicker modulation threshold vs 3d. Flicker modulation threshold vs 
retinal sensitivity in glaucoma patients retinal sensitivity in ocular hypertensives 

Modulation (dB) Modulation (dB) 

r= -08716, p < 00001 
HVFA (dB) 

r= -0.463, p = 0 15 
HVFA (dB;O 

Fig 3 Histograms and scattergrams for the modulation threshold test 

Fixation was monitored throughout the test via a telescope behind the fixation target Pupil 
diameter was measured prior to testing in all subjects, no pupil had a diameter of less than 2 5 
mm and in no case was pupillary dilation required. 

In addition all subjects had visual fields performed using the Humphrey Visual Field 
Analyzer, using program 24-2 for the glaucoma and ocular hypertensive patients and either 
24-2 or the Armaly full field screening program (with quantify defects strategy) for the con- 
trols. 

Results 

The histograms show the mean threshold values (+ SEM, Figs 2a, 3a, 4a) and the standard 
deviation of the threshold values (+ SEM, Figs 2b, 3b, 4b) for each of the groups for each of 
the flicker tests The glaucoma group result is significantly different from the controls in each 
case (Mann-Whitney U test). The high-risk ocular hypertensives behaved, as a group, in a 
very similar way to the controls The ocular hypertension group’s standard deviations for the 
CFF threshold test were significantly different however (p = 0.005, Mann-Whitney U test). 

The scattergrams show the glaucoma patients’ (Figs. 2c, 3c, 4c) and ocular hypertensives’ 
(Figs. 2d, 3d, 4d) mean threshold values for each of the flicker tests plotted against the mean 
sensitivity for the equivalent locations in the visual field as measured by the HVFA. Simple 
regression analysis reveals a significant correlation for the glaucoma patients for all three 
tests, and for the ocular hypertensives for the flicker luminance threshold test. There was no 
significant correlation however between the mean threshold values for HVFA and the flicker 
modulation and CFF thresholds for the ocular hypertensives 
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4a. C.F.F. threshold (Hz, + S.E.M.) 4b. C.F.F. threshold SD. (Hz, + S.E.M.) 

f P<OOoo1 

t P=O44 

* P < 0.0001 

t P < 0.005 

C G OH C G OH 

4c. Critical flicker fusion threshold vs 4d. Critical flicker fusion threshold vs 
retinal sensitivity in glaucoma patients retinal sensitivity in ocular hypertensives 

CFF (Hz) CFF (Hz) 

40 
r 

40 
r 

0 30 0 30 

r = 0.727, p < 0005 
HVFA (dB) 

r = 0.37, p = 027 
HVFA (dB) 

Fig 4. Histograms and scattergrams for the critical flicker fusion frequency (CFF) threshold test 

Discussion 

The results of the present study confirm the presence of flicker visual field defects in glau- 
coma and the ability of the prototype flicker perimeter to detect them. With the exception of 
the CFF threshold test for one patient (who had very early glaucoma) all the test strategies re- 
vealed abnormal threshold values at some locations in the visual fields of all the glaucoma pa- 
tients. 

Previous reports of flicker perimetry in glaucoma have used various test strategies for de- 
termining temporal contrast sensitivity. Lachenmayr et al 5,7 have developed a system based 
on thresholding the CFF frequency, and have shown evidence of good correlation between the 
results of flicker perimetry and other techniques. Johnson and Casson1*%12 using a technique 
measuring modulation sensitivity, have demonstrated defects in flicker perimetry which pre- 
date changes detectable by conventional perimetry. Both of these techniques utilize stimuli 
which are equiluminant with the surround. Feghali et al 6 report visual field defects in glau- 
coma and ocular hypertension using flickering stimuli with a luminance threshold based 
strategy, the greatest deficit being demonstrated at mid frequency This finding was supported 
by our earlier report . l5 In the present study we have also found a close correlation between the 
threshold values obtained for the various flicker tests and the HVFA program 24-2 for the 
group of glaucoma patients. This was not the case however for the high-risk ocular hyperten- 
sive subjects and may reflect early field changes not detectable by conventional methods. It is 
also of interest that our normal controls exhibited a relatively larger range of values for the 
modulation and CFF tests than for the flicker luminance threshold test. Casson and Johnson 
have described both a greater age-related decrease, and ocular hypertension-related increase 
of modulation sensitivity at 16 Hz compared with lower frequenciesi2. Our results would tend 
to confirm these findings, although alternative explanations include a greater range of retinal 
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sensitivity for these functions for our apparatus, the presence of as yet unrecognized disease 
or simply the early part of a learning effect. 

In conclusion, forced choice strategies may provide an effective alternative in flicker 
perimetry for the detection of visual field defects in glaucoma The test strategy and stimulus 
parameters which best separate glaucoma sufferers from normals remain to be fully elucidated 
and are under further investigation 
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Automated flicker perimetry in glaucoma 
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Abstract 

Using the Octopus l-2-3 and its remote software package, we studied flicker fields of 150 eyes of 82 
early glaucoma patients Static fields of these patients were also tested using the program No 32 of the Oc- 
topus 201 In this study we tested the same test points using both our own flicker perimeter and the Octopus 
201 In addition, using red free fundus photographs and a scanning laser ophthalmoscope, we studied the 
correlation between the values of differential light sensitivity and the critical fusion frequency in the area 
where nerve fiber layer defects were observed. When the values of differential light sensitivity of the test 
points decreased from 30 dB to 20 dB, the cff of these points decreased remarkably from 40 Hz to 5 Hz It 
was found that 47% of the test points showed a sensitivity loss of more than 30 Hz by flicker perimetty It 
was continued that automated static flicker perimetry was more sensitive in detecting early glaucomatous 
visual field defects than Octopus perimetry 

Introduction 

Glaucomatous damage causes both morphological changes of the nerve fiber layers and 
functional loss of the corresponding area. It is known that optic nerve fiber damage in early 
glaucoma often remains undetected by traditional perimetric techniques’. It is therefore very 
important to establish more sensitive perimetric methods to detect early glaucomatous visual 
field loss. Previous investigators have reported that flicker perimetry is more sensitive than 
traditional light threshold perimetry for detecting early glaucomatous visual field defects2-6 
Using the Octopus l-2-3 (Interzeag) and its remote software package, we developed a strategy 
for automated flicker perimetry to measure the critical fusion frequency (cff) in the central 
field’. The aim of the present study was to compare flicker perimetry with light threshold 
perimetry in the detection of glaucomatous field defects. Using red free fundus photographs 
and a scanning laser ophthalmoscope (SLO, Rodenstock), we studied the correlation between 
the values of differential light sensitivity and the cff of the same test points in the area where 
nerve fiber layer defects (NFLD) were observed. 

This study was supported by a grant from the Ministry of Education of the Japanese Govemtnent (Grant No 
06771563, 1994) 
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Subjects and method 

Patients 

Measurement was carried out in a total of 150 eyes of 82 subjects; 121 eyes of 67 patients 
with primary open-angle glaucoma, 25 eyes of 13 patients with normal-tension glaucoma, and 
four eyes of two patients with secondary glaucoma The stages of their visual fields were as 
follows 64 eyes with stage O-l, 56 eyes with stage 1, and 30 eyes with stage 2 according to 
Aulhorn’s classification modified by Greve 8 The mean age of the study population was 52.7 
i 11 .I years (minimum, 27 years, maximum, 75 years). The inclusion criteria were as fol- 
lows pupil diameter of 2 3.0 mm; corrected visual acuity of 2 20/20; refractive errors of <: 6.5 
D (spherical) and 2 3 D (cylindrical) and clear optical media 

Visual field tests 

For the assessment of glaucomatous visual field damage, we performed both conventional 
differential light threshold perimetry and flicker perimetry Differential light threshold 
perimetry was performed using the Octopus 201 (Interzeag) For this investigation, we used 
the program 32 which tests 76 points in the central 30 degree visual field. Differential light 
threshold perimetry was performed with a stimulus size 3 under the background luminance of 
10 cdim* The duration of each target stimulus was 100 msec. The Peridata (Interzeag) was 
used for each individual field analysis. 

Flicker perimetry was performed using our original program for the Octopus l-2-3 and its 
remote software package7 The arrangement of test points was the same as that of test points 
of the Octopus standard program No 38. Flicker perimetry was performed with a stimulus 
size 3 under the background luminance of 3 1.5 asb The duration of each target stimulus was 
one second. Age-related normal values from 100 normal eyes of 100 individuals were used for 
flicker field analysis. Differential light threshold perimetry and flicker perimetry were per- 
formed within a period of two months 

Fig I SLO images of typical wedge-shaped NFLD 
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Fig 2 A composed image of a red free fundus photograph and a visual field Circled test points were lo- 
cated in the area of NFLD 

Fundus examination 

Red free fundus photographs and a SLO were used for the detection of NFLD. Red free 
fundus photographs were taken through a dilated pupil with a CF-60U (Canon) 60 degree 
fundus camera, using Kodak 2414 Technical Pan film and a Kodak Wratten filter No 44A. A 
SLO was also used for the detection of NFLD with an argon blue laser beam and a Cl aper- 
ture. 

In this study we chose patients who had wedge-shaped NFLD on red free fundus photo- 
graph and/or SLO images (Fig 1). Using composed images of red free fundus photographs 
and visual fields, we compared the difference between the cff and the value of differential 
light sensitivity in the area where wedge-shaped NFLD was observed (Fig. 2) 

Results 

A study of red free fundus photographs and SLO images revealed that wedge-shaped NFLD 
was detected in 75 eyes out of 150 eyes tested. Figure 3 shows the relationship between the 
cff and the value of differential light sensitivity of 792 test points in the area of NFLD. Sizes 
of the rings are proportional to the number of the test points which are plotted at the same 
point. When the values of differential light sensitivity of the test points decreased from 30 dB 
to 20 dB, the cff of these points decreased remarkably from 40 Hz to 5 Hz Many test points 
where the values of differential light sensitivity were less than 15 dB were shown to be 0 Hz 
by flicker perimetry. 

Figure 4 shows a histogram of the difference from the age-related normal values of differ- 
ential light sensitivity in the area of NFLD. In a total of 792 test points with NFLD, 523 test 
points were judged as abnormal by differential light threshold perimetry. Figure 5 shows a 
histogram of the difference from the age-related normal values of the cff in the area of NFLD 
In a total of 792 test points with NFLD, 595 test points were judged as abnormal by flicker 
perimetry. It was found that 47% of the test points showed a sensitivity loss of more than 30 
Hz by flicker perimetry 
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Discussion 

14.5 

NFLD is one of the most important signs of glaucomatous optic nerve damage Several au- 
thors have reported on various methods for classification of NFLD in glaucoma9-*’ The pur- 
pose of our present study was to compare the cff with the values of differential light sensitiv- 
ity in the area where obvious glaucomatous damage was observed. A study of red free fundus 
photographs and SLO images revealed that there was a well-demarcated NFLD margin on the 
blind spot side, but that the peripheral side was obscure Therefore, in this study, we chose 
cases of typical wedge-shaped NFLD as cases of glaucomatous field defects 

In our study, in a total of 792 test points of wedge-shaped NFLD, 269 test points were 
judged as normal by differential light threshold perimetry and 197 test points were judged as 
normal by flicker perimetry. Okubo and Mizokami reported that in cases of wedge-shaped 
NFLD, either the area of no depression or the area of very shallow depression could be de- 
tected near the blind spot by kinetic fundus perimetry and Octopus perimetry, while the area 
of deeper depression was detected farther away from the blind spoti*. Most of the points of 
normal sensitivity were located near the blind spot in our study. The area of NFLD contained 
several grades of damaged nerve fibers and most of these damaged fibers were found to come 
from the retinal ganglion cells located in the more peripheral nasal retina. Therefore, sensitiv- 
ity gradients could probably be detected in the area of NFLD 

In our study, we compared the cff with the values of differential light sensitivity in the area 
of wedge-shaped NFLD at each individual examination point Our results indicated that the 
cff showed a larger decrease from the normal values than those of differential light sensitivity 
in the area of wedge-shaped NFLD Lachenmayr et al reported that flicker perimetry showed 
the better correlation with NFLD as compared with differential light threshold perimetry and 
resolution perimetry which used global indices and NFLD score13 These results suggest that 
exposure of a flickering target is one of the most sensitive stimuli to detect early glaucoma- 
tous visual field defects 

Quigley et al. reported that large optic nerve fibers were selectively damaged in early glau- 
coma’“. It is well known that a magnocellar pathway which has large optic nerve fibers is 
more sensitive to the target stimulus of high contrast and high temporal resolution Our find- 
ings that flicker perimetry is more sensitive than differential light threshold perimetry seem to 
support the idea that the magnocellar pathway is mainly damaged in early glaucoma. 
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Glaucomatous visual field loss detected by threshold light offset stimuli 
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The visual system has differential sensitivity to both light onsets and light offsets It is pos- 
sible that testing with light offset (dark-on-bright) stimuli may facilitate the diagnosis of 
visual field loss in glaucoma. Twenty-one primary open-angle glaucoma (POAG) patients 
(mean age 63 yr; range 37-76 yr), 21 ocular hypertensive (OHT) patients (mean age 61 yr; 
range: 39-75 yr) and 13 normal individuals (mean age 60 yr; range 40-84 yr) were tested with 
the full threshold test program 24-2 of the Humphrey Visual Field Analyser, using conven- 
tional light onset stimuli. The same eyes were also tested with offset stimuli created on a 
video-display unit (VDU), using an ascending staircase single crossing threshold combined 
with a computerized moving fixation method. The test grid for light offsets was identical to 
that of the 24-2 program and consisted of 54 test locations. Both onset and offset stimuli were 
of 16 mm* (size IV) and presented for 0 2 seconds on 10 cd/m2 background. The threshold 
95% confidence interval (CI) levels were calculated at each test location for both types of 
stimuli in the control group Test locations with decreased sensitivity outside the 95% CI were 
determined in the POAG and OHT groups and global field indices of “mean defect” (MD) and 
“loss variance” (LV) were calculated for each eye. The offset stimuli had 95% (20/21) sensi- 
tivity in the POAG group and 100% specificity in the control group In the OHT group, offset 
stimuli indicated field abnormality in 59% (12/21) of the eyes which tended to be the ones 
with higher risk of developing glaucomatous visual field loss according to the regression for- 
mula devised by Hart and coworkers. The topographical distribution of the field defects to 
light offset stimuli in the POAG and OHT groups was found to be nerve fiber layer type, in- 
volving superior and inferior Bjerrum areas with respect to horizontal meridian as similar to 
that revealed by light onset stimuli in the POAG group The results suggest that light offset 
stimuli provide a satisfactory indication of glaucomatous visual damage and may also reveal 
visual loss undetected by conventional onset stimuli in high risk ocular hypertensive eyes. 
Full results will be published elsewhere. 
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Introduction 

Visual function can be described by the characteristics of the receptive field of the optic 
nerve. We measured thresholds in various stimulation sizes, drew the diameter-threshold 
curves, and examined the shapes, areas and densities of the receptive fields using computer 
simulations1-5 We studied the receptive fields using both pulse and ramp stimuli, and found 
that the Y-system was excited by pulse stimulation and the X-system by ramp stimulation3 
The experiments were carried out using a fundus perimeter with a Maxwellian view system 
The procedure was too complicated to apply to clinical cases because of the machine size, the 
necessity of precise machine settings and the long period of time needed for the examination 
At the last IPS meeting in Japan we demonstrated diameter-threshold curves in normal and 
pathologic subjects using an automated perimeter4. The resulting pulse stimuli were similar to 
those obtained using a fundus perimeter. In this paper we will discuss receptive fields for 
ramp stimulation using an automatic perimeter. 

Method 

Two minor modifications were made to a Topcon Computerized Perimeter SBP-2020. First, 
a wedge filter was inserted The target intensity was smoothly increased in a logarithmically 
linear pattern through the use of a stepping motor The slope, height and initial luminance of 
the stimulus were left to our own discretion. The second modification was the addition of a 
smaller stimulus, 1 6 min in diameter. 

Five retinal points were tested: 0, 5, 10, 15 and 20” from the fovea on the upper nasal me- 
ridian Six stimulus sizes 1.6, 3 2, 6 5, 13, 26, and 52 min in diameter were used The back- 
ground luminance was set 3 1.5 asb. Threshold was determined using ramp and/or pulse 
stimuli. 

During the ramp stimulation sequences the stimulus intensity was initially set about 15 dB 
lower than the normal threshold and was gradually increased The subject was asked to press a 
button the instant he or she saw the stimulus. The stimulus was turned off when the button 
was pressed, and the intensity was registered as the threshold. 

During the pulse stimulation sequences, the stimulus duration was 200 msec. One dB 
threshold steps were decided on by using a standard threshold bracketing strategy4. 

Experiment I 

The height of the ramp increment was set at 30 dB Stimulus size was 3.2 min in diameter 
A normal subject was examined, and the increment period was changed to 3, 5, 8, 10, 15 and 
20 set respectively. The examination at each increment was done five times 

Address for correspondence: Misuzu Takashima, Department of Ophthalmology, Shiga University of Medical 
Science, Seta-Tsukinowacho, Otsu, 520-21 Japan 

Perimetry Update 1994/95, pp 149-157 
Proceedings of the XIth International Perimetric Society Meeting 
Washington DC, USA, July 3-7, 1994 
edited by R P Mills and M Wall 
0 1995 Kugler Publications, Amsterdam/New York 



150 M Takashima et al. 

Experiment 2 

Fifteen eyes of 1.5 normal subjects were examined using ramp stimuli. The subjects con- 
sisted of six males and nine females, whose ages ranged from 24 to 41, with a mean of 30.0 
years. The increment period was 15 set Some clinical cases were also examined. 

Results and discussion 

Experiment I 

Figure 1 shows the threshold and the period of ramp increments at 0 and 15” of eccentric- 
ity, respectively. When the period was longer than 15 set, the threshold was almost constant. 

Okamoto et al 3 examined receptive fields using ramp stimuli and concluded that his results 
could correspond to the X-system of the optic nerve. Ramp stimulation in his experiments 
during the increment period was 3 set with a constant increment height. He measured the 
threshold using the up-and-down method This procedure took too much time for practical cli- 
nical use. 

In our experiments the threshold was determined as the brightness when the subject pressed 
the button The reaction time affects the results The reaction time is normally 300 to 600 
msec with an average distribution of i 150 msec per individua16. In the 15-set increment 
period, 600 msec corresponded to 0 3 dB. So the error caused by reaction time and the distri- 
bution was 0 4 to 1 5 dB. In ordinary static perimehy, we wait less than one second for the re- 
sponse and determine the threshold in 2 dB steps The error caused by reaction delay might be 
acceptable for clinical testing 

It was not easy for the subject to maintain attention to the stimulus for more than 15 sec. 
Subjects preferred a 15-set increment period. We decided that 15 set would be suitable for 
clinical examinations Thus we used the 15-set increment period for further experiments. 

Experiment 2 

In Figure 2 the fovea1 threshold (log AI) was plotted against the stimulus diameter in 15 
normal subjects. Average diameter-threshold curves with standard deviations examined at 0, 
10 and 20” of eccentricity are shown in Figure 3 

sensitivity log(A I) 

4’ 
0 5 10 15 20 

period of stimulation (set) 

Fig I Sensitivity and period of ramp stimulation Abscissa indicates full period of ramp stimulation. 
Height of ramp was set at 30 dB. Stimulus diameter was 3.2 min Upper trace at the center, and lower 
trace 15’ from the center. 
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stimulus intensity logdl 
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ramp stimulation 

l- 

O- 

1 23 5 10 20 30 50 100 
stimulus diameter (min) 

Fig. 2 Diameter-threshold curves testing using ramp stimulation at the center of the visual field Ab- 
scissa indicates the stimulus diameter, and ordinate relative threshold. Each curve represents 15 nor- 
mal eyes. 

stimulus intensity logdl 

ramp stimulation 

I- 

01 I I I I I , L 
1 23 5 10 20 30 50 100 

stimulus diameter (min) 

Fig 3. Diameter-threshold curves of 15 normal subjects. Average and standard deviation at 0, 10 and 
20” from the center on upper nasal meridian 

In Figure 4 the threshold energy was calculated as log(I+AI)S, with “I” being background 
intensity, “AI” being increment intensity and “S” being the stimulus area. The diameter- 
threshold curves are parallel to the abscissa where the stimuli are smaller than 6.5 min in dia- 
meter at 20” of eccentricity. This shows complete summation Where the stimuli are larger 
than 26 min in diameter, the slopes of the curves approach 45” at every tested point, showing 
non-summation. For stimuli between 6.5 and 26 min in diameter, incomplete summation was 
found. 
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stimulus energy log(I+nl)S 

1 23 5 10 20 30 50 100 
stimulus diameter (min) 

ramp stimulation 

20" -..-..- 

15" --em 

10" . . 
5" ____---- 
0" 

Fig 4 Average diameter-threshold curves at each point are plotted against the ordinate in stimulus 
energy, log(I+AI)S, “I” being background intensity, “AI” being increment intensity and ‘3” being the 
stimulus area 

Fig 5 The right fundus of Case 1 A disk with a large cupping and nerve fiber bundle defects are 
seen 

Clinical cases 

Case I H. Y. This 41-year-old female was referred to our department for a diabetic 
retinopathy examination. Her fundi indicated no diabetic retinopathy, but a disk with a large 
cup was found in each eye and nerve fiber bundle defects were found in her right eye (Fig. 5). 
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Fig 6 Visual field of the right eye in Case 1 Circles indicate tested points 

Neither eye demonstrated elevated intraocular pressure. Her best corrected visual acuity was 
R.E : 1 5 and L E : 1.5 A very small scotoma was found in the nasal periphery of the right eye 
(Fig. 6). Her thresholds were examined using both pulse and ramp stimulations. The diameter- 
threshold curves are shown in Figure 7 Threshold elevation was found at the 10” nasal upper, 
by using pulse stimulation These results correspond with previous findings stating that Y 
cells are thick and have large receptive fields, and that they may be more easily damaged by 
pressure than X cells. 

Case 2. 0 K This 28-yr-old female had noticed a visual disturbance in her left eye since 
her seventh month of pregnancy. By using suprathreshold perimetry several scattered points in 
her left temporal visual field were shown to demonstrate a slightly elevated threshold, while 
there were only a few points in her right temporal visual field that demonstrated this condi- 
tion, indicating a slight bitemporal hemianopia (Fig. 8) The ramp and pulse measurements 
were taken at the points on the nasal lower and the temporal lower meridian where there was 
no sensitivity loss. The diameter-threshold curves are irregular at every point (Fig. 9) Abnor- 
malities under pulse stimulation are clearer than those under ramp stimulation This may indi- 
cate more damage to Y cells than to X cells. 

In Figure 10, the diameter-threshold curves obtained using ramp stimuli in 15 normal sub- 
jects are compared to those obtained using pulse stimuli The energy necessary for ramp 
stimulation is lower than that necessary for pulse stimulation at 0” and 5” The nearer the po- 
sition of the test point to the center, the clearer this tendency becomes. 

These curves are similar to those obtained by precise psychophysical examinations using a 
fundus perimeter1,3 In our experiment, diameter-threshold curves at 10, 15 and 20” showed no 
difference between ramp and pulse stimulations. These results cannot be compared to 
Okamoto’s results because he examined retinal points that were 10” or less from the fovea3 
However, in clinical cases different curves were obtained even at 10, 15 and 20” (Figs. 7 and 
9). It is not clear whether we could measure the difference between X- and Y-systems, but 
there is some possibility that we were measuring different visual processes 

The diameter-threshold curves obtained using ramp and pulse stimuli were obviously dif- 
ferent at 0” (Fig. 11). As the stimulus size increases the curve for ramp stimulus eventually 
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stimulus energy log(l+fj)S 

- 

pulse stimulation 

20” - 
-..-..- 

15” 
--em 

IO" ,,,..... 
- 5" _______ - 

0" 

-1 2 3 5 10 20 30 50 100 
stimulus diameter (min) 

Fig 7 Diameter-threshold curves in Case 1 that were measured at the points (Fig 6) using ramp (up- 
per) and pulse (lower) stimulation The shadows show standard deviation for the 15 normal subjects 
at 0 and 10’ eccentricity 

Fig 9 Diameter-threshold curves in Case 2 The two upper figures were under ramp stimulation and 
the lower two were under pulse, the right two were the results on the temporal lower meridian and 
the left two, on nasal lower meridian (Fig 8). The shadows show standard deviation of 15 normal 
subjects at 0 and 10” eccentricity. 
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Fig 10 Diameter-threshold curves in normal subjects. Solid lines show ramp stimulation and dotted 
lines show pulse stimulation 

stimulus intensity log4 
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0 
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stimulus diameter (min) 

Fig II. Average diameter-threshold curves tested at 0 to 20” eccentricity in normal eyes. The solid 
line shows the results under ramp stimulation and dotted line shows pulse stimulation. 

becomes a horizontal line, which suggests that lateral inhibition in the receptive field reacting 
to ramp stimulation is larger or stronger than that to pulse stimuli 

Our purpose was to easily measure the characteristics of the human retinal receptive field 
Okamoto’s experiments using the fundus perimeter suggests that ramp stimulation reveals the 
characteristics of the X cells. We used a computerized perimeter to measure the threshold and 
got similar results. We could not use smaller targets because of optical and technical limita- 
tions. The complete summation area could not be measured using ramp stimuli. However, if 
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smaller stimuli had been used, the receptive fields at fovea and near fovea could have been 
measured. We will continue our experiments, attempting to apply our findings to clinical 
cases 
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Multi-dimensional color, flicker and increment perimetry 

Algis J Vingrys, Shaban Demirel and Michael Kalloniatis 

Department of Optometry, University of Melbourne, Carlton, VIC , Australia 

Abstract 

Isolating color or flicker mechanisms may help identify early visual loss The authors consider whether a 
multi-dimensional stimulus (simultaneously containing a luminance increment, color and flicker attributes) 
can be used to isolate such mechanisms For this study we used a commercial LED perimeter that presents 
green LEDs flickered at frequencies between 0 and 36 Hz Thresholds were obtained with a 6/3 dB staircase 
with subjects responding to different detection criteria (increment, flicker or color) We tested three experi- 
enced observers (aged 24-32) at O-22’ along a single meridian (45’); two extensively and one with a re- 
duced protocol The means and SDS of multiple threshold estimates were analysed 

Color, flicker and increment sensitivity vary at different rates as a function of eccentricity and can be 
modeled using power functions Flicker and increment detection power functions coincide for flicker fre- 
quencies < 9 Hz We propose that two detection mechanisms can be isolated using multi-dimensional 
stimuli and criterion priming One is sensitive to fast flicker and the other is sensitive to low frequency 
(static) increments: both have color and achromatic components Differentiation between these temporal fil- 
ters is achieved by using a 9-l 8 Hz flicker rate We suggest a protocol for clinical application that taps the 
fast flicker mechanism and show how such testing can provide additional information for patient manage- 
ment 

Introduction 

Anatomical segregation occurs within the primate visual system and produces a correspond- 
ing functional segregation involving the color and temporal properties of a stimulus* Lateral 
geniculate (LGN) neurons that have their cell bodies in the magnocellular layers have higher 
temporal resolution than those neurons with their cell bodies in the parvocellular layers of the 
LGN2. Although some overlap in processing exists, losses of magnocellular neurons primarily 
produce defects for fast flicker thresholds’ whereas losses of parvocellular neurons lead to color 
defects1s3. 

Anatomical studies of glaucomatous optic nerves show that there might be a tendency for 
larger caliber axons to be selectively lost 4-6 It is not possible to tell from these studies, whether 
the effected axons were magno- or parvocellular, moreover, a recent reanalysis of this work 
questions the validity of the conclusion that large cells are selectively damaged’. However, 
since the magnocellular ganglion cells mediate the detection of fast flicker2, some investigators 
have suggested the use of fast flicker rates for the disclosure of early glaucomatous damages-l2 
Likewise, the larger parvocellular ganglion cells are thought to be of the blue-yellow opponent 
type13. For this reason blue sensitivity has been investigated as a tool for the early detection of 
glaucoma11~14~1s. Both modalities have been found to precede losses of standard increment 
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threshold by up to 3-5 years” although the widespread involvement found with such losses16,17 
is not consistent with a model of selective anatomical damage. 

Apart from being able to favor the responses of sub-populations of ganglion cells, varying the 
flicker rate of a stimulus has other benefits that may prove useful for the detection of early dis- 
ease One of these is the capacity to isolate channels that are operating at different adaptational 
states (i e , linear versus Weber)ls. This capacity may be useful for the detection of dysfunction 
because the adaptational state of visual mechanisms has been shown to be affected differentially 
by ocular disease’5,19,20 

The problem with testing flicker and color sensitivity using a detection paradigm is that the 
stimulus needs to contain only the attribute under study. Such stimuli require complex methods 
for their generation However, we propose an alternative approach to test such mechanisms. The 
fact that the visual system processes information in separate channels can be used to advantage 
by asking the observer to selectively attend to one or other of these channels Such selective at- 
tention is possible because visual processing occurs along labeled lines specific for a given sen- 
sorial attribute**. Such techniques have been successfully applied to study color, temporal and 
achromatic processing using a detection criterion” or in discrimination experiments2k26. 
However, the use of these methods has the potential to lead to ambiguous results due to altered 
higher-level processes such as attentional shifts; strategies have been proposed to deal with such 
problems27. 

In this study we investigate the ability of normal observers to discriminate “flicker” and 
“color” from a luminance increment using multi-dimensional stimuli that have concurrent 
flicker, color and luminance information This capacity is tested in the fovea and periphery at 
different flicker rates. We show that normals have a good capacity to perform these tasks, that 
they are reliable over repeated measures and that such methods are successful when applied to a 
limited sample of clinical subjects 

Materials and methods 

The Medmont M6008 perimeter was used in this study. This is an LED perimeter that has 
been described in detail elsewhere 28,2g. In short, this perimeter has a 3.2 cd/m* (10 asb) back- 
ground intensity and a maximum stimulus brightness of 3 18 cd/m* (1000 asb). LEDs (0.43” di- 
ameter at 33 cm viewing distance, tmax = 565 mn, half bandwidth = 28 mn) are arranged in con- 
centric rings at various eccentricities (lo-50”). To obtain fovea1 thresholds, subjects fixated 
eccentrically at a fixation mark placed adjacent to an LED The flicker has a duty cycle of 50% 
and was shown in a 500 msec temporal square-wave window. 

Three normal subjects (aged 25-33) were tested for their capacity to isolate color, luminance 
and flicker; two extensively and one with a reduced protocol. The extensive protocol required 
6-10 repeat threshold measurements for each response criterion at six eccentricities (fovea, 3”, 
6”, lo”, 15” & 22”) on the 45” meridian. Each threshold was obtained for six temporal frequen- 
cies (0, 3, 9, 18, 24 & 36 Hz) For the reduced protocol, five repeat threshold measurements 
were made for each response criterion at three flicker rates (0, 3 and 18 Hz) and eccentricities 
(3”, 10” & 15’) on the same meridian. A single response criterion was tested during any session 
including; (a) the detection of a spot (static perimetry), (b) the presence of flicker and, (c) the 
presence of color 

Central 30” thresholds were also obtained on three patients (aged 23, 33 & 26) with static and 
flickering targets using different response criteria (detection and flicker). One patient was a nor- 
mal control (23), one had optic nerve hypoplasia (33) and the other had suffered from a previ- 
ous episode of the occult form of migraine (26) 

Results 

Figure 1 shows the average thresholds (+ SEM) of the three normal observers. The three 
curves show the thresholds obtained using different criteria; detection, flicker perception and 
color perception. Figure la gives the thresholds obtained at 3” and Figure lb the data for 10”. In 
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A Temporal Frequency (Hz) B Temporal Frequency (Hz) 

0 

Fig I The average sensitivity (* SEM) of three normal observers for a flickering spot using three different 
criteria for response: detection (untilled squares, thin line), perception of color (unfilled circles, thin line) 
and perception of flicker (tilled diamond, thick line). For clarity, error bars smaller than the symbol have not 
been shown A Results for 3” eccentricity B. Results for 10” eccentricity 
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Fig 2 Eccentricity-related changes in sensitivity normalized to fovea1 thresholds (periphery/fovea). The 
labeling is as per Figure 1 and the curves show the power functions fitted through the points A Data for 3 
Hz B Data for 18 Hz 

Figure 1 the thresholds obtained with flickering targets have been adjusted for the time-aver- 
aged luminance change associated with the duty cycle. A two-way ANOVA with post-hoc 
analysis (Student-Newman-Keuls) found a significant difference (p < 0.001) between color and 
detection thresholds at all flicker rates. The difference between detection and flicker thresholds 
was not significant at < 9 Hz but was significant (p < 0.01) at > 9 Hz over all eccentricities 
This suggests that fast flicker perception is being mediated by a different mechanism to slow 
flicker or static increments The error bars indicate that the thresholds were highly repeatable 
over observers and test sessions. 

Figure 2 shows the eccentricity-related change in sensitivity for the two extensively tested 
observers using the criteria of Figure 1. The data have been normalized for each observer by di- 
viding the peripheral data by fovea1 sensitivity (P/F). Figure 2a was obtained with a 3 Hz stimu- 
lus and Figure 2b shows the equivalent data for an 18 Hz stimulus. Data sets were fitted by a 
power function using the equation Threshold = Eccentricityk and the resultant curves are shown 
on the Figure with the thick line indicating the flicker relationship. Table 1 lists the power hmc- 
tions obtained by fitting the entire set of data over all temporal frequencies. A two-way 
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Table I Exponents of power functions for the six flicker rates 

Criterion 

Static 3 

Flicker rate (Hz) 

9 18 24 36 

Detection -0 090 -0 102 -0 136 -0 118 -0 135 -0 092 
Color -0 232 -0 252 -0 234 -0 164 -0 196 -0 268 
Flicker NA -0 116 -0 165 -0 177 -0 257 -0 199 

No 
0 
3 
6 
9 
12 
15 
18 
21 
24 
27 
127 

Fig 3 The perimetric results obtained for a normal control (age 23) A Static perimetry B. 18 Hz flicker 
perimetry using a detection criterion C 18 Hz flicker perimetry responding to the perception of flicker 
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Fig 4 The perimetric results obtained for a patient with optic nerve hypoplasia (age 33) A Static 
perimetry B 18 Hz flicker perimetry using a detection criterion C 18 Hz flicker perimetry responding to 
the perception of flicker 

ANOVA with post-hoc (Student-Newman-Keuls) analyses found a significant difference be- 
tween the average color (-0 224) and detection (-0.112) power functions (p < 0.01) and be- 
tween the average flicker (-0 181) and detection power f?mctions (p < 0.04) over all flicker 
rates This shows that both color and flicker have a much steeper eccentricity related fall-off in 
their sensitivity than does static perimeo It is also apparent that the flicker slope is not signifi- 
cantly removed f?om the detection slope at 3 Hz (p = 0.23) but is significantly different at 
higher frequencies (Fig. 2, Table 1) 

Figures 3-5 show the thresholds obtained with the Medmont perimeter when applied clini- 
cally to three subjects The fields were obtained using similar criteria to those given previously, 
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Fig 5 The perimetric results obtained for a migraineur (age 26) A Static perimetry B 18 Hz flicker 
perimetry using a detection criterion C 18 Hz flicker perimetry responding to the perception of flicker 

namely, (a) detection of a static stimulus, (b) detection of an 18 Hz stimulus and, (c) perception 
of flicker for an 18 Hz stimulus. The data give the decibel (right) and grey scale (left) represen- 
tations for each field. The vertical strip on the far left is the legend for the grey scale. Figure 3 
shows results for a normal observer which confirm trends for a rapid eccentricity-related loss of 
sensitivity noted in Figure 2. 

Figures 4 and 5 show that static perimetry fails to find any defect in these patients as does us- 
ing an 18 Hz target with a detection criterion. Both subjects show defects however, when tested 
with the 18 Hz target when responding to the perception of flicker. The migraineur had last suf- 
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fered a migraine attack some 30 months prior to the most recent measurements. During the 
acute phase of this attack (Dee 1991) he showed a slight defect on a Humphrey 30-2 threshold 
(12-18 dB loss) in the superior temporal quadrant. This loss of static sensitivity had resolved by 
the next day but a flicker loss remained to the time of the most recent test (June, 1994; Fig 4). 

Discussion 

It can be seen from Figure 1 that the curve representing flicker perception has the characteris- 
tic shape reported by DeLange for the detection of temporal modulation30 The location of the 
peak of the curve and fall-off in sensitivity with increasing temporal frequency suggest that the 
flicker mechanism is being isolated by using a multi-dimensional stimulus and criterion prim- 
ing The projected CFFs agree with those demonstrated at similar eccentricities for a like sized 
stimulus3 l 

In Figure 1, there is an interval between stimulus detection and the perception of color. This 
suggests that the stimulus increment is being detected by an achromatic and possibly non-oppo- 
nent channel whereas after the stimulus intensity has increased substantially it activates the 
color-opponent channel resulting in a color percept Harwerth et aZ.32 show that opponent and 
non-opponent mechanisms are responsible for detection thresholds measured using the 
Humphrey perimeter. The existence of labeled lines in the visual system would support the pos- 
sibility for extraction of a particular stimulus attribute in the presence of distracters2’ This 
would suggest that complex stimuli can isolate different channels when subjects are asked to re- 
spond to different stimulus attributes Our data are consistent with this possibility and the small 
error bars indicate that the measurements are highly repeatable. Moreover, we show that this 
method allows isolation of a flicker mechanism in a clinical context (Figs. 3-5). 

The fact that the eccentricity-related changes for 3 Hz flicker and increment detection are 
similar (Fig. 2 & Table 1) suggest that these processes may be subserved by the same neuro- 
logical substrate On the other hand, the color process has markedly different attributes and 
shows a steep fall-off with eccentricity A similar steeper fall-off is also seen for fast flicker 
rates (> 9 Hz) where the function aligns more closely to the color than the detection profile Our 
findings are consistent with similar and more extensive data reported by Metha et al 26. 

Such observations would imply that at least two different temporal filters act during the 
perimetry of a small spot: one is responsible for slow flicker (< 9 Hz) and has the characteristics 
of the luminance increment process whereas the other is sensitive to fast flicker (> 9 Hz) and 
shows a significant eccentricity-related loss. This rapid loss of sensitivity means that testing 
with 18 Hz flicker rates will be limited to the central 10-15” because of the reduced operating 
range provided by this stimulus, although lower frequencies can be used to test peripheral re- 
gions. 

Nevertheless, isolating this fast flicker mechanism provides useful clinical data regarding the 
vision of patients who otherwise have normal static perimetty results (Figs 4 & 5). Two exam- 
ples are given where significant losses of sensitivity are found in the absence of any static loss. 
A similar outcome has been reported elsewhere for a patient with retinal pigment epithelial de- 
tachment33 Such losses are only present if the subject responds to the perception of flicker 
which shows the importance of ensuring that the appropriate response is being given by the pa- 
tient. We suggest that a static false-positive monitor be included whenever performing this type 
of testing to allow the clinician to ascertain that the patient is responding correctly. 
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Pericecal sensitivity studied by means of scanning laser ophthalmoscope 

G Panta, M.G. Uva and A Reibaldi 

Catania University, Ophthalmology Institute, Catania, Italy 

Abstract 

The scanning laser ophthalmoscope (SLO) allows a precise point-to-point correspondence between the 
fundus image and the perimetric results and is useful for following functional variations of pericecal sensi- 
tivity 

The variations of pericecal sensitivity were studied in 20 glaucomatous subjects (12 males, eight females) 
age range 40-55 years, with initial visual field defects detected using program threshold centra 24/2 of the 
Humphrey Field Analyzer, and in 20 normal subjects (11 males, nine females) of equivalent age range with 
no visual field defect 

Fundus perimetry was performed with SLO in the pericecal area which was divided into four sectors: su- 
perior, inferior, temporal and nasal Five points were examined for each sector 

The superior sectors of the pericecal region exhibited statistically significantly higher values of sensitiv- 
ity compared to the lower sectors 

Introduction 

Microperimetry with the scanning laser ophthalmoscope (SLO) allows us to see the stimuli 
presented on the retina in real time 

This permits accurate monitoring of the patient and easy localization of the scotomatous ar- 
eas. With the SLO it is possible to correlate anatomical or pathological features directly with 
retinal function, by passing elaborate photofield mapping techniques 

Glaucoma pathogenesis is due to the alteration of the feeding vessels of the optic nerve, es- 
pecially in the prelaminar layer where choroidal vessels have the characteristics of 
autoregulation. This autoregulation is remarkably decreased in glaucomatous patients’. 

Parapapillary chorioretinal atrophy has been reported to be more common and larger in 
glaucomatous eyes than in normal eyes or eyes with ocular hypertension2-5; and was studied 
by Jonas et al 6 using kinetic Goldmann perimetry 

In this study we examined the variations of pericecal sensitivity by means of the SLO in 
two groups of subjects without parapapillary atrophy A. normal subjects with no visual field 
defects; B. glaucomatous patients with early visual field defects 

Materials and methods 

We studied 20 eyes of 20 normal subjects (12 males, eight females, age range 40-55 years, 
mean = 48.7) (group A), and 20 eyes of 20 patients (11 males, nine females) with open-angle 
glaucoma in the same age range (mean = 46 9) (group B) and well controlled with beta 
blockers. 

Inclusion criteria: 
- corrected visual acuity: 20/20 
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- refractive error no more than & 3 diopters 
- good cooperation 
- intraocular pressure (IOP) < 2 1 mmHg 
- absence of parapapillary atrophy 
- group A: normal threshold visual fields with program 24/2 of Humphrey Field Analyzer 

WA) 
- group B: superior nasal step, or initial superior arcuate scotoma with the above-men- 

tioned program 
In group A, the C/D ratio calculated on the fundus photograph was 0.32 horizontally and 

0.40 vertically. In group B, the C/D ratio was 0.48 horizontally and 0 52 vertically. All pa- 
tients performed fundus controlled perimetry with the SLO in the pericecal area. Each subject 
performed two tests per eye, but only the second, performed three days after the first, was 
considered 

The parameters used were: 
- background illumination: 1 cd/m2 
- stimulus size and shape: a Goldmann III spot 
- stimulus color: red (633 nm) 
- fixation target: central 

A transparent sheet of paper was divided into four equal 90” sectors (superior, inferior, na- 
sal, temporal) for each patient. This sheet of paper was applied to the monitor screen for each 
examination in order to test five points around the peripapillary scleral ring for each sector 
(20 points in total). On the sheet of paper, for each patient, we established the points to be 
tested, avoiding the angioscotomas. 

A threshold staircase procedure with 2 dI-1 dB steps was used for testing the points. 
Our strategy was to begin with “the not seen stimulus” and to arrive at “the seen stimulus”. 

When the stimulus was not seen, we presented a 2 dB higher intensity stimulus until the pa- 
tient responded 

If the stimulus was seen we presented a 1 dB lower intensity stimulus. 
Threshold was defined as the last stimulus seen. 
The values in dB for each point of each sector were written on the transparent sheet of pa- 

per for every patient. 

We studied: 
1. The average of the values of sensitivity in dB of all 20 points in each patient. The aver- 

ages of group A were compared with those of group B using Student’s t test. 
2. The averages of the values in dB of the five points of each sector for all subjects of group 

A were compared with those of the subjects of group B using Student’s t test. 
3. In each patient the average values of the superior sectors were compared with the aver- 

age values of the inferior sectors (both sectors had similar sensitivity), using the paired t 
test, in group A and in group B. 

Results 

1. The average values of sensitivity in dB of all 20 points in group A compared with those 
of group B were not statistically significant (t = 0.9, p = n.s.) (Table 1). 

2. The averages of the values in dB of the five points of each sector for all subjects of group 
A compared with those of the subjects of group B were not statistically significant in the 
superior sectors (t = 0.227), in the nasal sectors (t = 0.308), and in the temporal sectors 
(t = 0.491), but were significantly different in the inferior sectors (t = 2.915, p < 0.01) 
(Table 2). 

3. In each patient average values of the superior sectors compared with the average values 
of the inferior sectors showed: no significant difference in group A (t = 0.08, p = n.s.) 
but a significant difference in group B (t = 5.67, p < 0.01) (Table 3). 
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Table I Average values in dB of all 20 points of group A and group B and comparison with Student’s t test 

Group A Group B Group A w B 

14.8 f 2.5 144i26 t=O9,p=ns. 

Table 2 Average values in dB of each sector Group A compared with group B with Student’s t test 

sector Group A Group B Group A vs B 

Temporal 133527 
Nasal 162*2 1 
Superior 148522 
Inferior 14952 1 

136*24 
16.4i20 
150*20 
127i25 

t=O491,p=ns 
t=0,308,p=ns 
t=O227,p=ns 
t=2915,p<0.01 

Table 3 Average values of superior sectors compared with average values of inferior sectors in group A and 
group B with the paired t test 

Group A Group B 

t=O.O&p=ns t=567,p<OOl 

Conclusions 

Recently, several studies have shown the importance of a decreased differential light sensi- 
tivity around the optic disk in about 40% of patients with early glaucoma72 * 

In fact, a depression of differential light sensitivity around the blind spot was demonstrated 
with a standard program of HFA’. 

Similar results were obtained by Jonas et al 6 who found significant correlations between 
the blind spot size and the total area of the optic disk, the peripapillary scleral ring, and 
parapapillary chorioretinal atrophy. 

Jonas divided the parapapillary chorioretinal atrophy into two zones, in zone beta (located 
close to the peripapillary scleral ring) in which there were absolute scotomas, and in zone al- 
pha (a peripheral zone situated beyond zone beta and characterized by irregular 
hypopigmentation and hyperpigmentation) in which there were relative scotoma@ 

We wanted to analyze the damage of the photoreceptors in the pericecal area due to the ini- 
tial choroidal atrophy. The optic disks we studied did not have parapapillary chorioretinal at- 
rophy detectable at ophthalmoscopic observation. We studied the area around the optic disk 
using fundus perimetry. This technique allows an exact point-to-point correspondence and an 
observation of detail in real time. Angioscotomas were avoided since we were able to look at 
the area we were testing on the screen9 

In the case of the first comparison we did not find a statistically significant difference be- 
tween group A and group B In the second comparison a statistically significant difference 
was found in the inferior sectors. In the last comparison we found a statistically significant 
difference, with lower values in the inferior sectors, only in group B. There was a sector cor- 
respondence with fascicular defects in the computerized visual field (HFA) In fact all our pa- 
tients had defects in the superior sectors. 

The study of the pericecal area is useful in the monitoring of glaucomatous patients, espe- 
cially with respect to superior and inferior sectors, before anatomical damage becomes detect- 
able at ophthalmoscopic examination 
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Static automated perimetry and scanning laser ophthalmoscope 
microperimetry in the assessment of functional damage in operating 
microscope light retinopathy 

Paolo Brusini’, Giuseppe Di Giorgio’, Edoardo Midena2, Massimo Valenti2 and Marzio 
Chizzolini2 

‘Department of Ophthalmology, Hospital of San Donri di Piave, 2Eye Department, 
University of Padua, Italy 

Abstract 

Computerized automated perimetry (CAP) was used to test 15 patients with retinal damage resulting 
from the illumination of the operating microscope during cataract surgery Fluorescein angiography was 
performed in all cases and the extension of the area involved was measured with the Ophthalmic Imaging 
System. Differential light sensitivity was studied with the Humphrey 30-2 program and a 2-degree-grid cus- 
tom test, centered on the retinal lesion Eight patients underwent scanning laser ophthalmoscope 
microperimetry (SLOM), using a tine grid of points and a manual static strategy 

With CAP one or more depressed points were found in 12 of the 15 eyes The defect was always relative 
and a trend towards improvement was sometimes observed in the follow-up 

With SLOM a statistically significant difference between the involved area and the surrounding points 
was found in all cases 

SLOM seems to be superior to CAP in small retinal lesion testing Setting up new fully automatic strate- 
gies should improve the efficiency and ease of SLOM, reducing the test time 

Introduction 

The damaging effects of the microscope light on the retina have been known since 
McDonald and Irvine in 1983 reported the first case of such a lesion after an uncomplicated 
extracapsular cataract extraction. In the last ten years about 80 cases of microscope light 
retinopathy have been reported, but very few of them were studied either with manual or auto- 
mated perimetry-3 

In this study we used computerized automated perimetry (CAP) and scanning laser ophthal- 
moscope microperimetry (SLOM) to test patients with cataract surgery retinal bums 

Materials and methods 

Three hundred consecutive patients, who underwent cataract extraction with various tech- 
niques (ECCE, 222 cases; phacoemulsification, 78 cases) in the Department of Ophthalmol- 
ogy at the Hospital of San Dona di Piave in eight months, were studied. Surgery was per- 
formed by different surgeons, with a Zeiss OPMI-6 microscope with halogen fiberoptic 
illumination, and a 175 mm objective lens. In all cases an IOL was inserted during the opera- 
tion. All the patients underwent a dilated fundus examination, using a 90-D Volk lens, care- 
fully searching the posterior pole for any retinal lesion likely to be related to a phototrauma. 
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Fig I Two light-induced retinal lesions in a 59-year-old patie@, who underwent a 45-minute uncompli- 
cated phacoemulsification (fluorescein angiography processed with Ophthalmic Imaging System) 

All suspected cases underwent fluorescein angiography to confirm the diagnosis. All but one 
of the patients were then tested with CAP, using the Humphrey 30-2 threshold test, one to six 
months after surgery Moreover, a 2-degree-grid threshold custom test was centered on the 
retinal lesion on the basis of the angiographic results. Stimulus III was employed We calcu- 
lated the area of burned retina and the distance from the fovea with the Ophthalmic Imaging 
System Eight patients underwent a SLOM in the University Eye Department of Padua, ten to 
16 months after surgery, to quantify retinal sensitivity in the damaged area A background il- 
lumination of ten candelas/m2, Goldmann III stimulus and central fixation were used. Manual 
threshold microperimetry was used, and a fine grid, with an interstimulus distance chosen in- 
dividually, was superimposed directly on the retinal lesion 

Moreover, six patients were tested a second time with CAP eight to 11 months after the 
first examination, using the same custom grid. 

For interpretation of the automated perimetry results we used the Statpac pattern deviation 
probability maps, taking as abnormal depressed points with a p < 2%. With custom grids we 
considered as abnormal the points with a sensitivity depression > 4 dB with respect to sensi- 
tivity of neighboring points 

With SLOM, we measured the sensitivity in the burned area and compared it with the sensi- 
tivity of surrounding normal areas. 

Results 

Sixteen of the 300 patients (5.3%) showed evidence of light retinopathy. Their age ranged 
from 48 to 83 years (mean 71 years). 

Mean corrected visual acuity in these patients was 7/10, ranging from 2/10 to lO/lO. Mean 
operating time was 45 1 f 9 minutes, ranging from 25 to 63 minutes. This value is signifi- 
cantly higher than mean time registered in patients without retinal lesions (38.9 f 12.3, p < 
0 05). In four cases a phacoemulsification had been performed. The other 12 had had an 
extracapsular cataract extraction with IOL implant, in the posterior chamber in ten cases and 
in the anterior chamber, due to a posterior capsule break, in two eyes 
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Fig 2 The Humphrey 30-2 threshold test is normal Some slight depressed points (broken lines) are shown 
with the 2-degree-grid custom test. 
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Fig 3 Scanning laser ophthalmoscope microperimetry shows depressed sensitivity in the retinal lesions 

The mean area of retinal bums was 2.02 mm2 (range: 0 52-3 2) The mean distance from 
the fovea was 2 07 mm (range: 0 l-2 96). The lesion was inferior to the macula in 11 cases, 
temporal in two, and centered on the fovea in another one In two cases there were two dis- 
tinct retinal bums, located respectively in the interpapillo-macular and temporal area, and in 
the interpapillo-macular and superior area. 

Automated standard perimetry (program 30-2), performed in 15 eyes, showed some abnor- 
mal points in the corresponding area in ten eyes. A significant depression in fovea1 sensitivity 
(p < 2%) was found in nine cases. Using grid custom test, a significant ldepression in one or 
more points was found in 12 eyes. The defect was always relative, ranging from a depth of 6 
dB to 18 dB. In the six patients tested twice, the second custom test showed a smaller defect 
in three eyes, and was stationary in two. The defect worsened in one case only With SLOM 
the mean sensitivity in the burned areas was 15 9 i 2.2 dB, whereas surrounding normal areas 
had a sensitivity of 22 6 f 2.1 dB The difference was statistically significant (p < 0.0001) 

Discussion 

A cause-and-effect relationship between retinal lesions and exposure to light from the oper- 
ating microscope has already been demonstrated both clinically and experimentallF1O. These 
lesions are typically located either inferior or superior to the fovea, because modem operating 
microscopes are not perfectly coaxial, and so the beam is not directed on the fovea A retinal 
edema may be observed within 24-48 hours after the exposure, together with mild pigmentary 
alterations. Fluorescein angiography at this stage shows a discrete hyperfluorescence with late 
staining (Fig. 1). Various types of alterations in pigmentation may be observed after a few 
days, but lesions tend to became smaller after the first month. 

Visual field examination shows an usually slight depression of sensitivity, corresponding to 
retinal lesion (Fig 2). The use of high-resolution grids of points provides a more precise and 
accurate definition of edges and depth of defects Our results suggest that there is a trend to- 
wards an improvement of the functional damage after some months. This observation is con- 
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sistent with previous reports3%’ ‘, which demonstrated a marked recovery from retinal 
phototoxicity. 

SLOM is a new way of analysing the sensitivity of selected retinal areas, particularly if 
they are localized at the posterior pole. Age-related macular degeneration, and macular holes/ 
pseudoholes have been investigated with this technique 12-i5. With respect to conventional au- 
tomated perimetry, SLOM allows for a precise localization of stimulus on the retina, and an 
accurate check of fixation. In this study we have shown that, even on a long-term basis, 
retinal sensitivity is significantly depressed in areas which have undergone a photic damage 
(Fig. 3). There is also a close relationship between the morphological aspect of retinal lesions 
and sensitivity - with a more central depressed area and a halo with average sensitivity In 
testing this kind of lesion, SLOM seems to be superior to CAP, which sometimes fails to dem- 
onstrate any damage at all. There are different possible explanations for these results 1) 
SLOM precisely tests the retinal lesion, while the CAP grid is centered on the basis of 
retinography and/or fluorangiography results; in some cases the grid could not to be superim- 
posed on the lesion and this may explain why CAP can give normal results when SLOM 
shows a sensitivity depression; 2) the 2-degree-resolution used with the custom tests may not 
be sufficiently dense to find a very small defect. With SLOM, the interstimulus distance is 
chosen according to the case and can theoretically reach 100 pm; 3) SLOM, for reasons still 
not clear, may, in fact, be more sensitive than CAP. 

The main disadvantage of SLOM is the relatively time-consuming manual determination of 
thresholds: 15 to 20 minutes However, new fully automatic programs are on the horizon. 

In conclusion, operating microscope light retinopathy is not a rare occurrence. Fortunately, 
the visual involvement is modest and often recovery may be observed With a good testing 
program, CAP will show a slight sensitivity depression in most cases. SLOM would seem to 
be an interesting and exciting technique for the particularly small defects, which are often 
missed with CAP. 
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High-pass resolution perimetry: central-field neuroretinal correlates 
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GGteborg, Sweden 

Abstract 

Minimum angles of resolution (MAR) were measured at O-IO” horizontal eccentricity in three normal 
subjects, using high-pass spatial frequency filtered ring targets, at four different contrast levels Results were 
correlated with recent data on human cone and ganglion cell separations in corresponding retinal locations 

MARS and cone separations showed a close proportionality through the origin for all contrast levels 
Ganglion cell correlates were more difficult to elucidate as the cell bodies are displaced from their recep- 

tive field centers However, taking a functional estimate of the displacement into account, the number of 
ganglion cells appears to be large enough to uphold the same proportional relationship to MAR that previ- 
ously has been described outside 10” of eccentricity Analysis of the nature of age effects provides support 
for this model 

The full report will appear in Vision Research 
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Resolution perimetry in glaucoma follow-up 
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Introduction 

A major use of perimetry for glaucoma is diagnosis and follow-up Regarding follow-up the 
results from differential light sense (DLS) perimetry have been inconclusive. Recent DLS 
studies on treated glaucoma patients report improvement rates of 5-57% (mean 23%) and de- 
terioration rates of 20-5 1% (mean 28%)lm6 

The aim of the present study was to find out to what extent high-pass resolution perimetry 
(HRP) could detect any changes in patients with newly diagnosed glaucoma during a treat- 
ment follow-up period of two to three years. An untreated group of patients with ocular hyper- 
tension (OH), examined in a similar way, served as control 

Subjects and methods 

Fifty-six consecutive patients with newly diagnosed glaucoma and 15 with untreated ocular 
hypertension were examined at the time of diagnosis and once a year thereafter for two to 
three years The treatments were 0 5% betaxolol twice a day (16 patients), 0 5% timolol twice 
a day (19 patients), 4% pilocarpine three times a day (seven patients), or a combination of 
these drugs (14 patients). Two patients in the combination group were also treated with argon 
laser trabeculoplasty 

Results 

Fifty-nine of the 71 examined patients showed lower resolution thresholds, i e , increased 
sensitivity, after two years, compared to initial values. The threshold decrease was signifi- 
cantly larger in the treated glaucoma patients (median 1.22 dB) than in the untreated ocular 
hypertensive patients (0.48 dB) (Fig 1). 

Mean intraocular pressure was significantly reduced in the treated glaucoma group (p < 
0.01, Student’s t test). There was a significant correlation between intraocular pressure level 
during the follow-up period and resolution threshold improvement (r = -0.28, p < 0.05) 

Discussion 

The threshold decrease in the untreated ocular hypertensive group corresponds to a previ- 
ously described learning effect In 35 of the 56 treated glaucoma patients the thresholds im- 
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Fig I Resolution threshold changes in dB after two years of treatment Minus (-) indicates deterioration 

Fig 2a Improved visual fields from a glaucoma patient (male, age 72) Resolution threshold at examination 
one = 6 02 dB, two = 5 0 dB, and three = 3 94 dB Note progressively smaller rings in all tested locations 

Fig 26 Unchanged visual fields from a glaucoma patient (male, age 67) Resolution threshold at examina- 
tion one = 4 67 dB, two = 4 6 dB, and three = 4 4 dB Note similar ring sizes in most tested locations 

Fig 2c Deteriorated visual fields from a glaucoma patient (female, age 68) Resolution threshold at exami- 
nation one = 3 9 dB, two = 5 96 dB, and three = 8 91 dB Note progressively larger rings in all tested loca- 
tions 
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proved more than 0.84 dB, the upper confidence limit in the untreated group, which may indi- 
cate a beneficial effect of antiglaucoma therapy in these patients 

Examples of visual fields are shown in Figure 2a-c 
The threshold change was unrelated to initial resolution thresholds and can not be explained 

by a “sorting” effect 

Conclusion 

High-pass resolution perimetry has been reported to be a sensitive means for detecting 
early glaucomatous damage7 and was found to be useful in glaucoma managemen? The iind- 
ings in the current study imply that the method gives valuable information also in glaucoma 
follow-up 

The full article will be published elsewhere. 
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Computerized automated perimetry and high-pass resolution perimetry in 
diabetic patients 

Paolo Brusini and Franc0 Barosco 

Department of Ophthalmology, Hospital of San Don2 di Piave, Italy 

Abstract 

Eighty-one patients suffering from diabetes mellitus underwent a visual field examination with either 
computerized automated perimetry (Humphrey 30-2 program) and high-pass resolution perimetry Thirty- 
nine had a minimal to mild background retinopathy, and 42 showed no clinically detectable retinal lesions 
Similar results were obtained with both methods in patients with no retinopathy, while HIV indicated de- 
fects in a significantly higher percentage of cases with diabetic retinopathy (64 1% against 38 4% with 
CAP) HRP, quicker and less tiring for patients, is a sensitive and useful technique in the functional testing 
of diabetic patients 

Introduction 

The involvement of the visual system in diabetic patients is a common finding when 
retinopathy is clinically detectable. In these patients visual field damage -may be found either 
with manual or computerized automated perimetry (CAP) On the other hand, as already 
shown in glaucoma, also in diabetic patients with minimal or no retinopathy, defects in the 
retinal nerve fiber layer can often be seen ’ Since automated static perimetry may not demon- 
strate any alteration in glaucomatous eyes even with a 20% nerve fiber loss2, it would be use- 
ful to have a testing method more sensitive than traditional CAP to show very early functional 
damage in diabetic patients, too. 

High-pass resolution perimetry (HRP) has proved to be at least as sensitive as CAP in de- 
tecting early glaucomatous and neurological visual field defects3m7. In multiple sclerosis pa- 
tients, HRP seems to be a very useful and powerful technique, even better than CAP in show- 
ing a subclinical optic nerve damage* 

In this study we used CAP and HRP to test a group of diabetic patients with and without 
background retinopathy. The purpose of this research was to see if HRP could also be a useful 
technique for these patients. 

Material and methods 

Eighty-one patients with diabetes mellitus, who met the inclusion criteria reported below, 
were taken into consideration. Ten were insulin-dependent and 71 were non-insulin-depend- 
ent Their age varied between 29 and 81 years (mean 62.5 f 81 4 years) All cases were previ- 
ously examined with fluorescein angiography. Thirty-nine had a minimal to mild background 
diabetic retinopathy, while 42 had no signs of retinopathy (fewer than five microaneurysms 

Address for correspondence: Paolo Brusini, MD, Divisione Oculistica, Ospedale Civile, 30027 San Dona 
di Piave (VE), Italy 

Perimetry Update 1994195, pp 185-l 88 
Proceedings of the XIth International Perimetric Society Meeting 
Washington DC, USA, July 3-7, 1994 
edited by R P MilIs and M. Wail 
0 1995 Kugler Publications, Amsterdam/New York 



186 P. Brusini and F. Barosco 

with no evidence of fluorescein leakage with angiography) No patient had previous experi- 
ence with automated perimetry. 

Only patients with a visual acuity better than 20/25, with a refractive defect less then 4 
diopters, and with an IOP < 20 mmHg were included in this study. Patients with other associ- 
ated ocular or general diseases and eyes previously treated with laser photocoagulation were 
excluded. No eye had history of trauma, surgical intervention, or congenital anomaly of the 
optic disk Only one eye per patient was considered, usually the one with either the best visual 
acuity, with the lower refractive defect, with the best reliability indices, or without any other 
associated ocular diseases When both eyes were similar, the eye to be considered was ran- 
domly chosen. 

CAP was performed with a Humphrey Field Analyzer model 640 (Zeiss-Allergan, San 
Leandro, CA), using the 30-2 threshold test. A two-minute demo test was usually performed 
before starting patient examination. When visual field alterations were inconsistent with the 
patient ocular state, the test was repeated after a few days Patients with poor cooperation or 
visual fields with obvious artifacts were excluded from the study. 

HRP was performed with the Ophthimus Frisen Ring perimeter (Nikon-HighTech Vision, 
Malmii, Sweden), already described elsewhere 9,1o. Also with this instrument, a short learning 
program preceded the test. 

For the interpretation of CAP results, some Statpac global field indices (MD, PSD, and 
CPSD), and pattern standard deviation probability maps were considered The following crite- 
ria were adopted to classify a visual field as abnormal 1) presence of one or more statistically 
abnormal global indices (p < 2%) and 2) visual fields with normal field indices, but with ei- 
ther two or more neighboring statistically abnormal points with a p < 1% or three or more ab- 
normal points with a p < 2% on the pattern standard deviation probability map. 

With HRP the following criteria for abnormality were taken: 1) abnormally high thresholds 
as stated in the descriptive report and 2) statistically abnormal (p < 1%) global deviation, and/ 
or local deviation, and/or form index. The neural capacity index was also taken into account. 
Statistical analysis of results was performed using Student’s t test and x2 test 

Results 

Results obtained in diabetic patients without retinopathy are shown in Table 1. 
A purely diffuse loss was found in four eyes with CAP and in three with HRP. A local de- 

fect was found in five eyes with both techniques A mixed defect was present in four eyes 

Table I Visual field results in diabetic patients with no retinopathy 42 cases) 

CAP 
No ofeyes (%) 

HRP 
No ofeyes (%) 

Normal 29 (69.0%) 28 (66 7%) 
Abnormal 13 (31 0%) 14 (33 3%) 

The differences between CAP and HRP are not statistically significant 

Table 2 Results obtained in 39 diabetic patients with background retinopathy 

CAP 
No of eyes (55) 

HRP 
No of eyes (%) 

Normal 24 (61 5%) 14 (35 9%) 
Abnormal 15 (38 5%) 25 (64.1%) 

The differences between CAP and HRP are statistically significant @ < 0 05) 
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with CAP and six with HRP. The local defects were usually located in the mean periphery, be- 
tween 20” and 30”, and in the upper quadrants 

In this group the mean neural capacity was 86 4% f 15.1, ranging from 54% to 108% 
Table 2 shows the results obtained in the group of patients with background retinopathy. 

CAP indicated a diffuse loss in four cases, a local defect in three, and a mixed defect in an- 
other eight cases. With HRP the same alterations were found in nine, eight and eight cases, re- 
spectively. The local defects were equally distributed in the upper and in lower quadrants. The 
neural capacity ranged from 43% to 115%, with a mean of 78 0% f 20.4. This value is signiti- 
cantly lower (p < 0.05) than that found in the group of patients with no retinopathy 

Discussion 

The assessment of visual function, together with the fluorescein angiography, which of 
course remains the fundamental test, is important in the management of diabetic patients. 
When a clinically detectable retinopathy has developed, a visual field defect, either diffuse or 
localized, is a common finding, as reported by several authors”-‘*. With CAP, more than one 
third of our cases showed some statistically significant visual field damage. HRP, on the other 
hand, was statistically abnormal in 64% of cases This result suggests that HRP can distin- 
guish a visual dysfunction in these patients earlier than CAP Looking at individual results, 
however, some discrepancies may be found. Twelve of the 24 eyes normal with CAP were 
classified as abnormal with HRP. On the other hand, among 14 eyes normal with HRP, three 
were abnormal using CAP. 

As partly expected, different results were obtained by examining patients without a clini- 
cally detectable diabetic retinopathy The percentage of eyes with visual field damage was 
lower with both methods, in agreement with Roth’s report, but higher than that reported by 
other authors12,19. These discrepancies may be explained by the different testing methods used 
and the abnormality criteria adopted It is interesting to note that, in our study, the difference 
with respect to the other group of patients is very small using CAP, while with HRP, on the 
contrary, the number of abnormal results in patients with retinopathy was almost twice as high 
when compared with the cases with no retinopathy. The real meaning of this behavior is not 
clear but may be attributed to the different targets used Resolution thresholds are directly 
proportional to retinal ganglion cell separations, unlike conventional different light sense 
perimetty thresholds. Since the neural involvement in diabetes seems to precede the vascular 
lesions, with an early and selective damage of retinal ganglion cells, this can perhaps explain 
the higher sensitivity of HRP in patients with minimal retinopathy. The reason why HRP is no 
more sensitive than CAP in patients with no signs of retinopathy has to be clarified However, 
it is likely that the difference in the frequency with which visual field defects can be detected 
with the two methods increases in parallel with the development of diabetic retinopathy. Even 
in patients with no retinopathy the two techniques showed some discrepancies. Eight eyes 
among 29 normal with CAP were classified as abnormal with HRP. Vice versa, six of 28 eyes, 
normal with HRP, were considered as abnormal using CAP Of course, these data have to be 
interpreted with caution, because the dividing line between normal and abnormal is heavily 
dependent on criteria chosen arbitrarily Small variations in these criteria can lead to very dif- 
ferent results In this study we adopted fairly strict criteria for abnormality, as similar as pos- 
sible for both the testing methods. Even with these limits, there is no doubt that HRP is more 
sensitive than CAP in patient with early background diabetic retinopathy. 

According to some authors 2o CAP, together with macular recovery and chromatic sense , 
tests, would be able to identify those patients who risk developing diabetic retinopathy Even 
if it might seem possible that HRP could be a predictive test for diabetic retinopathy develop- 
ment, no data are at present available to support such a hypothesis, which would have to be 
demonstrated by long-term prospective studies. However, the data from our study suggest that 
this technique, which is specific and fast, could be easily and usefully used as a screening test 
for these patients. 
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A comparative study between differential light sensitivity perimetry and high- 
pass resolution perimetry in congenital glaucoma 

Roberto Sampaolesi, Javier Fernando Casiraghi and Juan Roberto Sampaolesi 

Department of Ophthalmology, School of Medicine, University of Buenos Aires, 
Argentina 

Abstract 

The population of congenital glaucoma patients presented at the 1990 IPS Meeting was further studied 
by performing visual field examinations with Octopus l-2-3 and high-pass resolution perimetry and 
confocal tomography with the Heidelberg Retina Tomograph, with which optic disk parameters were as- 
sessed 

The population was divided into three groups: Gl: congenital glaucomas operated once before two years 
of age; G2: congenital glaucomas operated once or more times; and G3: late congenital glaucoma, 
goniodysgenesis, Rieger’s syndrome and juvenile open-angle glaucoma 

These new examinations were performed after a follow-up ranging between 10 and 28 years Group 2 
presented worse damage of visual field and optic disk 

Introduction 

Comparisons between differential light sensitivity (DLS) perimetry and high-pass resolu- 
tion perimetry (HRF’) in adults have been conducted by several researcherslA but their rela- 
tionship was not studied in children with congenital glaucoma (CG). 

We have previously reported at the IPS Meeting in Malmo, 1990, that diffuse damage was 
the only defect observed in children operated for congenital glaucoma. 

Subjects and methods 

The authors have studied three different populations which had pediatric glaucomas during 
childhood. 

The first group (19 eyes) consisted of persons operated on as infants for congenital glau- 
coma, some of them before the first year of age, and others, before the second In most of 
them the intraocular pressure (IOP) was regulated with one surgery and the axial length of the 
eye stopped its enlargement after one surgery. 

The second group (12 eyes) consisted of persons with re-operated congenital glaucomas in 
which the IOP was regulated and the axial length of the eye stopped its enlargement after two 
to six re-operations. 

The third group (29 eyes) consisted of persons with late congenital glaucomas, gonio- 
dysgenesis, Rieger’s syndrome, and juvenile open-angle glaucoma, etc., but as these diseases 
became manifest later, generally between four and six years of age, the axial length did not 
grow despite the ocular hypertension. The IOP was regulated with medical therapy or surgery 

Groups 1 and 2 consisted of primary congenital glaucomas with an onset during the first 24 
months of age. 
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Table 1 Patient material 

No Male Female 

Group 1 Primary congenital 19 12-28 13 6 
glaucomas operated once 

Group 2 Re-operated primary 12 7-22 10 2 
congenital glaucomas 

Group 3 Goniodysgenesis 29 11-23 15 14 

Total 60 l-24 38 22 
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Fig 1 Relationship between MD and GD in group 1 

Between 10 and 28 years after surgery the results were assessed by analysis of axial length 
(echometry), IOP, myopia and visual field. Visual field examinations were performed with 
Octopus l-2-3 (Interzeag, program Gl, 59 locations within 30 degrees of the visual field) and 
Ophthimus high-pass resolution perimetry (HighTech Vision, Malmo, version 2.0) (50 loca- 
tions are measured within the central 30 degrees of the visual field). 

In this study, Pearson’s correlation coefficient was calculated between MD (mean defect) 
and NC (neural capacity), MD and GD (global deviation), and CLV (corrected loss variance) 
and LD (local deviation) in three groups NC is an index estimating total number of function- 
ing retinal ganglion cells. 

The axial length was different in the three groups. After surgery, group 1 remained at the 
values reached before surgery, in group 2 (re-operated cases), the axial length was bigger, and 
in group 3 it fell within the normal range because the sclera does not enlarge after five years 
of age. 

The myopia was also different in the three groups Group 2 was highly myopic, group 1, 
mildly and the third group was almost emmetropic 

The best visual acuity was found in group 3, the worst in group 2 and in group 1 it was in- 
termediate 

Regarding visual fields we have previously reported (IPS Meeting, Malmo, 1990)5 that it is 
remarkable that diffuse damage is the only defect observed in children We think that diffuse 
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Fig 2 Relationship between CLV and LD in group 1 
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Fig 3. Relationship between MD and NC in group 1 

depression is due to the fact that children have a healthy vascular system; hemorrhages and 
microinfarctions that can lead to scotomatous defects are not possible Macular scotomas were 
only found in children with amblyopia, generally in eyes with an axial length of 30 mm or 
more 

In cases of group 1, which are cured after the first surgery, the visual field is generally nor- 
mal or has a mild diffuse depression. In group 2 (re-operated cases), the diffuse depression is 
bigger 
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Fig 4 Two groups of cases can be found: one located far from the zero line and the other, surround- 
ing it The correlation is not represented by a straight line but rather by a curve. This means that in 
many cases the MD is normal but the NC is pathological 

Results 

We have studied 60 eyes of 30 patients belonging to the three groups with and without op- 
tic disk glaucomatous damage who were followed up in the Glaucoma Clinic of the Depart- 
ment of Ophthalmology of the University of Buenos Aires, Argentina 

Relationship between mean defect (MD) and global deviation (GD) 

In group 1 MD and GD correlated significantly: r = 0.80, p < 0.0001 (Fig. 1). 
In groups 2 and 3 the correlation was not significant. 

Relationship between corrected loss variance (CLV) and local deviation (LO) 

In group 1, CLV and LD correlated significantly: r = 0.78, p < 0 0001 (Fig. 2). 
Group 2 was not significant. 
Group 3 had a fairly significant correlation: r = 0.45, p < 0 01 

Relationship between MD and neural capacity (NC) 

The first group correlated significantly: r = 0.78, p < 0.0001 (Fig. 3). 
Group 2 was not significant 
Group 3 was fairly significant, r = 0.42, p < 0 02 

However, when we tried to correlate the three groups together we found two groups of cases; 
one located far from the zero line and the other, surrounding it. The correlation is not repre- 
sented by a straight line but rather by a curve This means that in many cases the MD is nor- 
mal but the NC is pathological. The correlation between these two indices is far from perfect 
(Fig. 4). 
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Fig 5a. Thin line: normal optic disk profile; thick line: optic disk profile of type I congenital glau- 
coma R: retina; C: choroid; S: sclera; m h c : mean height of contour line; 3 mom: third moment in 
contour line. 

Congenital Glaucoma Type II H.R.T. 
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Fig 5b. Thin line: normal optic disk profile; thick line: optic disk profile of type III congenital glau- 
coma. R: retina; C: choroid; S: sclera; m h c.: mean height of contour line; 3 mom: third moment in 
contour line 
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Congenital Glaucoma Type Ill H.R.T. 
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Fig 6 Thin line: normal optic disk profile; thick line: optic disk profile of type II congenital glau- 
coma R: retina; C: choroid; S: sclera; m h c : mean height of contour line; 3 mom: third moment in 
contour line 

In our opinion, these different methods of psychophysical tests measure different aspects of 
the visual field system. 

Both at the 1990 IPS Meeting held in Malmo, and now, we think we have been the first 
ones to study the visual field in children with differential light sensitivity perimetry (Octopus 
2000 and l-2-3 perimeters) and with high-pass resolution perimetry With both perimeters it 
is possible to obtain reliable results in children between five and ten years of age In order to 
be sure of the accuracy of our results, we have used a reliability factor not higher than ten. 
Both perimetric methods have shown that there are no scotomas in the visual fields of chil- 
dren The only visual field damage that can be found in children is diffuse sensitivity depres- 
sion, i e , pathological MD values. 

In the same population we studied the optic disk in the three groups with the Heidelberg 
Retina Tomograph (HRT) 

We measured the different parameters of the optic nerve head and with the data obtained 
with the HRT (software 1.09), we built the mean profile of the optic nerve head in each group 
In order to compare them to the mean profile of a normal disk, we studied a normal group of 
100 young persons between nine and 25 years of age. 

The profiles of groups 1 and 3 can be observed in Figures 5a and b Both groups show a 
slight difference with the normal group. This reveals the presence of a mild deterioration of 
the optic nerve (dotted line: normal profile, full line: groups 1 and 3). 

In Figure 6, representing the profile of group 2, re-operated cases, there is a great differ- 
ence with the normal profile, indicating severe deterioration of the optic nerve. 

In addition to the study of the profiles, we also studied the parameters of the optic disk ac- 
cording to the HRT: effective area, area below reference, volume below surface, volume be- 
low reference, mean height of contour line, effective mean depth, third moment in contour 
and neuroretinal rim 

Almost all these parameters showed a significant deviation towards the pathological side, 
specially in group 2 of re-operated cases. Regarding the neuroretinal rim we studied only the 
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surface, which showed no significant difference among the three groups because as the eye 
enlarges, the pupil surface also enlarges 

As regards the values of all these parameters, they can be found in the paper “Optic disk 
damage in congenital glaucoma” (in press), presented at the Glaucoma Society Meeting, Que- 
bec City, June 22-24, 1994 

Discussion 

In children from five to eight years of age, it is possible to examine the visual field both 
with differential light sensitivity perimetry and with high-pass resolution perimetry (HRP) 

Before starting with the examination we conduct a special program for them to get ac- 
quainted with its functioning. We only accept results with a reliability factor of ten or lower. 

According to our experience, the HRP is very useful in children. They accept the examina- 
tion better because it is easier and it takes only six minutes per eye 

With both perimetric methods the only defect found is diftise sensitivity loss. In cases with 
normal MD values, with HRP we also find a pathological neural capacity. This fact reveals 
that the indices of both methods reflect different aspects of the condition of the visual field 
system 

In 85% of the cases, optic nerve defects begin ten years earlier than visual field damage 
(Goldmann, Leydhecker, Caprioli, Schwartz). 

In order to help congenital glaucoma children, from the clinical point of view, it can be said 
that congenital glaucomas must be subject to surgery as soon as diagnosed and if the axial 
length continues to grow despite surgery because the IOP failed to be regulated, there is still 
time before visual field damage occurs, so as many re-operations as necessary must be per- 
formed. Congenital glaucomas are glaucomas of good prognosis The goal is to prevent the 
optic nerve head from further deterioration. 
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High-pass resolution perimetry in suspected glaucoma and ibopamine test 
positive patients 
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Abstract 

Ibopamine is a new drug with mydriatic, nat cycloplegic, properties Topically administered it induces 
IOP increase in a high percentage of patients with open-angle glaucoma, but not in normal subjects. Sub- 
jects with increased IOP could be ibopamine test positive or negative 

High-pass resolution perimetry was performed in 15 ibopamine positive and in 15 negative test subjects 
with increased IOP Neural capacity, mean score, global deviation, local deviation and form index were 
analyzed. The mean value of all these parameters was worse in the ibopamine positive test group, although 
the differences were not statistically significant using Student’s t test 

It is possible that the ibopamine positive test subjects are more susceptible to glaucomatous damage than 
ibopamine negative test subjects Therefore, the ibopamine test could be a predictive test for developing 
glaucoma, and be particularly useful for diagnosis of those conditions with increased IOP 

Introduction 

Ibopamine, the 3,4-diisobutiryl ester of N-methyldopamine, is an orally active dopamine 
analog with positive inotropic activity and vasodilating effect. 

Studies in vivo and in vitro show that ibopamine stimulates dopaminergic receptors, beta- 
adrenergic receptors and, at higher concentrations, alpha-adrenergic receptors. Studies in hu- 
mans show that drops of ibopamine solution in the conjunctival sac determines mydriasis 
without cycloplegia. This kind of administration is well tolerated locally and systemically. 

2% or 4% ibopamine solution in normal subjects does not increase intraocular pressure On 
the contrary, in patients with open-angle glaucoma it induces a transient increase of intra- 
ocular pressure 30 to 60 minutes after administration Increase of intraocular pressure is also 
observed in certain subjects with ocular hypertension It is possible that it occurs in subjects 
in danger of developing glaucoma, so that ibopamine could be useful as a provocative test for 
glaucoma 

High-pass resolution perimetry (HIV), a new technique that determinates resolution thresh- 
old in the visual field has been shown to be a sensitive test for glaucomatous damage. Our aim 
was to investigate whether there is a difference between ibopamine test positive and negative 
patients with HRP 

Subjects and methods 

The sample included 30 patients with ocular hypertension (IOP > 21 mmHg in more than 
two measurements), normal visual field (Humphrey 30-2 or Octopus Gl programs), normal 
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optic disk and visual acuity 20125 or better All subjects were free of ocular or neurological 
diseases. They had no systemic diseases with known ophthalmic complications The 
iridocomeal angle in all subjects was open 

The first group included 15 patients (mean age, 63 4 f 11.5) who had shown an increase of 
intraocular pressure of 4 mmHg or more, 45 minutes after the administration of a 2% 
ibopamine solution (ibopamine test positive subjects); the second group included 15 patients 
(mean age, 58 2 f 10 6) who had shown no modification of intraocular pressure or an increase 
of less than 4 mmHg (ibopamine test negative subjects) after the same time period 

All subjects underwent a HRP test using the Ophthimus ring perimeter (HighTech Vision, 
Malmo, Sweden). One eye per patient was chosen randomly or according to reliability of pa- 
tient response, tests with poor reliability were rejected. 

Neural capacity, mean score, global deviation, local deviation, and form index were com- 
pared with Student’s t test, for statistical analysis 

Results 

The ibopamine negative group showed a mean neural capacity of 101 f 15.2%, a mean 
mean score of 4.1 * 1.0, a mean global deviation of -0.13 f 1 0 dB, a mean local deviation of 
0 78 f 0 16 dB, a mean form index of 0.72 + 0 11. 

The ibopamine positive group showed a mean neural capacity of 92 5 f 18.7%, a mean 
mean score of 4 45 * 1.1, a mean global deviation of -0.6 f 1 0 dB, a mean local deviation of 
0 84 f 0 16 dB, a mean form index of 0 78 f 0.07 

The statistical analysis did not show significant differences between the two groups. 

Discussion 

Even though there are no statistically significant differences between the two groups, the 
mean value of the HRP parameters considered, are consistently worse in the ibopamine posi- 
tive test group 

Previous studies suggest that HRP is a very sensitive technique in suspected or early glau- 
coma. The typical finding in early glaucoma is a uniform increase of the mean resolution 
threshold. 

With these results, we suggest that the ibopamine positive test subjects are more suscepti- 
ble to glaucomatous damage. 

Of course, further studies* will be necessary to verify this theory. Our aim is to carry out 
the ibopamine test and HRP on a greater number of subjects with increased intraocular pres- 
sure to increase our statistical power Furthermore, we will be following these subjects in the 
following years using conventional automatic perimetry to detect the onset of visual field 
loss 

Acknowledgment 

We would like to thank Mr G Fattori, Pharmacist, Department of Pharmacy, General Hospital of Udine, 
for his helpful contribution in preparing the ibopamine solution 

Bibliography 

1 Airaksinen J, Tuulonen A, Valimaki J, Alanko HI: High-pass resolution perimetty and retinal nerve fiber 
layer in glaucoma Acta Ophthalmol 68:687-689, 1990 

*In this case the ibopamine test could be a predictive test for developing glaucoma and be particularly useful 
for the diagnosis of those conditions with increased IOP 



High-pass resolution perimetry in suspected glaucoma 199 

2 Boles-Carenini A, Valvo G, Vacchetta M, Rolle T, Brogliatti B: Variazioni de1 flusso ematico pulsatile 
prima e dopo instillazione di ibopamina Boll Ocul70:297, 1991 

3 Boles Carenini A, Valvo G, Sibour G: Meccanismo d’azione dell’ibopamina: studio emodinamico Atti de1 
LXX11 Congr. S 0 I 413-417,1992 

4 Casagrande C, Ghirardi P, Marchetti G: Ibopamine In: Scriabine A (ed) New Drugs Annual: Cardiovascu- 
lar Drugs, pp 3, 173 New York: Raven Press 1985 

5 Dannheim F, Abram0 F, Verlohr D: Comparison of automated conventional and spatial resolution 
perimetry in glaucoma In: Heijl A (ed) Perimetty Update 1988189, pp 383-392 Amsterdam/Berkeley/ 
Milan: Kugler & Ghedini Pub1 1989 

6 Elibol 0, Guler C, Yuksel N: The effects of dopamine, haloperidol and bromocriptine on intraocular pres- 
sure Int Ophthalmol 16(&5):343-347, 1992 

7 Ferrini R, Miragoli G: Activity of ibopamine on some isolated organs Arzneim ForschDrug Res 36:334, 
1986 

8 Frisen L: High-pass resolution targets in peripheral vision Ophthalmology 94: 1104-l 108, 1987 
9 Frisen L: Theoretical Aspects of High-pass Resolution Perimetry HighTech Vision, Malmo 

10 Karnezis TA, Murphy MB, Weber RR, Lelson KS, Tripathi RC: Effects of selective dopamine-l-receptor 
activation on intraocular pressure in man Exp Eye Res 47:689, 1988 

11 Martin-Boglind LM, Wanger P: Computer-assisted evaluation of the results from high-pass resolution 
perimetry: a knowledge-based system In: Mills RP, Heijl A (eds) Perimetry Update 1990191, pp 297-301 
Amsterdam/New York/Milan: Kugler & Ghedini Pub1 1991 

12 Rolle T, Brogliatti B, Valvo G, Boles-Carenini A: Uso dell’ibopamina collirio nell’iter diagnostic0 de1 
glaucoma ad angolo aperto Boll Ocul 70( 1):247-255, 1991 

13 Vimo M: Ibopamina e pressione endoculare Atti I Congresso Farmacologia Oculare, 61 pp Cappelli Ed 
1988 

14 Vimo M, De Gregorio F: Azione dell’ibopamina sulla dinamica dell’umore acqueo: indagine, 
fluorofotometrica Atti VII Riunione AISG, Rapallo Marzo 1991 Boll Ocul7 l(2): 103-l 10, 1992 

15 Vimo M, De Gregorio F, Grechi G, Da Dalt S: Comportamento della pressione oculare e della motilita 
pupillare dopo somministrazione topica di ibopamina 2% in soggetti sani Boll Ocul70:239, 1991 

16 Vimo M, Gazzaniga A, Tavemiti L, Pecori-Giraldi J: Dopamine, dopaminergic drugs and ocular hyperten- 
sion Int Ophthalmol 16(&5):349-353, 1992 

17 Vimo M, Pecori-Giraldi J, Garofalo G, Grechi G, De Angelis D, Pannarale MR; L’ibopamina come test di 
provocazione nel glaucoma sine ipertensione Boll Ocul Suppl 2: 187, 1991 

18 Vimo M, Pannarale L, Arrico L, Matteocci G, De Gregorio F: I1 test dell’ibopamina sulla IOP nella terapia 
antiflogistica con clobetasone Boll Ocul 72(2):85-92, 1993 

19 Vimo M, Pecori-Giraldi J, Tavemiti L, Taloni M, Bruni P: Effetti ipertensivi oculari dell’ibopamina 
somministrata per via locale in soggetti con turbe idrodinamiche endoculari (nuovo test di provocazione) 
Boll Ocul 66:833, 1987 

20 Vimo M, Pecori-Giraldi J, Tavemiti L, Taloni M, Bruni P: Effetti ipertensivi oculari dell’ibopamina nel 
glaucoma ad angolo aperto (nota preliminare) Boll Ocul 67:97, 1988 

21 Vimo M, Tavemiti L, Taloni M, De Gregorio F: Test dell’ibopamina nei soggetti responders ai 
corticosteroidi Boll Ocul 71(1):141-153, 1992 

22 Vimo M, Pecori-Giraldi J, Tavemiti L, Taloni M, Pannarale L: Intraocular hypertensive effects of topically 
administrated ibopamine in eyes with hydrodynamic disorders: a new provocative test for glaucoma. Glau- 
coma 12:88-92, 1990 

23 Vimo M, Tavemiti L, Motolese E, Taloni M, Bruni P, Pecori-Giraldi J: Ibopamina: nuovo midriatico non 
cicloplegico (nota preliminare) Boll 0~~144: 1135, 1986 

24 Vimo M, Tavemiti L, Taloni M, Iopolo A, Pellegrino N: Studio sperimentale degli effetti locali e sistemici 
dell’ibopamina, farmaco dotato di attivith adrenergica e dopaminergica Boll 0~~144: 1169, 1986 

25 Wanger P, Persson HE: Pattern-reversal electroretinograms and high-pass resolution perimetry in sus- 
pected or early glaucoma Ophthalmology 94: 1098-l 103, 1987 



Reliability indices in glaucoma. A comparison between conventional and high- 
pass resolution perimetry 

Bertil Lindblom 
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Abstract 

Reliability of high-pass resolution perimetry (HRP) was studied in 134 visual fields from subjects with 
glaucoma or ocular hypertension In badly damaged fields, false-negative responses were common The re- 
sults of this study suggest that a large false-negative response rate is not a sign of poor cooperation, but a 
sign of large variability, common in visual fields of glaucoma patients In a second study, reliability of HRP 
and Humphrey Field Analyzer (HFA) was compared Fixation losses were more common in HRP than in 
HFA, especially in visual fields damaged from glaucoma Whether this discrepancy reflects a true difference 
in subject’s fixation behavior or a difference in detecting fixation instability between the two instruments re- 
mains unknown 

Introduction 

The reliability of differential light sense perimetry has been studied by several authors1-4 
Common to most studies is a large percentage of unreliable visual field tests. It is also com- 
mon for patients with glaucoma to exhibit less reliable results than normal subjects. For ex- 
ample, Katz and Sommer’ found that 45% of field tests in patients with glaucoma were re- 
jected by one or more of the three criteria used by the Humphrey Field Analyzer (HFA) 
(Allergan-Humphrey, San Leandro, CA): fixation losses, false-positive and false-negative 
rates. In normal subjects, 30% of the fields were judged unreliable. A major discrepancy be- 
tween the two groups was a higher percentage of false-negative answers in the glaucoma 
group. Similar findings have been reported by Johnson et al 5 

Reliability indices for high-pass resolution perimetry (HRP) were studied by Chauhan et 
aZ.6. HRP is a new perimetric technique7 determining spatial resolution thresholds instead of 
luminance increment thresholds. In normal subjects, reliability of HRP did not differ signifi- 
cantly from HFA. About 10% of visual fields from normal subjects were rejected using the es- 
tablished HFA criteria (9 6% in HFA, 11 6% in HRP). The difference was due to a somewhat 
larger percentage of fixation losses in HRP and was attributed to the larger dimension of its 
blind-spot stimulus For HFA, there was a notable difference in rejection rate compared to the 
study of Katz and Sommer’, the reason for this was not obvious. 

Reliability indices common to HFA and HRP are fixation losses, false-negative and false- 
positive rates. In addition, HRP determines mean test-retest change and its standard deviation. 
These five indices are summarized in an overall judgement of reliability in three grades: good, 
dubious, or poor. The reliability criteria for HRP are summarized in Table 1 The number of 
presentations of fixation, blank, and catch targets is typically about 10. These criteria differ 
from those of HFA that are < 20% fixation losses and < 33% false-negative and false-positive 
rates. 
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Table 1. Reliability criteria for Ophthimus 

Reliability Fix loss FP FN Retest Retest SD 

Good 12 52 52 <Mean+2SD <Mean+2SD 
Dubious I5 25 15 <Mean+25SD <Mean+25 SD 
Poor >5 >5 >5 tMean+25 SD 2 Mean + 2.5 SD 

FP = false-positive response, FN = false-negative response, Retest = test-retest change, Retest SD = 
standard deviation of test-retest change 

A unique measure in HRP is the calculation of functional neural channels (“functional 
channels” or “neural capacity” depending on software version). HRP measures peripheral 
resolution and resolution is proportional to ganglion cell separations The threshold in each 
test position can therefore be used to estimate the number of functional ganglion cells in the 
corresponding part of the retina. These figures are compared to age-corrected means and the 
results are summed over the measured visual field to give an overall ratio Unlike global indi- 
ces offered by other perimetric techniques, neural capacity has a sound anatomical and physi- 
ological basis and is therefore used in the following as an index of the state of the visual sys- 
tem Like other global perimetric indices it is affected by factors other than neuronal loss, 
e g , media opacities 

The present study presents HRP reliability results in patients with ocular hypertension or 
glaucoma with various degrees of visual field damage. It also compares reliability indices for 
HRP and HFA in another group of patients with glaucoma or ocular hypertension tested by 
both methods 

Subjects and methods 

Records from the glaucoma files at the Department of Ophthalmology, University of 
Giiteborg, were studied in retrospect Of all patients with ocular hypertension or glaucoma 
subjected to repeated HRP testing, results from one eye were randomly chosen (Study 1). The 
first test was discarded and the second was used for the reliability analyses. HRP was per- 
formed using the Ophthimus Ring Perimeter version 1 or 2 (HighTech Vision, Giiteborg, Swe- 
den) according to the manufacturer’s instructions 

For a comparison study between HRP and HFA, all subjects with ocular hypertension or 
stable glaucoma that had undergone HRP and HFA field tests within an interval of one month 
were selected (Study 2). HFA was performed using the programs 24-2 or 30-2 and the results 
were analyzed with Statpac software version 1 (Allergan-Humphrey, San Leandro, CA). The 
results from one eye were randomly chosen for the analyses 

All visual field tests were performed by trained technicians. Patients with cataract or visual 
disorders other than ocular hypertension or glaucoma were excluded from analysis. 

Statistical analyses were performed using Systat statistical software (Systat version 5, 
Evanston, IL) Statistical significance was set to p < 0 05 

Results 

Study 1 Reliability indices in HRP 

Visual fields from 134 eyes (134 patients) with ocular hypertension or glaucoma were 
analyzed. The mean age of the subjects was 67 years (range 15-86). The distribution is shown 
in Figure 1. The HRP statistical evaluation interpreted 84 (63%) of the fields as abnormal, 30 
(22%) as suspicious, and 20 (15%) as normal The mean neural capacity was 70% (range 
2-150). Using the HRP criteria, 81 examinations (60%) were found to have good, 30 (22%) 
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Fig 2 Reasons for abnormal reliability results in high-pass resolution perimetry “Multi” refers to 
cases in which more than one reliability index was outside the normal range Study 1 

dubious, and 23 (17%) poor reliability. In the following, the two latter categories will be 
grouped together as “abnormal” Reliability results are shown in Figure 2 ANOVA tests 
failed to show any significant influence of age, neural capacity, or visual acuity on reliability. 
If instead, standard reliability criteria for HFA were applied to the HRF’ results, 85 (63%) 
were found reliable and 49 (37%) unreliable. 

A large percentage of fixation losses was the single most common cause for dubious or 
poor reliability. Thirty-four (25%) of the fields had fixation losses exceeding the Ophthimus 
criteria (more than two seen blind spot presentations). In 23 cases (17%) a large number of 
fixation losses was the only sign of defective reliability, the other indices being within normal 
limits (Fig. 2). Using HFA criteria (less than 20% fixation losses), 43 of the fields (32%) were 
unreliable due to poor fixation. In Figures 3 and 4, reliability results are plotted against age 
and neural capacity, respectively. Multiple regression analysis showed a significant correla- 
tion between fixation losses and neural capacity (p = 0.036) (Fig 3) while age failed to show 
such correlation when neural capacity was accounted for (Fig. 4) Thus, fixation errors were 
more common in fields with higher neural capacity score. 

False-positive answers (when a patient responds to a blank presentation) accounted for only 
a few unreliable fields. Seven fields (5%) had more than two false-positive answers (the cut- 
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off criterium for HRP) (Fig. 2). In one case it was the only sign of poor reliability. Using HFA 
standard criteria (less then 33% false-positive answers) only one field was judged unreliable 
on these grounds 

False-negative answers accounted for a larger number of unreliable fields. Using the 
Ophthimus criterion (more than two missed supraliminal targets), 14 fields (10%) were 
judged unreliable In seven fields (5%) this was the only sign of defective reliability (Fig. 2) 
With the HFA criterion (less than 33% false-negative answers), the number of unreliable 
fields was eight (6%) Multiple regression analysis showed a significant inverse correlation 
between false-negative responses and neural capacity (p = 0 009) (Fig. 3) whereas age failed 
to show a correlation when neural capacity was accounted for (Fig 4) Thus, false-negative 
responses were more common in severely damaged visual fields, regardless of the subject’s 
age 

Test-retest changes accounted for a small number of unreliable fields A large mean retest 
change was found in ten fields (7%); in four (3%) it was the only reliability index that was 
outside the normal range (Fig 2). The standard deviation of mean retest change was abnor- 
mally large in nine fields (7%), in three it was the only reason that the result was judged to be 
unreliable The fields with a large test-retest change and a large test-retest standard deviation 
were different except for one case 

Fifteen fields (11%) were judged unreliable because two or more of the reliability indices 
were abnormally high. In 11 of these, fixation losses were outside the normal range. 

Study 2 Comparison between reliability indices in HFA and HRP 

HRP and HFA visual fields from 44 patients with ocular hypertension or glaucoma were 
studied. Mean age was 61 years (range 13 to 83) The age distribution was very similar to Fig- 
ure 1 except that it was shifted about five years towards lower ages. HRP software classified 
24 (55%) of the visual fields as abnormal, ten (23%) as suspicious, and ten (23%) as normal. 
Mean neural capacity was 79% (range 31 to 133). 

Using the machine-specific criteria, the reliability of 30 (68%) HRP fields was classified as 
good, eight (18%) as dubious, and six (14%) as poor. Of the dubious or poor fields, seven 
failed because of fixation errors, five because of false-negative and two because of false-posi- 
tive errors If instead HFA criteria were applied to the HRP fields, only nine (20%) were 
judged as unreliable; six because of fixation errors, two because of false-negative errors, and 
one of a combination of both factors. 

Thirty-nine (89%) of the HFA fields were found to be reliable using the HFA criteria. Four 
failed because of fixation errors, and one because of false-negative errors 

Mean test time for HRP was five min 57 set (range four min 32 set to 11 min 29 set) while 
for HFA it was 13 min three set (range eight min 38 set to 20 min 47 set) 

Discussion 

Study I Reliability indices in HRP 

Reliability in perimetry, as measured with reliability indices, varies among studies. Com- 
mon to most is the finding that reliability is better in normal subjects than in patients with 
glaucoma. An explanation for this is that visual field damage has negative effects on 
perimetric reliability. Another explanation is that glaucoma patients generally are elderly and 
that advancing age is detrimental to perimetric reliability. 

The present study failed to show any statistically significant difference in overall reliability 
due to age, neural capacity, or visual acuity in a group of patients with ocular hypertension or 
glaucoma However, the reason for poor reliability differed depending on the degree of visual 
field damage Fixation losses were more common in undamaged fields, while false-negative 
errors were more common in more damaged fields (Fig 3) Age had no significant impact on 
these indices when neural capacity was accounted for. Thus, among the ten most damaged 
fields in this study, one was judged to be unreliable because of fixation losses and three be- 
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Fig 4. Reliability results plotted against neural capacity “Variab” refers to cases in which one or 
more of the following reliability indices were abnormal: false-negative responses, retest change, and 
standard deviation of retest change, FP = false-positive response Because each field could show ab- 
normal results in more than one of the categories the total figure exceeds 100% Study 1 

cause of false-negative errors. Among the ten fields with the largest neural capacity scores, 
six failed because of fixation losses and none because of false-negative errors. A plausible ex- 
planation for these findings is that fixation losses falsely improve the visual field result and 
that such fields are more common in the group of normal or super-normal fields. 

There is no doubt that fixation errors reflect poor patient cooperation (provided that the ini- 
tial blind spot monitoring was adequately performed and that the contralateral eye was thor- 
oughly occluded). However, head tilts occurring after initial blind spot mapping is another 
cause of “fixation losses”. False-negative errors, on the other hand, may reflect poor coopera- 
tion but could also reflect increased threshold variability. Variability has beenshown to be 
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Fig 5. Reliability results in high-pass resolution perimetry (top) and conventional automated 
perimetry (bottom) Study 2. 

larger in glaucomatous eyes9. Since glaucoma patients with advanced field defects do not 
show any other sign of defective reliability, the author proposes that the large number of 
false-negative errors in this group are due to increased variability due to the disease process. 
Thus, at least in this group of patients, a large number of false-negative errors should not dis- 
qualify the field results as unreliable. A large false-negative response index is instead a sign 
of glaucomatous damage 

Study 2. Comparison between HFA and HRP 

As previously shown6, fixation losses are more common in HRP than in HFA. The explana- 
tion may be that the blind spot target in HRP is larger (1 degree diameter) than in HFA (0.43 
degree diameter). Another possible source of error is incomplete occlusion of the untested 
eye. Because of the large dimension of the correction lens in the HRP system, prismatic 
effects could render the blind spot target visible through even a very small nasal opening in 
the eye cover. Another possibility is lack of a chin rest which allows more head tilting after 
initial blind spot mapping. 

It was also found that false-negative errors were more common in HRP than in HFA. This 
can partly be explained by different cut-off criteria: the 33% normal limit in HFA is large 
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enough to allow almost every field to pass. However, when similar criteria were applied to the 
two tests, false-negative errors seemed more common in HRP The explanation may be the 
different test strategies of the two instruments: Humphrey presents catch targets with a 9 dB 
luminance increment to previously measured thresholds, while catch targets in Ophthimus are 
presented with a 2 dB increase in size. However, scaling is not exactly comparable between 
the two instruments. 

In the study of Chauhan et al 6, 12.2% of HRP fields from normal subjects were judged un- 
reliable using standard HFA criteria. This contrasts to 37% in the present study in patients 
with ocular hypertension or glaucoma in study group 1 and 20% in study group 2 The reason 
for the difference between the two groups may be that group 2 was biased towards younger 
subjects with less damaged fields On the other hand, only 11% of HFA fields in study group 
2 were judged unreliable, a figure very close to that for normal subjects (9 4%)‘j. Reliability in 
HFA thus seemed similar in a normal group and a group with ocular hypertension or glau- 
coma, while reliability in HRP was worse in the latter group. This discrepancy remained also 
if false-positive and false-negative errors were excluded and the comparison was restricted to 
fixation errors. Thus, it appears that fixation is less prone to deteriorate with increasing age or 
field damage in HFA than in HRP. The reason for this is not clear. One factor could be the 
fixation monitoring video camera in HFA, which allows the examiner to discover unsteady 
fixation also between blind spot presentations and to encourage the patient to better fixation. 

General conclusions 

To summarize, HRP reliability criteria are more strict than HFA In part this has to do with 
two indices in HRP lacking a counterpart in HFA; retest change and its standard deviation. If 
HFA criteria are applied also to HRP fields, reliability interpretation becomes more compara- 
ble between the two tests. However, a large fixation error score is more common in HRP, es- 
pecially in eyes with glaucoma damage. Whether this reflects a true difference in fixation 
behavior between the two instruments or just different sensitivity for detecting fixation devia- 
tions is not known Nor is it known which is the optimum sensitivity for such detection, or in- 
deed what impact deficient fixation has on the perimetric result. In HRP it was common for 
glaucoma fields to be rejected because of large false-negative answer rate. This was especially 
true for eyes with advanced field defects. It is probable that a large false-negative rate is not a 
sign of poor cooperation but rather of advanced disease 
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Relationship between quadrants of neuroretinal rim area of glaucomatous 
optic disk and both “neural capacity” of high-pass resolution perimetry and 
mean deviation of HFA: A comparative study 

Yoshiki Kono, Qi-min Chi, Goji Tomita, Tetsuya Yamamoto and Yoshiaki Kitazawa 

Department of Ophthalmology, Gifu University School of Medicine, Gijii, Japan 

Purpose 

“Neural capacity” (NC) index of high-pass resolution perimetry (HRP) is correlated with 
neuroretinal rim area of the optic disk To clarify whether HRP or conventional differential 
light sensitivity (DLS) perimetry relates better to glaucomatous optic disk abnormalities, the 
authors investigated the relationship between the rim area and both NC and mean deviation 
(MD) 

Subjects and Methods 

Forty-seven eyes of 33 normal-tension glaucoma (NTG) patients were enrolled in this 
study. High-pass resolution perimetry was performed with the Ophthimus system version 
2.50. DLS perimetry was performed with program central 30-2, using Humphrey Field 
Analyzer 630 (HFA) According to Aulhom-Greve’s classification, 21 eyes were classified 
into “early stage” eyes (stages I and II) and 26 eyes into “advanced stage” eyes (stages III, IV 
and V) The total rim area and the area of its temporal, superior, nasal and inferior quadrants 
were obtained using laser scanning tomograph (Heidelberg Retina Tomograph) Local mean 
NC (LMNC) was calculated using the resolution thresholds corresponding to the quadrant. Lo- 
cal MD (LMD) was calculated using total deviations of HFA. 

Results 

In a total of 47 eyes, NC showed a significant correlation with the total rim area (r = 0 394, 
p < O.Ol), but MD failed to. Furthermore, NC showed a significant correlation with the total 
rim area in eyes with early visual field changes (r = 0 495, p < O.OSj, but not in eyes with ad- 
vanced changes. The superior and inferior rim areas showed significant correlations with both 
LMNC and LMD (superior, r = 0 503, p < 0.01 for LMNC; r = 0 309, p < 0.05 for LMD infe- 
rior, r = 0.456, p c 0.01 for LMNC; r = 0.403, p i 0 01 for LMD). However, no correlation 
was found between the rim areas and both LMNC and LMD in either temporal or nasal quad- 
rant 

Conclusion 

The results indicate that NC may relate to glaucomatous optic disk changes better than MD 
in NTG, especially in the early stage 

The results of the study will be published in detail elsewhere 
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Optic disk features and “neural capacity” of high-pass resolution perimetry 

M Iester, M. Rolando, B Mochi, E. Semino, C E Traverso and M. Zingirian 

Department of Ophthalmology, University of Genoa, Genoa, Italy 

Abstract 

The correlation between disk changes, measured by using computerized Topcon Image-net 
videostereography, and visual field defects observed with high-pass resolution perimetry (HRP), which pro- 
vides quantified results as a percentage of “neural capacity”, could give useful hints on the level of nerve 
suffering in early glaucoma In glaucomatous eyes, the rim/disk ratio showed a direct correlation with the 
neural capacity (NC) (r = 0 335; p = 0 045; it = 36) and an indirect correlation with the global defect (GD) 
(r=-0342;p=O041;n=36) 

Our results suggest that HRP correlates well with some disk changes in glaucoma and shows potential 
advantages for the assessment of nerve damage in glaucoma 

Introduction 

There is evidence in ophthalmic literature that a series of psycho-functional parameters are 
widely affected before standard conventional visual field thresholds in early glaucoma’,2. 

There is also evidence that, due to the redundancy of ganglion cells, a large number of 
nerve fibers has to be damaged before a reliable visual field change is recognized as such in 
conventional differential light sensitivity testing3. 

High-pass resolution perimetry (HRP) represents a unique system for evaluating visual 
function in glaucoma. In particular, it has been claimed that this method can give information 
on the relationship which exists between resolution thresholds and ganglion cell density, 
based on the assumption that over the retina minimal angle of resolution and ganglion cell 
spacing are proportiona14. 

Glaucomatous damage seems to act primarily on the ganglion cell population If this is con- 
firmed, the possibility of relying on a system able to monitor ganglion cell function could be 
of the utmost importance Furthermore optic disk changes in early glaucoma are supposed to 
precede functional damagesma 

The aim of this paper is to describe the correlations existing between some typical glauco- 
matous optic disk changes and the results of HRP in ocular hypertension and early glaucomas. 

Materials and methods 

Thirty-six ocular hypertensive (it = 15) or glaucomatous eyes (n = 2 1) were selected at ran- 
dom among patients being treated at the Glaucoma Service of the Department of Ophthalmol- 
ogy of the University of Genoa. 

This work was supported by a grant from the C N R. Prog Finalizzato Invecchiamento Co&N 
93 00468 PF40 (Italy) 
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Criteria for selection were: 
- intraocular pressure between 22 and 25 mmHg (APL) without medication in at least three 

consecutive measurements; 
- possibility of pupil dilation over 7 mm of diameter; 
- patient’s consent to participate in the study; 
- moderate optic disk changes: stage I, II and III (stage I: rim area = 1.60 & 0.36 mm2, the 

neuroretinal rim was even in width in all locations of the optic disk; stage II: rim area = 
1 23 * 0.35 mm2 characterized by rim notches; stage III. rim area = 0.91 f 030 mm’, the 
rim loss is present mainly in the temporal horizontal disk region where the rim is now 
thinner than in the other disk sectors)g; 

- visual field: MD > -24; CPSD < 10; 
- no media opacities able to disturb vision or reduce contrast sensitivity; 
- best corrected visual acuity equal or higher than 7110 (20/30); 
- no sytemic disease able to affect visual field and psycho-functional testing; 
- ametropia between +3.00 and -8.00 dpt with astigmatic error lower than 1.50 dpt. 

All patients were under medical therapy including beta-blocking, sympaticomimetic, car- 
bonic anhydrase inhibitor agents which lowered intraocular pressure to a presumed safe level. 
No patient was on miotics 

Each patient underwent computerized Humphrey VFA 640 (central 30-2) perimetry, 
Ophthimus 2 4 HRP (NiKon) and computerized morphometric analysis of simultaneous stere- 
oscopic videographs of the optic nerve by means of the “new retinal nerve fiber layer” (New 
RNFL) program of the Topcon Image-net X System (IS-X) optic disk analyser 

All the examinations were performed on the same day, if possible, or within a week. 
Thresholds of spatial resolution perimetry were measured using the automated ring perim- 

eter “Ophthimus” (High Tech Vision, Malmo). The stimulus is a ring target, introduced by 
Frisen, having a bright core and dark borders The space-averaged luminance of the target is 
equal to the background. Thresholds are determined by varying the size of the stimulus. The 
threshold is the smallest target seen by the subject at each test point. We used the standard 
program which measures the spatial thresholds at 50 locations in the central visual fieldlo. 

Global deviation (GD), local deviation (LD), neural capacity (NC) and retest standard de- 
viation (RSD) were the HRP indices considered for this study. 

Optic disk morphology was observed by means of the Topcon Image-net X System (IS X) 
(rev-3 5 1 b), which is examining simultaneous stereovideographs, and gives quantitative 
evaluation of optic disk features. 

The IS X is a system of image digitalization able to capture, store and analyze simultaneous 
stereoscopic images of the optic disk. It is composed of hardware, including a stereo 
retinograph (Topcon TRC-SS2), interfaced to 2 video cameras, a 386 personal computer with 
mathematical processor, an optical disk drive and a printer Software with especially designed 
multiple programs allowing the storage, enhancement, digitization and analysis of the stereo- 
images is implemented in the computer. The results of this process can be printed in numbers 
or graphs” 

The instrument projects a grid on each optic disk stereo-image (to be photographed) in or- 
der to increase the possibility of having corresponding reference points on the two images and 
more reliable measurements12. 

Juxtapapillary nerve fiber layer height was measured by means of the “New RNFL” pro- 
gram. In this program the operator has to use four points to identify the outer edge of the optic 
disk in just one image of the stereopair. Then he has to mark two points on corresponding lo- 
cations of the two stereo-images Finally the computer warps the right image to obtain the 
best possible correspondence with the points of the left one The quality of such correspond- 
ence is calculated and expressed as percent of “bad points” indicating the number of points 
lacking correspondence. The percentage of bad point constitutes an indicator of the quality of 
the images collected and then forecasts the possibility of accuracy of the subsequent analysis. 

In our study all the images having a “bad points” percentage higher than five were dis- 
carded and repeated13. 

The disk parameters taken into consideration were two the rim/disk area ratio (R/D) and 
the juxtapapillary retinal nerve fiber layer height (RNFLH) 
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Table I Results 

Eye R/D RNFLH GD LD RSD NC 
- 

1 
2 
3 
4 
5 
6 
I 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
21 
28 
29 
30 
31 
32 
33 
34 
35 
36 

0.61 -0 090 4 08 1 05 071 18 
0 405 -0 073 4 82 131 0.89 21 
0 722 0 242 1 03 0 92 1.30 71 
0 658 0 117 061 0 81 0 75 75 
0 88 0 381 -0 49 0 69 0 99 
0 72 0 13 -0 26 07 0 46 
0.46 0 178 1 61 0 85 1 12 63 
0.69 0 104 1 16 1.04 1 32 72 
0.90 0 288 2 24 0 65 0 98 56 
0.79 0 079 1.98 091 071 59 
0.54 02 1.23 0 92 0 92 66 
071 0 189 1 28 111 1 12 62 
0 50 -0.124 071 0 88 1 10 19 
061 0.242 1 29 0 98 0 45 68 
0 70 -0 058 1 39 0 80 0 96 67 
0 74 0.215 0 59 0 78 0 45 81 
0 521 0 005 0 90 0 84 1 27 71 
0 513 0551 1 30 0 86 0 67 67 
0 66 -0.356 -0 I 0 85 0 84 105 
0 39 0 424 5 02 1 38 0 13 
0 52 0 014 -0.90 0 65 0 75 116 
0.60 0.111 2 22 0 16 1 26 56 
0 70 0451 0 73 0 71 1 04 75 
0 90 -0.004 0.91 1 71 071 92 
0 94 0.134 -0 83 0 59 0 82 90 
0 55 -0 069 -0 37 0 62 071 91 
0 56 -0 042 1.86 0 90 1 26 61 
0 94 0 030 0 15 0 77 121 86 
0 96 0.099 -0 16 0 78 1 12 91 
0 17 0.414 3 03 2 06 1 21 47 
1 0 834 3 17 1 88 1 05 39 
0 94 0701 0 88 0 73 111 80 
0 17 0.254 0.43 0 46 0 82 85 
0 85 -0 127 -0 55 0 61 0 98 108 
0.73 -0 034 041 0 97 0 64 87 
0 78 0 145 -0 76 0 82 0 112 

Table 2 Correlations between optic disk morphometric parameters and HRP indices in ocular hypertension 
and glaucoma 

R/D vs.NC r= 0335 
RIDvsGD r=-0342 
R/D vs LD Y= 0016 
R/D vs RSD r= 0.001 

RNFL vs NC v=-0288 
RNFL vs GD Y= 0286 
RNFL vs LD Y= 0280 
RNFL vs RSD r= 0034 

p = 0 0458 
p = 0 0409 
p = 0 9264 
p = 0 9953 

p = 0 0876 
p = 0 0905 
p = 0 0977 
p = 0 8472 
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Fig I Results Correlation between rim/disk area (RID) and neural capacity (NC) at HRP in ocular hyper- 
tensive and glaucomatous eyes. 
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Fig 2 Results Correlation between rim/disk area (R/D) and global deviation (GD) at HRP in ocular hyper- 
tensive and glaucomatous eyes 

The results of HRP and optic disk morphometric analysis were correlated by means of lin- 
ear regression analysis 

Results 

The details of the results are displayed in Table 1 
A statistically significant (p < 0 05) correlation was present between R/D and NC (Fig. l), 
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R/D and GD (Fig. 2) No significant correlation was present between R/D and LD and RSD, 
and RNFLH and HRP results (Table 2) 

Discussion 

The definition of damage induced by glaucomatous disease is difficult especially in early 
phases when it is very difficult to diskriminate between glaucoma suspect (ocular hyperten- 
sive) and glaucoma It has been reported that in 85% of patients typical optic disk damage is 
present before the appearance of typical visual field localized scotomass, on the other hand a 
number of glaucoma suspects, when followed with time, will show localized visual field de- 
fects in the absence of optic disk changes recognizable as typical for glaucomai This clearly 
indicates that both morphometry of the optic disk and psycho-functional evaluation, by them- 
selves, are not sufficient to accurately provide diskriminative diagnostic elements. In this re- 
spect the search for correlation between morphometric and psycho-functional data can be the 
clue for the improvement of our diagnostic capabilities in early glaucoma. 

HRP was designed to establish a proportional relationship between the resolution threshold 
and the underlying ganglion cell density’. If that is true, HRP will give direct information 
about ganglion cell survival in glaucoma With HRP Lachenmayr et al found a borderline sig- 
nificant relationship between neuroreiinal rim area and mean sensitivity15. 

HRP evaluation gave controversial results in eyes with glaucoma and ocular hypertension. 
Sample and colleagues show that there is a change in HRP with age and that age matching im- 
proves the sensibility of the system; but the authors could not show any superiority of HRP 
versus static light threshold sensitivity perimetry in detecting glaucomatous neuropathy2 

Wanger and Persson found abnormal HRP results in a high percentage of eyes with sus- 
pected or early glaucoma when compared to results in normal eyes16. Dannheim and 
coworkers compared automated sensitivity perimetry with HRP in glaucoma and found good 
agreement in the number of eyes detected as abnormal for each method17. Lachenmayr et al., 
on the other hand, showed HRP to be less sensitive than differential light sensitivity or flicker 
perimetryus 

Our results show good correlation between RID and NC and RID and GD showing a nice 
correspondence between morphometrical parameters and this resolution test. Nevertheless it 
was not possible to find a correlation between juxtapapillary retinal nerve fiber layer height 
and HRP indices This could be due to the restricted reproducibility of the measurements of 
nerve layer height as performed by our instrument or to the fact that HRP stimuli are thought 
to be collected by the smaller ganglion cells which are not the type of fibers most often dam- 
age in early glaucoma 

HRP is a very quick system for analyzing psycho-functional performances in glaucoma and 
it is very well accepted by patients. Nevertheless its superiority in sensitivity as diagnostic 
system for glaucoma has not been shown 
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Improving estimation of false-positive and false-negative responses in 
computerized perimetry 

Jonny Olsson’, Boel Bengtsson2, Anders Heij12 and Holger Rootzhl 

‘Department of Mathematical Statistics and 2Department of Ophthalmology in MalmG, 
University of Lund, Sweden 

Abstract 

The authors have developed new methods for estimating the false-positive and false-negative responses 
during visual field testing without the use of catch trials Frequencies are estimated with maximum likeli- 
hood techniques using full staircase data assuming a model; (1) that false responses occur randomly (with 
fixed intensity), (2) that the threshold value at each test point location is a random variable with Gaussian 
distribution. 

Twenty-one glaucoma patients underwent computerized testing of the central 30’ field two times each 
FP and FN frequencies were evaluated with our new method and the standard catch trial method FP and FN 
variability decreased with the new method Thus the square root of the average test-retest FP variance de- 
creased from 7 6% to 1 6% for FP, and from 4 7% to 4 2% for FN These new methods can thus simul- 
taneously improve FPiFN accuracy and decrease test time 
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The effect of audio and visual cueing on visual field testing 

Richard P. Mills, Thomas Yang and Yi Li 

Department of Ophthalmology, University of Washington, Seattle, WA, USA 

Abstract 

A Humphrey perimeter was modified to give audio or visual cues before each test stimulus to see if 
subject test performance could be improved. 

Thirty-seven patients and 42 normals were each- given a custom visual field test in one eye, once with 
audio cueing (frequency = 1000 Hz, duration = 100 msec, 300 msec before stimulus), once with visual 
cueing (red light at fixation point 300 msec before stimulus) and once with no cueing 

There was a trend for normal subjects and possibly patients to have a better visual threshold and a 
smaller short-term fluctuation with cueing than without cueing. However, normal subjects were seen to have 
a significantly higher percentage of fixation losses with audio cueing than with no cueing 

We concluded that the improved visual threshold and decrease in short-term fluctuation associated with 
cueing represent a modest improvement in subject performance, but at a cost of increased fixation losses 

Introduction 

A patient must maintain a high state of visual alertness to perform an automated threshold 
visual field examination. In one-third or more of such tests patients fail the manufacturer’s re- 
liability standards’, with over 33% false-positive or false-negative responses on catch trials, 
or over 20% fixation losses when tested by periodic stimulus appearance within the 
physiologic blind spot. Even if fixation losses do not exceed the cut-off level of 20%, a lower 
rate may cast some uncertainty on the test results 

Moreover, because threshold testing may take up to 15 to 25 minutes for each eye, the pa- 
tient may become fatigued. As time goes on, patients can forget to fixate, or even fall asleep 
Even healthy, alert young subjects cannot be assumed to have stable fixation. In one study, 
20% of this population had fixation losses exceeding 20%* 

Previous work with the Dicon TKS4000 perimeter has shown an improvement in visual 
threshold with no increase in short-term fluctuation when utilizing a central fixation target 
that moves to a new position before each test stimulus3. One hypothesis for these findings was 
that the heightened alertness resulting from the moving fixation target cued the patient to the 
appearance of the next stimulus. In that study, however, reliability parameters were not meas- 
ured. 

The objective of this study was to find out if a simple audio or visual cue prior to stimulus 
appearance during the visual field test would help patients improve their performance without 
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Presented at the XIth Visual Field Symposium, Washington, DC, July 3-7, 1994 
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Fig I. Mean thresholds at four eccentricities from fixation in 37 normal subjects using no cueing 
(triangles), audio cueing (closed circles), and visual cueing (open circles). 

sacrificing test reliability in terms of false-positive and -negative catch trials, or fixation 
losses. 

Materials and methods 

A Humphrey Visual Field Analyzer was modified to provide audio cueing (frequency = 
1000 Hz, duration = 100 msec, 300 msec before stimulus) and visual cueing (red light at fixa- 
tion point beginning 300 msec before stimulus) as a menu option One randomly selected eye 
of 42 normal subjects ages 18-90 were recruited from a population of normal individuals. 
Thirty-seven (18-90 years), including those undergoing routine visual field testing for glau- 
coma, glaucoma suspects, and those with retinal, or neuro-ophthalmic indications, were also 
included All subjects had best corrected vision of at least 20/40 and a pupil at least 2.5 mm. 
The subjects also must have had some previous experience with threshold perimetry. In sev- 
eral cases when a normal subject lacked experience, he or she was allowed to participate only 
after taking at least two standard threshold tests. 

Our custom threshold program tested 16 points along the four diagonal meridians at five 
degree intervals and then retested the same points, allowing calculation of short-term fluctua- 
tion The program was run in random sequence three times; once with no cueing, once with 
visual cueing, and once with audio cueing 

Before the start of the tests, the type of cue being used was explained fully to the subject. 
Subjects were allowed to take breaks as needed. In all three tests in the cueing study, patients 
were monitored by the technician and were repeatedly encouraged to fixate on the fixation tar- 
get. 
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Fig 2 Mean thresholds at four eccentricities from fixation in 42 patients using no cueing (triangles), 
audio cueing (closed circles), and visual cueing (open circles) 

Results 

All subjects were able to perceive the audio and visual cues without any difficulty In both 
the normal group and the patient group, there was a trend, although not significant, for the 
threshold for the points with audio cueing to be better than that for no cueing. In only the nor- 
mal group, the visual cueing also seemed to show a trend towards better threshold values 
compared to no cueing at all (Figs. 1 and 2). 

In the normal group, there seems to be a trend for audio cueing to have the lowest short- 
term fluctuation of the three tests, although the trend is not significant. There is also a non- 
significant trend for short-term fluctuation of visual cueing to be lower than that for no cueing 
at all However, in the patient group, these trends are not apparent (Figs. 3 and 4). 

In the normal group, there was a significantly higher percentage of fixation losses for audio 
cueing compared to that of no cueing (p < 0 01, Fig. 5). There also seemed to be more fixa- 
tion losses for visual cueing compared to no cueing, but this was not significant The number 
of false-positives and false-negatives did not seem to differ between audio cueing, visual 
cueing, and no cueing. 

In the patient group, there seemed to be a higher rate of fixation losses for audio cueing 
and, to a lesser extent, for visual cueing, compared to that for no cueing, but this was not sig- 
nificant. The number of false-positives and false-negatives were similar in all cueing situa- 
tions (Fig. 6). 
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Fig 3 Mean short-term fluctuations at four eccentricities from fixation in 37 normal subjects using 
no cueing (triangles), audio cueing (closed circles), and visual cueing (open circles). 
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Fig 4 Mean short-term fluctuations at four eccentricities from fixation in 42 patients using no 
cueing (triangles), audio cueing (closed circles), and visual cueing (open circles). 
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Fig 5. Mean reliability parameters of 37 normal subjects during testing with no cueing (black till), 
audio cueing (gray fill) and visual cueing (diagonal cross-hatching) FN%=number of false-negative 
responses/total number of false-negative catch trials FP%=number of false-positive responses/total 
number of false positive catch trials. FL%=number of fixation losses/total number of stimulus pres- 
entations within the physiologic blind spot. 

Discussion 

Even though the trends towards lower thresholds during testing with audio and, to a lesser 
extent, video cueing are not significant, there is a fairly consistent trend It is our feeling that 
this slight improvement in average threshold indicates a modestly better patient performance 
One might speculate that, in both normal and patient populations, cueing would cause appar- 
ent improvements in threshold because subjects would respond only because of the cue, and 
not because they see a stimulus. However, we see that, in both populations, there is no signifi- 
cant difference among the false-positive rates for both types of cueing and for no cueing. 

For patients, the thresholds for visual cueing also were not significantly different compared 
to that of no cueing. There even seems to be a slight trend for thresholds for visual cueing to 
be poorer. For some patients, we feel that this may indicate that the visual cue may actually 
be a nuisance, as is discussed below. 

We found that, for normal subjects, there was a decrease in short-term fluctuation when 
cueing was added. We feel that this shows that cueing may boost subject performance by 
making each result more reliable. However, any sort of trend seems to be missing among the 
patient population when looking at short-term fluctuation Actually, it seems as if most trends 
seen among normals are less pronounced or missing in the patient group. This may be related 
to the fact that patients would generally have more experience with perimeters than normal 
healthy subjects. 

When the projector moves around to project the next stimulus, its motor makes an audible 
sound A certain time interval after the projector stops moving, the stimulus appears. Patients 
with experience can, consciously, or unconsciously, know approximately when the stimulus 
will appear. For patients who have found this out, a cue would be redundant and would not 
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Fig 6 Mean reliability parameters of 42 patients during testing with no cueing (black fill), audio 
cueing (gray till), and visual cueing (diagonal cross-hatching). FN%=number of false-negative re- 
sponses/total number of false-negative catch trials FP%=number of false-positive responses/total 
number of false-positive catch trials FL%=number of fixation losses/total number of stimulus pres- 
entations within the physiologic blind spot 

make much of a difference. In the design of the study, we made sure that all subjects had at 
least some experience with the perimeter For some normal subjects, this may have consisted 
of only a few tests previous to the cueing test This may not have been enough for the subject 
to recognize such a subtle cue 

The improvement in threshold and decrease in SF was not as prominent as that we noted in 
an earlier study using the Dicon TKS4000 perimeter 3. The cue in that device is provided by 
movement of the fixation target to a new location prior to each stimulus. The cue is thus more 
varied and compelling than the ones we used in this study. In that study, we could not meas- 
ure changes in reliability parameters to determine if an increased fixation loss rate resulted 
from the moving fixation cue 

In this study, the significant increase in fixation losses among the normal subjects when un- 
dergoing audio cueing is bothersome. We also see a non-significant increase in fixation losses 
among the patient subjects. Even though the Humphrey uses the intermittent “Heijl-Krakau” 
method of periodic blind spot checks, we believe that this increase in fixation loss rates prob- 
ably represents a real increase in fixation losses, induced by the challenge of the cue to search 
for the stimulus. These fixation losses are also likely to be greater than five degrees of eye 
movement, since periodic blind spot checks are insensitive to smaller movements4. Fixation 
losses among normal patients merely lead to increased variation, but in glaucoma patients 
they can lead to “smoothing” over of real defects5. 

Of course, there is the likely possibility that the difference in performance we were hoping 
to find would appear only with a larger test group. Admittedly, there would have to be a large 
difference in average threshold to be significant among only 37 normal subjects or 42 patient 
subjects. However, we are hesitant to combine the results from both populations because of 
their many differences By the very fact that they are patients, we would expect a poorer mean 
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threshold compared to that of normal subjects We would also expect patients to have a 
greater short-term fluctuation. 

Through most of the results, we see that the effect of cueing on short-term fluctuation, 
threshold, and false-positive rates seem more pronounced with audio cueing than with visual 
cueing This may well be related to the design of the visual cue. The stimulus turns from 
green to red 300 msec before the cue, and then turns back to green after the patient presses the 
trigger, or after one second if the trigger is not pressed Because of the rapid pace at which the 
test is run, the fixation point often seems to be just flashing red and green. Unless there is a 
conscious effort on the part of the patient to watch for the time at which the red light appears, 
the cue may be of little help Some subjects even stated that they preferred to ignore it. In- 
deed, in the patient group, the thresholds with visual cueing actually seem a bit lower than 
without cueing, although this difference is not significant. 

Even though cueing may decrease short-term fluctuation and may improve threshold 
slightly for normal subjects, it is questionable whether audio or visual cueing as presented in 
this study would be helpful in a clinical setting. Not only were the trends not significant, but 
they were even less evident in the patient population After all, it is mostly patients that 
threshold testing is designed to test, not normal subjects 

The most disturbing result is the significant increase in the fixation loss rate in normals and 
slightly in patients. The increase in fixation loss rate will cause more cued fields to be re- 
garded as unreliable or questionable 
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Abstract 

Purpose: Quantification of the perimetric fatigue effect and its reduction using strategies designed to 
improve vigilance 

Methods: Twenty-one normal subjects (mean age 57 yr) performed routine automated perimetry using 
program 30-2 of the HFA 630. Seven sessions were undertaken including a training session and a baseline 
test The other five sessions represented different strategies intended to improve vigilance and included 
visual and auditory cues, enforced rests and encouragement The study employed a simple randomized 
cross-over design with the order of eye examination randomly assigned and maintained for each session A 
repeated measures ANCOVA was performed with eye sequence, stage and strategy as separate within- 
subject factors 

Results: There was a significant effect for eye sequence and stage for all strategies but no effect for 
strategy itself 

Conclusions: The fatigue effect dominated all attempted strategies to maintain a singular level of 
performance throughout the examination period in a trained, normal, elderly population 
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Fastpac error is within the long-term fluctuation of standard Humphrey 
threshold visual field testing 

N P O’Donnell, M.K Birch and P.K. Wishart 

St Paul’s Eye Unit, Royal Liverpool University Hospital, Liverpool, United Kingdom 

Abstract 

The Fastpac strategy of visual field assessment using the Humphrey Field Analyzer was compared to a 
series of field examinations using the standard 4-2 dB threshold strategy Sixty-one eyes of 37 patients with 
ocular hypertension or stable glaucoma were examined. The Fastpac results are very likely to fall within the 
long-term fluctuation of the standard 4-2 dB algorithm Fastpac underestimates the mean deviation and the 
corrected pattern standard deviation but overestimates the short-term fluctuation We postulate that these 
differences may be within clinically acceptable limits and that Fastpac is a valid alternative to the standard 
4-2 dB strategy in all but a few specific clinical situations 

Introduction 

Automated perimetry was introduced to provide accurate objective visual field assessment 
by standardizing stimulus conditions and test procedures 

Standard visual field analysis using the Humphrey Field Analyzer (HFA) is commonly per- 
formed utilizing the standard 4-2 dB strategy. The Fastpack strategy is a recently introduced 
method of analysis designed to decrease the time taken for the field examination by utilizing a 
single 3 dB crossing of threshold’. 

Previous studies comparing Fastpac to the standard 4-2 dB strategy have shown the advan- 
tage of Fastpac in decreasing the examination time but have shown conflicting results regard- 
ing Fastpac’s ability to correctly estimate the mean deviation (MD), corrected pattern stand- 
ard deviation (CPSD) and the intratest variation (short-term fluctuation SF) Some of these 
studies2,4,7 were performed by repeating the strategies on the same day or within a few days of 
each other and compared a single examination using the standard strategy with a single ex- 
amination using the Fastpac strategy. However, it was felt that in assessing the accuracy of 
Fastpac, comparison with a single 4-2 dB examination may not provide a valid conclusion as 
inter-test variation (long-term fluctuation) may contaminate any difference between the two 
strategies 

Long-term fluctuation is defined as the variation in threshold measurements over a period 
of time after the variation due to repeated measurements at a given time has been removed2. 
Alternatively it can be defined as the reversible variation in threshold measurements over two 
or more examinations exclusive of reproducible deterioration or improvement and exclusive 
of identifiable artefacts5. The results of automated perimetry are contaminated by the presence 
of the long-term fluctuation which confounds the accurate quantitative comparison of serial 
visual fields and makes the identification of genuine field change difficult 

The aim of this study was to assess the accuracy of Fastpac in comparison to a series of 
fields performed over a period of years with the standard 4-2 dB strategy and to estimate the 

Address for correspondence: Mr Peter Wishart, FRCS, FRCOphth, St Paul’s Eye Unit, Liverpool University 
Hospital, Prescot St, Liverpool L7 SXP, United Kingdom 

Perimetry Update 1994195, pp 231-237 
Proceedings of the XIth International Perimetric Society Meeting 
Washington DC, USA, July 3-7, 1994 
edited by R P Mills and M Wall 
0 1995 Kugler Publications, Amsterdam/New York 



232 N.P. O’Donnell et al. 

likelihood of a Fastpac result falling within the long-term fluctuation of a particular Statpac 
series 

Patients and methods 

The study group consisted of 61 eyes of 37 patients (22 males and 15 females) with an av- 
erage age of 60 years. Thirty-seven eyes were diagnosed as having ocular hypertension (raised 
intraocular pressure, normal visual fields and normal optic disks) and 24 eyes were considered 
to have stable glaucoma with non-progressive field loss and were on treatment for raised 
intraocular pressure. All patients were attending the glaucoma clinic and had undergone at 
least three successive 4-2 dB threshold examinations using program 24-2 over a period of 
three to five years. Each patient then underwent a Fastpac examination followed after a period 
of months by a further examination with the standard strategy 

In all, 323 visual fields were assessed with particular reference to the mean deviation, cor- 
rected pattern standard deviation and short-term fluctuation 

The stable glaucoma group was further subdivided according to the severity of visua1 field 
loss into those with more severe field loss i e , an MD of greater than 4.30 dB or a CPSD of 
greater than 4.00 dB and those with less severe field loss i.e , an MD less than 4.30 dB or a 
CPSD less than 4.00 dB 

Statistical analysis 

A paired t test was performed on the results obtained from the examinations. 
The Fastpac results were scored depending on whether the result fell above the maximum 

standard strategy result (score +I), between the maximum and minimum standard strategy re- 
sult (score 0) or below the minimum standard strategy result (score -1). This would enable an 
estimation of the likelihood of the Fastpac result falling within the long-term fluctuation of 
the standard strategy series. 

The extent of agreement between the two strategies was measured to enable an estimation 
of the likelihood that Fastpac could replace the standard strategy in visual field assessmen@. 
The results of field analysis using these two strategies are unlikely to agree exactly but the 
measure of agreement enables a decision about the clinical acceptability of Fastpac. 

Results 

The results of the comparison of the study parameters in both Statpac and Fastpac are 
shown graphically in Figures 14, and tabulated in Tables l-4 

Fastpac underestimated the MD and CPSD of the standard strategy in all groups except that 
with more severe visual field loss. This difference was statistically significant in all cases 
(p < 0.005) except for the MD of the less severe field loss group 

SF was greater with Fastpac in all groups, being statistically significant in all but the less 
severe field loss group 

Examination time was decreased in all groups with a 33% decrease in the more severe 
visual field loss category, a 35% decrease in the stable glaucoma group overall, a 38% in the 
less severe field loss group and a 42% decrease in the ocular hypertensive group. 

The likelihood of the Fastpac result falling within the long-term fluctuation of the standard 
strategy is shown in Table 5. In all cases the Fastpac result is very likely to fall within the 
long-term fluctuation with the greatest likelihood of 84%, in the MD group of the stable glau- 
coma group. 

Table 6 shows the assessment of the limits of agreement of the Fastpac result compared to 
the standard strategy result The figures show by how much the Fastpac indices results vary 
around the indices for the standard strategy. 
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Fig 4 Standard strategy (Statpac) and Fastpac: examination time 1 stable glaucoma; 2. more severe 
field loss; 3 less severe field loss; 4 OHT 

Discussion 

The Fastpac strategy presents the stimuli in 3 dB steps and uses a single threshold crossing. 
Thus the overall examination time decreases, which by reducing the effect of patient fatigue 
offers the advantage of a quicker visual field assessment However this altered examination 
technique has been shown to lead to differences in the results obtained for MD and SF when 
compared to the standard examination technique. 

Previous studies comparing the two algorithms performed the two tests either on the same 
day or within a short period of time of each other and did not consider the effect of inter-test 
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Table I Stable glaucoma Standard (Std) algorithm and Fastpac (FP) visual field indices and exami- 
nation time (mean values from 24 eyes in dB) 

Std (so) FP 

MD -6 37 (4 91) -5 63 (4 96) 
CPSD 5 78 (2 94) 4 45 (3 53) 
SF 2 00 (2 17) 2 40 (1 00) 
Time (min) 1131 (6 50) 7 34 (1 42) 

MD: mean deviation; CPSD: corrected pattern standard deviation; SF: short-term fluctuation; SD: 
standard deviation 

Table 2 More severe field defect. Standard (Std) algorithm and Fastpac (FP) visual field indices and 
examination time for the more severe field loss category (mean values from 18 eyes in dB) 

MD -7 59 (5.25) -9 5 (5 59) 
CPSD 6 68 (2 35) I 93 (3 98) 
SF 2 40 (0 48) 2 68 (1 24) 
Time (min) 12 59 (1.37) 8 25 (1 42) 

MD: mean deviation; CPSD: corrected pattern standard deviation; SF: short-term fluctuation; SD: 
standard deviation 

Table 3 Less severe field defect. Standard (Std) algorithm and Fastpac (FP) visual field indices and 
examination time for the less severe field defect category (mean values from 6 eyes in dB) 

Std FP 

MD 
CPSD 
SF 
Time (min) 

-2 84 (1.42) -1 82 (1 41) 
3 12 (0 84) 2 12 (0.77) 
1 60 (0 29) 1 86 (0 35) 

11 06 (1.28) 6 48 (1 03) 

MD: mean deviation; CPSD: corrected pattern standard deviation; SF: short-term fluctuation; SD: 
standard deviation 

variation on the results obtained. Flanagan et al. 3 described results similar to ours showing 
that Fastpac underestimates the MD and CPSD but overestimates the SF. O’Brien et al 4 again 
found the MD and CPSD to be underestimated but found no statistically significant difference 
in the SF. Iwase et aL7, however, found Fastpac to overestimate MD and SF, CPSD did not 
differ significantly between the two strategies. All these studies were in agreement in that the 
overall examination time was decreased by approximately 35%. Our study is unique in that 
the two strategies were compared after taking into account the long-term fluctuation of the 
standard strategy. 

Long-term fluctuation occurs because the physiological state of the visual system is not 
static and undergoes a continuous variation from one day to the next The long-term fluctua- 
tion has two components, a homogeneous component in which there is a uniform change in 
threshold at all locations and a heterogeneous component when the amount of threshold 
change varies between locations *. Long-term fluctuation has been shown to be greater in glau- 
coma patients and glaucoma suspects as compared to the normal population9. 

We assumed that in our two groups any change in threshold over the time period of the test 
was due to long-term fluctuation in view of the diagnoses of the study groups. The effect of a 
learning curve could also be excluded as all the patients had previous experience of field 
analysis. 
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Table 4 OHT Standard (Std) algorithm and Fastpac (FP) visual field indices for the ocular hyperten- 
sive group (mean values from 37 eyes in dB) 

Std FP 

MD -1 17 (0 88) -0.37 (0.89) 
CPSD 1 94 1 28 (1 35) 
SF 1 53 1 87 (0.55) 
Time (min) 1048 6 08 (0.93) 

MD: mean deviation; CPSD: corrected pattern standard deviation; SF: short-term fluctuation; SD: 
standard deviation 

Table 5. Percentage likelihood of Fastpac falling within long-term fluctuation of the standard strat- 
ew 

Stable glaucoma OHT 

MD 
CPSD 
SF 

84% 
63% 
66% 

MD 
CPSD 
SF 

46% 
65% 
51% 

MD: mean deviation; CPSD: corrected pattern standard deviation; SF: short-term fluctuation 

Table 6 Assessment of the extent of agreement between Fastpac and the standard strategy showing 
the variation of Fastpac around the standard strategy 

Stable glaucoma OHT 

MD 2 38 <Std> 3 98 MD 2.38 <Std> 3.98 
CPSD 2.1 <Std> 3.35 CPSD 2.06 <Std> 4 50 
SF 1 96 <Std> 2 65 SF 2 8 <Std> 2.35 

MD: mean deviation; CPSD: corrected pattern standard deviation; SF: short-term fluctuation 

We have shown that the results of the Fastpac analysis when compared to a series of stand- 
ard examinations give similar differences to those of Flanagan et a2 3 and O’Brien et al 4. 
However, when considering the long-term fluctuation in a series of standard strategy fields 
these differences between the two strategies fall within the variation of the indices due to 
long-term fluctuation. Thus we feel that it is incorrect for other studies3s4 to suggest that 
Fastpac is a less accurate method of visual field analysis, as the differences these studies show 
may also have occurred due to long-term fluctuation. We feel that in most clinical situations 
of visual field testing the 40% time saving in performing Fastpac is a considerable advantage. 
Patient acceptability is high with Fastpac and a greater number of tests may be performed 
with the Humphrey Field Analyser. If absolute data are required such as in the precise quanti- 
fication of early field loss or if the visual field results are part of an ongoing trial, then the 
standard strategy would be preferred as it is the accepted standard and therefore comparable 
with other studies. 

Further studies using Fastpac may determine if the lessening of the patient fatigue with the 
shorter test time leads to a more accurate test in patients who would be fatigued using the 
standard strategy. 
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Abstract 

Purpose: To evaluate the repeatability of Fastpac in a glaucomatous population 
Method: Sixty glaucoma patients (mean age 66 9 yr) with repeatable glaucomatous visual field abnor- 

mality and previous experience in automated perimetry were examined on three separate occasions, two 
weeks apart, with both standard full threshold and Fastpac strategies using program 30-2 of the HFA 630 
Examination strategy was randomized across the sample and maintained at each session 

Results: Concordant with previous studies there was a small decrease in MD, PSD and CPSD, but an 
increase in the SF when Fastpac was used There was a small increase in the FN and FP catch trials along 
with the expected reduction in examination time and number of questions asked However, there was a 
remarkable similarity between the repeatability of the two strategies When considering the 95% confidence 
limits for change the resulting limits were identical 

Conclusions: In spite of the increased intra-test variance Fastpac was as repeatable as the standard 
strategy for threshold estimation in an elderly, glaucomatous population This was considered mainly due to 
a reduction in fatigue 
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The influence of the stimulus duration on perimetric thresholds in the central 
30° visual field 
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Abstract 

The authors studied the influence of stimulus duration on perimetric thresholds in the central 30” visual 
field in normal subjects and early glaucoma patients using the Octopus l-2-3 and its remote software pack- 
age We developed programs on an IBM personal computer in order to measure differential light sensitivity 
using various stimulus durations First, as preliminary experiments, we measured the differential light sensi- 
tivity of the upper nasal profile along the 135’ meridian in two normal subjects using stimulus durations of 
5, 10,20, 50, 100,200, 500, 1000,200O and 3000 msec and target sizes of-2, -1, 0, 1, 2, 3,4 and 5. Studies 
were then made of temporal and spatial summation by analyzing the threshold-duration curves and the 
threshold-area curves Secondly, the same test points of the Octopus program No 38 were measured using 
stimulus durations of 10, 50, 100 and 500 msec and target size 3 in 39 eyes of 39 normal subjects and 37 
eyes of 27 glaucoma patients The normal critical time of temporal summation was almost the same (ap- 
proximately 100 msec) across the central 30” visual field, while the normal critical area of spatial summa- 
tion became larger toward the periphery The use of stimulus durations of 10, 50, 100 and 500 msec in nor- 
mal subjects caused little changes in short-term fluctuation, interindividual variance of sensitivity and the 
slope of the profile of the visual field It was suggested that the use of stimulus durations shorter than the 
critical time was a sensitive and useful method for detecting early glaucomatous visual field defects 

Introduction 

The stimulus duration which is related to temporal summation’ is one of the most important 
conditions of static perimetry In automated static perimeters that are currently available, the 
stimulus durations have been set to be equal to or slightly longer than the normal critical time 
of temporal summation It is the purpose of this paper to reappraise the influence of very short 
and long stimulus durations on static perimetric thresholds in the central 30” visual field. 

Subjects and methods 

Perimeter 

Using the Octopus l-2-3 and its remote software package, we developed new programs on 
an IBM personal computer in order to measure differential light sensitivity using stimulus 
durations of 5, 10, 20, 50, 100, 200, 500, 1000, 2000 and 3000 msec. In addition, we modified 
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Fig I Profiles in a 29-year-old normal male of the central 30’ visual field along the 135” meridian 
for ten stimulus durations and four stimulus sizes 

the Octopus l-2-3 in our laboratory using custom filters to produce target sizes of -2, -1, 0, 1, 
2, 3, 4 and 5. 

Preliminary experiments 

We measured the values of differential light sensitivity of the upper nasal profile along the 
135” meridian of the right eye in two normal subjects. Eccentricities of the test points were 0, 
1, 2, 4, 6, 8, 10, 14, 18, 22, 26 and 30”. Using the above-mentioned ten stimulus durations and 
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same subject as Figure 1. 
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Fig 3. Threshold-area curves for eccentricities of 0, 6, 14 and 26” for each stimulus duration of the 
same subject as Figure 1 

eight target sizes, we determined perimetric thresholds of the 12 test points randomly in steps 
of 1 dB using a bracketing strategy. We calculated the arithmetic mean of the thresholds ob- 
tained from four thresholds for each test point in each subject. Temporal summation and spa- 
tial summation were then studied by analyzing the threshold-duration curves and the thresh- 
old-area curves 
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Fig 4. The relationship between the age and mean sensitivity (MS) for stimulus durations of 10, 50, 
100 and 500 msec in normal subjects 

Clinical experiments using stimulus durations of 10, 50, 100 and 500 msec 

Using stimulus durations of 10, 50, 100 and 500 msec and target size 3, we measured the 
differential light sensitivity at 77 test points in the central 30” visual field of 39 eyes of 39 
Japanese normal subjects (31-70 years of age). The arrangement of these test points was al- 
most the same as that of the Octopus program No. 38. Differential thresholds of test points on 
both the 45”-225” and 135’-315” meridians were measured twice randomly in order to calcu- 
late the short-term fluctuation. All normal subjects in this study had corrected vision of 20/20 
or better. The refractive error was within 3 0 D of spherical error and within 2.0 D of cylindri- 
cal error. The intraocular pressures were lower than 21 mmHg. The optical media and fundi 
were normal The subjects were free of systemic diseases which were likely to affect their 
visual functions and had no family history of glaucoma. The pupil size was greater than 3 
mm. In addition, the experiment was undertaken on 37 eyes of 27 early glaucoma patients. To 
analyze the threshold values, two test points corresponding to the right or left blind spot were 
excluded. 

Results 

Preliminary experiments 

Figure 1 shows the profiles of the central 30” visual field in a 29-year-old normal male for 
the ten stimulus durations and target sizes of -1, 1, 3 and 5. The thickest solid line in each 
graph indicates the profile for 100 msec. The profiles for each stimulus duration were nearly 
parallel to each other. In addition, when the duration was shorter than 100 msec, the dynamic 
range became smaller as the stimulus durations decreased. The profiles for the smaller target 
sizes were steeper for all of the stimulus durations we used. The dynamic range became 
smaller as target size decreased 
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Fig. 5 Mean values of sensitivity of normal subjects in their 50s at each test point for stimulus 
durations of 10,50, 100 and 500 msec 

Figure 2 shows the relationship between the threshold energy and the stimulus duration at 
different eccentricities for each target size. Here, the threshold energy is the product of target 
luminance, target area and stimulus duration At shorter stimulus durations, the threshold en- 
ergy remained unchanged, indicating that temporal summation was complete. The critical 
time of temporal summation was almost the same, that is, approximately 100 msec for each 
eccentricity. The relationship between threshold energy and target area indicated that the criti- 
cal area of spatial summation became larger toward the periphery (Fig. 3). 

Measurement of the central 30” visual Jield with stimulus durations of IO, SO, 100 and 500 
msec in normal subjects 

False-negative responses and false-positive responses in all examinations of all normal sub- 
jects were less than 15% In addition, the short-term fluctuation of all examinations was less 
than 2.0 dB. 
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Fig 6. Standard deviation of differential light sensitivity of normal subjects in their 50s for each test 
point for stimulus durations of 10, 50, 100 and 500 msec 

Figure 4 shows the relationship between the age and the mean sensitivity (MS) of indi- 
vidual eyes for each stimulus duration. MS for 500 msec did not decrease with age signifi- 
cantly. The slopes of the regression lines for 100 msec and 10 msec were almost the same. 

We then calculated the arithmetic mean and standard deviation of the sensitivity for each 
test point in each age group. Figure 5 shows the mean values of sensitivity for each stimulus 
duration in 15 normal subjects in their 50s. We also calculated the difference between the 
mean values of sensitivity for 100 msec and those for the other stimulus durations for each 
test point. These differences of the values of sensitivity were almost the same throughout the 
central 30” visual field Therefore, we could confirm that the profiles for each stimulus dura- 
tion were nearly parallel to each other along all meridians Figure 6 shows the standard devia- 
tion of the values of differential light sensitivity at each test point for each stimulus duration 
in the above-mentioned 15 normal subjects in their 50s. The use of these stimulus durations 
caused little change in the standard deviation of the thresholds. 
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Fig 7 Actual value tables and difference tables for stimulus durations of 10, 50, 100 and 500 msec 
in the left eye of an early glaucoma patient. 
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A clinical case of early glaucoma 

The case was a 44-year-old female with primary open-angle glaucoma. Figure 7 shows ac- 
tual value tables and difference tables of her left eye for stimulus durations of 10, 50, 100 and 
500 msec. If an actual value was lower than the mean value of sensitivity minus two times the 
standard deviation of the normal value, the difference value was shown in the difference table. 
If a difference value was more than 15 dB, it was shown as a stripe-hatched square If an ac- 
tual value was 0 dB, it was shown as a black square. The patient had three stripe-hatched 
squares and two black squares in the lower field in the difference table for 10 msec. On the 
other hand, there was only one stripe-hatched square in the difference tables for 100 and 500 
msec. 

Discussion 

In our preliminary experiments, we were able to confirm several previously reported char- 
acteristics of temporal summation in normal subjects. The critical time of temporal summa- 
tion was almost the same (approximately 100 msec) throughout the central 30” visual field, 
while the critical area of spatial summation became larger toward the periphery. 

Previous studies have suggested that the examination of temporal summation is less useful 
for detecting disturbances of visual function than static perimetry2,3. In addition the static 
perimetric thresholds in glaucomatous relative scotoma are likely to fluctuate more than those 
in unaffected area4. Therefore, in clinical experiments, we did not attempt to study temporal 
summation itself as performed in the preliminary experiments 

We used four stimulus durations including shorter durations and an obviously longer dura- 
tion than the normal critical time of temporal summation. It may be possible that the rate of 
false responses or fluctuation of perimetric thresholds or tiredness of the examinee will in- 
crease if we use very short stimulus durations. However, the use of stimulus durations of 10, 
50, 100 and 500 msec in normal subjects caused little change in the rate of false responses, 
short-term fluctuation, and interindividual variance of sensitivity. Therefore, it is suggested 
that the stimulus durations used in this study may be clinically valid if used with care 

Studies of pathological cases suggest that the careful use of stimulus durations shorter than 
the critical time is a sensitive and useful method for detecting early glaucomatous visual field 
defects, even though the dynamic range of the threshold is narrow However, a stimulus dura- 
tion shorter than 10 msec presented with the Octopus l-2-3 leads to a reduction in the dy- 
namic range which may be too narrow to detect pathological visual field defects. 
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Abstract 

Purpose: A significant problem in perimetry is the enhanced variability of visual field in patients with 
and suspected of having glaucoma One possible source of this problem is poor fixation The purpose of this 
study was to determine the accuracy of fixation in a population of glaucoma patients during a full threshold 
visual field examination 

Methods: Results were collected from 16 clinically stable glaucoma patients all of whom exhibited a 
definitive nerve fiber bundle defect Eye position was monitored with a video-based system which captured 
a magnified image of the eye during each stimulus presentation The locations of the first and forth Purkinje 
images of a collimated infrared source were used to give a measure of eye position which was accurate to 
within 10 min of arc in both the horizontal and vertical meridians. 

Results: Fixation accuracy was generally very good although there were significant differences from one 
patient to another Comparisons with the Heijl-Krakau index indicate that patients with very poor fixation 
may be inadvertently classed as good fixators with this index and that patients with good fixation may have 
significant number of reported errors The results found no relationship between the extent of visual field 
loss and fixation accuracy and there was little evidence to show a change in accuracy of fixation with course 
of the examination 

Introduction 

In automatic static perimetry the differential light sensitivity is normally measured with a 
bracketing strategy. While repeat measures of this threshold show a small amount of variabil- 
ity in normal patients, in patients with glaucoma the variability is greatly enhanced’s2 The ex- 
tent of this increase in variability, which is particularly noticeable at the edge of defects3s4 is 
really quite staggering. Heijl et al 5 have reported that patients with an 8-18 dB loss will show 
variability (95% confidence limits) which exceeds the measurement range of the Humphrey 
Visual Field Analyzer (040 dB) This increase in variability makes it difficult to differentiate 
between non-significant random variations in the visual field and true progression It often re- 
quires several visual field results, taken over a long period of time, before a significant trend 
can be detected and appropriate changes in treatment made5,6 

The causes of this increased variability are as yet unknown although various researchers 
have suggested that it is the result of reduced number of nerve fibers, increased susceptibility 
to fatigue and poor fixation contro17s,9. 

The isolated scotomas found in the visual fields of patients with glaucoma often have steep 
sensitivity profiles and even small inaccuracies of fixation can result in a stimulus falling into 
or climbing out of one of these defects. Inaccuracies of fixation can, therefore, in the presence 
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of steep sensitivity gradients result in an increase in test/retest variability. A relationship be- 
tween the number of edges in the visual field and test/retest variability has already been dem- 
on&rated9 and the effects of instability in normal experienced observers quantified*. 

Previous research into the accuracy of fixation during perimetry has either used relatively 
insensitive, and often indirect, techniques of measuring fixation accuracy’O,l* or has used ex- 
perienced observers rather than glaucoma patientss~12~13 and continuously recorded fixation po- 
sition rather than sampling it during the presentation time of the perimetric stimulu&“. 

This study reports upon the fixation accuracy of a population of glaucoma patients during 
routine full threshold perimetry The eye movement recorded is accurate (10 min arc), non-in- 
vasive and linked to the perimeter in such a way that fixation accuracy can be measured dur- 
ing the presentation time of the perimetric stimuli. 

Materials and methods 

Patients 

Results were collected from nine right and seven left eyes of 16 clinically stable glaucoma 
patients, ten male, six female, whose average age was 74.94 years (61-88) All exhibited a de- 
finitive nerve fiber bundle visual field defect, as detected by previous Octopus perimetry. This 
visual field loss ranged from small isolated paracentral scotoma, through single and multiple 
arcuate defects onto quadrantopic loss and altitudinal loss and finally one patient with only a 
small residual island of vision extending into the temporal hemi-field. The inclusion criteria 
were, an acuity of better than 6/18 (62.5% of eyes had an acuity better than or equal to 6/9), 
the absence of any other known ocular, neurologic, or systemic disease likely to affect the 
visual field and relatively clear media with an intact crystalline lens. 
Eye position recorder 

Eye position was monitored with a video-based system which captured a highly magnified 
image of the eye during each stimulus presentation. The location of the first and forth 
Purkinje images of a collimated infrared source extracted from each image and stored in a 
computer file. The relative positions of these two images was used to give a measure of eye 
position which was accurate to within 10 min of arc in both the horizontal and vertical merid- 
ians over a measuring range of * 8 degrees. This technique of recording eye position was se- 
lected on the basis of it being non-invasive, accurate and relatively insensitive to translational 
eye movements14. 

A large dichromatic mirror placed in front of the patient’s eye allowed the recorder’s 
imaging path and the patient’s viewing path to be separated. The patient having an 
uninterupted view of the visual field screen out to an eccentricity of 25 degrees in all merid- 
ians 

Method 

At the onset of each examination the patient performed a series of calibration movements to 
4 LED targets placed 1 degree from the fixation target along the 0, 90, 180 and 270 degree 
meridians. The fixation target for perimetric testing was the same as that used in a standard 
Henson CFA3000, i e , a 2 mm white spot15 

The patient underwent a full threshold visual field test16%17 covering the central 24 degrees 
of the visual field on a 6 degree matrix decentered 3 degrees from the vertical and horizontal 
midlines Double determinations of the threshold were made at every test location (52 in all). 

This examination included 
- the standard Heijl-Krakau blind spot checking procedure for estimating fixation accu- 

racy’ ‘J2 
- measures of false positive and false negative rates. 
- computation of the indices, mean defect, loss variance, fluctuation and corrected loss 

variance as described by Flammer et al. lg. 
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The status of the visual field test and the video signals were continuously monitored by the 
perimetrist who, depending upon the status of the patient, included rest periods as per a stand- 
ard visual field examination 

Results and discussion 

Each visual field examination contained, on average, 528 stimulus presentations (range 
300-596) and took, on average, 21.50 min to complete (range 11 41-26 20). Fixation position 
was measured every fourth presentation which resulted in an average of 136 measures (range 
75-163) for each eye. 

An example of the results from the first 50 samples of a typical subject are given in Figure 
1 As can be seen from this figure the patient typically maintained fixation within 2 degrees of 
the target with occasional errors in excess of this, most of these larger errors being down and 
to the right 

The results from all the patients, grouped according to the size of errors, are given in Figure 
2 While most patients were able to maintain accurate fixation throughout the visual field ex- 
amination, rarely being more than 1 degree away from the fixation point, others (GM, JA and 
AJ) are more than 1 degree away on over 50% of the presentations and, not infrequently, have 
errors in excess of 3 degrees The fixation accuracy of AJ was notably worse than the others 
and could not, seemingly, be improved despite continued requests by the perimetristjre- 
searcher to maintain fixation and to keep the eye still 

The relationship between the Heijl-Krakau (H-K) index of fixation accuracy and fixation 
errors is also given in Figure 2. This index generally reported very few fixation losses with 
eight patients having 0% and no patients exceeding the 20% cut-off criteria, frequently used 
in clinical ophthalmology, between reliable and unreliable patients. 

Some patients with very good fixation had a H-K index greater than 0% This result can be 
explained on the basis of the accuracy of the blind spot location routine used at the onset of 
the examination. The spatial resolution of the perimeter is 3 degrees (the LEDs are located on 
a 3 degree square matrix) and it is highly likely that the established blind spot location did not 
always coincide with the center of the blind spot. In these cases a small fixation error in one 
direction could trigger a fixation loss while a similar error in the other direction would not 
The problems associated with locating the center of the blind spot have been highlighted by 
Sanabria et al lg who used the term “pseudo-loss” to describe situations in which there is a 
high frequency of fixation losses in a patient who by all other measures seems to be very reli- 
able. 

Given that the average size of the blind spot is in the order of 5.5 x 7 5 degrees and that its 
location has been determined with reasonable accuracy, it is unlikely that small fixation errors 
(< 2 degrees) would result in positive responses to the H-K test The results of patients DA, 
LAW and RH who show perfect fixation accuracy on the H-K index but who have a fairly 
high number of small fixation errors (< 2 degrees) can be explained on this basis Similar con- 
clusions were reached by Demirel and Vingrys12 who reported a less than 20% chance of 2 de- 
gree errors being detected by the H-K sampling procedure. 

Most studies of reliability indices 19-22 have reported much higher percentages of fixation 
losses than found in this study Two factors which might account for this disparity are 1) the 
patient selection procedures and 2) the nature of the examination. 

While no conscious effort was made to select reliable patients for this study the inclusion 
criteria of good VA, lack of other pathology and mobility may have inadvertently selected the 
more able patients with potentially better fixation. 

The nature of this study necessitated special examination procedures in which a highly 
trained and motivated clinician was responsible for all the data collection. This clinician was 
in attendance during the whole of the examination and was continually monitoring the data to 
see if there were any signs of fatigue and whether the patient needed a break There have been 
several reports of how the attentive presence of the perimetrist improves the quality of the 
perimetric data and the reduced number of fixation errors, as measured by the H-K index, may 
simply be a reflection of this 
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tion error during a single stimulus presentation. 

Fig 2. Frequency of fixation errors, grouped according to size, for each patient Also shown is the 
Heijl-Krakau index of fixation accuracy for each patient 
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Fig 5 The relationship between the extent of field loss (mean defect) and fixation accuracy (per- 
centage of fixation errors greater than 1 degree) The line through the data is the best fitting (least 
squares) regression line 

Patient AJ whose fixation can only be described as very poor obtained an H-K index within 
the clinically accepted high reliability range. This patient was frequently more than 3 degrees 
away from the fixation target and more often than not more than 2 degrees away. Such a result 
indicates that the cut-off routinely used by clinicians (20%) is unlikely to detect all patients 
with poor fixation and should not be considered hypersensitive as suggested by Bickler-Bluth 
et al 21 

The amplitude of the fixation error vs time for three patients, one good fixator, one average 
fixator and one poor fixator, are given in Figure 3 This figure again highlights the differences 
between patients and also demonstrates that there was little evidence of an increase in the am- 
plitude of errors with time. Fixation accuracy was sampled at every fourth stimulus presenta- 
tion which, depending upon the selected rate of presentation, would be at intervals of between 
nine and 12 seconds 

Any effect of fatigue upon fixation accuracy is further highlighted in Figure 4 where the av- 
erage fixation error of all patients is calculated for each quartile. This figure reveals little, if 
any, increase in the amplitude of fixation errors throughout the period of the examination. Al- 
though there may be some evidence to indicate a small shift from the accurate fixation (< 30 
min) to small errors (30-60 min) after the first quartile. When looking at these data it should 
be recalled that the duration of each examination varied significantly from one patient to an- 
other as did the number of presentations. It should also be recalled that rest periods were in- 
cluded when deemed necessary by the perimetrist. 

The chosen sample included patients with both early and advanced visual field loss An 
analysis of the fixation accuracy vs the extent of loss, as quantified by the index mean defect 
(see Fig 5) revealed no significant relationship. The regression line (least squares) drawn on 
this figure has a small positive gradient and a correlation coefficient of only +0 03. There is, 
therefore, no evidence to support the hypothesis that patients with advanced peripheral field 
loss develop diffferent fixation patterns when undergoing visual field examination. Some sup- 
port for such a hypothesis was given by the work of Katz et a1.22 who found that hypertensive 
and glaucomatous patients had worse reliability indices, and in particular more fixation 
losses, than normal patients. 
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The control of blinking during pupil perimetry 

Avinoam B Safran’, Gian Luca LafI?, Lucia Scorolli2 and Christophe Mermoudt 

‘Neuro-Ophthalmology Unit, Geneva University Hospital, Geneva, Switzerland and 
2Department of Ophthalmology, Bologna University Hospital, Bologna, Italy 

Abstract 

Pupil perimetry requires that tested subjects refrain from blinking during presentation of the light stimu- 
lus and the ensuing pupillary contraction For this purpose, a sound can be generated before the appearance 
of each light stimulus, as a signal to the subject to blink immediately and then to keep his eyes open for a 
few seconds When performed with an illuminated background, however, the reopening of the eyes results 
in a transient pupillary contraction. 

This study was undertaken to determine, under 3 asb background conditions, the minimal time lag re- 
quired between the sound and the light stimuli to prevent superimposition of the pupillary contraction fol- 
lowing reopening of the eyes on the contraction induced by the light stimulus 

Seventeen normal subjects were tested, using an Octopus l-2-3 automated perimeter, fitted with a 
pupillographic recording device Background intensity was 3 asb A 150-msec tone was presented at ten- 
second intervals Tested subjects were required to blink immediately on hearing the tone Pupillary record- 
ings were averaged with respect to the time of tone presentation 

The act of blinking following the tone resulted in a transient pupil contraction and redilation Changes in 
pupil diameter ranged from 0 01 to 0 33 mm (mean 0 12 mm), with a peak-time ranging from 1 04 to 1 99 
set (mean 1 54 set) following the presentation of the tone The following redilation was completed from 
1.02 to 2.96 set (mean 2 18 set) following the presentation of the tone 

When performing pupil perimetry using the procedure described above, at least three seconds should 
elapse between the presentation of the tone and the light stimulus 
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Test time and efficiency of the dynamic strategy in glaucoma perimetry 

Thomas Klimaschka and J&g Weber* 

Universitiits-Augenklinik KGln, Germany 

The dynamic strategy is a perimetric measurement procedure using variable (“dynamic”) 
luminance steps instead of constant steps ‘. These steps were derived from physiological data 
showing small threshold zones in visual field locations with high sensitivity and wide thresh- 
old zones in locations with low sensitivity 2 Based on a computer simulation, the optimal step 
size varies between 2 dB in the high sensitivity range and 10 dB in the low sensitivity range. 

We examined 40 glaucoma patients with both the traditional (double reversal) and the dy- 
namic strategy (single reversal) using a modified Octopus l-2-3 Sixteen visual field locations 
were examined alternately with both strategies, three times each The order of the initial strat- 
egy was randomized. 

The variance of the three measurements was calculated as a measure of reproducibility. The 
number of presented stimuli was recorded as a measure of test time. After eliminating starting 
points, absolute scotomata and fields showing progression, 255 measured locations were 
available for evalution 

To compare both methods, we calculated the benefit/cost-ratio 
Benefit = reproducibility = l/variance 
cost = time = number of presentations 
Benefit/cost = l/(variance * number of presentations) 
The variance of the three measurements depended on sensitivity It is shown in Table 1. In 

the normal sensitivity range, the dynamic strategy had a markedly lower variance For relative 
defects, the variance was higher using the dynamic method For low sensitivities, the dynamic 
strategy showed a lower sensitivity. 

Reproducibility shown in Table 2 by definition indicated that the dynamic strategy was 
more reproducible in the high and low ranges and less reproducible in the medium ranges 

The number of stimulus presentations per point is given in Table 3. It ranged from 2.09 to 
2 50 using the dynamic strategy and was almost independent of sensitivity Using the tradi- 
tional strategy, the number of stimulus presentations decreased with increasing sensitivity 
from 6.12 down to 4.20. More than half of the test time was saved using the dynamic strategy 

Regarding Table 4 the benefit/cost ratio (reproducibility/number of presentations) of the 
dynamic strategy was higher in all sensitivity classes 

The dynamic strategy shows comparable reproducibility, but markedly reduced test time af- 
ter a single reversal. This finding is also valid for the range of slightly abnormal sensitivities 
which is important for the decision of normality of borderline fields This finding is in accord- 
ance with a former study3. 

The dynamic strategy is superior in normal and borderline fields In lower sensitivities, the 
dynamic strategy is less reproducible, but this disadvantage is balanced by immense savings 
in test time. However, regarding clearly damaged fields, the long-term fluctuation is more im- 

*J Weber holds international patents on the dynamic strategy 
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Table I Variances of the three measurements at the same test point 

DLS Points Variance Variance Ratio of 
Dynamic Traditional variances 

WI W2) W2) 

l-10 25 17.75 2954 060 
1 I-20 84 2073 13 29 1 56 
21-25 81 6 18 437 1 41 
26-30 65 208 3 60 058 

DLS = differential light sensitivity 

Table 2 Reproducibilities of the three measurements at the same test point 

DLS 

(dB) 

Points Reproducibility 
Dynamic 
(I/dB2) 

Reproducibility 
Traditional 
(I/dB2) 

Ratio of 
reproducibility 

l-10 25 0.056 0034 1.67 
1 l-20 84 0048 0.075 0.64 
21-25 81 0 162 0.229 071 
26-30 65 0481 0278 1 72 

Table 3 Number of stimulus presentations (mean of three examinations) at particular test points 

Points No presentations No presentations Ratio of 
Dynamic Traditional No presentations 

I-10 25 2.09 6 12 034 
1 l-20 84 245 5 80 0.42 
21-25 81 250 5 08 049 
26-30 65 239 4.20 057 

Table 4 Benefit/cost ratio of the measurement procedure for both strategies 

DLS 
@B) 

Points BenejWcost 
Dynamic 

Benefit/cost 
Traditional 

Ratio of 
benefit/cost 

l-10 25 0 02696 000553 487 
11-20 84 0 01969 0 01297 1 52 
21-25 81 0.06472 0.04505 144 
26-30 65 020116 006614 3.04 

portant than the reproducibility Whether the shorter test time provokes less fatigue than long- 
term fluctuation is yet unknown Preliminary results from another center indicate such a cor- 
relation 

The dynamic strategy is a time-saving alternative in damaged fields. The effects of long- 
term follow-up are under investigation. 

A complete article will be published elsewhere. 



Test time and efficiency of the dynamic strategy 261 

References 

1. Weber J: Eine neue Strategie fir die automatisierte statische Perimetrie. Fort&r Ophthalmol 87:3740, 
1990 

2 Weber J, Rau S: The properties of perimetric thresholds in glaucomatous eyes Germ J Ophthalmol 1:79- 
85, 1992 

3 Vivell PMO, Lachenmayr BJ, Zimmermann P: Vergleichsstudie verschiedener perimetrischer Strategien 
Forts&r OphthalmoI 88:819-823, 1991 



Efficiency of the standard Octopus bracketing procedure compared to that of 
the “dynamic strategy” of Weber 

Mario Zulauf. Paul Fehlmann and Josef Flammer 

University Eye Clinic Basel, Switzerland 

Abstract 

Introduction: There is ample reason to strive for a shorter test without losing solid and reproducible in- 
formation on the function of the eye Intuitively, a long test should render a more precise and reproducible 
result, but in clinical reality fatigue etc may yield just the opposite1-3 There are two main ways to shorten 
visual field tests: An optimal distribution of test locations4,5, and an optimal test strategy may be chosen 
Fastpa&* and the “dynamic strategy” of Weberg-]* are recent attempts to optimize strategies in perimetty 

Purpose: To compare the standard Octopus strategy with the “dynamic strategy” of Weber in terms of 
reproducibility of the results, i e , short-term as well as long-term fluctuations in glaucoma 

Materials and methods: On a Octopus l-2-3 automated perimeter, 23 experienced, glaucomatous patients 
with predominantly local loss completed three test sessions, each consisting of a short training test followed 
by six visual tieIds, first “stage” (16 test locations) of program Glx, beginning at random with one strategy, 
then alternating the strategies 

Results: The mean defect (MD) obtained wj-th the dynamic strategy was (mean i S D ) 4 67 f 7 3 dB; that 
obtained with the standard strategy, 5 2 f 7 5 dB 0, <O 01) Short-term fluctuation (SF) averaged 3 2 f 4 1 
dB for the former and 2.9 i 3 8 dB for the latter strategy The total long-term fluctuation (LF) averaged 
7 8 i 19 2 dB and 6 4 f 16 5 dB, respectively whereas the LF of MD averaged 1 3 f 1 7 dB and 1 8 f 2 7 
dB, respectively The number of stimuli applied were 5 6 f 1 4 and 3 0 * 1 0, respectively In test locations 
with a normal sensitivity (defect < * 4 0 dB), MD averaged 1 1 f 1 2 and 0 8 * 1 5 dB, SF 1 4 f 1 7 and 
1 5 f 1 7 dB, the total LF 1 0 f 1.1 and 1 2 * 1.7 dB, and the number or stimuli averaged 2 6 * 0 7 and 
5 1 * 0 7, respectively 

Conclusions: For Weber’s dynamic strategy, SF and LF in individual test locations increase (15% and 
21%, respectively) as test time decreases (43%) Remarkable is the lower LF of MD (27%) The advantage 
of the dynamic strategy with regard to efficiency was greatest in normal areas 
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New thresholding algorithms for automated static perimetry 

Jonny Olsson’, Boel Bengtsson’, Anders Heijl* and Holger Rootzen’ 

‘Department of Mathematical Statistics and *Department of Ophthalmology in Malmii, 
University of Lund, Sweden 

Abstract 

A new type of algorithm for threshold determination in automated static perimetry is presented The new 
test algorithms employ advanced models of normal and glaucomatous visual fields to calculate a posterior 
distribution of thresholds which is used for threshold estimation and for estimating measurement errors in 
real time Algorithms can optimize stimulus presentation, and interrupt testing at prespecitied levels of 

accuracy This may reduce measurement errors and/or the number of questions 
We evaluated the new algorithms in simulations: 
1 Measurement errors were reduced by approximately 15% when using the new method for threshold 

estimation, without changing the standard staircase strategy 
2 The new data acquisition methods were tested in 50 normal fields, and 50 glaucomatous fields As 

compared with the standard Humphrey full threshold algorithm the mean squared threshold error decreased 
from 3 0 to 2.5 dB2 in normal and from 4 6 to 4 5 dB* in glaucomatous fields The number of questions 
decreased from 462 to 322 in normal and from 496 to 385 in glaucoma fields The reduction in the number 
of questions without increased measurement error shows the usefulness of the visual field models and the 
ability to keep control of accuracy 
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EARLY DIAGNOSIS OF GLAUCOMA 



The significance of the peripheral visual field in detecting early visual field 
changes in glaucoma 

A.L Haas’ and R.P. LeBlanc* 

‘University Eye Clinic, Inselspital, Bern, Switzerland and *Dalhousie University, 
Department of Ophthalmology, Halifax, Canada 

Abstract 

In some glaucoma suspects we find a normal central visual field tested with the Octopus program Gl 
and defects in the peripheral visual field which is measured only semiquantitatively We therefore were 
interested whether the quantitative testing of the peripheral visual field could give us additional information 
about the visual field in glaucoma suspects 

Patients: Seventy-seven patients with either early glaucoma or ocular hypertension were tested with the 
program Gl and a special Sargon program for the quantitative testing of the peripheral visual field 

Results: We found that 12% of the patients tested had an abnormal peripheral visual field but a normal 
central visual field Defects are statistically significantly increased in the upper, upper nasal and nasal pe- 
ripheral visual field compared to the rest of the visual field 

Conclusions: We believe that it is necessary to test the peripheral visual field in patients having ocular 
hypertension and a normal central visual field 
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Early perimetric diagnosis of glaucoma by stato-kinetic dissociation 
assessment 

E Gandolfo, F. Rossi, D. Ermini and M Zingirian 

University Eye Clinic of Genoa, Genoa, Italy 

Abstract 

A recent investigation l1 demonstrated that glaucomatous eyes with mild perimetric defects had a signiti- 
cant decrease of stato-kinetic dissociation (SKD), particularly in the central and paracentral visual field 
(VF). The aim of the present study was to verify if this alteration was also present in eyes of ocular 
hypertensives, as a sign of initial optic nerve damage 

Material and methods: Fifty ocular hypertensive subjects with normal VF (Humphrey 30-2) underwent a 
perimetric custom test designed for the assessment of SKD The results were compared with those of two 
control groups (50 normal and 50 glaucomatous subjects), by means of the analysis of variance (ANOVA). 

Results: In comparison with the normal group, SKD was, on average, significantly decreased both in 
glaucomatous (p < 0 001) and in ocular hypertensive (p < 0 001) patients The difference between the glau- 
coma and ocular hypertensive groups was also significant (p < 0 01) 

Discussion - conclusions: A statistical limit was calculated to separate abnormal responses inside the 
group of ocular hypertensive subjects In our sample, 16 out 50 ocular hypertensive subjects showed a 
pathological SKD, that could represent the first sign of optic nerve damage, even if further investigations 
and an extended follow-up are needed to confirm our hypothesis 

Introduction 

Stato-kinetic dissociation (SKD) is a well-known perimetric phenomenon The first report 
dates back to the first decades of the century (1917), when Riddoch gave a description of SKD 
in subjects suffering from occipital cortex lesions’ 

In recent years, SKD was the subject of many investigations, and its presence was demon- 
strated in patients with optic nerve*, optic tract* and chiasma13 abnormalities, and in normals 
too”9. 

Hudson and Wildlo carried out an in-depth study, that allowed them to quantify importance 
of SKD in normals, using the Humphrey Field Analyzer, model 640 They demonstrated that 
SKD is a physiological phenomenon, independent from the stimulus size and only partly in- 
fluenced by the rate of movement of kinetic targetslo. 

In a recent investigation”, the following SKD characteristics were pointed out. 
- SKD is a constant physiological phenomenon; 
- SKD is influenced by eccentricity. it is increased in the peripheral visual field (VF); 
- SKD is influenced by age: it is increased in elderly subjects, especially in the periphery of 

VF; 

This work was supported by a grant from the C N R Prog Finalizzato Invecchiamento Contr N 
93 00468 PF40 (Italy) 
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- SKD is partly influenced by sex (in the centro-paracentral VF it is more evident in males) 
and by the specific VF area explored (it is greater in the upper VF) 

The SKD assessment in subjects with perimetric defects due to different diseases allowed 
us to observe the following”: 
- in subjects with cataract, SKD increased only in the peripheral VF; 
- in subjects with retinopathies, SKD increased in all VF areas, but especially in the periph- 

ery; 
- in subjects with optic nerve or chiasmal lesions, SKD was not modified; 
- in subjects with occipital cortex damage, SKD increased, especially in VF periphery; 
- in glaucomatous subjects, SKD decreased in centro-paracentral VE areas. 

Only statistically significant differences (analysis of variance, ANOVA) were taken in ac- 
count. 

Such results, and above all the peculiar SKD decrease in VF areas with early glaucomatous 
damage, suggested that we verify if this behavior was also present in subjects with ocular hy- 
pertension, as an initial sign of optic nerve damage, in absence of typical perimetric defects. 

Materials and methods 

Fifty subjects with definite ocular hypertension and normal visual field (Humphrey 30-2) 
were tested by an automatic perimetric program especially designed for SKD assessment. The 
results obtained were compared with those of two control groups (normal subjects and glauco- 
matous patients), each consisting of 50 individuals, homogeneous for age and other character- 
istics: 

First control group (50 normal subjects) 
- Age: 62.78 f 11.58 years (min 41; max.: 83); 
- Sex 29 females and 21 males; 
- Pupillary diameter: normal (between 2 5 and 5 mm); 
- Refractive error: less than 3 D of global ametropia, with less than 1 D of astigmatism; 
- No ocular or general diseases; 
- Visual acuity: more than 0.7; 
- Previous experience of automated perimetry (static and kinetic); 

Second control group (50 glaucomatous subjects) 
- Age: 60 52 f 13 01 years (min.: 21; max.: 79); 
- Sex: 27 females and 23 males; 
- Pupillary diameter. normal (between 2.5 and 5 mm); 
- Refractive error: less than 3 D of global ametropia, with less than 1 D of astigmatism; 
- No ocular or general diseases (except for a confirmed bilateral open-angle glaucoma, well 

controlled by beta-blockers, with initial typical VF defects, stable in several perimetric ex- 
aminations); 

- Visual acuity: more than 0 7; 
- Previous experience of automated perimetry (static and kinetic); 

Third group (50 ocular hypertensive subjects) 
- Age: 61.64 f 8.93 years (min : 41; max.: 80); 
- Sex: 24 females and 26 males; 
- Pupillary diameter: normal (between 2.5 and 5 mm); 
- Refractive error less than 3 D of global ametropia, with less than 1 D of astigmatism; 
- No ocular or general diseases (except for a confirmed ocular hypertension, with bilateral 

IOP more than 22 mmHg, detected during at least three controls and with normal VF in sev- 
eral perimetric tests carried out with the program 30-2 of the Humphrey VFA); 
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Compared groups (ANOVA) Mean ages i SD 

Normals vs glaucomas 62 78 f 11 58 / 60.52 * 13.01 
Normals vs hypertensives 6278*11.58/6164%893 
Hypertensives vs glaucomas 61 64 f 8 93 / 60 52 * 13 01 

*no significant difference among the considered samples 

P 

0 36* 
0 58* 
0 62* 

\ 

EYE \ meridian \ 

Fig I Custom program “STAT-GIN” designed for the assessment of “stat0-kinetic dissociation” by auto- 
matic perimetry. 

- Visual acuity: more than 0.7; 
- Previous experience of automated perimetry (static and kinetic); 

The three groups were evaluated by the analysis of variance (ANOVA), in order to verify if 
the mean ages were comparable. The results obtained (Table 1) confirmed the lack of signifi- 
cant differences among the mean ages of all enrolled groups. 

For the SKD quantification, we used a custom perimetric program, named “STAT-GIN” 
with the Perikon PCL 9012 perimeter. This program performs a kinetic test along two merid- 
ians placed in the superior and inferior temporal VF sectors, by means of three stimuli with 
area l/4 mm2 (target I, of the Goldmann set) and decreasing luminances (15, 20, 25 dB). The 
standard rate of movement of the above-mentioned test strategy was 5’ per set in the VF pe- 
riphery and 3” per set inside the central 30” The meridians were chosen in such a way as to 
avoid the cecal and pericecal areas - regions in normal subjects where considerable threshold 
variations are present (meridians 45 and 300 for the right eye, meridians 135 and 240 for the 
left eye). 

After the kinetic phase, the program proceeded with a static threshold test along the same 
meridians, by means of randomized presentations at the following eccentricities: 3-6-9-12-15- 
18-21-24-27-30-33-36-39-42-45-48-51-54-57-60’ (Fig. 1). 
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Table 2 Static thresholds corresponding to the kinetic stimuli (15, 20 and 25 dB) perception eccentricities in 
the three considered groups 

Kinetic stimulus Corresponding static threshold (Mean f SD) 

Normal subjects 
15 dB 
20 dB 
25 dB 

Glaucomatous subjects 
15dB 
20 dB 
25 dB 

Hypertensive subjects 
15 dB 
20 dB 
25 dB 

1325i238dB 
17375189dB 
21 49 f 171 dB 

13 47 f 2 33 dB 
17 47 + 2 16 dB 
23 65 * 2 64 dB 

13 01 * 2.29 dB 
17 61 l 2 69 dB 
22 69 i 3 29 dB 

KINETIC STIMULI 

@j ,5 DECIBEL n 20 DECIBEL 0 25 DECIBEL 

DECIBEL . A 
t 

25f 1 
24 
23 
22 
21 
20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 

NORMALS GLAUCOMAS HYPERTENSIVES 

1 SD STATIC THRESHOLDS 

2 69 A- 
I 17.61 

22.69 

1 ‘? 

L 

Fig 2 Static thresholds in the three studied groups, at the perception eccentricities of the used kinetic 
stimuli (15,20 and 25 dB) 

Therefore, the “STAT-GIN” program allowed us to establish the eccentricities at which the 
three kinetic stimuli were perceived and the static threshold of the target with the same area at 
those eccentricites was determined. 

When the kinetic threshold did not exactly coincide with one of the statically tested eccen- 
tricites, a theoretical static threshold value was calculated interpolating the immediate periph- 
eral and central thresholds 
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Compared groups (ANOVA) 

Peripheral visualfield 
Normals vs glaucomas 
Normals vs hypertensives 
Hypertensive vs glaucomas 

Intermediate visual field 
Normals vs glaucomas 
Normals vs hypertensives 
Hypertensives vs glaucomas 

Central and paracentral visual field 
Normals vs glaucomas 
Normals vs hypertensives 
Hypertensives vs glaucomas 

Mean static threshold * SD P 

13 25 f 2 58 I 13 47 f 2 33 051* 
1325~t258/1301*224 0 16* 
1301&224/1347%233 0 15* 

1737i189/1747*216 073* 
1737&189/1761*269 0 47* 
17 61 f 2 69 I 17 47 * 2 16 0 69* 

2149*171/2365~264 <OOOl 
2149~171/2269*329 <OOOl 
22 69 i 3 29 I 23 65 * 2 64 < 0 01 

* no statistically significant differences 

Table 4. Individual results analysis (50 hypertensive subjects) 

Threshold limit value considered = 2 1 49 + 3 42 = 24 9 1 dB 

Number of hypertensive subjects showing static threshold more than 24 91 dB at least in one location = 16 (32%) 

Statistical analysis 

ANOVA was used to compare the static thresholds detected at the kinetic stimuli percep- 
tion eccentricities in the enrolled groups, for the three VF zones 

For the individual results analysis, we established the normal limit value as double the SD 
detected in the normal subjects. We considered as abnormal those ocular hypertensive patients 
in whom SKD was less than this limit 

Results 

The static thresholds detected at the eccentricities of perception of the three kinetic stimuli 
(15, 20 and 25 dB) are shown in Table 2 and Figure 2. 

The statistical comparison (ANOVA) between kinetic and static thresholds showed in all 
cases a highly significant difference (p < 0 0001). The statistical comparison (ANOVA) 
among the static thresholds of the three groups showed no significant differences with respect 
to the peripheral and intermediate VF areas. 

6n the contrary, with respect to the central and paracentral VF, the differences among the 
means were statistically significant, both in the comparison between normal and glaucoma- 
tous or hypertensive subjects and between glaucomatous and hypertensive patients (Table 3) 

For the analysis of individual results in ocular hypertensive patients (Table 4), we consid- 
ered eyes with a sure SKD alteration, those with one or more static thresholds, in the central 
or paracentral VF, more than the mean normal value (21.49 dB) plus double the SD (1.71 x 2 
= 3.42). 
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Conclusions 

The present investigation demonstrates in more than 30% of ocular hypertensive patients 
that there is a significant reduction of the physiological SKD, similar to that typical of glauco- 
matous subjects with true VF damage. 

Such results agree with recent investigations that showed alteration of movement detection 
in the VF of glaucomatous subjects 13. We conclude, that a significant SKD reduction may rep- 
resent, in absence of true perimetric defects, an early sign of glaucomatous damage of the 
visual system. It may be suitable for separating patients with initial damage caused by ocular 
hypertension, who need drug administration or more frequent and in-depth control. Certainly, 
further studies and an extended follow-up are necessary to confirm this hypothesis. 
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Central visual dysfunction in early-stage glaucoma 

Kuniyoshi Mizokami and Yoshiaki Tanaka 
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Abstract 

The authors statistically evaluated the central visual function of glaucoma patients for analysis of early 
central visual dysfunction-type glaucoma. 167 eyes of 124 patients with primary open-angle glaucoma 
showing early to moderately advanced visual field changes were examined Contrast sensitivity function 
and visual acuity after correction were examined in all subjects 

Presence of nerve fiber layer defect in the papillo-macular bundle was also determined The mean values 
of age, corrected refraction (D), and stage of visual field damage were compared between the central visual 
dysfunction and normal central function glaucoma group 

Contrast sensitivity dysfunction and poor visual acuity were observed frequently in patients in the 
younger and myopic group Myopia with refraction of -4D to -SD was observed only in the low visual acu- 
ity group Corrected refraction was more frequently between OD and -6D in patients with positive nerve 
fiber layer defect (NFLD) than in those with no NFLD 

Younger patients with moderate myopia may be at risk to have an early central visual dysfunction-type 
glaucoma. 

Introduction 

Recently, visual function in glaucoma has been studied by tests of contrast sensitivity (CS)‘, 
color vision2, and pattern ERG3, and central visual dysfunctions have been shown to develop al- 
ready at an early stage of glaucoma. 

Also, some patients lose visual acuity already at a stage when the peripheral visual field re- 
mains relatively intac@, a phenomenon at variance from the accepted pattern of progression of 
glaucomatous visual impairment. 

In this study, we statistically evaluated the central visual function of glaucoma patients for 
analysis of this early central visual dysfunction-type glaucoma. 

Subjects and methods 

167 eyes of 124 patients of primary open-angle glaucoma with high ocular pressure (over 21 
mmHg) aged 12 to 75 years (mean 51.5 years) were examined. 

Forty eyes showed no visual field change but had an abnormal visual field in the opposite 
eye; 127 eyes showed early to moderately advanced visual field changes (up to stage III-b by 
Kosalci’s staging6, I-a: normal field by kinetic Goldmann perimetry, I-b: abnormal field de- 
tected only when more precise method is used, II-a: normal for isopter 14, but abnormal for 
isopters I-3, I-2 and I-l, II-b: abnormal for isopter 14, III-a: field loss not exceeding a quarter 
of the V-4 isopter, III-b: defects not exceeding half of the V-4 isopter). All patients had no 
other disorders in the anterior structures of the eye, optic media, or the fundus. No patient had a 
history of intraocular surgery. 
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Evaluation of central visual functions 

Visual acuity after correction and CS were examined in all subjects. CS was evaluated by 
measuring the thresholds using an CS meter controlled with a microcomputer’. Under condi- 
tions of an eye-screen distance of 1 m, a mean screen brightness of 20 cd/m, and an image size 
of 4 x 5 degrees, the threshold was measured three times each at six levels of spatial frequency 
of 0 7, 1.4, 2 5, 3 5, 7.0, and 15.0 cpd, and the mean of the three measurements was calculated. 
The subjects were divided into those aged less than 40 years, those in their 40’s, those in their 
50’s, and those aged 60 years or above, and the mean and the standard deviation were calculated 
for each level of spatial frequency in each group The threshold was considered to be reduced 
when the value was lower than the mean minus the standard deviation at two or more levels of 
spatial frequency (CS dysfunction). 

The mean values of the age, corrected refraction (D), and stage of visual field damage 
(Kosaki’s staging) were compared between the CS dysfunction and normal central function 
group (Student’s t test) 

Visual field changes staged as I-a, I-b, II-a, II-b, III-a, and III-b by Kosaki were scored 1, 
2, 3, 4, 5, and 6, respectively. The differences in the mean value of the score were examined 

Nerve fiber layer defect (NFLD) in the papillo-macular bundle 

NFLD in the papillo-macular bundle was determined according to the method described in a 
previous report’ by red-free fimdus photography (Canon CF60Z, Kodak Wratten filter No 58) 
in 105 eyes of 74 patients The mean values of various parameters were compared between the 
eyes with no NFLD (none and slit type combined) and those with positive NFLD (band type and 
diffuse type combined) (Student’s t test). 

Results 

Relationship between central visual functions and various factors 

Stage III-a visual field changes were observed more frequently in the CS dysfunction group, 
but the mean score of visual field changes was 4.27 + 1 29 and 3 20 + 1 68 in the CS dysfimc- 
tion group and normal central function group, respectively. The difference was not significant 
(NS) (Table 1) 

CS dysfunctions were observed more frequently in patients in their 10’s and 20’s, but the 
mean age of that group was 46 1 i 13 5 years while that of the normal function group was 52.9 
f 12 8 years (NS) (Table 2) 

Myopia with refraction between -2D and -6D tended to be more frequent in the CS dysfimc- 
tion group than in the normal group, and the mean refraction was -2.47D f 2.86 and -1.40D f 
2.73, respectively, with a significant difference (p < 0 05) (Table 3). 

Low visual acuity (less than 1.0) was observed frequently in patients in their 10’s and 20’s, 
and the mean age of the low visual acuity group was 34.7 f 14.2 years while that of the normal 
group was 52 2 f 12.7 years (Table 4). 

Low visual acuity was observed only in the myopic group with refraction of AD to -8D, and 
the mean refraction was -5 86D f 1 54 in the low visual acuity group but -1.46D f 2.69 in the 
normal group (significant at p < 0.01) (Table 5) 

Relationship between NFLD in the papillo-macular bundle and various factors 

The mean values of various parameters in patients with no NFLD were compared with those 
with positive NFLD. 

The mean age was 49.8 f 10 4 years and 47.8 i 14 5 years (NS): the mean score of visual 
field changes was 3 02 f 1 71 and 4.11 * 1.55, respectively (NS). However, corrected refraction 
was more frequently between OD and -6D in patients with positive NFLD than in those with no 
NFLD. The mean refraction was -2 61D & 2.59 and -0 88D * 2.36, respectively, with a signifi- 
cant difference (p < 0.01) (Table 6) 
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Table I Contrast sensitivity and visual field damage 

Visual field 

count Kosaki 

Contrast sensitivity 

Normal Dysfunction 

1 I-a 37 
2 I-b 9 
3 II-a 21 
4 II-b 21 
5 III-a 36 
6 III-b 8 

Total (167 eyes) 132 35 

Mean 3 20 4 27 
SD 1 68 1 29* 

3 
3 
4 
4 

19 
2 

*NS 

Table 2 Contrast sensitivity and age 

Contrast sensitivity 
Normal Dysfunction 

10-19 3 
20-29 6 
30-39 12 
40-49 27 
50-59 33 
60-69 45 
70-75 6 

Total (167 eyes) 132 

Mean 52 90 
SD 12 80 

35 

46 10 yr 
13 50* 

*NS 

Table 3 Contrast sensitivity and refractive error 

Refractive 
error (0) 

Contrast sensitivity 
Normal Dysfunction 

-6- -8 5 2 
A--6 15 9 
-2- -4 11 7 
G-2 32 5 
o- +2 62 10 
+2- +4 8 1 

Total (167 eyes) 132 35 

Mean -1 4 -2 47 D 
SD 2 73 2 86 * 

* Significant, p = 0 05 Student’s t 
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Table 4 Visual acuity and age 

Visual acuity 
>I0 <IO 

10-19 4 2 
20-29 8 3 
30-39 17 
40-49 32 
50-59 44 
60-69 50 1 
70-75 6 

Total (167 eyes) 161 6 

Mean 52 2 34 7 yr 
SD 12 7 142 * 

* Significant, p = 0 01 Student’s t 

Table 5 Visual acuity and refractive error 

Refractive 
error (0) 

Visual acuity 
>I0 <IO 

-6- -8 10 2 
-4--6 24 4 
-2- 4 21 
o--2 25 
o-+2 72 
+2- +4 9 

Total (167 eyes) 161 6 

Mean -1 46 -5 86D 
SD 2 69 1 54 * 

* Significant, = p 0 0 1 Student’s t 

Table 6 Macula nerve fiber layer defect (NFLD) and refractive error 

Refractive 
error (0) 

Macula NFLD 
+ 

-6- -8 2 2 
A--6 5 9 
-2- 4 8 9 
o--2 24 13 
o- + 2 30 11 
+2- +4 2 0 

Total (105 eyes) 61 44 

Mean -0 88 -261 D 
SD 2.36 2 59 * 

* Significant, p = 0 01 Student’s t 
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Discussion 

As we reported previously*, the severity of central visual dysfunctions associated with glau- 
coma varies widely. Central visual dysfunctions other than a reduction in the central visual acu- 
ity associated with a degree of impairment of the papillo-macular fibers are observed in some 
patients even at a stage when the visual acuity is intact and visual field changes are still unre- 
markable. 

In this study, we evaluated central visual function in glaucoma patients using contrast sensi- 
tivity and visual acuity after correction Myopia tended to be more advanced, and younger pa- 
tients with moderate myopia were encountered more frequently in the central visual dysfunction 
group Significant differences were observed between the central visual dysfunction group and 
the normal central function group in the mean value of the corrected refraction and the age (Ta- 
bles 3, 4, 5). Of the six patients classified in the low visual acuity group, many were in their 
10’s or 20’s and had moderate myopia (Figs 4, 5). In this study there may be too few glaucoma 
patients in the group with low visual acuity to make a significant statement other than that the 
visual acuity loss is serious and represents the final stage of central visual dysfunction 

The diagnosis of these patients is considered to be an early central visual dysfunction-type 
glaucoma, which is not consistent with the expected pattern of progression of glaucomatous 
visual dysfunction NFLD in the papillo-macular bundles was evaluated as an objective index of 
central visual dysfunction. A significant difference was observed in the mean corrected refrac- 
tion between a group with positive NFLD and a group with no NFLD, and the positive NFLD 
group included more patients with myopia between OD and -6D (Table 6) 

However, no significant difference was observed in factors such as the age and the stage of 
visual field changes between the two groups. 

These results suggest that myopia is a risk factor of central visual dysfunctions in glaucoma 
Progression of visual dysfunctions is known to be quicker when glaucoma is complicated by 
myopia9, and this may be explained by increased vulnerability of axons to changes in the 
intraocular pressure due to abnormal morphology and circulatory disorders of the optic disk in 
myopic eyes. 

Central visual dysfunctions tend to occur at relatively young ages Dysfunctions in the pe- 
ripheries of the retina are considered to be more likely to occur in older individuals, in whom 
the number of axons is reduced due to aging. Thus, peripheral visual dysfunctions may become 
apparent in older people before the development of central visual dysfunctions due to myopialo. 
This may also indicate a difference in the resistance of peripheral visual functions to changes in 
the intraocular pressure between younger and older individuals. 

References 

1 Stamper RL, Hsu-Winges C, Sopher M: Arden contrast sensitivity testing in glaucoma Arch Ophthalmol 
100~947-950, 1982 

2. Airaksinen PJ, Lakowski R, Drance SM, Price M: Color vision and retinal nerve fiber layer in early glau- 
coma Am J Ophthalmol 101:208-213, 1986 

3. Papst N, Bopp M, Schnaudigel OE: Pattern electroretinogram and visually evoked visual potentials in 
glaucoma. Graefe’s Arch Ophthalmol 222:29-33, 1984 

4 Anctil JL, Anderson DR: Early fovea1 involvement and generalized depression of visual field in glaucoma 
Arch Ophthalmol 102:363-370, 1984 

5 Picket JE, Teny SA, b’conner PS, Ohara M: Early loss of central visual acuity in glaucoma Ophthalmol- 
ogy 92:891-896, 1985 

6 Kosaki H, Nakatani H, Tsukamoto H, Nakauchi M: Topographical studies of field defects in various stages 
of primary chronic glaucoma Dot Ophthalmol Proc Ser 14:121-129, 1976 

7 Mizokami K, Asai T: Contrast sensitivity, visual field defect and retinal nerve fiber defect in glaucoma In: 
Heijl A (ed) Perimetry Update 1988/89, pp 289-295 Amsterdam/Berkeley/Milan: Kugler & Ghedini Pub1 
1989 

8 Mizokami K, Katsumori N, Miyazawa H: Early fovea1 dysfunction in glaucoma Dot Ophthalmol Proc Ser 
491469474, 1987 

9 Phelps CD: Effect of myopia on prognosis in treated primary open-angle glaucoma Am J Ophthalmol 
93:622423, 1982 

10 Balazsi AG, Rootman J, Drance SM, Schulzer M, Douglas GR: The effect of age on the nerve fiber popula- 
tion of the human optic nerve Am J Ophthalmol 97:760-766, 1984 



Updating the role of diffuse field loss in glaucoma diagnosis 
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Abstract 

The aim of this study was to investigate whether a global reduction of light sensitivity can be considered 
as the earliest perimetric sign of glaucoma, by using other clinical tests, in addition to automated perimetry 
We defined a significant difference in mean deviation (MD) to be more than 1 5 dB Sixty-five glaucoma 
suspects with a normal visual field, but with this MD asymmetry underwent threshold perimetry 
(Humphrey, 30-2), high-pass resolution perimetry, optic nerve head computerized analysis (“retinal nerve 
fiber layer height” program) and pattern electroretinography When the results of at least two of these addi- 
tional tests were significantly abnormal, the subjects were arbitrarily classified as glaucoma patients Our re- 
sults showed 31 (88 57%) of the 35 subjects whose difference in MD value between the two eyes was less 
than 1 8 dB had normal responses to the other tests Among the 30 subjects who showed a difference of 
more than 1 8 dB, 14 (46 6%) had a glaucoma diagnosis confirmed by the other tests 

Introduction 

The hypothesis that a diffuse reduction of differential light sensitivity could be considered 
as the earliest perimetric sign of glaucoma1-3 is controversial&” We studied whether this hy- 
pothesis could be confirmed using other clinical tests: high-pass resolution perimetry (HRP), 
estimates of retinal nerve fiber layer height (RNFLH) and pattern electroretinography 
(PERG). 

Materials and methods 

We selected 65 glaucoma suspects, evaluated during the last three years Their ages were 
between 26 and 58 years (average age: 44 26 i 10.29) They were already tested with 
Humphrey 640 VFA, program 30-2, with normal perimetric findings, but with asymmetry in 
MD value, more than 1 5 dB - t* i4. The subjects had a family history of glaucoma and/or an 
intraocular pressure of 22 mmHg or more. Exclusion criterion were. (1) subjects taking medi- 
cations, such as tranquilizers, that might influence their responses during the visual field (VF) 
examinations; (2) those with poor reliability indices altered; (3) subjects with any ocular or 
systemic disease that might interfere with the VF results; (4) those whose best corrected 
visual acuity was 0.7 or worse; (5) subjects who required more than * 5.0 diopters of spherical 
refractive correction; (6) those with asymmetry of refractive error of more than 1.5 diopters of 
spherical or cylindrical correction; (7) those whose pupils smaller than 2 5 mm; (8) subjects 
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Table I Comparison (ANOVA) between the means of age and refractive errors of the two groups (normals 
and glaucoma suspects) 

No Normal subjects 
25 (50 eyes) 

Glaucoma subjects P 
65 (I 30 eyes) 

Age 

Refractive 
error 

45 64*9 35 44 26 i 10 29 041 

+009%165 + 0 19 ck 1 87 0 74 

no statistically significant differences 

with no more than one isolated point with a p value < 2% and no more than two adjacent 
points with a p value < 5% in both their “total deviation” and “pattern deviation” maps. As a 
control group, we selected 25 normal subjecs, whose average age and refractive data were 
similar to those of glaucoma suspects (Table I), but with normal IOP and MD asymmetry less 
than 1 dB. In order to compare the average values of age and of refractive data in the two 
groups and to test the uniformity of the samples, ANOVA method was utilized 

All subjects underwent: (1) standard perimetry; (2) high-pass resolution perimetry (High- 
Tech Vision, Sweden), evaluating both the mean score (MS) and the “functional channel frac- 
tion” (FCF) indices15-‘*; (3) optic nerve head computerized analysis (Image-net IS 100 sys- 
tem, Topcon, Japan), program “retinal nerve fiber layer height” (RNFLH); with regard to that 
program, we took into consideration the relationship between the height of the nerve fibers ly- 
ing on the vertical meridian and those lying on the horizontal one (V/H ratio: average normal 
value = 4/1))ig-**; (4) pattern electroretinography was performed23-26, by using the Amplaid 
SD 15 and by utilizing the following standards: 

- recording electrode: at the inferior conjunctival fornix 
- ground electrode: at vertex (Fpz lo-20 International System) 
- reference: linked mastoids 
- video monitor subtending 20” of visual angle 
- video monitor luminance 100 cd/m2 
- bandpass. 0 5-50 Hz 
- sampling time. 150 msec 
- stimulus: vertical sinusoidal bars 
- contrast: 75% 
- spatial frequency: lo 
- temporal frequency 7 Hz 
- number of stimuli 500 

Our normative values can be found in a previous study27. 
We took into consideration the peak to peak amplitude, which is related to the density of 

the ganglion cells. 
The results obtained in all clinical tests were compared by means of linear regression, in or- 

der to verify the significance of the correlations In order to analyze the individual results, we 
considered the subjects who had at least two abnormal additional tests as glaucomatous pa- 
tients, following the criteria indicated below. 

The values we considered as normal reference limits, with regard to the additional clinical 
tests, derived from literature data (RNFLH and PERG)20-27 or from the data from the control 
group (MS and FCF indices of the ring perimetry). 

HRP 

The normal subjects showed the following average differences between the two eyes: MS = 
0 4 * 0 26; FCF = 8.76 f 5.99 We considered as abnormal the subjects whose difference be- 
tween the two eyes was more than the normal mean value plus twice the standard deviation 
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Table 2 Calculation of the normal limits concerning “MS” and “FCF” on the basis of the normal group re- 
sults (25 people, 50 eyes) 

Mean difference between the 
two eyes + 2 SD (“MS’) 

Mean difference between the 
two eyes + 2 SD (“FCF”) 

040+2x026=040+052 

Normal limit (“MS”) = 0.92 

876+2x599=876+1198 

Normal limit (“FCF”) = 20 74 

Table 3 Correlation between the tests (linear regression) 

Correlation T df P 

MD vs MS 
MD vs FCF 
MD vs PERG 
MD vs RNFLH 
MS vs FCF 
MS vs PERG 
MS vs RNFLH 
PERG vs FCF 
RNFLH vs FCF 
PERG vs RNFLH 

9 59 178 < 0 0001 
13 90 178 < 0 0001 
10 45 178 < 0 0001 
3 19 178 coo1 
7.12 178 < 0 0001 
9 32 178 < 0 0001 
3 22 178 coo1 
7.40 178 < 0 0001 
3 38 178 < 0001 
2 49 178 co1 

MD = mean deviation (Humphrey 30-2); MS = mean score (HRP); FCF = functional channels fraction 
(FEW); PERG = pattern electroretinogram (Amplaid SD 15); RNFLH = retinal nerve fiber layer height 
(Image-net) 

(SD) value in one or both these indices (MS = 0 4 + 0 26 x 2 = 0 4 + 0.52 = 0.92; FCF = 8.76 
+ 5 99 x 2 = 8.76 + 11.98 = 20.74) (Table 2). 

RNFLH 

Previous experiences*&** suggested to us to consider as abnormal a difference between the 
two eyes of more than 1.5, as far as the V/H ratio is concerned 

PERG 

A difference of the peak to peak amplitude of more than 1.04 pV, between the two eyes, 
was considered as abnormal, on the basis of our previous experiences27 

Results 

Thirty-one (88.57%) of the 35 subjects whose difference in MD value between the two eyes 
was less than 1.8 dB showed normal responses to the other tests; only two subjects showed 
mild alterations of HIW. Two other subjects had an alteration of nerve fiber height, while only 
one subject had a significant alteration of PERG All these alterations were present in differ- 
ent patients and not associated. 

Among the 30 subjects who showed a difference of MD more than 1 8 dB, 14 (46.6%) had 
a “glaucoma diagnosis” confirmed by the other tests: nine subjects had both HRP and PERG 
alterations; the other five subjects had both HRP and RNFLH alterations In all these cases, 
the “worst” eye was the one with a higher MD value. Statistical analysis (linear regression) 
showed significant correlations between the results obtained with the various tests performed, 
although with different significance levels (Table 3). 
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Discussion 

We observed a good correlation between the MD value and the results of the additional 
tests that we performed. The results of this study do not allow us, of course, to affirm that a 
global mean sensitivity depression is the earliest perimetric sign of glaucomatous damage. We 
think, however, that this condition may occur, at least in some cases. In particular, we would 
like to emphasize the importance of the asymmetry of MD values between the two eyes, as a 
sign that suggests early optic nerve damage. We believe the presence of an MD asymmetry in 
a glaucoma suspect is evidence of abnormal optic nerve function: look at this asymmetry be- 
tween the two eyes! 
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Location of early field deterioration in glaucoma suspects 

D. Poinoosawmy, A I McNaught, F.W Fitzke and R.A Hitchings 
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United Kingdom 

Abstract 

Purpose: To investigate the frequency and spatial distribution of visual field locations showing the earli- 
est evidence of deterioration in two groups: ocular hypertensives and initially normal fellow eyes of unilat- 
eral normal-tension glaucoma patients 

Method: All initial visual fields were normal in both ocular hypertensives (OHT) and fellow eyes of uni- 
lateral normal-tension glaucoma subjects (NTG) Visual fields were analysed using pointwise regression 
analysis. Eyes which demonstrated at least one location with a statistically significant (p < 0 05) negative 
regression slope and rate of loss faster than 1 dB/year were defined as progressing In each of those eyes de- 
fined as progressing the site(s) and number of the first regression slope(s) which met the progression criteria 
were recorded 

Results: In OHT, 12 eyes of 12 patients from a group of 380 were identified as showing visual field pro- 
gression In NTG, 17 fellow eyes from a group of 51 subjects demonstrated visual field progression There 
was a statistically significant difference between the number of locations showing the earliest evidence of 
progression in OHT and NTG (Mann Whitney Rank Sum p < 0 01): OHT demonstrated the earliest appear- 
ance of regression slopes satisfying the definition of deterioration at more locations simultaneously than 
those eyes with NTG. There were differences in the spatial distribution of the earliest deteriorating locations 
between both groups. 

Conclusion: The earliest evidence of visual field progression in OHT involve more field locations than 
normal fellow eyes in NTG The sites involved were closer to fixation in the NTG eyes This may suggest 
differences in the mode of onset of visual field loss in high-tension glaucoma and normal-tension glaucoma 

Introduction 

There may be differences between the distribution of field defects in patients with glau- 
coma associated with a high intraocular pressure (IOP) and those patients with normal levels 
of IOP. Drance and coworkers’ have described more diffuse loss in high-tension and more fo- 
cal losses in NTG which has been supported by other studies2-‘. 

This study describes use of pointwise linear regression analysiss-‘0 to identify those loca- 
tions within an initially normal visual field which show the earliest evidence of deterioration 
over time. The analysis method allows identification of the number of locations which begin 
to deteriorate simultaneously as well as the site(s) within the field which are affected The 
analysis method has been applied to visual field data from two groups of glaucoma suspects. 
ocular hypertensives and initially normal fellow-eyes of normal-tension glaucoma patients 
(NTG). Eyes from both groups which demonstrated deterioration at at least one Humphrey 
field location have been compared. Differences in the mode of onset of the earliest defects in 
OHT and NTG are described. 
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Patients and methods 

Visual field data from patients with a diagnosis of normal tension glaucoma (IOP < 21 mm 
Hg) or ocular hypertension (presenting IOP > 21 mmHg) was reviewed using a computerized 
visual field database. Of 220 patients with normal-tension glaucoma, 51 were found to have 
had an initially normal Humphrey visual field in one eye at presentation (the diagnosis of 
NTG having been established in the fellow eye). 

An initially normal Humphrey field was defined as no clusters of > three neighboring loca- 
tions showing loss in excess of 5 dB below the age-matched Humphrey normal database in 
field two or three”. Additionally, neither field two or three demonstrated significant (p < 
0 05) deviations of either MD or CPSD 

The onset of visual field deterioration was defined as a statistically significant negative re- 
gression slope (p < 0 05) at any location with a rate of loss faster than 1 dB/yearr2. Eyes ful- 
filling this definition were selected 

In the OHT group, the initial visual fields were defined as normal using the same definition 
as above. The definition of deterioration was applied to a database of 380 OHT subjects and 
eyes fulfilling the definition were selected 

Additionally, all selected eyes had corrected central visual acuity better than 6/9 and did 
not lose more than one line of Snellen acuity during follow-up 

Visual field analysis. Pointwise linear regression analysis 

The software automatically performs pointwise linear regression analysis on all available 
visual fields from an eye. The result is displayed as a color-coded representation which indi- 
cates those locations showing a statistically significant rate of threshold decay. The adoption 
of a linear model for glaucomatous threshold decay has followed curve-fitting experiments in 
NTG subjects with long historical field series”. The definition of deterioration of a significant 
negative regression slope showing a rate of loss faster than 1 dB/year has been found to 
closely correlate with the Humphrey Statpac2 “glaucoma change probability” software. 

Results 

Of the 5 1 NTG subjects with initially unilateral field loss, 17 eyes with initially normal 
fields demonstrated at least one location fulfilling the definition of deterioration. Within the 
OHT group, 12 eyes of 12 patients were defined as deteriorating. The mean age of the NTG 17 
patients was 59 6 (range 44-78). The mean age of the OHT subjects was 64.4 (range 47-79). 
The mean follow-up for the NTG was 5.2 years (SD 2 1) range (1.7-7 3) years and for the 
OHT groups was 4.9 years (SD 1.5) range (3.7-7 8) years. Examples of deteriorating OHT and 
NTG eyes are shown in Figures 1 and 2. 

The median number of locations showing the earliest simultaneous onset of field deteriora- 
tion in the NTG group was two (range l-4), and four (range l-8) in the OHT group. There 
was a statistically significant difference between the two groups (Mann Whitney Rank Sum 
p < 0.01) Figure 3 shows these results as a histogram. 

Analysis of the spatial distribution of deteriorating locations is shown as a cumulative fre- 
quency map (Fig. 4). There was a higher proportion of progressing location within the central 
ten degrees of field in the NTG eyes (41%) compared to 25% for OHT. 

The NTG eyes were untreated throughout the field series studied. OHT were either un- 
treated or treated with combinations of beta-blockers, pilocarpine or adrenaline No OHT sub- 
ject underwent drainage surgery or laser treatment during the field series. Table 1 shows the 
12 subjects and respective treatments It can be seen that only two subjects were treated with 
pilocarpine One of these subjects showed four progressing locations, i e., relatively “diffuse” 
progression onset This may be related to pilocarpine use: to explore this possibility the fre- 
quency of progressing locations in this case was changed from four locations to one and the 
analysis repeated. The significant difference between the groups as a whole persists but is less 
significant (p < 0.05 Mann Whitney Rank Sum). 
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Fig 4 The spatial distribution of the Humphrey locations where the earliest visual field progression oc- 
curred in high- and normal-tension subjects (cumulative frequency map: left eyes laterally inverted) The 
grey scale indicates the cumulative frequency of deteriorating locations from each eye of both groups: 
darker greys indicate locations most frequently involved in the earliest deterioration 

Discussion 

This retrospective study has shown that ocular hypertensive eyes showed the earliest evi- 
dence of visual field progression at more locations simultaneously than a normal-tension 
group. This significant difference remained even after correction for pharmacologic pupil 
miosis in the OHT group The analysis method used for visual field progression performs lin- 
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Table I 

Subject Number ofpoints Treatment 

1 1 untreated 
2 1 beta-blockers, pilocarpine, adrenaline 
3 2 beta-blockers 
4 3 beta-blockers 
5 3 beta-blockers 
6 3 beta-blockers 
7 3 beta-blockers 
8 4 beta-blockers, pilocarpine 
9 4 untreated 
10 6 beta-blockers 
11 7 untreated 
12 8 beta-blockers 

ear regression at each location in the visual field and did not use global indices, this allows 
high sensitivity for the detection of both focal change as well as more diffuse losses. There 
was a tendency for the earliest progression in NTG to occur at locations closer to fixation than 
in the OHT group. Both groups showed a similar spatial pattern of early progression at loca- 
tions arranged in a superior and inferior arcuate pattern. Other authors have described differ- 
ences in early field loss in high- and normal-tension glaucoma. Levene13 showed that visual 
field defects in normal-tension glaucoma were closer to fixation than in high-tension glau- 
coma and Hitchings and Anderton l4 have reported that the defects in advanced NT.G were 
steeper and nearer fixation This study further suggests that the early defects in NTG also tend 
to have deeper, more localized defects while HTG tends to have more shallow defects. 

Examination of the histogram in Figure 3 shows a broadly similar distribution of number of 
involved locations between the two groups but there is a skew in the right part of the distribu- 
tion for the high-tension subjects This may indicate that a few subjects in each group are 
showing relatively clear evidence of either focal or diffuse change but that for most subjects 
there are many similarities in the early onset of field change. The findings from our study 
taken together with the work of other workers suggest that there are differences in early func- 
tional losses in high- and normal-tension subjects. There may be a tendency for a more diffuse 
pattern of loss in high-tension subjects with more focal losses in normal-tension subjects. 
However, these differences are only marked in a relatively small proportion of either group, 
with the majority of the subjects showing broadly similar changes This study suggests more 
than one pathogenic mechanism underlying the functional loss in glaucoma suspects 
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Diagnostic value of asymmetric optic disk parameters in patients with 
unilateral glaucoma 
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Abstract 

The authors wanted to know how well intra-individual asymmetries in optic disk parameters can indicate 
glaucomatous damage Fifty-six patients with unilateral or highly asymmetric glaucoma (Octopus Gl: 
AMD> 2 dB or AIOP > 5 mmHg) were examined with the Rodenstock Optic Nerve Head Analyzer (ONHA) 
and/or the Heidelberg Retina Tomograph (HRT) Forty-two healthy volunteers served as controls For each 
parameter the distribution of the intra-individual differences in the normal group was compared with the 
distribution in the unilateral glaucoma group 

The best separation between normal and unilateral glaucoma was possible with the parameters “rim area” 
and “CD ratio”, both obtained with the ONHA (p = 0 0001) “Cup volume” (HRT) had a smaller separation 
power (p = 0 007) but indicated unilateral glaucomatous damage better than the other parameters, measured 
with the HRT: “cup area” (p = 0 01), “disk area” (p = 0 05) and “max depth” (of the cup, p = 0 5) 

Introduction 

Comparative evaluation of both optic disks of the same patient may undoubtedly indicate 
glaucomatous damage Even in ocular hypertensives optic disk asymmetries are more pro- 
nounced than in normals’ On biomicroscopic examination a couple of parameters (disk size, 
pallor, cupping etc.) are evaluated subjectively and simultaneously. It has to be taken into ac- 
count that for each single parameter there are marked asymmetries in normal persons as well 
For example, Funk et al 2 found differences in the cup disk ratio between the left and right eye 
of healthy subjects up to 0 6! In this study we wanted to evaluate whether asymmetries in sin- 
gle optic disk parameters allow at all a separation between unilateral glaucoma and normal 
Secondly we wanted to show which parameter allows the best differentiation. 

Methods 

We examined both eyes of 56 patients (mean age 57 f 15 years) with unilateral or highly 
asymmetric open-angle glaucoma (two of them had pigment dispersion syndrome) All had a 
difference in the mean defect (Octopus Gl program3) of more than 2 dB between both eyes or 
a difference in intraocular pressure of more than 5 mmHg. Exclusion criteria were: 
anisometropia > 2 dpt, ocular diseases other than glaucoma, mean defect (MD) of the better 
eye > 2 dB (except for eight cases with a slightly subnormal MD in the better eye but a AMD 
> ten dB) 

Forty-two healthy volunteers (mean age 30 + 6 years, AMD < 2 dB, normal visual fields) 
served as controls 
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The optic disk structure was examined with two different methods: Rim area and cup disk 
ratio were measured with the Rodenstock Optic Nerve Head Analyzer (ONHA), which 
analyzes the three-dimensional shape of the disk using stereophotographs4. Cup volume (“vol- 
ume below surface”), disk area, cup area (i e , area above the cup, “effective area”) and the 
maximum depth of the excavation were determined with the Heidelberg Retina Tomograph 
(HRT). The latter uses a scanning laser camera to build up a three-dimensional image of the 
disk5 Due to technical reasons not every patient was examined with both devices: 39 patients 
with unilateral glaucoma and 28 normals were examined with the ONHA, 42 patients and 23 
normals with the HRT For each pair of eyes and parameter the intra-individual difference 
“healthy eye (with the better visual field or the lower IOP) minus affected eye” was calcu- 
lated. 

For each parameter the distribution of the intra-individual differences in the normal group 
was compared to the distribution in the unilateral glaucoma group. Statistical comparison was 
performed using the unpaired two-tailed t test. 

Results 

Mean differences (* standard deviation) for each distribution, p values and the number of 
patients with the (paradoxically) better values in the affected eye are given in Table 1. Sensi- 
tivities and specificities of the separation between our normal and our unilateral glaucoma 
group were calculated for the most powerful parameters (Table 1). 

All distributions are summarized in a box plot diagram (Fig I), giving the lOth, 25th, 50th 
(median), 75th and 90th percentiles. Separation power decreases from the left to the right. The 
two parameters measured with the ONHA (“rim area” and “CD ratio”) showed a highly sig- 
nificant separation between normal and unilateral glaucoma. “Cup volume” and “cup area” 
were less powerful. “Disk area” and “max. depth” could not separate between both distribu- 
tions 

Discussion 

From our data we conclude that marked optic disk asymmetries appear also in healthy per- 
sons. They can however, if pronounced enough, support the diagnosis of unilateral glaucoma. 
Glaucomatous damage may well be indicated by asymmetries in the rim area exceeding 0.3 
mm*, the CD ratio exceeding 0 2 and the cup volume exceeding 0 2 mm3 These values lie far 
beyond the 90th or 10th percentile of the distributions of the normal controls (Fig 1). 

Table I Mean differences (healthy eye-affected eye) in the unilateral glaucoma and the normal group (k 
‘standard deviation) and p values (t test) Sensitivities and specificities are calculated for an “optimal dis- 
crimination line” (0 16 mm2 for the rim area, -0 07 for the CD ratio and -0 06 mm3 for the cup volume) 
The right column shows the number of patients with the better (“healthier”) values in the glaucoma eye 

Parameter Mean * SD t test Sensitivity Specificity Glauc eye 
better 

ONHA: Glaucoma Normal 
Arim area 0 32&O 18 mm2 001*017mm2 p=o 0001 85% 86% l/39 
Acup disk ratio -014+01 -0 0150 11 p=o 0001 77% 79% II39 

HRT 
Acup volume 
Acup area 
Adisk area 
Amax depth 

-0 2 ito 28 mm3 -0 0250 16 mm3 p=o 007 67% 70% 10142 
-019*034 mm2 003iO32 mm* p=OOl - - 12142 
-0 04*0.19 mm2 0 0550 15 mm2 p=o 05 - - 16142 
-0.04+016 mm -0OliO2 mm p=o.5 - - 18142 
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Fig I Box plot diagram showing the IOth, 25th, 50th, 75th and 90th percentile for each distribution 
Normals white, unilateral glaucoma patients grey Units are the same as in Table 1 

Comparing the cup area of both disks is not as useful, differences in disk area and maxi- 
mum depth are not useful at all 

All glaucoma eyes in our study had a more or less advanced damage, we therefore cannot 
say which of the parameters tested will change first in the beginning of glaucoma The sensi- 
tivity and specificity values given above (Table 1) cannot be directly related to the detection 
of early glaucomatous damage, respectively. On the other hand we may draw the conclusion 
that disk area and maximum cup depth, measured with the HRT, do not change significantly 
in ongoing glaucoma, while rim area and CD ratio do The latter has already been demon- 
strated in a longitudinal study6 using the ONHA. 

O’Brien et al ’ showed that the most consistent and significant correlation between visual 
field loss and structural damage occurs at the disk surface, namely cup area In contrast corre- 
lation between visual field loss and nerve fiber layer thickness or area of pallor was poor*. 

Jonas et al. showed that disk size (area), measured by two-dimensional analysis, does not 
differ significantly between normals and glaucoma patients 9 Though the difference for disk 
area turned out to be borderline significant in our study, we believe that (with regard to this 
parameter only) statistics may be misleading: By definition the eye with the worse visual field 
was subtracted from the better one, though they are almost equal in normals. In the normal 
group it should be allowed to do this the other way round, leading to a change of the sign of 
all difference values (Table 1) All values in the glaucoma group would then remain similarly 
different from the corresponding value of the normal group, except A disc area. We therefore 
do not disagree with Jonas. 

Definition of the parameters is different with the ONHA (based on stereophotographs4) and 
the HRT (a laser scanner5) Moreover the groups examined with the HRT and the ONHA dif- 
fer slightly. Both may account for the better separation power of rim area compared to cup 
area, though for theoretical reasons the distributions for rim area and cup area should be simi- 
lar (rim area + cup area = disk area) 

Due to the marked overlap between normal and glaucomatous disk parameters, which has 
also been shown using other techniqueslO,ll, early glaucoma cannot be proven by a single 
measurement Longitudinal monitoring should be more appropriate2. 
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Brovincamine fumarate, Ca2+ blocker, favorably influences the prognosis of 
visual field defects of normal-tension glaucoma 

Yoshiaki Kitazawa, Akira Sawada, Izumi Okabe and Koji Sato 

Department of Ophthalmology, Gifu University School of Medicine, Gifitl, Japan 

Abstract 

In an attempt to evaluate the effects of brovincamine fumarate, a Ca *+ blocker, on the visual field defects 
(VFD) in NTG patients, we carried out a randomized, controlled study comprising 28 NTG patients (28 
eyes) Fourteen received brovincamine 20 mg t i d p o and another 14 did placebo t i d p o. for at least two 
years Twenty-two were females and six were males Their age ranged from 42 3 to 71 2 years (52 9 It 7 6, 
mean * SD) The mean follow-up period was 37 9 months (SD: + 9 9) Visual field was tested by Humphrey 
Field Analyzer (program 30-2) at least six times every four to six months during the study The changes 
over time in VFD were judged according to the significance level of MD slope calculated by Statpac 2 The 
change with p value less than 0 05 was taken as the significant, namely either improvement or aggravation 
The significant improvement of visual fields was observed in six eyes of six patients (42 9%) of the 
brovincamine treatment and visual field changes over time were statistically significant (p= 0 012, c* test 
with correction) Also the significant deterioration of VFD was seen in two patients (14 3%) in the placebo- 
treated group and in none in the brovincamine-treated group Stepwise discriminant analysis was carried out 
to identify prognosticating factors, demonstrating that brovincamine treatment, better cold recovery, and 
higher systolic blood pressure are significant factors and discriminant efficacy is 92 9% when the three fac- 
tors are combined The drug seems to deserve further investigation as therapeutic means of NTG 
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The acute and chronic effect of B,-selective and non-selective beta-blockers on 
macular blood flow and contrast sensitivity in glaucoma 

JR Piltz and S Bose 

Scheie Eye Institute, University of Pennsylvania, Philadelphia, PA, USA 

Abstract 

Macular blood flow (blue field entoptic simulation technique), contrast sensitivity (Pelli-Robson and 
Vistech) and intraocular pressure were measured in 20 patients with primary open-angle glaucoma in a 
double-masked, cross-over protocol Measurements were performed after a three-week washout period 
(baseline), after two hours and after three weeks of topical timolol and betaxolol administration in two treat- 
ment arms Placebo measurements were performed at baseline and two hours after a single dose Repeated 
measures analysis of variance, two-tailed paired t test and the Wilcoxon signed rank test were used to assess 
statistical significance 

As expected, IOP was significantly lower after a single dose and after three weeks of timolol and 
betaxolol compared to baseline (p < 0 001) There was no significant change in leukocyte velocity (vel) or 
density (den) after acute or chronic dosing of timolol or betaxolol There was a small improvement in Pelli- 
Robson contrast sensitivity (cs) after acute dosing of betaxolol (p = 0 076) but not after timolol @ = 0 377) 
No significant change in contrast sensitivity was detected with the Vistech charts There was no significant 
difference in the change from baseline in vel, den or cs after three weeks of timolol versus betaxolol 
(p > 0 05) 

B,-selective and non-selective topical beta-blockers did not have a significant effect on macular blood 
flow in glaucomatous eyes Betaxolol exerted a small favorable effect of borderline significance on cs 
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Is the visual field of patients with advanced POAG protected by lowering the 
IOP? 

C.E Traverso, E Semino, F Morescalchi, U. Murialdo, D Venzano, E. Gandolfo and 
M. Zingirian 

University Eye Clinic, Genoa, Italy 

Abstract 

The authors evaluated the effect of a large decrease of IOP, obtained surgically, on the VF of patients 
with advanced glaucomatous damage Selection criteria were as follows: preoperative IOP :, 21 mmHg; 
postoperative IOP < 16 mmHg on no medications; stable visual acuity and pupil size; preoperative visual 
field with MD > 6 dB (Humphrey 30-2); minimum follow-up of eight months Of the 27 patients who met 
the above criteria 14 had postoperative IOP < 12 and > 4 mmHg VF data were analyzed using the Statpac 2 
glaucoma probability change program and the Wilcoxon Rank-Sum Test Median follow-up is 14 (range 
6-25) months Results were: 

Group N MD changes* SF changes* 

IOP 4-12 14 
IOP 12-16 10 
Total 24 

p < 0.06 NS 
NS NS 
p < 0 000 NS 

* Wilcoxon Rank-Sum Test 

Seven out of 25 (29%) cases showed an improvement of the MD with the Statpac 2 program (p < 0 5) 
Our data support the protective effect of a stable and large reduction of IOP against the progression of se- 
vere glaucomatous damage 

Introduction 

Lowering the intraocular pressure (IOP) is the only available treatment for primary open- 
angle glaucoma (POAG). A decrease in IOP can be accomplished by medications, laser 
therapy or surgery, with the hope of obtaining an IOP level compatible with long-term mainte- 
nance of the visual field. How to identify a “safe” IOP is controversial, and even more so is 
the ability of any given IOP to stop the progression of the disease. Several authors support the 
idea of the need of “low” IOPs for patients presenting with advanced glaucomatous dam- 
age’-” and propose as desirable targets values between 5 and 15 mmHg. Since the success of 
surgical procedures for glaucoma is usually measured by their ability to obtain an IOP below 
21 mmHg, surgery defined as “successful” might in some cases not be lowering the IOP 

This work was supported by a grant from the C N R Prog Finalizzato Invecchiamento Contr No 93 00468 
PF40 (Italy) 
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enough to preserve the visual field Purpose of our study is to evaluate prospectively the effect 
of a large decrease of IOP, obtained surgically, on the visual field of patients with advanced 
glaucomatous damage 

Patients and methods 

Selection of candidates 

To be included in our prospective study, patients were selected as follows: 

a) Preoperative criteria 
- POAG with advanced damage, defined as mean defect (MD) 2 6 dB by Humphrey 

perimetry using program 30-2 
- age > 60 years 
- experience with automated perimetry (at least four previous field exams) 
- preoperative IOP > 21 mmHg with maximum treatment despite ALT 
b) Postoperative criteria 
- postoperative IOP always I 16 mmHg on no medications 
- stable pupil size (< 1 mm change) and visual acuity (5 1 Snellen line change) 
- minimum follow-up after surgery of six months 

Twenty-five patients met all the criteria, with a median follow-up of 14 months and a maxi- 
mum of 24 months. All patients were judged to be good candidates for filtration surgery. In 
none of the cases was the 1OP i 4 mmHg after treatment. 

Surgical technique 

In all cases ab externo photoablative filtration surgery was performed with the excimer la- 
ser, the technique is detailed elsewhere 12J3. In brief, after topical and subconjunctival 
anesthesia with 2% plain xylocaine, a bridle suture is passed under the superior rectus or 
transcorneally and a limbus-based conjunctival flap is dissected After cleaning and 
cautherizing the sclera, the laser beam is directed ab externo to the limbal area overlying 
Schlemm’s canal, while the globe is rotated downwards In order to obtain a rectangularly 
shaped beam, photoablation is performed through a custom-made metal mask, and is carried 
until acqueous percolates at the bottom of the photoablative crater. The conjunctiva is then su- 
tured water-tight with 8-O running virgin silk We used a Summit Technology Excimed LA 
200 excimer laser emitting at 193 nm with a fluence of 180 mj x sq\cm at 10 Hz Our early 
clinical results are characterized by final IOPs in the low teens, with minimal inflammation 
and low complication rate1*,i3. 

Visual field testing 

All patients underwent Humphrey computerized perimetry using program 30-2. The param- 
eters mean defect (MD), pattern standard deviation (PSD) and short-term fluctuation (SF) 
were measured and compared using Wilcoxon’s Rank-Sum Test. The visual fields were also 
analyzed using the Statpac 2 program 

Results 

The results of visual field analysis are detailed in the tables. On the whole sample (n = 25) 
the MD showed a statistically significant decrease; this was not confirmed on a subset of pa- 
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Table I Median F U 14 months (min 6-max 25) Mean defect pre- vs post IOP lowering 

min F U 6 months IOP < 12 Hg 
n=25 w=191 2=3.31p<OOOO n= 14 ~a-81 ~~006 
Significant improvement Significant improvement 

min. F U t 12 months 
n=14 w=57 p>OO6 
No significant change 

IOP t 12 mmHg 
n=ll w=57 pi006 
No significant change 

Wilcoxon Rank-Sum Test 

Table 2 Statpac 2 

Total No 25 
7 (29%) improved 
16 (64%) not significant 
2 (8%) worsened 

IOP 2 12 mmHg 
10 patients 
2 (20%) improved 
6 (60%) no significant change 
2 (20%) worsened 

IOP < 12 mmHg 
15 patients 
5 (34%) improved 
10 (66%) no significant change 

x2=3.42;p=018 

tients (n = 14) with minimum F.U 2 12 months When separated into two groups according to 
the IOP levels, patients maintaining IOP levels < 12 mmHg (n = 15) showed a significant de- 
crease of their MD (Table 1). Using the Statpac 2, our total sample showed an improvement in 
seven (29%) cases and a worsening in two (8%) cases; although the subgroup with IOPs < 12 
mmHg performed better than those with IOPs between 12 and 16 mmHg the difference was 
not statistically significant (Table 2). Short-term fluctuation and pattern standard deviation 
did not vary significantly. 

Discussion 

The favorable effect of lowering the IOP in glaucomatous patients is supported by several 
authors’-“. The idea of individualizing the target IOP for each patient, thus identifying the de- 
sirable pressure is gaining acceptance i4-15. The concept of target pressure changes the ap- 
proach of our management for glaucoma; instead of aiming to a percentage decrease from 
baseline IOP or rather more commonly to a non-specific level below 21 mmHg, the ophthal- 
mologist should decide beforehand the IOP level considered safe for the individual being 
treated, and proceed upwards along the therapeutic stepladder until the target is eventually 
reached. Obviously, risk factors besides the IOP will need to be consideredl’j. Our data show 
an overall decrease of the mean defect occurring after glaucoma surgery lowered the IOP to 
levels never exceeding 16 mmHg on no treatment It is interesting to note that in the subgroup 
with relatively higher IOPs this change was not significant. When evaluated with the Statpac 
2 program, visual field improvements were 3 5 times more frequent than worsening This 
compares favorably with the reported course of advanced POAG3a5 We have no explanations 
for those eyes showing a worsening by Statpac 2, despite stable IOPs below 16 mmHg. Our 
study has several drawbacks; first of all our results are short-term, especially considering the 
chronic nature of POAG We did not attempt to define target pressures for each individual nor 
for the group as a whole; even though some authors are indicating similar IOP values as rea- 
sonable for patients with advanced disease, the cut-off at 16 mmHg was chosen arbitrarily. In 
conclusion, we cannot yet explain why in some patients the visual field continues to deterio- 
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rate despite an IOP $ 20 mmHg: is it because some POAG are pressure-lowering insensitive 
or because the IOP was not lowered enough? Our data support the hypothesis of a protective 
effect of a drastic and stable reduction of IOP on the visual field of patients with advanced 
POAG. 
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Influence of trabeculectomy with mitomycin C on the visual field 

Ana Zulema Gaspar, Josef Flammer and Daniela Stiimptig 

University Eye Clinic, Basel, Switzerland 

Abstract 

The authors present their experience with trabeculectomy combined with mitomycin C and its influence 
on visual field and visual acuity Mitomycin C was applied (0 28 mg/ml) during two to five minutes 
intraoperatively in 32 eyes from 31 patients The visual field was measured with Octopus program Gl 
several times before and at least once six months after surgery As expected, six months after surgery the 
mean intraocular pressure was markedly and statistically significantly decreased Despite frequent 
hypotony, the visual field and the visual acuity recovered to preoperative values in this six-month follow-up 
and were on the average even slightly but statistically not significantly improved 

In glaucoma patients with uncertain prognosis for intraocular pressure, the intraoperative application of 
mitomycin C definitely and considerably improves the intraocular pressure prognosis It did not produce 
major adverse effects on visual field and visual acuity during a six-month follow-up However, long-term 
studies on a larger group of patients are necessary to confirm the present results 

Introduction 

Patients with excessive fibrosis have a poor prognosis for the outcome of ocular surgery. 
Due to this fact, during the last years many different substances, such as steroids, beta irradia- 
tion, and antimetabolites, have been applied to modulate this wound-healing process Of the 
latter, one of the latest is 5-fluorouracil, which normally needs to be injected several times in 
the postoperative phase Its complications are already known1,2. 

However, encouraging results with the application of mitomycin C in ophthalmology have 
been reported3-5 Mitomycin C is especially effective in trabeculectomy3, 4, where modulation 
of the wound-healing process is desirable to improve the surgical success, especially in glau- 
coma patients associated with risk factors for failure in trabeculectomy, such as congenital, 
juvenile, neovascular, secondary, and black race, among others. 

Mitomycin C is an antibiotic which also has an alkylating cytostatic effect6. It inhibits DNA 
synthesis secondary to alkylation and proliferation of cultured animal and human subconjunc- 
tival tibroblasts, to an extent 100 times higher than that of 5-fluorouraci17. 

However, complications, such as hypotony characterized by maculopathy, disk edema, vas- 
cular tortuosity, and chorioretinal folds, which do not always improve with the resolution of 
the hypotony, have been described - 8 lo The purpose of the present study was to evaluate the 
influence of trabeculectomy with mitomycin C on the outcome of visual function, particularly 
visual fields and visual acuity. Of special interest was the question whether early complica- 
tions, such as hypotony, flat anterior chamber, choroidal effusion, or either disk or macula 
edema, have any influence on the functional outcome 

Subjects and methods 

From June 1992 until May 1994, 121 eyes from 109 patients underwent trabeculectomy 
with intraoperative application of mitomycin C in our clinic. At present we have a six-month 
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Table I Patients and diagnoses 

A.Z. Gaspar et al. 

Diagnosis No of patients No ALT Prior surgery Refract0 y glaucoma 

POAG 22 8 8 4 
Pigmentary 3 1 
Pseudoexfoliation 3 1 1 1 
Juvenile 3 1 2 2 
Normal tension 1 

No ALT: number of patients who had had argon laser trabeculoplasty before surgery 

perimetric follow-up in 32 eyes from 31 patients. The mean age*SD was 60*14 (27 to 84) 
years The indications for trabeculectomy with application of mitomycin C were: young age, 
prior surgery, and refractory glaucomas (intolerance to long-term treatment with antiglau- 
comatous therapy or progression of visual field under maximal therapy). The diagnoses are 
listed in Table 1 

Informed consent was obtained from all patients All trabeculectomies of the included cases 
were performed by the same surgeon (JF) and with the same technique. A limbal-based con- 
junctival flap was created, and a saturated sponge with mitomycin C (0 28 mgiml) was ap- 
plied intraoperatively between tenon’s capsule and episclera. The application time varied be- 
tween two and five minutes. Abundant rinsing with balanced salt solution was performed 
After preparation of a cameo-scleral flap, a trabeculectomy with a punch and iridectomy with 
scissors were performed A suture of the cameo-scleral flap and, finally, a separate closure of 
tenon and conjunctiva were performed. 

All patients had had previous experience in Octopus automated perimetry. The visual field 
was measured with Octopus program Gl 1 1 several times before and at least once six months 
after surgery Mean defect (MD) and square root of loss variance (SQRT-LV) were taken as 
perimetric variables for statistical analysis. The paired t test as well as the non-parametric 
Wilcoxon test were performed for statistical analysis. 

Results 

Six months after the surgery, the mean intraocular pressure (KSEM) was markedly and sta- 
tistically significantly decreased from 24*0.9 mmHg to 1 l-+0.8 mmHg (p<O.OOl). Despite fre- 
quent hypotony, the mean MD*SEM in the visual field tended to improve from 10.9*1 3 dB 
to 10 2*1 2 dB (p= 09); as well as the mean SQRT-LV*SEM from 5.9+0 5 dB to 5.8hO.5 dB; 
the improvements were statistically not significant (Figs 1, 2, 3) The visual acuity recovered 
to preoperative values in this six-month follow-up 

In our population, the frequency of early postoperative complications, such as hyphema, 
mild inflammation, and flat anterior chamber was about the same in patients with 
trabeculectomy with and without mitomycin C. The most frequent complications were 
hypotony (n=6) and extensive choroidal effusion (n=3) in this particular series, which nor- 
mally resolved spontaneously 

Healon GV was applied postoperatively to deepen the anterior chamber in two cases. One 
myopic patient developed hypotonic maculopathy with disk edema and chorioretinal folds; all 
these signs disappeared without any treatment. The visual acuity recovered totally within a 
few months 

Discussion 

From these results we can confirm that, in glaucoma patients with uncertain prognosis for 
intraocular pressure, the intraoperative application of mitomycin C definitely and consider- 
ably improves the intraocular pressure prognosis. Many studies report frequent hypotonic 
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Fig I Mean visual field indices, MD and SQRT-LV, before and six months after surgery Slight im- 
provement can be observed. 
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Fig 2 Typical example of a visual field of a glaucomatous patient represented with the Bebie curve, 
CO print out and grey scale before surgery 
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Fig 3 Same eye as in Figure 2, six months after surgery. 

maculopathy However, the application time and the concentration of the drug differ consider- 
ably from one study to another In our population, it did not produce major adverse effects on 
visual field and visual acuity during a six-month follow-up period. However, long-term stud- 
ies on a larger group of patients are necessary to confirm the present results. 
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Vision assessment behind dense cataracts in developing nations 
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Abstract 

An advanced design, precision Vernier acuity (hyperacuity) test instrument is being tested at Aravind 
Eye Hospital, Madurai, India This device has evolved from earlier forms A high luminance orange three- 
point display is used The patient sets the moveable central stimulus in line with two vertically disposed 
fixed stimuli This instrument is a precursor to a field device to be used later in a clinical study Both central 
and non-central points can be tested (although here only tests of central vision are considered) We seek to 
predict post-surgical vision outcomes for the ophthalmic surgeon This is a critical issue in developing na- 
tions where 20-30% of cataract surgeries do not result in a satisfactory visual result. 

Here, two challenging sets of problems are considered The experiments conducted are of interest in 
their own right; and some difficulties associated with translating a laboratory finding to a developing world 
setting are detailed 

Introductian 

Using high luminance, small visual stimuli (Fig l), Vernier judgments (a hyperacuity test) 
can be made in the presence of markedly degraded retinal imagery Without coaching, 
observers perform center-of-gravity assessments of the relative locations of these degraded 
images. Utilizing this principle, we seek to define, pre-surgery, those individuals who will 
derive most benefit from cataract removal; and, because two eyes are rarely treated in a 
developing world setting, we want to determine which of two cataractous eyes has the better 
post-surgical visual prognosis Given very large backlogs of patients awaiting treatment in 
developing nations, these tests are very useful, particularly for triage. 

We conducted preliminary research on the defined hyperacuity test at Berkeley’. Later, 
added studies were performed at the Aravind (Free) Eye Hospital, Madurai, India2s3 This 
research is preliminary to a planned clinical study at Aravind. 

At Berkeley, we sought to determine the number of repeat trials necessary; to compare a 
two-point and a three-point Vernier display; to determine the shape of the measured response 
function at large gap (or feature) separations between test stimuli, to define optimal test 
distance and stimulus dimensions; to assess the effect(s) of a broad range of uncorrected 
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Gap “VA” Test 
Vary Gaps in Steps 

Vernier Acuity Test 
Center the central ___ 
stimulus (using a 
given gap setting). 

-- 
I Gap setting 

Gap setting 

Fig I A schematic drawing of the three stimulus array Both the “in-line” array (variable gap 
separations) devised for the Gap “VA” test, and the variable center stimulus position used in the 
Vernier acuity test are shown. 
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Fig 2 Sample plot of cumulative mean and standard deviation determinations obtained during a 
single. Vernier acuity test run using a two-point test array at Berkeley For each trial, the moveable 
point is located + or - (right or left in arc seconds, open dots) relative to the vertical location of the 
stationary stimulus point (position zero on the right-hand ordinate) After the first two 
determinations, as each data point is acquired (here, a total of 17), a new mean value (line, refer to 
right ordinate) and standard deviation (filled dots, refer to left ordinate, lower graph) are determined 
Clearly, a single determination can markedly influence resultant standard deviation, particularly if a 
limited number of trials are used 

refractive errors upon outcomes, and to consider means to minimize refraction-based errors by 
using a pinhole, a vision correction, and/or spatial filtering. And we correlated a new 
mechanical hyperacuity test device controlled by computer (since delivered to Aravind 
Hospital - “the India instrument”) with current laboratory equipment (CRTIVDT based, 
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computer controlled) providing comparable stimuli - “the Berkeley instrument” (used in all 
studies mentioned above). The Berkeley instrument has lower liminous emittance than the 
India instrument Adjustment of luminance settings permitted correlation of the two devices 
College age adult normal subjects were used in the studies, wore their usual visual 
corrections, and were tested with and without simulated dense nuclear cataracts. 

Based upon results of these studies and prior research’, a preliminary “hyperacuity study 
protocol” (HASP) was defined. HASP was then tested upon the advanced cataract population 
at the Aravind (Free) Eye Hospital using the India instrument. Meaningful difficulties were 
encountered, and substantial changes had to be made in the proposed protocol This paper 
considers briefly the results of the Berkeley-based experiments’, conditions causing 
alterations in the planned protocol, approaches taken to resolve problems encountered, and the 
current status of the modified HASP protoco11-3. 

Apparatus 

We distinguish four instruments Both instruments 2 and 3 will be used in conjunction with 
the HASP protocol 

1 “The Berkeley instrument” This is a computer-driven instrument located at Berkeley 
used for testing hyperacuity functions with emphasis upon clinical applications’. It utilizes a 
cathode ray tube (CRT) display and a “mouse” for response (see results, Figs. 2-5) 

2. “The India instrument”: Instrument 2 is computer-driven, and contains a high luminous 
emittance quartz/halogen source and orange filter which illuminate a triple fiber optics bundle 
(which provides the three stimuli now used) The locations of the stimuli are mechanically 
controlled by a computer which drives precision translation and position readout devices. This 
device is now in India (see results, Figs. 5-7). The instrument is sturdy, and its remarkable 
versatility allows us to determine properly final instrument parameters for conduct of both the 
clinical study (instruments 2 and 3) and for design of a device suitable for developing world 
applications (instrument 4). The stimulus displays used for both the Gap “VA” test (see 
below) and the Vernier acuity (hyperacuity) test are presented in Figure 1 Instrument 2 will 
be used for added preliminary studies, correlated with instrument 3, and post-surgical testing 
(and as back-up) in the clinical study 

3. The clinical study instrument, instrument 3, is an intermediate-stage field test device. It 
is a greatly scaled down and simplified version of instrument 2. It is much less costly, it is 
still more rugged, it has only rudimentary data processing capacity, and one moving part. This 
is the field triage hyperacuity device plamred for use in the clinical study. Parameter range 
selections are restricted, and it is designed for, but not limited to pre-surgical testing. High 
intensity quartz/halogen lamps are used as light sources in instrument 3 

4. The hyperacuity triage instrument, instrument 4, will be used in the field in developing 
nations. We distinguish between instruments 3 and 4 (which are similar), because the planned 
clinical study will include large numbers of patients examined pre- and post-cataract surgery 
Instrument 3 has added computer readout capability in order to facilitate large volume data 
handling. Instrument 4 will be easy to use, and will provide the data necessary for individual 
patient evaluations. 

Parameters defined in these studies will be incorporated into the design of instruments 3 
and 4. No problems are anticipated relative to realization of design goals 

Preliminary findings: U.C. Berkeley 

1. Based upon analyses of cumulative mean and standard deviation determinations of data 
sets (see sample data set in Fig. 2) and reliability studies, 8-10 repetitions of the Vernier 
acuity test were deemed acceptable. The highest and lowest values recorded in each data set 
were dropped prior to data processing. This resulted in satisfactory stability in a data set 
(defined as less than 5% change in standard deviation) 

2. Data obtained using a two-point Vernier acuity display (“Line up one point exactly above 
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Fig 3 Vernier acuity data (the “gap function”) 
were obtained for a two-point and a three-point 
Vernier acuity test array (combined data of ten 
subjects) No real differences in response 
emerged in the normal young adult subjects 
tested with and without (data presented here) a 
ground glass plate [GG] being interposed (1) 
GG was set to simulate a 6/60 (20/200) nuclear 
cataract (these data are not shown in this 
figure). On the ordinate, Vernier acuity 
thresholds (measurements of standard devia- 
tion in seconds of arc, scaled logarithmically) 
are indicated, and on the abscissa gap settings 
utilized for these tests (in minutes of arc, 
scaled logarithmically and varied in octave 
steps) are presented. 

1 
0 Two-point 
l Three-point 

I I I I 

8 16 32 64 
GAP (minutes of arc) 

16 32 64 128 256 

Gap, minutes of OTC 
Log Scale (Octave steps) 

Fig 4. Does the Vernier acuity gap function 
flatten at large gap settings such as might be 
necessary for measurements conducted upon the 
advanced cataract population at Aravind? And is 
there an effect of image degradation? Both 
questions were tested on four normal subjects at 
Berkeley Mean data presented here show little 
or no flattening at large gaps, and image 
degradation did not alter this result So saying, 
in the individual data set, occasionally modest 
flattening is recorded (e.g., see Fig 2 in Ref. 3) 
Ordinate and abscissa as in Fig. 3. 

the other”.) or a three-point display (“Locate the central point exactly in line with the two end 
points”.) provided essentially equivalent results whether the image was sharp (Fig. 3), or 
degraded The three-point display is much easier to describe to an individual with limited 
education and was adopted for use in this program. 

3 The shape of the gap function (Vernier threshold vs gap separation) is not altered for 
large gaps (Fig 4), although there is modest upper end flattening of the curve in some normal 
subjects1-3 Also, see Aravind advanced cataract patient data in Figure 7 

4. Because of size considerations associated with physical gap dimensions, and limited 
space available in developing world examination areas, test distance was set at two meters. 

5 Gaps selected for use were 2’, 4’, 8’, 16’, 32’, 64’, 91’*, 128’, 181’*, 256’, 362’* (of 
arc). Octave steps (0 3 log unit) are used At large gaps, half-octave steps (*) are employed. 

6 The measured hyperacuity estimate is improved when refraction is corrected. If this is 
not possible, a 2.0 or 2.2 mm pinhole markedly improves visual performance. 

7 High spatial frequency noise often causes spurious resolution, e g , patients with pos- 
terior subcapsular cataract frequently report multiple images of a point object, or individuals 
with uncorrected astigmatism experience lineal distortion(s) of a point source. Removal of 
high spatial frequencies from stimuli in such situations improves measured hyperacuity 
responses 4~5 A ground g la s s p late (GG) separated from the stimuli serves as a spatial filter, 
and while it affects all spatial frequencies, it most affects high frequencies. 

8. The India instrument correlated satisfactorily (correlation coefficient +0.70) with the 
Berkeley instrument set at the same retinal illuminance setting’. In Figure 5, these same data 
are plotted in the format used in Figures 3 and 4. Performance on the India instrument was 
slightly better, partly because when using that instrument we did not encounter the pixel size 
limitation inherent in the CRT display of the Berkeley instrument. The pixel size problem was 
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Fig 5 Combined data of eight subjects obtained 
on both the Berkeley and India instruments are 
plotted using near identical conditions at a test 
distance of 2 meters These mean data have 
essentially the same slope, but performance on the 
India instrument is slightly better (see text) 
Ordinate and abscissa as in Fig 3. 

60 100 1000 ?F HM LP 

Arovind Eye [Free] Hospital Visual Acuity (log scale) 

6/--- 

Fig 6. These visual acuity data were obtained preoperatively on a population manifesting advanced 
cataracts at the Aravind (Free) Eye Hospital. Gap “VA” measurements (ordinate) are compared with 
Aravind VA determinations (abscissa) Log scaling is used The denominator of the Snellen 
fractions, English system, is plotted, e g , 6112 is plotted as 12 The X,Y origin is set at the equivalent 
of LogMAR = 0 0, or Snellen VA 6/6 Each dot represents data obtained on both tests for the same 
eye; unfilled dots are data obtained from eye of cooperative patients, and black dots, from 
uncooperative patients; points with numbers appended indicate the sum of overlapping data points, 
and a symbol with a tilled circle within an untilled one indicates that both cooperative and 
uncooperative patients shared this value. The two regression lines presented, and the location of CF, 
HM, and LP on the abscissa are discussed in the text Note the non-linear scaling of gap values on 
the right ordinate (see “duty cycle”, Ref 2) 

aggravated by use of a 2 meter test distance for this experiment. Previously, using a 4 meter 
test distance, the Berkeley instrument compared well with other apparatuses used in this 
laboratory, and with Westheimer’s instrument&’ 1 

9 To simplify data recovery by technicians (or computers) in developing countries, 
Mitntoyo digital readout indicators are used instead of micrometers 



A POPULATION OF PATIENTS TESTED AT ARAVIND EYE HOSPITAL WHO HAD PRE-SURGICAL 
ACUITY IN THE BEST EYE OF 20/200 (OR WORSE); AND POST-SURGICAL ACUITY OF 20/60 OR 
BETTER. MOST PATIENTS WERE TESTED BY TECHNICIANS (“SISTERS”). 
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Fundamental changes in protocol required as a result of preliminary studies 
conducted in India 

1 At Aravind, it was not feasible to use head restraints, nor fixed pinholes on this patient 
population. Trial frames could be used (but not with inserted pinholes) 

2. These advanced cataract patients cannot manage joystick, trackball or mouse control 
devices. For response, they will tap a washer or coin with their right hand 

3 Technicians (“sisters”) operate the response device Almost all patients broadcast their 
readiness to respond by raising the washer/coin some seconds before responding (this reaction 
is carefully observed) And patients will only respond to one-direction tracking of a moving 
point of light (i.e , they will not refine measurements back-and-forth). For improved control 
of responses, technicians were taught to make intermittent, but near continuous, the motor- 
driven translation of the stimulus (so the stimulus does not pass through the judgment area at 
a rate too rapid for response by these patients) 

4 The sisters performed refractions and VA assessments of eyes of patients with advanced 
cataracts. An analysis of patient records indicates that either refractions could not be 
conducted on many of these eyes, or the refractions tended to be rudimentary. This created 
uncertainty in interpretation of refraction data and Aravind VA measurements 

A number of these patients believed that if they gave evidence of other than marginal sight 
(or any sight) in an eye, they would not receive surgery The eye with worst Aravind VA was 
operated, but if VA was equal in both eyes, the patients selected the treated eye. 

Given these and other factors2, a rapid and simple additional visual acuity test was 
developed for use in the HASP protocol. This was termed the Gap “VA” test It provided a 
rational basis for selection of gaps for Vernier acuity testing 

For Gap “VA” assessment, we used the three-point instrument display in-line as a 
resolution test (Fig 1) and asked how many points could be seen. If three points of light were 
detected, gap separations were reduced by 1 octave (for gaps above 64’ of arc, 112 octave 
steps were used). When only one or two points of light were reported as seen, gap separations 
were comparably increased. The smallest resolved gaps were recorded as the Gap “VA” for 
the eye tested. This test was repeated (two common readings were required). Note, the three 
stimuli used in the Gap “VA” test were intensely illuminated (see below), and unequal 
stimulus separation steps occurred as a result of octave (or half-octave) step changes in gap 
settings2. ‘The latter effect is seen on the right ordinate of Figure 6 

Figure 6 provides visual acuity (VA) data obtained prior to surgery on the advanced 
cataract population at Aravind; both eyes were tested. This figure compares routine Aravind 
VA data with Gap “VA” results. Two regression lines are plotted in this figure The dashed 

t 
Fig 7 Vernier acuity data were obtained pre- and post-cataract surgery from eyes of patients who 
had advanced cataracts and Aravind VA equal to, or poorer than 6160 (201200) in both eyes prior to 
surgery. All patients reported here had post-surgical Aravind VA of 6118 (20/60) or better (most had 
6112) in the operated eye measured at discharge 4 or 5 days after surgery. For the population defined 
in this figure, this implies that visual response in the central retinal area was most probably relatively 
normal in both eyes prior to cataract surgery Pre-surgical Vernier acuity measurements are 
designated with solid lines, and post-surgical determinations are indicated by dashed lines. Fewer 
Vernier acuity data points were recorded post-surgery than pre-surgery Surgery was performed on 
only one eye, and some problems of patient access were encountered For easy comparison of results, 
some pre- and post-surgical data from the same eye are identified by letters A and A, B and B, etc , 
and an asterisk indicates a non-cooperative patient. 

Vernier acuity thresholds, plotted on the ordinate, were obtained from individual data runs The 
gap setting used for each test run is plotted on the abscissa Gap steps are expressed in octaves or 
half-octaves, and 1 octave = 0 3 log unit. A small proportion of pre-surgical patients wore a 
refractive correction during the test, most did not. Some data were taken by Enoch, most by the 
sisters (but supervised by Enoch). Included are the sister’s training trials (except the first trial) Some 
data were obtained during development of the. protocol In spite of inconsistencies in this data set, a 
highly coherent picture of response emerges. Data were acquired during a one-month period 
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line includes data on all patients except those with Aravind VA determinations of count 
fingers (CF), hand motion (HM), and light perception (LP). The darker line includes all data. 
The latter assessment was a test for appropriateness of placement of CF, HM, and LP 
designations on the abscissa. A Gap “VA” measurement could be made on all patient eyes 
(Fig. 6; for details see 2), and provided a superior estimate of VA in more advanced cataract 
cases (Fig. 6) Filled circles indicate less cooperative patients. They generally had poorest 
performance on Gap “VA” measurements. 

Afterwards, when examining Vernier acuity, the first gap selected for evaluation was set 
one octave larger than the measured Gap “VA”. After conducting two trial runs at this setting, 
the gaps were reduced by one octave and one additional trial was run. 

5 Figure 7 provides results of Vernier acuity measurements made on patients prior to (solid 
lines) and after (dashed lines) cataract surgery Both eyes of patients included in Figure 7 had 
Aravind VA prior to surgery equal to or worse than 6160 (20/200); the eye with poorest 
Aravind VA was operated upon; and, after surgery, that eye had to have Aravind VA of 6118 
(20/60) or better. 

6. Poor hyperacuity response (high measured standard deviations) when using central 
fixation has five possible causes (a) Inexperience or inattention during testing on the part of 
the technician This is resolvable. (b) Inattention on the part of the patient This is variable, 
but addressable through training, rests, or refreshments. (c) Improper refraction. In some cases 
this can be resolved. Even if not resolvable, this is a constant during testing. (d) Image 
degradation caused by the cataract or other media opacity. This is a constant. There is one 
exception, i e , in the presence of a Morgagnian cataract, head movement induced translation 
of the eye lens nucleus within the largely liquified hypermature cataract cortex could 
transiently alter the optical properties of the eye. Stability of head position can be monitored. 
(e) Poor central fixation caused by a macular disorder This is a variable 

Prior to surgery in these patients, one of the conditions we seek to determine is the presence 
of a central macular disorder behind the cataract We predict poor fixation or macular 
function to be revealed by higher variance when testing the Vernier threshold in the presence 
of such a disorder. We expect more variable outcomes on test-retest in such patients if non- 
stable fixation or eccentric viewing are present, i.e , condition 6 (e) pertains. Thus, the 
primary gap setting selected for use in testing Vernier acuity is tested twice. Added data are 
needed in order to test further this hypothesis. 

7. Grading of cataracts. In order that appropriate instrument settings could be utilized in 
individual patients, an easily applied and rapid grading scheme for cataracts was developed 
for this project at Aravind by Drs N.V. Projna and G Rohini, ophthalmologists. The following 
catagories of cataracts are defined: (a) hypermature, (b) mature, (c) immature cortical, (d) 
nuclear, (e) posterior subcortical, (f) mixed (order of importance and types specified), and (g) 
other (type[s] specified) Degree of cataract is graded in four steps based on distant direct 
ophthalmoscopy (1 meter), and customary direct ophthalmoscopy3 Entrance pupils are dilated 
to at least 6 mm diameter for purposes of grading. Emphasis is placed on the effect of the 
cataract upon vision 

Test conditions currently defined for HASP233 

1. An orange filter (Schott Glass filter, # OG 570) is used, because longer wavelengths of 
light are less affected by the yellow pigments of the eye; longer wavelength stimuli do not 
fluoresce in the visible spectrum; this pass-band is absorbed less by hemoglobin and 
oxyhemoglobin; longer wavelengths are not markedly affected by Raleigh scatter (a minor 
factor here); and removing shorter wavelengths of light does not markedly affect luminance. 

2. Three luminance levels were selected after extensive trials on patients. 
Normals, cataract grade 1, and post-cataract. 60 x lo3 c/m2 
Cataracts grades 2-3 2.3 x IO5 c/m2 
Cataracts grade 4 (includes most mature and all hypermature cataracts): 56x 105c/m2 
Note, because only 4 patients with hypermature cataracts have been seen to date (only two 

measured), we have not yet fully assessed the effects of the position of the lens nucleus in 
Morgagnian cataracts; nor have we determined the affects of calcium deposits on Vernier 
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responses; nor the effects of (or need for) pupil dilation in these patients; nor whether, in 
some cases, a different test distance (1 m?) or added luminance is preferable; etc. 

3. The eye with best Aravind VA is tested first and the patient is instructed 
4. For operational applicability, 8 repetitions of response are determined per trial run; the 

high and low settings are dropped; and mean and standard deviation are computed. 
5. For hyperacuity assessment, the first gap setting examined is 1 octave larger than the 

best measured Gap “VA” determination Vernier acuity response is tested twice at this setting. 
Then, the gaps are set 1 octave smaller and the Vernier acuity test is repeated 

6 The ground glass is set 1 mm from contact with the fiber optics bundles in all cases 
except in patients with high uncorrected astigmatism and/or dominant posterior subcapsular 
cataract. In those cases, the ground glass is set at 2 cm from the ends of the fiber bundles3m5 
The ground glass used in India (im3, and Figs. 5-7) was ground more deeply, and had a coarser 
grind than that used in research conducted at Berkeley (i, and Figs. 24) 

7 When testing Vernier acuity, the rate of translation of the moveable stimulus varies with 
gap separation: (a) 12 or 6 mm/set for gaps 128’ of arc or larger, (b) 4 mmsec for gaps 16’ of 
arc to 91’ of arc, (c) 2 mmisec for gaps 8’ of arc or smaller (minimum setting, 2’ of arc) 
Note, a translation of 1 mm/set = 1 72 minutes of arc per sec. 

8 Stimuli. 5.5’ x 5.5’ square, at the 2 m test distance used 3 luminous stimuli disposed 
vertically. 

Current status of the hyperacuity project: brief summary 

Very good progress has been made in the development of both the apparatus and a 
technique for assessment of vision in the presence of dense media opacities. Currently, no 
difficulty is encountered when assessing vision through mature cataracts No window is 
needed. However, there are questions which need resolution which will be addressed further 
during a future trip to Aravind (Free) Eye Hospital. We expect to construct shortly instrument 
3, a field device suitable for triage, which closely approximates a final apparatus (instrument 
4), and to subject instrument 3 to clinical study in the field. 
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Oculokinetic perimetry in a health screening program 
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Abstract 

This was a preliminary attempt to evaluate the ability of oculokinetic perimetry (OKP) to detect eye dis- 
eases in a public health care program which does not employ ophthalmologists The OKP glaucoma 
screener was used in 941 subjects (1882 eyes) as a part of the health screening in Gifu-ken Industrial Health 
Center. 

Twenty-two subjects (24 eyes) who had abnormal OKP results underwent ophthalmological examina- 
tions including funduscopy, tonometry and perimetry with the Humphrey Visual Field Analyzer Abnormal 
OKP results were attributable to open-angle glaucoma in seven patients (nine eyes), retinal vein occlusion in 
four (four eyes), macular degeneration in three (three eyes), optic atrophy secondary to optic neuritis in one 
(one eye), brain tumor in one (one eye), and myopic chorioretinal atrophy in one (one eye), respectively In 
three patients (five eyes) they were false-positives 

OKP is worthwhile to include in ophthalmic health care screening, particularly when funduscopy or 
fundus photography is not feasible. 

Introduction 

The glaucoma screener of oculokinetic perimetry (OKP) or OKP glaucoma screener was 
developed for the detection of glaucomatous visual field loss by Dr Damato’ It has 26 ex- 
amination points, and the points are distributed in the area where glaucomatous visual field 
defects frequently occur. We reported that the OKP glaucoma screener seems to be an effec- 
tive method for detecting moderately advanced, glaucomatous visual field changes. In an at- 
tempt to evaluate the ability of the OKP glaucoma screener to detect eye diseases in public 
health care screening, we tested the subjects with OKP who were examined in a public health 
care screening program which did not employ ophthalmologists. 

Patients and methods 

Nine hundred and forty-one subjects, 1882 eyes (702 males and 239 females) were tested 
with OKP as a part of the Health Screening Program at the Industrial Health Center in Gifu 
prefecture. The mean age was 47 1 years, ranging from 27 years to 65 years. 

In the first step, at the Industrial Health Center, all of the subjects were tested for visual 
acuity, intraocular pressure (IOP) by means of a non-contact tonometer (Topcon, Tokyo), and 
fundus photography by a non-mydriatic fundus camera (Topcon, Tokyo) prior to OKP. During 
OKP, they used their own spectacles or ready-made ones (+lD, +1.5D, +2D, +2.5D, +3D, 
+3.5D), as needed to clearly see the blue numbers and the black point on the OKP chart. Oph- 
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Table I Criteria for abnormality in the first step 

(1) OKP: Abnormal point exit 

(2) IOP 2 20 mmHg 

(3) Fundus photograph: read by ophthalmologist 

(4) Visual acuity < 20/20 

First Step 

1882 eyes 

1856 eyes unable 

Fig 1 Results of OKP 

1 7882 eyes 1 

First Step 

IOP < 20 mmHg 
IOP 2 20 mmHg 

7 862 eyes 
17 eyes 

Fig 2 Results of tonometry 

thalmologists were usually not present, and a physician and nurses who work in this center 
performed examinations The presence of eye diseases was judged by an ophthalmologist 
based upon fundus photographs, visual acuity and IOP. In the second step, subjects with any 
suspected ocular abnormality in the first step were examined in our eye clinic Ophthalmo- 
logical examinations included direct fundoscopy, tonometry with a Goldmann tonometer and 
perimetry by the Humphrey Visual Field Analyzer (program 30-2, model 630). The criteria 
for abnormality in the first step and enrollment into the second step are shown in Table 1 The 
first step was a mass screening and the second step was a thorough examination. 
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First Step 
1882 eyes 

Other Abnormality 
64 eyes 

, 
Glaucoma 
suspected 
42 eyes 

Second 
Step 

10 eyes POAG 
13 eyes NTG 
19 eyes Normal Visual Field 

Fig 3 Results of fundus photography 

Table 2 The glaucomatous eyes - detected by OKP 

O-I 
Aulhorn Greve’s classification 
I II III IV v Total (%) 

POAG 
xx xx 0 0 

XX 

xx (i”o 0) 

NTG xx 00 XX 00 
00 X 0 (ii 8) 
X 

(0%) (36 4%) (25 0%) (100%) 

o: detected; x: not detected 

Results 

In the first step, among 1882 eyes of 941 subjects, 26 eyes of 15 subjects could not be 
tested with OKP. The causes of the failure to test were low vision (< 0.4) in 21 eyes and were 
not clear in five eyes. Twenty-two subjects (24 eyes) had abnormal OKP results In the second 
step, 19 eyes had reproducible OKP results and five eyes were judged to be false-positives 
(Fig. 1). The results of tonometry are shown in Figure 2 In the first step, 17 eyes had IOP 
greater than 20 mmHg, and in the second step examinations, ten eyes were diagnosed as pri- 
mary open-angle glaucoma (POAG) and seven eyes as ocular hypertension The results of 
reading of the fundus photographs are shown in Figure 3; 42 eyes were judged to be glaucoma 
suspects. In addition, other abnormalities were suspected in 64 eyes. 

The second step examinations found that eyes with abnormal OKP results had open-angle 
glaucoma in seven patients (nine eyes), retinal branch vein occlusion in four patients (four 
eyes), macular degeneration in three patients (three eyes), optic atrophy secondary to optic 
neuritis in one patient (one eye), brain tumor in one patient (one eye) and myopic chorio- 
retinal atrophy in one patient (one eye), respectively 

In addition to the nine open-angle glaucoma eyes, eight POAG eyes and six normal-tension 
glaucoma (NTG) eyes were identified in the second step, based upon elevated IOP, optic disk 
changes or perimetric findings Using Aulhom-Greve’s glaucoma visual field classification, 
the severity of glaucomatous changes found in this study are shown in Table 2. OKP detected 
defects in 20% of these with POAG and in 53.8% of these with NTG. Thus, the ability of the 
OKP glaucoma screener to detect early changes was low and 100% in stage III. These results 
conform well with those of our previous report2 
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Case 1 was POAG with an abnormal visual field Sensitivity was decreased in his upper 
visual field At the screening examination, OKP detected defects in the same location (Fig 4). 
Case 2 was a taxi driver with no subjective symptoms, visual acuity of 1.0 with normal 
fundus OKP disclosed a visual field abnormality in the first step. In the second step, 
perimetric examination with a Humphrey Visual Field Analyzer showed hemifield defects in 
both eyes, and pituitary adenoma was found by computed tomography The visual field of the 
right eye was normal by OKP (Fig 5) 

Discussion 

OKP can be an important examination method in mass screening or in a routine health care 
program. It may even detect early abnormalities, if the test points happen to coincide with the 
area of visual field abnormality. 

For early detection of glaucoma in a large population sample, it is not practical to incorpo- 
rate perimetric examination. Thus, in the vast majority of previous reports, subjects were 
screened by IOP and optic disk findings. Visual field evaluation by OKP may be a useful part 
of a screening program for detecting glaucoma or ocular diseases. However, OKP has its limi- 
tations. OKP is not designed to detect early visual field changes. Nevertheless, the false-posi- 
tive rate was low and the abnormal results of OKP testing were attributable to vision threaten- 
ing diseases in 80% of the cases screened at the first step. It should be emphasized that none 
of the cases detected by the present screening had been aware of their ocular diseases In con- 
clusion, the OKP glaucoma screener is a particularly worthwhile test to be included in oph- 
thalmic health care screening where funduscopy or fundus photography is not feasible 
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Abstract 

Since the UK Health and Safety Executive directive on workers using a visual display unit (VDU) was 
instituted as a result of EC legislation, departments of occupational health in industry, commerce and public 
services have been obliged to provide free sight testing should their employees request it The occupational 
health department of Cable and Wireless plc, a large multinational company, has exploited this opportunity 
to screen employees for ocular abnormalities and vision defects as part of a general health assessment A 
software package was developed at the Institute of Ophthalmology for the delivery of the intermediate dis- 
tance visual acuity test and motion sensitivity screening test on a “notebook” computer with monochrome 
Liquid Crystal Display The results of screening of the first 1680 individuals, aged 29.5 years SD 12 7 
(range from 18 to 61 years), over a year are presented 135 repeat tests have been carried out and to date 29 
referrals for further ophthalmological assessment have been made to several centers across the UK 
Amblyopia, and persons with cataract have so far been detected but only one uncom‘inned glaucoma sus- 
pect has been identified The acceptability of the test to the work force and occupational health physicians 
and nurses is good 

Background 

The use of VDUs in the workplace has brought about enormous changes, most of which 
have been of benefit to both the employee and employer Adverse effects of their use, mainly 
in the ergonomic area have been reported L2s3 but this prompted a response by the Health and 
Safety Executive4 followed by a directive from the European Community5 and these regula- 
tions became law in January 1993 

Under the regulations? all VDU users are entitled to an eye sight test, at the employer’s ex- 
pense, and the right to a pair of spectacles when they are specijically required to perform 
VDU work (also at the employer’s expense). Since free sight tests for all were abandoned in 
the UK in April 19896 it was anticipated that there would be a high acceptance of a free eye 
sight test offered within these regulations. 

The regulations state that those conducting the eyesight screening tests should have a basic 
knowledge of the eye and its functions. Some companies opted for a vision screening facility 
within their own occupational health set-up, with referral to an optometrist or ophthalmologist 
if any problem or defect was identified. The occupational health department of Cable and 
Wireless plc decided to optimize this opportunity to screen their work force for any ocular ab- 
normality or visual defect as part of an already provided general health assessment. Cable and 
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Wireless plc asked advice from the Institute of Ophthalmology in London regarding the vision 
testing. An existing software package, developed at the Institute of Ophthalmology for use on 
a “notebook” computer with a 12” monochrome Liquid Crystal Display, was modified and set 
up for use on their portable “Compaq” computers at various testing sites throughout the UK. 

The package featured an intermediate distance visual acuity test and a motion sensitivity 
screening test. The motion sensitivity testing (MST)7 is not dependant on standardized testing 
conditions such as contrast, brightness or refractive error, and since the test viewing distance 
is not critical, it appears ideal for the occupational health situation 

Method 

The system first presents a visual acuity (VA) test based on a LogMAR (minimum angle of 
resolution) “E” test. This is conducted monocularly with the subject wearing any appropriate 
optical correction. Because the viewing distance is relatively short (approximately 60 to 70 
cm) it limits the best visual acuity level to 0.19 LogMAR, 6/9 Snellen equivalent. The system 
then makes allowance for the VA which is recorded before commencing the MST because 
poor VA can influence the MST results. 

The strategy in the “package” supplied is to specifically test for large ganglion cell damage 
with the motion stimulus and to identify and locate abnormal zones of the optic nerve head. 
Therefore the MST may detect any defect although it was originally designed specifically to 
detect glaucoma defects. The system generates 48 vertical lines in six zones (central 20 de- 
gree area) around a fixation target Only six of the 48 targets are tested, and these are tested 
repeatedly The moving stimuli are vertical lines with a horizontal displacement, the length of 
the vertical bars and distance of displacement between the bars is automatically adjusted ac- 
cording to the result of the visual acuity testing 

It is known that any psychophysical test which takes longer than five minutes to complete 
results in reduction in the subject’s concentration and therefore accuracy. The fact that this 
test takes less than five minutes to test both eyes independently means that there is the oppor- 
tunity to repeat any test in which the reliability is suspect. The test is explained to the subject, 
and a training exercise is carried out binocularly, one key serving as the response key. Each 
time one of the lines is seen to move the key is pressed. One eye is then occluded and the sub- 
ject is instructed to fixate the fixation circle On appreciating movement of any of the hori- 
zontal lines in the periphery, the key is pressed. A suitable cut-off for discriminating normal 
from abnormal was taken at 50% mean motion detection score for all age groups. All those 
not gaining 50% on the first test were recalled for a repeat test. 

Subjects 

All the employees of Cable and Wireless plc are eligible for the test. 1718 tests (some du- 
plicate) have been carried out in the first year of the system being set up, on 827 females and 
891 males The average age was 29 5 years (standard deviation 12 7, ranges from 18 to 61 
years), 1257 being between the ages of under 20 to 40 years. Only 14% of the employees 
tested were over the age of 40 and would be in the age group where they may be at risk of de- 
veloping glaucoma. 132 of the subjects had duplicate tests and three had three tests carried 
out. These repeat tests were carried out to check interobserver variation in those with good re- 
sults. In others, repeat tests were carried out to test for improvement either due to the learning 
effect or change of situation such as wearing spectacles or contact lenses (CL) Employees 
who showed no improvement on repeat testing, where no known legitimate cause (such as 
amblyopia or cataract) for the reduction in the MST could be determined, were referred for 
tirther evaluation 
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Results 

1590 (95%) of the subjects had visual acuity of 6/9 or better 528 had 100% on the MST 
correlating with good VA, as 509 of these had a vision of 619 or better in either eye 

Only 29 of the 1680 individuals tested were referred for further testing and investigation by 
the ophthalmologist. The average age of those referred was 38 years (8.5 years older than the 
average work force age). The referral rate of 1.7% is low but, the population tested was a 
young, healthy, working one. 

Any subject who did not obtain 50% on the first MST test had a repeat test - and if they 
improved to 50% they were not referred A few who still did not reach 50% on MST did not 
get referred where an adequate reason for the poor result was apparent, such as known 
amblyopia or cataract. 

The results of the full ophthalmological investigation of five referrals are not yet known 
Only one of the referrals was suspected of having glaucoma and is being followed up as she 

has a positive family history of glaucoma and is in the older age group (58 years). There were 
248 over the age of 40 years so this gives a glaucoma referral rate of 0.4% in the older age 
group The Bedford and Ferndales studies on similar white UK populations over the age of 
40 years have prevalences of primary open angle glaucoma (POAG) of 0.71% and 0 43% re- 
spectively 

One referral from this study had tilted disks but otherwise the full ophthalmological inves- 
tigation was normal As there was a positive family history of glaucoma she will be reas- 
sessed in a year. 

Two referrals have dry eyes and mild ocular surface disease, not requiring any treatment, 
but this may account for the abnormal MST. 

436 of the subjects wore spectacles and 135 (8%) wore contact lenses (CL), ten said they 
wore both - presumably interchanged Seven referrals (24%) wore soft or gas-permeable CL. 
One of these had poor fitting CL but otherwise a normal ophthalmological investigation 
Three of the CL wearers had large myopic disks and this may have been the origin of the ab- 
normal MST response. The full ophthalmological examination was normal in these three. The 
remaining three CL wearers were normal on further investigation We considered the abnor- 
mality might be due to reduction in blinking while carrying out the MST Alternatively the 
age of the lenses may have been a factor 

Four referrals had squint and/or amblyopia (one of these also had nystagmus) and this could 
have caused the reduction in the MST Full ophthalmological investigations were otherwise 
normal. 

In nine referrals, no reason for the reduced MST could be found, as full ophthalmological 
examination was normal. The results mirror this company’s work force as a young, healthy, 
working population 

Discussion 

The young age distribution and the intermediate working distance for the VDU would mean 
that very few, subjects should require a special optical correction for use at the VDU In a 
young, healthy, working population the need for optical correction is normally known and this 
is supported by the fact that 33% of the work force presented for examination already wearing 
a spectacle or CL correction. It has been suggested that the wearing of CL may aggravate the 
asthenopic ocular symptoms” reported in VDU workers, but this may be contributed to a dry 
atmosphere and reduced blink rate which appears to occurrl. In one study3 33 7% of those 
questioned complained about eye problems, but these were non-specific asthenopic symptoms 
and no eye examination was carried out to confirm the self-reported problems 

In a small hospital-based study carried out by optometrists within a visual assessment de- 
partment12, 3% of those tested were referred as at risk of developing glaucoma or having defi- 
nite glaucoma but 33% of this population were over the age of 40 years. 

The use of the MST as a tool in early diagnosis of glaucoma, before visual field defects are 
apparent on conventional assessment, has been documented13 The use of the MST in screen- 
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ing a young, healthy, working population for any type of ocular defect has not been reported 
before. 

The test was well accepted by the occupational health physician and nurses carrying out the 
test and by the employees of the company who were examined In this study an occupational 
health nurse, who had been trained in the use of the system, assisted the participant through- 
out the test - although the system has the potential to be integrated onto the employee’s own 
computer work station in the future, facilitating self-testing within the working environment 
This quick and simple method of assessment should be considered in the future 
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Inter-operator variability in laser ellipsometry of the nerve fiber layer 
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Abstract 

Laser ellipsometry of the nerve fiber layer is a new imaging technique which estimates thickness of the 
nerve fiber layer by using the fact that it is birefringent A commercial device, the Nerve Fiber AnalyzerTM, 
uses a dedicated scanning laser ophthalmoscope to produce an image of the nerve fiber layer adjacent to the 
optic nerve head To study operator-related variability in nerve fiber layer thickness measurements, we had 
four trained operators test 11 subjects twice, resulting in 88 nerve fiber layer images. We anaIyzed five indi- 
ces computed from these images: mean thickness in each of four quadrants, and overall mean thickness Re- 
peated-measures ANOVAs showed significant operator effects for four of these indices (from p = 0 002 to 
p = 0 016 across indices) The average test-retest variability across operators was 3 0 pm for the overall 
mean thickness, and ranged from 4 O-4 9 pm for the four quadrants For each index, inter-operator differ- 
ences as large as 42% of the average value were noted The clinical usefulness of the device will be limited 
until it has been modified to reduce inter-operator variability Research studies should try to have the same 
operator test all subjects, and mask the group identity of each subject 
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Abstract 

Four examiners evaluated the optic disk of one eye of 12 subjects with the “Heidelberg Retina 
Tomograph” 6-10 times. One observer was experienced in data acquisition with this instrument, the others 
were trained within a few days Six optic disk parameters were evaluated A f test showed significant dif- 
ferences between the measurements of each examiner in seven eyes, highly significant differences in four 
eyes. Outlying sets of data were found for each one of the four observers The coefficient of variation was 
falling in the range of 1 3-61 l%, and it showed significant inter-observer differences in five eyes These 
eyes were not coinciding with the ones with increased inter-observer differences of disk parameters, how- 
ever. Obvious high variation happened in each of the observers, and was more prominent in some of the 
subjects Deviation and fluctuation of values independently occur in all disk parameters and cannot clearly 
be attributed to insufficient examiner’s training A quality parameter for each single examination might help 
to reject improper tests and thus improve reproducibility 

Introduction 

The analysis of trends in the topometric follow-up of the optic disk requires high reproduci- 
bility Older equipment was less satisfying in this respect 1 We tested a newer instrument, the 
“Heidelberg Retina Tomograph” (HRT) with special emphasis on inter-observer and inter-sub- 
ject variability of repeated measurements. 

Materials and methods 

Four observers evaluated the optic disk of one eye of 12 subjects between 21 and 62 years 
of age with the HRT 6-10 times with an undilated pupil. One examiner was experienced in 
data acquisition with this instrument (JR S ), the others were trained within a few days The 
contour line around the disk of each eye was marked once by one of us (F D ) and transposed 
to all available measurements. Six highly characteristic disk parameters were evaluated: cup 
area, cup volume, mean depth of disk, mean depth of cup, “height variation contour” (height 
differences along the disk edge), and “third moment inside contour” (slope of the cup). The 
repeated examinations were analysed separately and as mean topography image for each ob- 
server and each subject (software version 1.08) 

Address for correspondence: F Dannheim, Department of Ophthalmology, University of Hamburg, 
Martinstr. 52,20246 Hamburg, Germany 

Perimetry Update 1994/95, pp 343-350 
Proceedings of the XIth International Perimetric Society Meeting 
Washington DC, USA, July 3-7, 1994 
edited by R P Mills and M Wall 
0 1995 Kugler Publications, Amsterdam/New York 



344 F. Dannheim et al. 

Results 

Mean image. The mean standard deviation as given by the instrument for each mean topog- 
raphy image ranged between 20.73 and 85.46 microns with a mean of 39 68 f 17.58 microns 
SD for the 12 eyes and four observers (Fig. 1). Values were predominantly between 20 and 40 
in ten eyes and between 40 and 85 microns in the other two. The value of one observer is 
missing in subjects No. l-4, since these subjects were the observers An outlying value was 
apparent in subject 2 and 3 for observer “Icag”, represented by a white bar. The profile of val- 
ues for the observers in the other subjects did not disclose any trend. A comparison of the per- 
formance of the four observers by a t test when pooling these data for all subjects did not 
show significant differences Highly significant differences existed between the 12 subjects, 
however Subject No 9 was the most prominent outlier: Each one of the examiners had prob- 
lems in obtaining good pictures for this moderately myopic eye. Three other eyes presented 
with considerably high values of standard deviation. 

Single images. The analysis of each picture separately resulted in individual values for each 
subject and each observer. This approach gives values for each optic disk parameter. Disk 
area was kept constant by the study design Cup area, cup volume, cup depth and cup slope 
are the most meaningful ones and will be described in detail. The values for these four para- 
meters are presented in Figure Za-2d, the coefficient of variation in Figure 3a-3d. 

Cup aria. Absolute mean values were grouped quite closely for all subjects and within each 
subject (Fig. 2a) When comparing the data by a t test, six eyes disclosed significant inter-ob- 
server differences, however, marked with asterisk for their level of significance. Eyes No. 4 
and 6 were leading in this respect. The coef$cient of variation (Fig 3a) was markedly ele- 
vated in three subjects, who did not coincide with those with large inter-observer variations: 
Nos 3, 9 and 11 were falling out of the general trend The profile of values of the four observ- 
ers disclosed no systematic characteristics. 

Cup volume (Fig 2b) presented with more inter-subject variation, subjects 3 and 9 demon- 
strating the smallest, subject 1 and 10 the highest values A t test revealed inter-observer dif- 
ferences in six eyes, this time subject 6 and 10 being the greatest The coefficient of variation 
(Fig 3b) was not highest in these, but in three other subjects: Nos. 3, 9 and 11, as for cup 
area. The profile for the observers in each subject did not indicate any trend. 
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Fig I Mean standard deviation of a mean picture from six to ten combined pictures in microns (y 
axis) for subject 1 through 12 (x axis). Data in each subject consist of four bars representing the val- 
ues of each one of the four observers (legend on the right) One bar is missing in the first four sub- 
jects, since there were also the observers 
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Fig 2 Mean values of four disk parameters (y axis) from six to ten single pictures for subject 1 
through 12 (x axis) Data in each subject consist of four bars representing the values for each one of 
the four observers as in Figure 1 Subjects in which significant differences occurred between the four 
observers are marked with asterisk underneath the subject number for level of significance (* < 0.05, 
** < 0 01, *** < 0 001). a) Cup area in mm2 b) Cup volume in mm3. c) Cup depth in mm. d) Third 
central moment of frequency distribution of depth values 

Cup depth (Fig 2c) showed the expected inter-subject differences. Significant inter-ob- 
server differences were present in five eyes, this time subjects 5 and 6 being outstanding The 
coefjcient of variation (Fig. 3c) was most markedly elevated in subject 4, followed by 9 and 
11, resembling the two other parameters in this respect 

Third moment (Fig 2d), defined as the parameter of slope, revealed negative values, indi- 
cating soft sloping cups in all eyes. Two eyes, No 4 and 6, had highly significant inter-ob- 
server differences. The coef$cient of variation (Fig 3d) revealed high values in subject 8, 10 
and 11, whereas subject 9, which was prominent for all other parameters, behaved somewhat 
better for this index. 

The coefficient of variation, when separately calculated for each index, subject and ob- 
server, was lying in the range between 1.3 and 61% When all data were pooled for the four 
observers (Fig. 4), we found a common mean of 16%. The profile of values for the six para- 
meters was slightly different in each subject, and highest values occurred in subjects 4 and 9 
There were no differences between the disk parameters when pooling the data on variation for 
all 12 subjects. When we analysed the measurements of each examiner separately by pooling 
the different disk parameter, we found high inter-observer differences in five subjects, marked 
by asterisk for their level of significance 

The overall result of the inter-observer differences for all parameters and subjects is given 
in Table 1: Seven eyes revealed significant differences in some of the disk parameters, four 
eyes with the highest level of significance Each one of the four observers produced nearly 
equally frequent outlying results. The coefficient of variation was different for the four ob- 
servers in five eyes, when taking all parameters together (right column). These eyes were 
not the same ones as those with deviating measurements, however. Outlying values of 
variation again occurred for each one of the examiners Eye No. 9 had the highest mean stand- 
ard deviation and the highest coefficient of variation for most of the disk parameters. Even 
then the mean values of all disk parameters coincided favorably in this subject for all ob- 
servers 

There was no statistically significant correlation between inter-observer differences, ex- 
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Fig 3 Coefficient of variation of six to ten measurements of four disk parameters (a-d) in % (y axis) 
for subject 1 through 12 (x axis) Data in each subject consist of four bars for the four observers, as 
in Figures 1 and 2 a) Cup area b) Cup volume. c) Cup depth d) Third moment 
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Fig 4 Coefficient of variation of six to ten measurements of four observers pooled together (y axis) 
for subject 1 through 12 (y axis). Data in each subject consist of six bars representing the values for 
each one of the six disk parameters: Cup area, cup volume, disk depth, contour variation, cup depth, 
third moment (legend on the right). Subjects in which significant differences occurred between the 
four observers are marked with asterisk underneath the subject number for level of significance as in 
Figure 2 

pressed by the p value of the t test, and the coefficient of variation. Inter-observer differences 
were, however, more pronounced in subjects with a small coefficient of variation (e.g., sub- 
ject 3, 5 and 12 for cup area) Increased variation was noted in parameters with individually 
high and low values. 
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Table 1. Inter-observer differences in their repeated measurements of six optic disk para- 
meters: cup area (V-area), cup volume (V-vol), disk depth (V-depth), contour variation 
(V-var), cup depth (V-eff), third moment (V-third) for each one of 12 subjects (Pl-12) 
Level of significance marked with asterisks as in Figure 2. Right column represents inter-ob- 
server differences in coefficient of variation between the disk parameters as in Figure 4 

IDifferences between examiners I IV different 

The variation of single measurements of optic disk parameters in our clinical set-up turned 
out to be higher than in previous reports2,3,4, and expectedly higher than in a model eye2a5. The 
reason for this observation could be that we had by chance included some subjects who pro- 
duced consistently high variation. Deviating values of disk parameters between observers oc- 
cur for all disk parameters independently from increased variation of values, and they cannot 
clearly be attributed to insufficient examiner’s training Single pictures are definitely not suf- 
ficient, and five or more might be helpful to increase reliability6,7,8,9. 

This material probably includes a considerable proportion of poor pictures Our software 
version did not yet provide a quality check for single pictures Such a quality parameter for 
each examination might help to reject improper tests and thus improve reproducibility. A 
reevaluation of our data with the latest software is under way 
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Accuracy and reproductibility of the Heidelberg Retina Tomograph - results 
of volume measurements in a model eye 

P. Janknecht and J Funk 

University Eye Hospital Freiburg, Freiburg, Germaq> 

Introduction 

The Heidelberg Retina Tomograph (HRT) and its predecessor, the laser tomographic 
scanner, were primarily designed for the examination of the optic disk1,Z,3 The HRT can, 
however, also be used for measuring fundus elevations such as in macular edema or macular 
hole4,5 We wanted to quantify the accuracy of the HRT in measuring elevations and 
depressions 

Methods 

Details of the HRT confocal image acquisition and processing have been described 
elsewhere3 

A model eye was constructed consisting of two cylinders which could be slipped into one 
another The front cylinder carried a +20D lens, the back cylinder with its artificial “retina” 
(50 mm away from the front lens) had a hole for the insertion of various buttons They served 
as artificial cups and elevations of known geometry The model eye was air filled Its optical 
data differed from Gullstrand’s model eye which is programmed into the HRT. Therefore, 
correction factors had to be applied6 The visual angle of Gullstrand’s eye was divided by the 
visual angle of the model eye giving a factor k. The real volumes of the buttons were divided 
by the fourth power of k6 k depended on where the focal plane of the HRT was In the case of 
depressions the focal plane was on the artificial retina (k = 2.9) and in the case of elevations a 
+2.5D lens was shifted in front of the model eye so that all of the elevations could be 
measured (k = 2 555). 

Each of the artificial disks and elevations was measured three times. 10’ scans were used 
for the depressions (as is usually done in examining the optic disk of patients) and 20” scans 
for the measurement of the elevations (as is necessary for the analysis of macular edema or a 
tumor). The scan depth was 2 0 mm The parameters “volume below surface” and “volume 
above surface” were taken for further analysis. 

The mean value and standard deviation of three repeated measurements were used to 
calculate the relative error and the coefficient of variation 

The relative error was defined as7: 

mean of the measured values 
relative error = 

c 
actual value* 

*after correction for dimensions (Gullstrand data) 
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The coefficient of variation was defined as 

coefficient of variation = 
deviation of the measured values 

mean of the measured values 

Table 1 Real volumes as compared to measured volumes, relative error and coefficient of variation 
of HRT measurements in a model eye 

Type of artljkial 
depression or elevation 

Real 
volume (mm3) 

Measured 
volume (mm3) 

Relative error 
w 

Coefficient of 
variation (5%) 

1 39 1.63 17 6 0.86 
0.78 0 87 12.1 0.81 
0 40 0 36 97 3 61 
2 30 2 34 15 1 91 
0 98 0.90 80 2 34 
1 54 1 52 0.8 4 02 

Results 

Qualitatively The profiles of the artificial depressions and elevations were correctly 
scanned. The edges were sharp; there was not much electronic noise. 

Quantitatively (Table 1): The relative error ranged from 0.8% to 17 6% with a mean of 
8 3%. The elevations were recorded more accurately. 

The coefficient of variation ranged from 0.81% to 4.02% with a mean of 2 3%. There was 
not much difference between the elevations and the depressions 

Discussion 

The relative error in measuring the volumes of the elevations was smaller than in 
measuring the artificial cups One reason for this may be that the volumes of the artificial 
cups were smaller than the volumes of the elevations. To compare the measured to the real 
volumes of the depressions and elevations a factor k was calculated, because our model eye 
differed from Gullstrand’s eye (the optical data for which are programmed into the HRT). k 
was significantly smaller in the case of elevations, as the focal plane of the HRT was shifted 
into the vitreous by an additional front lens. As the real volumes of the elevations and 
depressions were divided by the fourth power of k, rounding errors contributed more in the 
case of depressions than in the case of elevations. This may be another reason why the relative 
error was larger in measuring depressions On the other hand, the mathematical model seems 
to be correct, as there was no systematic error (some volumes were measured too large, some 
too small) Furthermore, it is much more difficult to build a Gullstrand eye Such a delicate 
piece of optics would have many more errors than were caused by the mathematical 
adjustments we made 

As yet there are no reports about the accuracy of volume measurements with the HRT for 
elevations. Dreher and Weinreb’,* report accuracies for the Laser Tomographic Scanner. 
Weinrebs measured an 0.3 to 3 1% accuracy for the one dimensional “cup diameter” in a 
phakic model eye Dreher’ found the accuracy to be 2.0% for areas and 11.7% for depth 
measurements. If we use this 2 0% accuracy for areas and the 11 7% accuracy for depth 
measurements for calculating 11(22 + 11 72), the resulting 11 9% agrees well with our data 
(compare Sachs9) 
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Our coefficient of variation was 2 3% Lusky et al’s datalo cannot be compared to our data, 
as they refer to one dimensional parameters The reproducibility in the model eye was better 
than in patients3,11-13 This is not surprising. The optical irregularities of the human eye are 
larger than those in a model eye Furthermore, the coefficient of variation is influenced by eye 
movements and the pulsation of the retina 

In conclusion, the HRT can also be used for the measurement of fundus elevations Its 
performance here is at least as good as its performance in measuring fundus excavations The 
accuracy of less than 10% for a three-dimensional parameter is excellent. This accuracy 
should be sufficient for the follow-up of macular edema or of a small retinal tumor. 
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Intervisit reproducibility of the Glaucoma-Scope optic disk imaging system 

Martha M. Leen, Richard P Mills, Aaron P Weingeist and Bradley C Clifton 

Department of Ophthalmology, University of Washington, Seattle, WA, US,4 

Abstract 

Intervisit reproducibility of the Glaucoma-Scope was assessed using criteria practical for the clinical 
setting One eye of 33 consecutive glaucoma and glaucoma suspect patients was imaged with the Glau- 
coma-scope (software version 3 12) on two separate occasions on the same day These images were 
analyzed and digitally compared Reproducibility was graded as good when 5 10 contiguous pixels within 
one pixel of the disk rim and at least two pixels from major retinal vessels showed 100 m depth change We 
felt most clinicians would not suspect clinically significant change at that level Borderline (11-25 such 
pixels showing 100 m change) and poor (> 25 such pixels showing 100 m change) reproducibility would 
elicit greater clinical concern 91% of image-pairs showed good, 6% showed borderline and 3% showed 
poor reproducibility The Glaucoma-Scope has an acceptable level of reproducibility to warrant sequentially 
following those patients on whom good quality images can be obtained, taking care to confirm apparent 
change until longitudinal validation studies have been performed 

The authors have no financial interest in Ophthalmic Systems or the Glaucoma-Scope. 
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Topographic change in the optic nerve head following acute reduction of IOP 
in glaucoma 

J.G. Flanagan and E.P. O’Donoghue 

Department of Ophthalmology, University of Manchester, Manchester, United Kingdom 

Abstract 

Purpose: To investigate topographic change in the morphology of the optic nerve head using the 
Heidelberg Retinal Tomograph (HRT), following acute reduction of IOP in a glaucomatous population 

Method: The HRT was used to record baseline and post-therapeutic images in 18 patients undergoing 
trabeculectomy or Diamox therapy Seven trabeculectomy subjects and five Diamox subjects met the 
rigorous inclusion criteria for image quality and IOP reduction A minimum of three images (10” field) were 
recorded in each session and mean topography (MT) files were generated 

Results: The topographic difference (TD) utility was used to analyze pre- and post-therapy images Only 
one subject with trabeculectomy demonstrated a significant and repeatable difference (NoCP = 0 44) When 
further analyzed using custom software within the limits of the optic nerve seven of the 12 subjects demon- 
strated significant change 

Conclusions: Gross change in the morphology of the optic nerve is required for the TD utility of the 
HRT to designate such change as significant When analysis was restricted to the optic nerve (i e , the area 
of interest) seven of 12 subjects demonstrated topographic change in morphology following acute IOP 
reduction The change generally consisted of a shallowing of cup depth and/or increase in neural rim 
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Correlation of visual field indices with scanning laser tomographic imaging in 
glaucoma 

Luca Brigatti, Marc Weitzman and Joseph Caprioli 

Yale University School of Medicine, New Haven, CT, USA 

Background 

Mprphological examination of the optic disk and psychophysical testing are important ways 
to monitor the progression of glaucoma. In recent years confocal scanning laser ophthal- 
moscopy has been proposed as an accurate method for optic disk and nerve fiber layer analy- 
sis. Despite the very different nature of morphological and psychophysical tests, a correlation 
between them is expected since they both address the issue of glaucoma progression 

Purpose 

To assess the correlation between automated static visual field indices and structural optic 
disk data obtained with a confocal laser tomographic imaging system 

Subjects 

One eye of 46 patients (mean age 63 f 10 years) with early to moderate glaucoma (mean 
defect 4.8 f 6 2 dB) was randomly stlected. 

Methods 

Static automated perimetry (Octopus Gl program or Humphrey 24-2) and confocal retinal 
tomography (Heidelberg) was performed on all eyes. The visual field indices mean defect and 
corrected pattern standard deviation were calculated for the analysis. On the tomographic im- 
ages, a circular contour line was traced immediately outside the border of the disk rim to de- 
limit the optic disk The following morphological data were calculated: area (mm2) within the 
contour line; effective area and volume (mm* and mm3) of the structure located below the 
plane of the contour line (corresponding to the “cup area” and “cup volume”) and volume 
above that plane (mm3); area (mm*) and volume (mm3) of the structure below the relative “0” 
reference retina height and volume above that plane (mm3); radius of the contour line (mm); 
mean height of contour (mm) representing the mean nerve fiber layer height along the contour 
line; height variation contour (mm) which is the difference between the highest and the lowest 
nerve fiber layer height; mean and maximum depth of the structure inside the contour line and 
of those below the reference plane (mm). The same data are provided stratified for sector of 
the optic disk Other information provided are the third moment of the distribution of the 
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structure delimited by the contour line and below its plane and the x, y and z coordinates of 
the gravity center of the cup 

Statistical analysis 

The correlation between the morphological data and the visual field indices was evaluated 
with Pearson’s correlation coefficient (r) with Systat for Windows (Systat Inc , Evanston, IL, 
USA). 

Results 

The height of the peripapillary nerve fiber layer showed a statistically significant correla- 
tion (p < 0.05) with the corrected pattern standard deviation (CPSD): Y = 0.30, 0 43 and 0.44 
for the global, inferonasal and inferotemporal quadrants The cup depth also showed a signifi- 
cant correlation with both mean defect (MD) and CPSD (Y = 0.36 and Y = 0.33 respectively) 
The highest correlation was found between the third central moment of the frequency distribu- 
tion of the depth values and the visual field indices. Pearson’s correlation coefficient was Y = 
0.66 and r = 0.56 for MD and CPSD respectively. 

Discussion 

The third moment of the frequency distribution is related to the skewness of the frequency 
distribution of heights and to the overall structure of the optic disk as points with depth values 
far from the average (as can be found in disks with deep cups and steep cup borders) make the 
third moment value higher than that of.disks with points of relatively uniform depth (small or 
no cup) The third central moment of the depth distribution may be considered a good indica- 
tor of the degree of damage of an optic nerve. An increasing value over a series of follow-up 
visits is highly suggestive of glaucoma 



A study of an integrated glaucoma analysis system using computer-assisted 
image processing techniques 

Shigeki Yamada, Akihiro Sugiyama and Kazutaka Kani 

Department of Ophthalmology, Shiga University of Medical Science, Shiga, Japan 

Abstract 

The authors developed an integrated glaucoma analysis system using computer-assisted image process- 
ing techniques, in order to evaluate the visual field, optic nerve head and retinal nerve fiber layer This 
consists of a nerve fiber coordinate system on color fundus image and five analyses to serve glaucoma 
parameters: visual field, erosion between the optic disk edge and the pallor edge, NFBD, bend of optic cup 
vessels, and evaluation of four parameters in a nerve fiber coordinate system The system was applied to 
eyes with glaucoma There were overlaps of parameter peaks in some directions This system is considered 
to be useful for diagnosis of glaucoma 

Introduction 

In diagnosis of glaucoma, the importance of examining visual field defects, optic disk exca- 
vation, and retinal nerve fiber layer defects is well known. In recent years, we have seen a 
growing application of image-processing techniques to fimdus analysisIs Such techniques 
have contributed greatly to advancing research on quantitative representation cf glaucomatous 
changes 

Let us consider the examination of a fundus image or visual field. Generally, the examiner 
employs a procedure wherein he or she examines the subject while comparing multiple data, 
since it is difficult to evaluate a case based on a single datum 

With the objective of developing a new method of analyzing glaucoma, we have been en- 
gaged since 1991 in studying computer-assisted methods of performing integrated glaucoma 
analysis. Presently, we have developed a prototype system This report focusses on this sys- 
tem’s basic functions. We intend to report the technical contents of the system at a future 
date 

Methods 

In order to develop an integrated analysis method, it is necessary to construct a computer- 
ized relationship map of the multiple parts involved. Based on the premise that glaucomatous 
changes are involved in the course of nerve fibers, we developed a nerve fiber coordinate sys- 
tem, or NFC, as a standard map. The NFC descriptions not only enable parameter magnitudes 
to be evaluated, but also permit the positional correlation among glaucomatous changes to be 
quantitatively represented. This method of analysis also allows effective evaluation of minor 
glaucomatous changes. 

We would now like to explain the composition of the system Roughly, the system is com- 
posed of an input part, NFC setting part, image analysis part, and an integrated analysis part 
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Fig 1 

Fig 2 

For the input part, we use the TOPCON SBP-2020 and the TOPCON IMAGEnet as input de- 
vices for the visual field and the fundus 

In NFC set’ing, two pieces of data are processed: the optic disk and the retinal macula in a 
fundus photograph. The first step is to detect the center of the disk, edge of the disk, and 
center of the macula by use of image processing The next step is to simulate the pathway of 
the nerve fiber layer based on the defected locations of these sites. The final step is to derive 
an NFC system which has its original point in the center of the disk and describes the fundus 
at a nerve fiber layer angle 8 and a distance R (Fig 1). 

In our study, the image analysis part was composed of analyses of four parts the visual 
field, nerve fiber layer defects, or NFBD analysis, optic disk edge-pallor erosion, and optic 
cup blood-vessel bend analysis. 
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Fig 5. 

Fig 6 
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tion. Further, we see an overlapping distribution of shallow visual field defect, erosion be- 
tween the optic disk edge and the pallor edge, NFBD and blood-vessel bend in the 7 o’clock 
direction. The similar orientation of these parameters probably indicates that particular atten- 
tion is warranted. 
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Fluorescein filling defects of glaucomatous optic disks and visual field changes 

S Wakasugi, T. Ogawa, H. Suzumura and H Inoue 

Department of Ophthalmology, Tokyo Medical College Hospital, Tokyo, Japan 

Abstract 

Fluorescein angiography of 20 eyes with glaucoma was performed with a scanning laser ophthalmo- 
scope Disk tilling defects corresponded with visual field defects and their density No difference was ob- 
served between normal-tension glaucoma and primary open-angle glaucoma in this small series 

Introduction 

A scanning laser ophthalmoscope (SLO)‘s2 is a device that scans the fundus of the eye using 
a laser while the images obtained are shown on a video monitor 

The SLO has the following advantages 
1. It allows detailed observation of retinal hemodynamics in real time. 
2. It permits detailed observation of the lamina cribrosa and retinal nerve fiber layer 
3. Since the microscopic objective of the SLO has a wide range, it is easy to focus In addition, 

the intensity of the light used is far lower (approx. l/20) than for conventional funduscopes 
Thus, the SLO causes less discomfort during examination and enables observation to be con- 
tinued for a long time 

The mechanism of optic nerve damage in glaucoma has yet to be clarified. The mechanical 
theory proposes that optic nerve damage is due to ocular hypertension3, while the vascular 
theory suggests that ischemia of the optic disk is responsible M Thus it is important to evalu- 
ate the circulatory status of the optic disk when investigating the pathology underlying glau- 
coma 

In the present study, fluorescein angiography of glaucomatous eyes was performed using 
the recently developed scanning laser ophthalmoscope (SLO), and the relationship between 
absolute filling defects and visual field changes was investigated 

Subjects and methods 

The subjects included seven patients (ten eyes) with primary open-angle glaucoma (POAG) 
and nine patients (ten eyes) with normal-tension glaucoma (NTG). Fluorescein angiography of 
the optic disk was performed at an imaging angle of 20”. An argon blue laser (488 nm) was 
used for the excitation light source The relationship between fluorescein filling defects’ of 
the disk and visual fields was analyzed. The visual fields were compared with those 
fluorescein angiographic images in which disk filling defects were most clearly observed, and 
the percentage of the disk area occupied by filling defects was calculated utilizing a digitizer 
(tilling defect area/total disk area %) 
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Table I 
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NTG POAG Unpaired t test 

Age 

% disk area of filling defects 

I-2-e isopter (cm2) 

I-4-e isopter (cm2) 

Mean deviation (dB) 

Mean deviation for test points 
corresponding to filling defect 
(dB) 
Mean deviation for test points 
not corresponding to filling 
defect (dB) 

mean 57 40 60 00 
SD 12 74 14 14 
n 10 10 
mean 23 63 18 28 
SD 13 52 7 57 
n 10 10 
mean 28 99 20 17 
SD 2135 13 64 
n 10 10 
mean 127 45 133 20 
SD 39 71 2261 
n 10 10 
mean -6 85 -5 69 
SD 7 11 4 86 
n 10 10 
mean -9 25 -6 04 
SD 9 37 6 05 
n 10 10 
mean 4 58 -3 41 
SD 5 12 3 21 
n 10 10 

p=O671 

p = 0 293 

p = 0 285 

p = 0 695 

p = 0 673 

p=O812 

p = 0 829 

jtageo stage1 stage2 stage3 stage5 

Fig I Stage of glaucomatous visual field defects by Greves’ modified classification 

The following points were evaluated 
1 The relationship between percentage disk area of fluorescein filling defects and the area of 

intact visual field for the I-4-e and I-2-e isopters by Goldmann perimetry. 
2 The relationship between percentage disk area of fluorescein filling defects and the mean 

deviation obtained by the Humphrey Field Analyzer. 
3 Using the method of Wirtschafter et al *, those test points (out of a total of 74) in program 

30-2 that corresponded to those disk filling defects were identified. The mean deviation for 
these corresponding test points was then compared to that for the remaining non-corre- 
sponding test points 
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Filling defect (%disc area) Filling defect (%disc area) 

Y=30 65-O 29X (e-0 177, P=O 460) Y=144 27-O 67X (w-0 232, P=O 33) 

Fig 2 
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POAG. Y=-3 33-O 13X (r=-0.201, p=O 590) 

Fig 3 

Results 

Disk filling defects were detected in all casts having visual field changes, with most conc- 
sponding in location to the visual field defects Furthctmore, the size of the filling defects was 
found to incteasc with severity of the visual field changes (Fig 1) There was no difference 
between NTG and POAG groups in terms of average percentage atea of fluorescein filling de- 
fects, average area of l-4-e and I-2-e isopters, and average mean deviations and average age 
(Table 1) 
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-25 

-30 

Filling defect (%disc area) 

l LTG 

0 POAG 

NTG : Y=O.87-0.43X (r=-0.619, p=O.559) 

POAG: Y=-1.91-0.23X (r=-0.283, p=O.442) 

Fig 4 

Relationships between percentage disk area of fluorescein filling defects and area of intact 
visual field, for I-4-e and I-2-e isopters; both the areas for the I-4-e and I-2-e isopters showed 
a tendency to decrease with increasing size of disk filling defects The correlation coefficients 
between visual field area, and percentage disk area of filling defects were r = 4 232 (p = 
0 33) for the I-4-e isopter, and r = -0 177 (p = 0.460) for the I-2-e isopter, respectively (Fig. 
2) 

The relationship between percentage disk area of fluorescein filling defects and mean de- 
viation The percentage disk area of filling defects was compared with the mean deviation in 
order to evaluate the relationship between retinal sensitivity of the central visual field and 
disk perfusion Mean deviations were observed to decrease with enlargement of filling defect 
areas The correlation coefficients were r = -0.488 (p = 0.028) for all cases together, r = - 
0.591 (p= 0.070) for NTG cases only, and r = 4 201 (p= 0.201) for POAG cases only (Fig. 
3) 

There was a statistically significant difference (paired t test, p = 0.006) between the average 
mean deviations for test points corresponding to tilling defects (-7.65 * 7 85 dB) and those 
not corresponding to tilling defects (-4 00 * 4.20 dB), when all cases were considered to- 
gether Mean deviations for test points corresponding to filling defects showed deterioration 
with increasing percentage disk area of filling defects (Fig 4). The difference between NTG 
and POAG was not statistically significant due to the limited number of cases in each group 

Discussion 

A number of authors have stated that the primary event in the development of visual field 
defects in glaucoma is papillary circulatory impairment. In contrast, other investigators be- 
lieve the primary event to be degeneration of optic nerve fiber bundles, with regression of the 
papillary capillary network occurring secondarily Thus, the role of disk filling defects in the 
pathogenesis of the visual field defects of glaucoma remains unclear 

Absolute filling defects of the optic disk corresponding to visual field defects were noted in 
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all cases, with the percentage area of tilling defects increasing with decreasing retinal sensi- 
tivity. Mean deviations for test points corresponding to areas of absolute tilling defects were 
lower than that for non-corresponding test points These findings suggest that absolute filling 
defects of the disk may accompany retinal sensitivity loss in established glaucoma 
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Correlation between intraocular circulatory dynamics and visual field defect 
in normal-tension glaucoma 

Yoshio Yamazaki, Satoshi Miyamoto and Fukuko Hayamizu 

Department of OphthalmologAv, Nihon University School of Medicine, Tokyo, Japan 

Abstract 

The blood flow velocity of ophthalmic artery was analyzed in normal subjects and patients with nortnal- 
tension ‘glaucoma (NTG) to investigate the relationship between the change of intraocular circulatory 
dynamics and visual field defect Thirty-five normal subjects and 25 NTG patients were examined using 
color Doppler imaging Visual field testing was performed with program central 30-2 of the Humphrey 
Field Analyzer and intraocular pressure with a Goldmann applanation tonometer Resting systemic blood 
pressure and heart rate were examined prior to the measurement of the blood flow velocity of the ophthal- 
mic artery 

There were no significant differences in systemic blood pressure, pulse rate, intraocular pressure 
between normal subjects and patients with NTG The NTG patients showed a significant reduction in the 
blood flow velocities (p < 0 Ol), and a significant increase in resistivity index (p < 0 01) compared with 
normal subjects The linear regression of resistivity index on mean deviation was statistically significant in 
NTG patients (Y= 0 558, p < 0 01) * 

The results indicate that circulatory dynamics of ophthalmic arterial perfusion might be related to the 
progression of the visual field defect in patients with NTG 

Introduction 

The mechanism of damage in visual function in glaucoma is unclear. Damage to the optic 
nerve can be caused by elevated intraocular pressure (IOP) alone However, vascular factors 
with or without an elevated IOP have been implicated in the development of glaucomatous 
damage. Many vascular diseases have been reported to be related to glaucoma including dia- 
betes’, hypertension2 and migraine3. Spasm of peripheral vessels has been found to be more 
common in patients with normal-tension glaucoma (NTG) than in normals4. Disk hemorrhage, 
which is proposed to be an ocular vasospastic sign, has a higher prevalence in patients with 
NTG compared with high-tension glaucoma (HTG). This suggests that circulatory distur- 
bances may play a role in development of glaucomatous damage5 However, it remains diffi- 
cult to study the ocular circulation in human eyes by direct examination 

Color Doppler imaging (CDI) is a recent advance in diagnostic imaging for the study of 
vascular disorders&lo. CD1 enables a detection of blood flow velocity at specific locations by 
simultaneous B-mode imaging The technique has been described as a means of investigating 
orbital arterial blood flow velocity in the eye and orbit by identifying waveforms from spe- 
cific sites. 

In this study, we compared the blood flow velocity of the ophthalmic artery in patients with 
NTG and normal subjects 

Address for correspondence: Yoshio Yamazaki, MD, Department of Ophthalmology, Nihon University 
School of Medicine, 30-1, Oyaguchikami-machi, Itabashi-ku, Tokyo, 173, Japan 

Perimetry Update 1994/95, pp 377-380 
Proceedings of the XIth International Perimetric Society Meeting 
Washington DC, USA, July 3-7, 1994 
edited by R P Mills and M Wall 
0 1995 Kugler Publications, Amsterdam/New York 



378 Y. Yamazaki et al. 

Subjects and methods 

We studied 60 subjects comprising of 25 patients with NTG and 35 normal subjects. Diag- 
nostic criteria for NTG were consistently lower IOP than 21 mmHg including diurnal tension 
studies, and characteristic glaucomatous optic disk cupping along with visual field defects. 
Patients with a history of intraocular surgery, cardiovascular disease, systemic hypertension or 
hypotension, diabetes mellitus, and collagen vascular disease were excluded in this study. 

Methods 

This study was approved by the Ethics Committee of the Nihon University School of Medi- 
cine Informed, written consent was obtained from each subject after the procedure has been 
fully explained. The flow velocity of ophthalmic artery was measured with CD1 unit The CD1 
scanner (SSA-160AB, Toshiba, Tokyo) was used in this study, with a 5 0-mHz sector-phased 
transducer (PVF-SOFT@, Toshiba, Tokyo). The estimated peak temporal intensity at 3.5 cm 
depth in the spectrum analysis mode is approximately 93 mW/cm2. Although this intensity ex- 
ceeds the guidelines for ophthalmic application by current Japanese Industrial Standards, the 
Doppler power was set at 15% of maximum 

Color Doppler examinations were performed by an observer who was masked from the 
clinical diagnosis of the subjects. Velocity readings were obtained within the branch of the 
ophthalmic artery that enters the ethmoid air cells adjacent to the medial orbital wall and 15 
mm posterior to the globe. 

The peak systolic flow velocity (peak), the mean envelope velocity (mean E)? and end 
diastolic flow velocity (diastolic) were determined, and resistivity index was calculated ac- 
cording to the following formula: RI was equal to peak velocity minus diastolic velocity over 
peak velocity. 

We compared each of the four indices between one randomly selected eye of the 35 normal 
subjects and 25 patients with NTG. Systemic blood pressure, heart rate and intraocular pres- 
sure were also recorded prior to the CD1 examination The visual field of patients with NTG 
was examined using program central 30-2 by the Humphrey Field Analyzer (Allergan- 
Humphrey, San Leandro, CA). Using a statistical analysis package (Statpac [Allergan- 
Humphrey, San Leandro, CA]), we calculated the mean deviation (MD) and the corrected pat- 
tern standard deviation (CPSD) as indices for visual field defects. 

Student’s t test was used for statistical evaluation 

Results 

The general clinical measures in normal subjects and patients with NTG is shown in Table 
1. There were no statistically significant differences in age, systolic, diastolic blood pressure, 
heart rate and intraocular pressure between the two groups at the time of examination. 

Table 2 demonstrates the results of the four indices of normal subjects and patients with 
NTG NTG patients had a significant reduction in peak, mean E, diastolic velocities of the 
ophthalmic arterial blood flow (p < 0 01), and a significant increase in the resistivity index (p 
< 0 01) compared with normal subjects The relationships between blood flow indices and 
visual field indices were examined between both groups using linear regression The linear re- 
gression of resistivity index on MD was highly statistically significant in patients with NTG 
(r= 0.558, p < 0 Ol), however, values for peak, mean E and diastolic velocity had no correla- 
tion with MD and CPSD 

Discussion 

The advent of Doppler ultrasound, which enables a reliable non-invasive measurement of 
the blood flow velocity in the ophthalmic artery, was the impetus for comparing the ophthal- 
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Table I General measures of normal subjects and normal-tension glaucoma 

379 

Normal Normal-tension 
subjects glaucoma 
(n = 35) (n = 25) 
mean * SD mean + SD 

Age (years) 
Systolic BP (mmHg) 
Diastolic BP (mmHg) 
Heart rate (beatimin) 
IOP (mmHg) 

Xi3*91 588k112 
125 3 + 16 5 125 6 f 12 1 
149% 117 714*74 
80.1 *94 81 l&t85 
142k26 13.6 f 2 0 

SD = standard deviation; BP = blood pressure; IOP = intraocular pressure 

Table 2 Ophthalmic flow velocities in normal subjects and normal-tension glaucoma 

Normal 
subjects 
(?l = 35) 
mean * SD 

Normal-tension 
glaucoma 
(n = 25) 
mean + SD 

p value 

Peak velocity (cm/set) 
Mean E velocity (cmisec) 
Diastolic velocity (cm/set) 
Resistivity index 

SD = standard deviation 

42.2 * 10 2 34 9 zk 12 0 < 0.01 
27 0 + 9.4 208i93 coo1 
109*49 7 6 + 4.6 < 0 01 
0 73 * 0 07 0 79 f 0 07 coo1 

mic arterial flow velocity of normal subjects and patients with NTG. We found that NTG pa- 
tients showed a significant reduction in all three indices of velocity and a significant increase 
in resistivity index compared with normal subjects. We found that resistivity index showed a 
significant increase with an increase of MD in patients with NTG However, there were no 
significant differences in general systemic clinical measures between normal subjects and pa- 
tients with NTG. These findings indicate the possibility that the change of circulatory dynam- 
ics of the ophthalmic artery in patients with NTG may be related to the progression of the 
visual field defect. 

Ocular vasospasm has been prcposed as a risk factor in the pathogenesis of NTG. Recently 
it was reported that vasospasm plays a significant role in the development of visual field de- 
fects in some cases of NTG”, and that the oral administration of a calcium channel blocker 
may cause visual field improvement by reversing the vasospastic events” The blood supply 
to the tissue is determined by pertision pressure, vascular resistance and blood viscosity The 
arteriolar vascular bed is the focus of maximum vascular resistance. The arterioles mainly de- 
termine the local diameter throughout a vascular region by changes in the smooth muscle 
tone. If vasospasm occurs for pathophysiological reasons, ischemia of the tissue to be sup- 
plied can occur. 

The blood supply of the optic nerve depends much more on the choroidal circulation than 
the retinal circulation, i e , the main blood supply of the optic nerve comes from the short pos- 
terior ciliary arteries13. Therefore, vascular resistance of small vessels in optic nerve head and 
peripapillary choroid may be important in the pathogenesis of NTG. 

Therefore, the measurements of the present study do not directly reflect the circulatory dy- 
namics of the optic disk. However, we conclude that the vascular resistance of the ophthalmic 
artery plays a role in the progression of visual field defect in patients with NTG This finding 
suggests that the circulatory dynamics of the ophthalmic artery might be related to the visual 
field defect in patients with NTG 
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The visual field in diabetic retinopathy 

Marianne Henricssonl and Anders Heij12 

‘Department of Ophthalmolog.v, Helsingborg and ‘Department of Ophthalmology, 
Malmii. Sweden 

Abstract 

The authors performed automated static threshold perimetry (Humphrey 30-2 full threshold program) in 
63 diabetic patients at all stages of diabetic retinopathy Each eye was tested three times giving a total of 
378 visual fields The study was designed in this way to limit disturbing effects of random field variability 
and lack of perimetric experience, MD, PSD and Statpac total deviation probability maps were used in the 
analysis of the results 

No evidence of visual field loss was found in eyes without retinopathy or with very mild and mild 
disease (levels 20-35 in the ETDRS final scale) Significantly increased field loss started in moderate 
diabetic retinopathy and increased with the severity of the disease However, field loss was usually mild or 
at most moderate also at later stages of retinopathy 
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Threshold fluctuation in clinically stable age-related macular degeneration 

P. Capris’, M R Soldatil, G Di Lorenzo’, G Corallo’ and S. Rovida’ 

‘University Eye Clinic; 2Biometric and Medical Statistic Institute, Genoa, Italy 

Abstract 

Clinical evolution of age-related macular degeneration (ARMD) is usually evaluated by means of visual 
acuity and fluoroangiography The perimetric evaluation of differential light sensitivity changes in macular 
diseases may be difficult owing to threshold fluctuation To estimate the magnitude of non-progressive 
long-term light threshold fluctuation (LF), 18 eyes of clinically stable ARMD patients were studied by re- 
peated perimetric examinations (Humphrey 640 VFA central 10-2 program) 

The mean long-term fluctuation for all test locations was 2 15 * 0 69 dB and was correlated neither with 
eccentricity nor with visual field gradient LF was inversely related to sensitivity: in test location where sen- 
sitivity is higher than 20 dB a loss of light sensitivity of 4 dB or more is due to random fluctuation only in 
2 5% of stable ARMD patients 

Introduction 

Age-related macular degeneration (ARMD) is characterized by acquired modifications of 
the retinal pigment epithelium and photoreceptors1 

The evolution of ARMD may be variable and unpredictable, some macular ophthal- 
moscopic signs, as drusen, are evident in 30% of the elderly population2 and may be consid- 
ered as a marker of risk for deterioration 

In 12% of the patients ARMD shows the exudative form which leads to severe damage and 
even to legal blindness. the atrophic form (88%) only in 5-10% of cases presents this risk.3 

A follow-up of ARMD is extremely important in order to find the earliest signs of 
subretinal neovascular membranes that can benefit from laser treatment. Usually the follow- 
up of ARMD is carried out by measuring far and near visual acuity, by ophthalmoscopy, 
fluoroangiography, indocyanine green digital angiography, Amsler grid autoexamination and 
perimetry. 

Perimetry has often been used to evaluate both visual function and laser treatment effect in 
ARMD4-12 Perimetry represents a non-invasive and easy technique to evaluate the modifica- 
tions of macular light sensitivity in ARMD. 

In the advanced stages of ARMD, a decrease of sensitivity is mainly related to sensorial 
retinal damage This loss of sensitivity is characteristic of the observed areas of atrophy and 
pigment epithelium detachment, while no sensitivity reduction can be found in either soft or 
hard drusen areas5 The presence of drusen in ARMD does not cause local loss of sensitivity 
and leaves the way open to survey the development of small relative scotomas as an early sign 
of an atrophic or exudative process5. 

This work was supported by a grant from the C N R Prog Finalizzato Invecchiamento Contr N 
93 00468 PF40 (Italy) 
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Light threshold, as measured by automated perimetry, is subjected to physiologically well- 
defined short-term and long-term fluctuations t4 Furthermore these fluctuations are increased 
in pathological conditions, and in clinically stable diseases Threshold fluctuations have been 
studied in clinically stable glaucoma patients in order to establish statistical significant crite- 
ria to evaluate real sensitivity changes15-t9 

The availability of normal age-matched sensitivity values allows us to detect the earliest 
visul field defects in glaucoma as in other diseases, like maculopathies20. An extended statisti- 
cal package for the assessment of multiple successive fields defects in glaucoma (Statpac 2 
glaucoma change probability) has been implemented in the Humphrey VFAzl. Nevertheless, 
evaluation of sequential perimetric examinations to detect progressive damage in both glau- 
coma and ARMD is a difficult and important problem. 

The aim of this study was the measurement of threshold and its long-term fluctuation in a 
group of clinically stable ARMD patients in order to evaluate its relationship with depth and 
topography of the visual field defects. This allows identification of significant criteria to 
evaluate real sensitivity changes not due to random threshold fluctuation. 

Materials and methods 

The clinical charts of 53 ARMD patients followed in the Retina Service of the University 
Eye Clinic of Genoa were reviewed. Thirty-four subjects who met the following criteria were 
included in the study. 
1) Diagnosis of ARMD based on typical ophthalmoscopic and fluoroangiographic findings, 

excluding exudative changes. 
2) At least two available automated visual field examinations and at least nine months fol- 

low-up after the first examination. 
3) Good reliability indices (fixation losses I 10%; false positive and negative answers 5 

10%). 
4) Visual field defects inside 10” eccentricity. 
5) Visual acuity of 0.5 or better (E.T.D.R.S. visual acuity charts), without change during the 

follow-up periodz2. 
6) Near visual acuity of 2nd De Wecker or better without changes of “metamorphopsia” 

during the follow-up period. 
7) Refraction + 4 00 D without changes during the follow-up time. 
8) No other eye disease (cataract, glaucoma), neither laser nor surgical treatment. 
9) No change in medical therapy during the follow-up period. 

All the subjects included in this study were successively examined at least three times by 
automated perimetry The time interval between examinations was at least three weeks. 

All visual fields were performed with the Humphrey 640 VFA using the central 10-2 pro- 
gram (full threshold strategy), the central fixation point and the fovea1 threshold measure- 
ment At the end of the follow-up period all subjects underwent a fluoroangiographic exami- 
nation 

Sixteen subjects were excluded from our study for the following reasons (1) appearance of 
exudative changes or subretinal neovascular membranes; (2) visual acuity decay; (3) reliabil- 
ity indices deterioration; (4) voluntary withdrawal; (5) excessive tiredness; (6) refractive mo- 
difications 

At the end of the study 18 eyes of 18 patients were included in the statistical analysis 
In every patient, light threshold values in each series of examination were compared point 

by point and the long-term fluctuations were measured. 
The long-term fluctuation (LF) was defined as the statistical variance of the repeated meas- 

urements of the differential light sensitivity at each test location 
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Fig I Scatterplot of the long-term fluctuation versus differential light sensitivity 

Results 

Seventy-six visual fields of 18 eyes of 18 patients were qualified for the study Each patient 
had an average of 4 2 visual field examinations (range 3-5). The mean time interval between 
examinations was 27.5 days ranging from 17 to 34 days 

The patient’s mean age (* SD) was 57 3 (* 8 3) years (range 48-71). The mean light sensi- 
tivity of all visual fields was 23.51 f 5 07 dB (range 15.70-30 dB) and the mean (* SD) LF 
for all test locations of the entire sample was 2.15 & 0 69 dB with the 95% confidence limits 
between 0 77 and 3.53 dB 

The linear regression analysis of LF with differential light sensitivity showed a statistically 
significant negative correlation (v=O.32; p 2 0 00 1); however, no significant correlation was 
found between LF and test location (eccentricity and visual field quadrants) (Fig 1). 

The percentage coefficient of variation (CV%) (LF to light sensitivity per cent ratio) was 
32 68%. 

Discussion 

The LF in stable ARMD patients was studied The mean LF (* SD) was 2.15 f 0 69 dB 
This value is not statistically related to location. neither to eccentricity nor visual field quad- 
rant. This can be explained if we consider that visual field examinations were carried out only 
in the central lo”, and in ARMD there are no specific sites with higher risk of damage 

In our sample of 4968 light threshold measurements we tried to define the upper limits of 
threshold change in VF which might be considered a result of random fluctuation. Our results 
suggest, in an ARMD patient we should consider as suspect of clinical deterioration a test lo- 
cation sensitivity decrease of more than 3 53 dB; this change is due to random fluctuations in 
5% or fewer of locations even with low differential light sensitivity 

The LF correlation with light sensitivity revealed the same characteristics of other diseases 
like glaucoma15-17 Test locations with good sensitivity showed low LF 
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A change of more than 3 dB in a single test location with light sensitivity better than 20 dB 
is due to random fluctuation only in 8% of our examinations, while a change of 4 dB or more 
is seen only in 5% The evidence that locations with very low light sensitivity frequently cor- 
respond to chorioretinal atrophic areas, may explain the reason why we found a paradoxically 
low LF there 

These threshold changes are much more important when they are present in many locations, 
especially if clustered 

These data provide us a practical guideline for the evaluation of progressive visual field 
loss in ARMD The implementation of a computerized statistical program for the assessment 
of the ARMD visual field probability change seems to be extremely useful and desirable. 
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Abstract 

To investigate how young children develop the ability to undergo a visual field evaluation using regular 
automated perimetry, 42 normal girls, aged five, six, seven, and eight years, were tested Using the Octopus 
2000R with a two-level strategy, 12 locations in the central 15degree area were evaluated False-positive 
presentations appeared randomly in 50% of the tests, but no more than twice in succession, whereas false- 
negative presentations occurred in each examination session The procedure was conducted three times in 
succession 

Before being tested, the children were given a systematic explanation of the procedure using a specially 
designed program This consisted of a step-by-step introduction, with successive demonstration of (1) light 
stimuli of different intensities projected into the central 15-degree area of the visual field, while the subject 
was attempting to gaze at the center of the field; (2) the same as the preceding phase, plus inclusion of false- 
positive presentations; (3) the same as phase two, with additional request to press the buzzer when the light 
stimulus was perceived; and (4) a rest period 

With the exception of only one five-year-old child, all tested subjects were able to complete the planned 
procedure The mean proportion of false-positive answers was 17 9% (O-75%) during the first examination 
procedure, and 7 4% (O-51%) during the third procedure There were five negative answers in a total 308 
false-negative catch trials Four five-year-old children each gave one false-negative answer 

Children did remarkably well regarding both the duration of the examination and the reliability of the 
answers A preliminary familiarization phase with a specially designed adaptation program was found to be 
mandatory with children aged seven or under. 
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A.R.G.U.S. - A model for an interactive perimetric and functional 
neuroanatomic atlas* 

U. Schiefer and G Stercken-Sorrenti 

University Eye Hospital, Department II, Ttibingen, Germany 

Abstract 

A R G U S is a data base that connects scotomata directly with possible sites of lesions in the visual 
pathways and vice versa 

Visual field defects can be depicted on a VDU by means of a touch-screen or a “mouse” while on a 
second monitor the computer program simultaneously shows the resulting defects in the visual pathways 
and the specific patterns of optic atrophy It is possible to page through different sections of the visual 
system; the lesion is most probably located in that section where on the one hand the affected fibers lie most 
closely to each other and on the other hand the non-affected fibers are maximally apart, respectively Addi- 
tionally, the VDU depicting the visual pathways can show the surrounding anatomic structures in the form 
of brain sections Even in these sections, lesions can be superimposed interactively; the resulting scotomata 
are simultaneously depicted on the “visual field VDU” Anatomic and functional details can be displayed by 
touching the structure of interest. For educational reasons, a video clip (demonstrating neuro-ophthalmo- 
logical symptoms like refraction scotoma, afferent pupillary defect, different types of nystagmus, ) can be 
activated in the same way New anatomic findings can be considered by modifying the course of fibers of 
the visual pathways. This new technique is especially helpful in distributing comprehensive neuro-ophthal- 
mological knowledge 

Introduction 

A perimetric atlas has the difficult task to provide a didactically impressive link between a 
functional defect (scotoma) and the causal morphological pathology (lesion of the visual path- 
ways). 

Previous publications on this subject meet this expectation only in a quite incomplete man- 
ner. Nearly always there is only a unidirectional link between functional loss and a morpho- 
logical lesion: mostly, the sites of lesions are handled along the course of the visual pathways 
and the resulting scotomata are demonstrated step by step 

In contrast to this method, the physician is usually confronted with quite a different proce- 
dure: he has detected a visual field defect and now is looking for the most probable localiza- 
tion of the lesion This access sometimes leads to several solutions; this may be the reason 
that this clinically important approach is only rarely chosen. 

A R G U S , a software model based on a personal computer, is able to link all the features 
mentioned above in an intuitive, interactive, bidirectional way. 

*Essential parts of this manuscript were taken from a prior publication in the German language30 

Addressfor correspondence: Dr Med Ulrich Schiefer, Schleichstr 12-16, D-72026 Tiibingen, Germany 

Perimetry Update 1994/95, pp 389-395 
Proceedings of the XIth International Perimetric Society Meeting 
Washington DC, USA, July 3-7, 1994 
edited by R P Mills and M Wall 
0 1995 Kugler Publications, Amsterdam/New York 



Fig. I. Homonymous he- 
tmanopla to the right,, 
caused by a lesion of the 
left optx tract. Deplctlon 
of the combmatlon of 
VDUs realizmg A.R.G.U.S.. 
Top lt$:ft: “Visual field 
VDU”. scotomata are rep- 
resented by black areas; 
Top right:: “AnatomIc mo- 
mtor” depictmg a coronal 
sectIon of the visual path- 
ways at the level of the op- 
tic cluasm; the actual posl- 
tlon of the secttonal plane 
IS symbolized by the line m 
the small wmdow at the 
right upper comer. Af- 
fected fiber bundels are 
shown m black. Bottom: 
Additionally, the retmal 
nerve fiber pattern can be 
shown: affected nerve fiber 
bundles are deplcted m 
white - analogous to optic 
disk pallor (view through 
the direct ophthalmo- 
scope). 



A R.G.U S 

Methods 

A Quadra 840 av personal computer (Apple Inc , Munich, Germany, Motorola 68040 CPU, 
40 mHz, with 68882 mathematical co-processor, 16 MB RAM and an internal 1 GB hard disk) 
is the central part of this prototype. Additionally, further external storage media (hard disks, 
magneto-optical disks) can be installed without any problems 

The computer is connected with two VDUs (Fig 1) 

- The “perimetric” VDU (Fig 1, top, left) is a conventional 13”-color monitor (Apple 
Inc.). 

- The “menu” or “anatomic” VDU (Fig. 1, top, right) is a high resolution (75 dpi, 1024 
pixel x 768 pixel; 20” diagonal diameter) color monitor, driven by a special graphic 
board (miroChroma/CALIBRATOR, German distributor: Fa. Miro Datensysteme GmbH, 
Braunschweig). 

The user is guided by continuously visible “icon keys”. These can be activated by a mouse 
click or even more simply by touching the monitor with the finger tip. The latter is realized by 
a touch screen, sensitive to changes of capacity (TouchScreen ClearTek, German distributor. 
IQ 2000 AUTOMATION Inc , Freising) 

The software allows an interactive, bidirectional visualization of defects of the visual field 
or lesions of the visual pathways, respectively. Additionally, the user can call for further in- 
formation (Fig. 2), eg 

- windows with activatable text passages, 
- detailed anatomic figures (in different sectional planes), 
- visualization of affected nerve fiber layers and patterns of optic disk atrophy according to 

a special visual field defect (Fig. 1, bottom), 
- movie-like sequences (realized by a recent Apple software development, called 

QuickTime’“, working with special compression routines, Fig. 3) 

Discussion 

It is a primary task of a (neuro-)anatomic atlas to provide the user with correct information 
about naming, size, shape, and position of anatomic structures relative to neighboring tis- 
sueim6. In this context, some publications try to give an illustrative pseudo-3D illustration, ad- 
ditionally concerning functional, patho-physiological, and patho-morphological facts7s. 

According to requirements of computerized imaging techniques, modem neuroanatomic or 
neuroradiologic publications depict structures of interest not only by one view but provide the 
user with different relevant sections (coronal, axial, sagittal, . )9-15 Recently, anatomic data 
stored on electronic or magneto-optical media are used High-end (personal) computers with 
special graphic performance allow the construction of optional sectional planesi6-i9 

Conventional textbooks confront a reader searching for special information with a rigid 
strategy of knowledge transformation in the form of a list of keywords or an arrangement of 
chapters. This method is acceptable as long as pure facts have to be transferred However, this 
strategy comes to its limits as soon as graphic data are of particular interest. An anatomic at- 
las and a textbook both claim to inform the users as completely as possible Their rigidity, 
combined with their aim at completeness are responsible for the fact that in most cases they 
answer questions that have not been asked by the user at all. 

In the case of a perimetric atlas there occurs the additional problem that it has to elucidate 
the link between a functional loss (scotoma, described by graphic data) and a morphological 
defect (again, characterized by pictorial information). Due to limitations of the size of a publi- 
cation, this link normally is unidirectional only: in most cases, typical lesions of the visual 
pathways (sometimes in a quite simplifying matter) and the resulting visual field defects are 
shown20-24 This method is particularly informative in structures with complicated course of 
the visual fibers as this is the case in the chiasmatic region 25-29, for example. In the case of a 
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A.R.G.U.S. 

Fig 3 Single frame taken from a movie-like audiovisual sequence (QuickTime”) illustrating the term “af- 
ferent pupillary defect” 

known site of a lesion this is without doubt an adequate and effective procedure However, in 
most cases the ophthalmologist has to face just the opposite situation: he is confronted with a 
visual field defect and has to reconstruct the exact localization of the underlying lesion. 

The interactive, bidirectional procedure of A R G.U.S satisfies both requirements men- 
tioned above: it does not matter whether the morphological or the functional defect is taken as 
the leading factor 3o Just entering this lesion on one VDU induces a depiction of its results on 
a second monitor at the same time, this is an additional remarkable didactic advantage Fur- 
thermore, affected retinal nerve fiber bundles can be highlighted to facilitate early recognition 
of special patterns of optic disk pallor. Another feature of A R G U S. allows to page step by 
step through all sections of the visual pathways after entering the visual field defect. In that 
way, the most probable localization of the lesion can be delineated the site of the morpho- 
logical defect is most probably situated in that section where the lesions lie most closely to- 
gether and have maximal distance from normal fiber bundles (principally, the software could 
run this procedure automatically) Having found this special section of the visual pathways, 
the user can additionally fade in the surrounding anatomic structures (depicted in different 
sectional views) All anatomical images are primarily free from any superfluous, disturbing 
labels. Only aiming at a structure of interest with a mouse-click or finger tip activates a pop- 
up menu showing the exact anatomic name and if necessary the function of the structure of in- 
terest. In that way a carefully directed search for a functional loss in other systems can be in- 
duced. Several parameters of functional importance can be demonstrated in an impressive 
manner by audio-visual sequences. Thus, complex disorders of ocular motility can be shown 
or complex functional tests can be elucidated, for example. This is of additional importance in 
education and patient information Of course, the final stage of such a program shall overlap 
many special disciplines and therefore will demand remarkable storage capacity. On the other 
hand, this is enabled by an enormous decline of prices especially in this computer sector 

A R G U.S. is designed as an electronic educational and teaching device and thus can be 
rated as an interesting alternative to a conventional textbook or atlas there are no printing ef- 
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forts for the primary and especially any subsequent editions. Corrections of mistakes, revised 
editions can be simply shipped as update-disks This procedure is surely much more comfort- 
able than sending around loose-leaf editions and guarantees a more actual flow of informa- 
tion. Additionally, electronic textbooks allow more complex and effective searching strate- 
gies. Several publishers have already realized these facts and are preparing a shift from 
printed to electronic media3’ 

In contrast to a rigid conventional textbook, A.R G.U S is individually flexible: the user 
can bring in his own knowledge, skills and experiences by individual modifications (e g , of 
the nerve fiber pattern) - in a printed medium there is only the possibility of a marginal note 
or a letter to the author. 

The program presented here is a functioning platform, primarily designed to handle ques- 
tions of neuro-ophthalmological relevance. Cooperation with other disciplines (neurology, 
neurosurgery, neuroradiology, endocrinology, . ..) can expand knowledge transfer and range of 
application of this new software in a modular way. 
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Abstract 

Many investigators reported the visual function after retinopathy of prematurity, but the development of 
the central visual field was not well reported previously The authors retrospectively studied the visual field 
within the central 30 degrees in 30 eyes of 16 children who had a history of retinopathy of prematurity 
Nineteen eyes were treated with photocoagulation and/or cryotherapy (treated group); the other 11 eyes had 
no therapy (untreated group) Perimetry was performed with the Octopus 20 1 program 3 1 in children with 
an average age of 12 5 years, and total loss of the visual field was studied 

The total loss of the treated group was 403 9 f 361.6 dB (mean i SD), and that of the untreated group 
was 146 1 i 130 5 dB The total loss of the treated group was larger than the untreated group, and the 
difference was statistically significant 0, = 0.03) 

These results not only suggest the direct influence of photocoagulation and/or cryotherapy on the visual 
field, but also on the baseline prematurity of retinal development 

Introduction 

In 1968, Nagata et al 1 reported that photocoagulation (PC) treatment was effective in pre- 
venting the progression of retinopathy of prematurity (ROP) In Japan, PC therapy or 
cryotherapy is popular for ROP, and it has brought marked reduction of the incidence of ROP- 
induced blindness2,3,4 

PC or cryotherapy causes large chorioretinal atrophic lesions, which are thought to induce 
visual dysfunction including visual field defects corresponding to the lesions Both PC and 
cryotherapy tend to overcoagulate, and they could damage a larger area of retina than the scar 
lesion, including the posterior pole that looks intact by examination with the ophthalmoscope 

Some investigators reported visual field defects with the Goldman perimeter after PC and/ 
or cryotherapy5s6, showing that the nasal side defect corresponds to both the severity of ROP 
and the coagulation scar, and in some cases, depression of sensitivity over the entire field 
However, little is known about the influence of treatment and ROP on central visual field with 
static perimetry We studied sensitivity of patients who had had ROP and influence of such 
therapy on the central visual field with static perimeter. 

Patients and methods 

The final sample consisted of two groups of children with mean age and standard deviation 
of 12.5 f 3.3 years. Patients who had undergone photocoagulation (PC) with the xenon laser 
(O’Malley Xenon Light Coagulator, Clinitex, Inc., Danvers, MA, USA and/or cryotherapy 
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(Alcon Crio-Ophthalmic Unit, Alcon Surgical Dynatech, Alexandria, VA, USA) are regarded 
as the treated group, and those who had had no therapy as the untreated group The average 
age of the former group (19 eyes) was 12.0 f 3 4 years, and the latter (11 eyes), 13 3 * 3 1 
years, the difference of which was statistically not significant (p = 0 32) 

PC was performed with scattered spots over the retina, including the demarcation line and 
avascular zone (power level, neutral; diaphragm, 3-4-5; duration, 0.3-0.5 seconds). 
Cryotherapy (temperature -55°C duration 5 seconds) was used in addition to PC in cases of 
advanced proliferation or alone in cases in which treatment with PC was impossible. 

All patients underwent visual acuity testing and funduscopy We selected patients with 
visual acuity better than 16/20 and retinopathy in cicatricial stage grade 1, with no posterior 
pole abnormality, including dragged disk, in funduscopy 

Static perimetry, Octopus 20 1 program 3 1 (default parameters) was performed to study the 
visual field under full spectacle correction, with care taken to the fixation of patients It was 
done at least twice to obtain stable data Using the comparison program, the differences be- 
tween normal sensitivity (dB) stocked with age-matching and sensitivity of patients at each 
point were summed up (total loss). 

Results 

The total loss of the treated group was 403.9 f 361.6 dB (mean f SD), and that of the un- 
treated group was 146 1 * 130 5 dB. The total loss of the treated group was larger than that of 
the untreated group, and the difference was statistically significant (p = 0 03; Fig 1) 

In some cases, one eye was treated and the other eye untreated Figures 2 and 3 show one of 
such cases PC and/or cryotherapy was administered when ROP was progressing to the prolif- 
erative stage, usually active phase stage 3 It is known that even lesions of stage 3 could re- 
cover spontaneously Thus, we sometimes treated only one eye, which was slightly worse than 
or the same as the other The Goldman perimeter showed a nasal defect in both treated and 
untreated eyes The total loss of the treated eye was much larger than that of the untreated, al- 
though untreated eyes also showed depression of sensitivity from the stocked normal data. 

Discussion 

Many authors reported that xenon PC for ROP was effective in preventing progression of 
extraretinal tibrovascular proliferation when it was applied in an appropriate manner at the 
third stage of the active phase 2,3,7,8 In significant cases with poorly dilated pupil and/or with 
fair opacities in the optic media, technical difficulties required supplemental cryotherapy. The 
number of extremely premature infants who should be treated with PC or cryotherapy is in- 
creasing, probably due to the improvement of neonatal care. In our hospital, 4-10% of ROP 
patients have been treated with PC and/or cryotherapy in the past 5 years. 

Both PC and cryotherapy tend to overcoagulate, and a coagulated retinal burn tends to be 
relatively oversize for ROP lesion, resulting in large chorioretinal atrophic lesions which are 
thought to be a remote cause of visual dysfunction including visual field defects and poor 
visual outcome9. 

Some investigators reported visual field defects by the Goldman kinetic perimetry after PC 
and/or cryotherapy, showing the nasal-side defect corresponding to both the severity of ROP 
and the coagulation scar, and in some cases, depression of sensitivity over the entire field3s5. 
In our cases, four eyes of the untreated group (total = 11 eyes) and 18 eyes of the treated 
group (total = 19 eyes) showed a nasal defect by Goldmann kinetic perimetry. Figure 1 shows 
depression of sensitivity of both treated and untreated groups in the visual field within the 
central 30 degrees. The total loss of the treated group was larger than that in the untreated 
group, and the difference was statically significant (p= 0.03) 

On the basis of these results, PC and/or cryotherapy caused depression of sensitivity at the 
central visual field, although all of our cases belonged to cicatricial stage 1, with no remark- 
able scar at the posterior pole with examination by ophthalmoscope, in addition to depression 
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Fig 1 

TREATED 

(N=19) 

UNTREATED o 

(N=ll) 

Fig 2 The girl was born with a birthweight of 1140 g at 27 weeks When ROP was progressing to 
the proliferative stage (active phase stage 3, zone 2) in both her eyes, PC (360” circumferential) and 
cryotherapy (on temporal half of retina) was administered to her left eye 

for degeneration of retina for ROP itself and incompleteness of the avascular fovea in children 
with ROP’S’2. 

It is true that PC and/or cryotherapy were very effective I3 in preventing progression to a 
more advanced proliferate stage, and they have brought marked reduction of the incidence of 
ROP-induced blindness, but we have to note that xenon PC and/or cryotherapy tend to 
overcoagulate, and the coagulation spots are large, which cause damage to local retinal pig- 
ment epithelium and all the retinal layers’, not only in peripheral field but central field, caus- 
ing depression of sensitivity Our results indicate that the use of xenon PC and/or cryotherapy 
should be minimized to prevent depression of sensitivity in the central visual field 
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Recently, the argon laser system has been adopted at some institutions for treatment of 
ROP The system enables us to attain optimal size and power output of PC in fundus areas, as 
intended. We are planning to investigate the influence of the argon system on the visual field 
and whether damage to the retina can be minimized by means of converting from xenon PC 
andlor cryotherapy to argon laser 
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Is the Esterman binocular field sensitive enough? 

M L Harris and N A. Jacobs 

Department of Ophthalmolog.y, Royal Free Hospital, London, United Kingdom 

Abstract 

In this study we tested 34 patients with moderate to severe glaucomatous visual field loss, to see how the 
severity of the disease related to the binocular Esterman field score Patients were recruited from the 
glaucoma clinics of two London hospitals, all were experienced on the autoperimeter Standard Humphrey 
24-2 fields were performed for each eye, followed by the binocular Esterman test The average mean devia- 
tion ((left MD+ right MD)/2) was used to give an indication of the severity of glaucomatous field loss All of 
the average mean deviations were negative (range -7 54 to -26.57), the range of the Esterman scores was 
50 to 100 The correlation between the average mean deviation and the Esterman score was Y = 0 751 
However, the Esterman score never fell below 50, suggesting that the sensitivity could be increased 

Introduction 

The International Perimetric Society has long been conscious of the shortcomings of stand- 
ard visual field testing when assessing patient’s functional ability Perhaps, most commonly, 
this type of assessment is performed for the evaluation of the individual’s suitability to drive 
motor vehicles. The regulations on driving vary from country to country, but are based on 
tests of visual acuity and visual field alone In an international survey representing twenty 
countries Gandolfo et al * found that the requirements were either “normal visual fields” or a 
horizontal minimum. Only in Great Britain was an additional vertical limit stipulated The 
Esterman visual field test is an internationally accepted test of binocular function and is being 
used routinely for these assessments 

We have formed the clinical impression that the Esterman field score is unexpectedly high 
in glaucoma patients who have established defects of their central visual field In this study 
we examine the relationship between the glaucomatous field loss and the Esterman score 

Method 

Patients were recruited from the glaucoma clinics of two London hospitals Eligible pa- 
tients were those who had bilateral glaucomatous field loss and had performed a minimum of 
three automated field tests on the Humphrey Field Analyzer In all, 34 patients were recruited 
After routine follow-up, field testing using the 24-2 algorithm, a standard explanation of the 
binocular Esterman field test was given. The patients then each performed an Esterman bin- 
ocular field test. 

‘To give an indication of the severity of the binocular glaucomatous field loss from the 24-2 
data, the mean deviations from each eye were averaged This measure has been compared to 
the Esterman field score. 
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Results 

M L. Harris and N A. Jacobs 

The range of the averaged mean deviations were all negative as expected in a group of 
glaucoma patients, the range was -7.54 to -27.59. This measure was plotted against the 
Esterman visual field score Correlation was analysed using the Pearson coefficient 

The correlation between the combined 24-2 field score and the Esterman score was 0 751 
This is represented graphically in Figure 1. 

Fig 1 
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Discussion 

In this group of patients we have found a reasonable correlation between the field defects as 
measured by the average mean deviations and the Esterman field score. However, the 
Esterman score was always above 50, including the most severely affected patients. Such a 
finding may be partly explained by the phenomenon of binocular summation. Interestingly, 
Calabria et aZ.* found that glaucoma patients showed a sensitivity summation less efficient 
than other patients when tested binocularly. To expand the useful range of scores the stimulus 
intensity used in the Esterman test could be decreased. 

The Esterman binocular field test was originally devised to determine how useful the pa- 
tient’s visual field is3. It was not developed specifically as a test for driving Altering the pa- 
rameters of the field score may render it less valuable in other medico-social and medico-eco- 
nomic settings. If this is felt to be the case then a binocular field test tailored to international 
driving requirements may have a place 
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The phantom contour illusion letter test: a new psychophysical test for 
glaucoma? 
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University of Manchester, Manchester, UK and 3Department of Ophthalmology, 
University of Toronto, Toronto, Canada 

Abstract 

Purpose: To validate the phantom contour illusion letter test (pCILT) in a glaucomatous population 
Method: The pCILT is a low spatial, high temporal frequency test generated using a phase-reversing tex- 

tured border of random dots to define the ten standard Sloan optotypes The phase contrast threshold was 
determined using two subject groups: Group 1 had 99 high-risk OHTs and glaucoma patients all without 
visual field loss and Group 2 consisted of 29 glaucoma patients with repeatable visual field loss The study 
was incorporated into the five-year prospective Toronto Hospital Glaucoma Detection Study 

Results: Thirty-seven of the 99 Group 1 patients were outside the normal, age-matched 95% confidence 
limits. Twenty-six of the 29 Group 2 patients were classified as abnormal, with the remaining three being 
within normal limits Results will be compared to prospective results for blue-on-yellow perimetry and pe- 
ripheral displacement thresholds 

Conclusion: The pCILT is a rapid, simple test that in this cross-sectional study appeared capable of de- 
tecting early glaucoma prior to standard automated perimetry Prospective studies have been instigated to 
determine the test’s ability to correctly predict those subjects that will develop glaucomatous visual field ab- 
normality 

Introduction 

The phantom contour illusion letter test (pCILT) was developed to provide a high temporal, 
low spatial frequency stimulus in order to preferentially stimulate those mechanisms that 
subserve such visual characteristics’,2. Livingstone and Hube13 first described the use of a 
phase-reversing edge of high frequency and Rogers-Ramachandran and Ramachandran46 sug- 
gested the use of a textured border to eliminate edge artifacts (Mach bands) that could arise 
from spatial non-linearities. 

The repeatability and validity of pCILT has been investigated over a range of temporal fre- 
quencies and dot densities to determine the optimum stimulus characteristics The pCILT was 
found to have good repeatability and to give additional information about the visual system 
with respect to that achieved by high and low contrast letter charts and the Pelli-Robson 
chart1,2. Normal values were established for a healthy young population1,2 and have since been 
established over a range of ages (see Fig. 1). 

The aim of this study was to validate the pCILT in both a high risk and a glaucomatous 
population. 

This research was supported by the Medical Research Council of Canada (OG 11023) and the Ontario 
Glaucoma Research Society 
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Fig I Normal age data for the phase contrast threshold for the phantom contour illusion letter test. 

Methods 

The sample consisted of two patient groups which were recruited from the on-going five- 
year prospective Toronto Hospital Glaucoma Detection Study6. Group 1 comprised 99 high- 
risk ocular hypertensives and glaucoma patients without visual field loss, as assessed by the 
Humphrey Field Analyzer (HFA), program 30-2, full-threshold strategy. There were 44 fe- 
males and 55 males The mean age was 58 (SD 13 8) years with a range between 30 and 78 
years. Forty-eight were diagnosed as having POAG, 40 as high-risk OHTs, 14 with pigmen- 
tary dispersion syndrome and nine with pseudoexfoliation. 

Group 2 comprised 29 glaucoma patients with repeatable visual field loss by HFA, program 
30-2, full-threshold strategy. There were 11 females and 18 males The mean age was 62.2 
(SD 11 .O) years with a range between 3 I and 79 years. Eight were diagnosed as having POAG 
and 11 as pigmentary glaucoma 

Exclusion criteria included an age of less than 30 years, visual acuity worse than 6/18, 
macular disease, optic nerve disease, congenital anomalies of the optic nerve, aphakia and 
pseudophakia, ocular trauma, ocular inflammation, th.e use of topical or systemic steroids, the 
use of central nervous system depressants and poor general health 

The pCILT was generated using an AT1 VGA Wonder Excel display adapter and high-reso- 
lution, non-interlaced monitor. The ten standard Sloan optotypes (D, 0, C, H, N, K, S, V, R, 
X) were generated at a size translating to a 3160 (100 min of arc) Snellen letter within 4000 
random dots The random dot size was between four and 14 min of arc at three m. The 
optotypes were defined within the random dot presentation by ensuring dots inside the edge of 
the letter were out of phase with the dots outside (Figs. 2 and 3) The two phases were alter- 
nated at a rate of 30 Hz. Percentage contrast was calculated between L,,, the white dots, and 
Lmin, the black dots. The background was maintained at a mean luminance of 63 cdm-*. 

The advantages of using a letter test are that it is criterion independent’s, accepted and 
used by clinicians’, readily understood by patients’ and, as a recognition task, it can negate 
peripheral artifacts* 

At the beginning of each test session the monitor was calibrated to ensure the 63 cdmm2 
background luminance. The test was demonstrated using letters with a 50% phase contrast 
level One eye of each subject was randomly assigned and assessed Ten contrast levels were 



The phantom contour illusion letter test 

Fig Illustration of Phase One of the pCILT stimulus showing a letter H 

Fig 3 Illustration of Phase Two of the pCILT stimulus showing a letter H 
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Fig 4 Group 1 phase contrast threshold results compared to the upper and lower confidence limits 
of the normal sample (solid lines). 

tested and presented in a pseudo-random order. Ten randomized letter presentations were as- 
sessed for each contrast level using a ten-alternative forced choice paradigm. All tests were 
performed at a working distance of three m. The 55% phase contrast threshold was deter- 
mined from the frequency of seeing curve using a logit function Data were discarded or re-as- 
sessed if the logit function had a regression coefficient with an R2 of less than 0 85 

Analysis 

Ninety-five percent confidence limits were established for a normal population with an age 
range between 20 and 79 years (Fig 1). Patients from both groups with results that were out- 
side of the established normal limits were identified and collated. 

Results 

Thirty-seven of the 99 Group 1 patients were outside normal limits (Fig. 4) whilst 26 of the 
29 Group 2 patients were outside normal limits. 

Of the 99 Group 1 patients 20 had demonstrated abnormal blue-on-yellow visual fields one 
year previously and 27 were abnormal by year two of the Toronto Hospital Glaucoma Detec- 
tion Study when the cross-sectional pCILT data were recorded Twenty-four of the 99 Group 1 
patients demonstrated abnormal peripheral displacement thresholds Ten Group 1 patients had 
converted to abnormal white-on-white visual fields by year two of the study 

Discussion 

The pCILT is a rapid, simple test In a cross-sectional study it identified 37% of a sample 
of high-risk OHT and glaucomatous patients with normal visual fields, as being abnormal 
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pCILT demonstrates potential as a simple screening test for early glaucoma. Prospective stud- 
ies are underway to determine the test’s ability to correctly predict those subjects that will de- 
velop glaucomatous visual field abnormality pCILT is a central test Contour illusion-based 
tests of peripheral vision are currently being developed. 
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field by computerized perimetry and event-related potentials 
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Abstract 

Human visual evoked potentials (VEP) from upper and lower hemifield stimulation are thought to reflect 
the anatomical and functional differences between the hemiretinas and corresponding visual pathways 

Conflicting results have been reported in topographic studies on the putative cortical generators The 
authors have compared the differential input sensitivity (Octopus 2000R) of the lower and upper hemitields 
of the retina in 12 healthy, cooperative subjects with no history or evidence of visual or neurological 
diseases A visual ~300 was recorded in an odd-ball paradigm with monocular presentation (at 20” eccen- 
tricity in each hemifield) of high contrast checkerboards at two different spatial frequencies (frequent stimu- 
lus: 1 25 cideg; infrequent stimulus; 2 5 c/deg) VEP and ~300 were recorded at 0, and 0, and at CL respec- 
tively, through 0 l-100 Hz and 0 l-50 0 Hz bandwidths. Lower thresholds were found, and higher ~300 
amplitude values were obtained when stimulating the lower compared to the upper visual hemitield The re- 
sults are consistent with previous findings and available anatomical and physiological evidence in animals 
and man Interactions between perceptive processes in the visual system and higher cognitive functions are 
conceivable 

Introduction 

The term event-related potentials (ERP) refers to a class of (usually) small, scalp-recorded 
phasic potentials elicited in conjunction with sensory, cognitive or motor events As opposed 
to responses to sensory stimulation, ERP reflect neither properties of the stimulus nor sensory 
input, but rather depend on situational links such as significant convergence, interaction, asso- 
ciation or omission, or uneven incidence of events (eventually sensory stimuli), and are con- 
comitants of information processing and cognition ERP are in this respect specific to the 
investigated neuropsychological or cognitive processes, while sharing the sensitivity of elec- 
trophysiological measurements. By contrast, and unlike stimulus-dependent phenomena, ERP 
are reliably recorded only when subjects are fully cooperative, although studies in psychiatric 
or dementia patients and in animals have been successfully completed1-*3 

The ~300 is the principal component of the ERP and it is successfully recorded with visual 
stimuli. The stimuli are presented in the same sensory modality, but with different physical 
characteristics or different temporal incidences. 
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Subjects are requested to pay attention to the infrequent stimuli The different incidence of 
frequent vs rare stimuli is crucial to the occurrence of ~300 which is a late positive compo- 
nent peaking at approximately 210-550 msec of latency14-1g 

A good recording of ~300 must involve the emotional participation of the patient which 
will be linked to the degree of attention To obtain the optimum cooperation of the examined 
subject it is convenient to request that the different stimuli are counted. This task is quite 
easy, and involves all three cortical functions that influence the ERP. attention, memory and, 
if the target stimuli are infrequent, the expectation that, as already known19-23, increases the 
level of arousal 

Upper and lower hemifields stimulation generate different visual evoked potentials (VEP) 
which it is thought to reflect the anatomical and functional differences between the hemi- 
retinas and corresponding visual pathways24-26. 

Subjective examinations such as computerized measurement of the visual field show this 
difference27-29, but conflicting results have been reported in topographic studies on the puta- 
tive cortical generators30-36 ERP are probably another expression of these differences since in- 
teractions between perceptive processes in the visual system and higher cognitive functions 
are conceivable 

The aim of this study was to evaluate the different perceptions between the upper and lower 
visual hemifield firstly by a subjective examination (computerized perimetry) and secondly by 
VEP and ERP. 

Material and methods 

Twelve healthy volunteers (seven males and live females) ranging in age between 21 and 
36 years (mean 27.1 f 4 3 yr) underwent a complete ophthalmological and orthoptic examina- 
tion to exclude ocular diseases and refractive errors greater than f 0.75 D Computerized 
perimetry was performed with the Octopus 2000R, program 32. This program examines 76 
points situated in a regular grid in the central 30” visual field, by means of a full threshold 
strategy All the examined subjects were acquainted with automatic perimetry. 

The VEP was recorded by dermal Ag/AgCl electrodes positioned at the 0, and 0, locations 
of the lo-20 International System. The reference electrode was the midfrontal (Fpz) and the 
ground was at Fz Amplifiers (Amplaid SD15) were set at l-100 Hz, 100 epochs of 300 msec 
each, free of artefacts, were averaged. A checkerboard pattern subtending 10” (viewing dis- 
tance: 1.5 m), with 2 5 c/deg spatial frequency and 80% contrast and reversing at 2 Hz served 
as stimulus. It was positioned in anyone of three positions, such that the center of the pattern 
corresponded to the primary position or to 20” of eccentricity in the upper and lower 
hemifields respectively. 

The ~300 was elicited in an odd-ball visual paradigm, in which a checkerboard pattern (ten 
deg; 80% contrast; viewing distance: 1.5 m) was displayed for 0.25 set with a spatial fre- 
quency of either 2.5 c/deg or 1.25 c/deg. The appearance of the rare (2.5 c/deg) stimulus was 
random, with an average proportion of one rare stimulus every five frequent stimuli. Subjects 
were requested to count the number of rare stimuli Active dermal AgiAgCl electrodes were 
positioned at CZ The reference was at Fpz; the linked ear lobes served as ground. The ampli- 
fier bandpass was 0 l-50 Hz Two hundred and twenty-five epochs of 500 msec following the 
frequent stimulus and 50 epochs following the rare stimulus were independently averaged. 

The amplitude and latency values of waves n70, ~100 and n145 of the pattern-VEP and of 
~300 were measured. Amplitude measures were peak-to-peak to minimize errors in the defini- 
tion of the baselines. 

The mean thresholds detected in the upper and lower visual hemifields and the amplitudes 
and latencies of pattern-VEP and visual ~300 after stimulation of the upper and lower 
hemifields were statistically compared by the paired t test 
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Fig 1 The amplitude of ~100 after stimulation in the primary position (P P ), and in the upper and lower 
hemitields 
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Fig 2 The latency of ~100 after stimulation in the primary position (P P ), and in the upper and lower 
hemifields 

Results 

Visual field 

The mean thresholds detected in the upper (mean: 25 35 f 0.95 dB) and lower (25.84 f 0.89 
dB) visual hemifields differed statistically (paired t test: t = 3 206, p < 0.005), indicating a 
significant altitudinal threshold difference. 

Pattern- VEP 

A pattern-VEP with latencies and amplitudes of waves n70, ~100, n145, all within normal 
limits were recorded in all cases (Table 1) The amplitudes of the VEP resulting from stimula- 
tion in the upper and lower hemifields were significantly (p < 0 01) smaller than that resulting 
from stimulation in the primary position, whereas the latencies were longer (Table 1). Signifi- 
cant differences were also observed between the responses of the upper and lower hemifields 
Namely, amplitudes were higher and latencies shorter in the lower hemifield compared to the 
upper hemitield (Table 2, Figs. 1, 2) 
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VISUAL ~300 AMPLITUDE vs HEMIFIELD 
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Fig 3 The amplitude of ~300 after stimulation in the primary position (P P ), and in the upper and lower 
hemifields 
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Fig 4 The amplitude of ~300 after stimulation in the upper and lower hemifields expressed as a percentage 
of the corresponding value after stimulation in the primary position (P.P ) in order to reduce the variability 
between subjects 

p300 

A visual ~300 in response to the target stimulus was recorded in all subjects in the experi- 
mental conditions selected for the study, after stimulation in the three positions in the visual 
field. The mean latency in the primary position was 298 6 i 22.4 msec (range: 268.7-342.1); 
the mean amplitude was 64 39 i 14 98 FV (range: 32.1-81.3). The ~300 amplitudes after 
stimulation in the upper and lower hemifields were significantly (p < 0.01) smaller than after 
stimulation in the primary position, and differed from each other (Table 2, Figs. 3, 4), with 
the amplitude after stimulation in the lower hemifield being higher compared to that of the 
upper hemifield 
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Discussion 

It should be emphasized that the results are not meant to provide any inference about the 
structure(s) potentially involved in the generation of the visual ~300. Detailed topographic 
studies, with identification of putative dipole-equivalent generators are mandatory in this re- 
gard However, the results do confirm the reported differences between responses to fovea1 
and peripheral stimulation while also suggesting differences in the differential light threshold 
(computerized perimetry) and in the amplitude and latency of the pattern-VEP and the ~300 
between the upper and lower hemitields. Latencies and amplitudes of pattern-VEP waves were 
found to be respectively shorter and larger after stimulation in the lower compared to the up- 
per hemifield This difference is consistent with the described anatomical, perceptual and 
electrophysiological differences between upper and lower retinal hemifields and the cortical 
distribution of the VEP corresponding to stimulation of selective portions of the visual field. 
A comparable difference between hemifields was also observed in the amplitude of ~300, 
therefore suggesting dissimilarities in visual data processing that apparently exceed the struc- 
tures and mechanisms involved in the generation of the VEP after selective stimulation of the 
fovea and through the striate papillogeniculate pathway and which conceivably involve cogni- 
tive processes. 
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Perimetric follow-up of patients affected by vitamin A deficiency 
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Abstract 

In a previous preliminary report (X IPS Congress) the authors presented a study on perimetric alterations 
due to hypovitaminosis A In the present paper the authors report a longitudinal study in a larger group of 
patients 

Functional and morphological parameters were evaluated in 20 patients (12 females and eight males) 
with automated perimetry, dark adaptation testing and impression cytology of the conjunctiva (Wittpenn’s 
method) All had undergone a surgical biliopancreatic diversion Ten normal subjects (five females and five 
males) of comparable age were examined as a control group Significant perimetric alterations were found, 
particularly in the upper visual field, when low vit A levels were present Dark adaptation and conjunctival 
cytological abnormalities were also found The severity of defects was correlated with the blood retinol 
level rates The findings were reversed with vitamin therapy 

Introduction 

Vitamin A (dehydro-3-retinol) which has an epithelium-protective role in diverse organs 
and tissues is indispensable to the integrity of the cornea1 and conjunctival epithelium It also 
controls the function of the retina, in particular the peripheral vision, and the adaptability to 
darkness’. 

Hypovitaminosis A has been observed in patients undergoing surgery for biliopancreatic di- 
version2, a therapy for pathological obesity 

The aim of the present work is to evaluate the retinal function by adaptometry, automated 
perimetry, and the conditions of the ocular surface in a group of patients affected by post sur- 
gical hypovitaminosis A before and after therapy 

Materials and methods 

Twenty patients (12 females, average age 42.84 i 12.85; eight males, average age 45.04 * 
16 11) operated on for biliopancreatic diversion (BPD) (over an average period of three years 
f 1.5) were observed for ocular disturbances such as hemeralopia and ocular burning. Ten pa- 
tients matched for age were chosen as a control group 

All the patients underwent a complete ophthalmological examination (biomicroscopy, 
visual acuity, tonometry, funduscopy). In particular, dark adaptometry (Goldmann-Weekers 
adaptometer)3, automated perimetty (Perikon DSK program.)4, and impression cytology of the 
conjunctiva (Wittpenn’s method)5 were carried out. 
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Table 1 

A Polizzi et al 

MD CPSD FTdB KIA degrees 

1=0-l 5 (20%) 1 = O-1 (22 5%) 1 = > 37 (40%) 1 = 55-67 (215%) 
2 = 1 6-3 5 (27 5%) 2 = l-2 (27 5%) 2 = 33-36 (37 5%) 2 = 48-54 (60%) 
3=>35 (52 5%) 3 =>2 (50%) 3 = < 33 (22 5%) 3 = 3647 (12 5%) 

Plasma levels of retinol were determined by high performance liquid chromatography 
(HPLC)6. 

All the examinations were done before and at the 3Oth, 60th and 90th day after therapy with 
vitamin A (300,000 IU i m daily) 

The results were statistically analyzed using Student’s t test and the Cochran Q test) 

Results 

The average visual acuity was 0.98 f 0.04 in the BPD patients which was not statistically 
different from the control group (0.91 f 0.17) 

Adaptation curve to darkness showed significant alterations compared to the normal group: 
average cone-rod breakpoint was 21 37 f 6 71 min versus 4 45 f 0 66 min (p < 0.0001) and 
average absolute rod threshold was 4 10 f 0.8 log U picostilb (psb) versus 2.85 f 0 10 log U 
psb (p < 0 0001). Three types of curves have been considered: 
1 biphasic with cone-rod breakpoint prolonged more than 9 min and absolute threshold 

within 3.5 log U psb (no case); 
2. biphasic with cone-rod breakpoint prolonged more than 9 min and absolute threshold be- 

tween 3.5 and 4.5 log U psb (15% of cases); 
3. monophasic, with absolute threshold between 4.5 and 5 log U psb (85% of cases). 

Visualfield alterations in the BPD patients versus the normal patients were the following: 
Mean defect (MD) average = -3.90 + 3 21 versus -0.09 kl.28 (p c 0.000001) 
Corrected pattern standard deviation (CPSD) average = 2 49 f 2.09 versus 1 19 f 0.89 

(p < 0.0001) 
Fovea1 threshold (FT) average = 32 98 * 4.58 dB versus 37.08 * 2.37 dB (p < 0 000001). 
The kinetic isopter average (IUA) average = 51.72 + 4.27 degrees versus 57.16 * 2.98 de- 

grees (p < 0.00001) 
Three levels of alterations were considered in the perimetric parameters (see Table 1). The 

topographic analysis of the perimetric alterations showed that the defects were situated mainly 
in the upper nasal part of the visual field. 

The findings of the conjunctival surface were the following: 
Type 1 nucleousicytoplasm (N/C) ratio of the epithelial cells more than l/2, presence of 

more than 200 goblet cells in the microscopic observation field Type 2: N/C ratio from l/2 to 
l/3 in the epithelium and presence of less than 150 goblet cells for field Type 3: N/C ratio 
less than 114 in the epithelium, less than 20 goblet cells for field (squamous metaplasia). 

In our sample of BPD patients Type 2 (20% of cases) and Type 3 (80% of cases) alterations 
were found Bitot’s spots in three cases of squamous metaplasia of conjunctiva were observed. 

The plasma levels of vitamin A were greatly reduced in the patients who had undergone 
BPD surgery compared to the control group (60.75 f 41 49 ngiml versus 632 * 168 ng/ml). 

Follow-up 

In Tables 2-5 we report the percentage variations of adaptometric, perimetric, and cytologi- 
cal alterations, after substitutive therapy with vitamin A, during a follow-up of 3 months, and 
the relative levels of plasma retinol 
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Table 2 Adaptometric alterations 

Level 

Type 1 
Type 2 
Type 3 

To T, (30th da.v) T2 (60th day) T3 (90th day) p 

0 0 15 (75%) 17 (85%) 
3 (15%) 9(45%) 4(20%) 2 (10%) <OOOl 
17 (85%) 11 (55%) 1 (5%) 1 (5%) 

Table 3 Perimetric alterations 

Level To TI T3 P 
(30th day) 20th day) (90th day) 

MD 1 8(20%) 10 (25%) 11(275%) 15(375%) 
2 11 (27 5%) 10 (25%) 12(30%) 11 (27 5%) COOI 
3 21(525%) 20(50%) 17(42 5%) 14 (35%) 

CPSD 1 9 (22 5%) 11 (27 5%) 12(30%) 16(40%) 
2 11 (27 5%) 12 (30%) 12 (30%) 11 (27 5%) i 0 01 
3 20 (50%) 17 (42 5%) 16 (40%) 13 (32 5%) 

;A) 2 1 15(375%) 16 (40%) 18 16 (45%) (40%) 18 16 (45%) (40%) 19(475%) 16 (40%) coo1 
3 9 (22 5%) 3(15%) 3(15%) 5 (12 5%) 

gtrees) : 11 (27 5%) 11 (27 5%) 13 (32 5%) 16 (40%) 
24(60%) 26(65%) 24(60%) 23 (57 5%) NS 

3 5(12 5%) 3(75%) 3(75%) 1(25%) 

Table 4 Impression cytology alterations 

Level 

Type 1 
Type2 
Type 3 

To 

0 
8 (20%) 

32(80%) 

T, (30th day) 

0 
18(45%) 
22 (55%) 

T2 (60th day) 

8(20%) 
24 (60%) 

8(20%) 

T3 (90th day) 

20 (50%) 
16 (40%) 
4 (10%) 

p 

< 0 001 

Table 5 Plasma retinol levels (ngiml) 

T” T, (30th day) T2 (60th day) Tj (90th day) 

60141 198*37 368i60 532*98 

Discussion 

The aim of this paper was to carry out a functional and morphological ocular study in a 
group of patients affected by a malabsorption syndrome in which vitamin A deficit played a 
central role 

At first, our BPD patients showed severe alterations especially in adaptation to darkness 
(85% cases) and in impression cytology of conjunctiva (80% cases), that are typical of hypo- 
vitaminosis A. 



422 A. Polizzi et al. 

The alterations of perimetric parameters were most frequent in mean defect (54%) and cor- 
rected pattern standard deviation (50%), less, frequent in fovea1 threshold (22.5%) and kinetic 
isopters average (12%). 

The topographic analysis of the perimetric defects demonstrated that they are typically lo- 
cated in the nasal field, suggesting an anatomical correspondence with the critical watershed 
area of the retina 

The results of the study during the follow-up revealed the reversibility of the lesions ob- 
served. In fact, after treatment with vitamin A the alterations of the adaptation curve, the con- 
traction of the peripheral isopters and also the conjunctival cytological lesions practically dis- 
appeared This confirms their correlation with the retinol levels However, the perimetric 
indices showed only improvement, but not complete remission 

These data support the hypothesis that the deficiency of other factors plays an important 
role in the development and continuation of perimetric damage. It must be remembered that in 
this malabsorption syndrome not only all the liposoluble vitamins but also some of those 
hydrosoluble, the proteins and ions are involved. Therefore the etiopathogenesis of the 
perimetric damage observed might have a more complex mechanism, not yet completely in- 
vestigated 
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Abstract 

Fifty-one patients affected by mild hypovitaminosis A caused by the use of fenretinide (4-HPR), a syn- 
thetic retinoid antimetabolite, were examined Twenty-eight subjects, not treated with 4-HPR, were exam- 
ined as a control group 

During a study of several years, the patients have shown perimetric alterations (absolute scotomas, 
fascicular relative defects and global threshold elevation) and ERG (increase of delta between a, and a2 
wave latency and increase of amplitude of B wave) The results of the tests were correlated with plasma 
retinol levels 

The effects on the visual field were reversed within one month after discontinuing therapy 

Introduction 

Fenretinide (4-HPR) a synthetic retinoid, used in cancer chemotherapy, can induce a condi- 
tion of hypovitaminosis A1,2 

In our previous report3 we noticed the presence of adaptometric, ERG, visual field and ocu- 
lar surface alterations in a small number of patients who had undergone HPR treatment 

The aim of the present paper is to present the perimetric and electrophysiological results, 
and their correlations with plasma retinol levels, of a wider group of subjects 

Material and method 

Fifty-one female patients (average age 57 7 i 4 6 yr), who had undergone surgery for breast 
cancer and had 4-HPR treatment (200 mg/day) for an average period of 32 f 8 months were 
examined. 

Twenty-eight female patients (average age 56.12 f 5.74 yr), who had undergone the same 
type of surgery, but had not had 4-HPR therapy, were chosen as a control group. 

All the subjects had undergone complete ophthalmological examination, by means of biomicroscopy, 
tonometry and retinoscopy, to exclude cases with pre-existing ocular diseases 

All the subjects were examined before they were asked if they were receiving the therapy 
and the time of the last dose (average 13.5 hr f 1) 
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The following parameters were determined: 
- visual acuity; 
- refraction; 
- visual field, using DSK strategy of the Perikon PCL 904, that allows both kinetic and 

static testing, in order to find the fovea1 threshold (FT), the mean deviation (MD), the 
corrected pattern standard deviation (CPSD) and the average of kinetic isopters (KIA); 

- ERG, at photopic and scotopic levels, were recorded using skin electrodes located on the 
border of the inferior lids, connected to an Amplaid amplifier? latencies and amplitude 
of a,, a2 and B photopic and scotopic waves and their difference (delta) were evaluated; 

- VEPs were recorded by dermal electrodes (AgiAgCl) located at 02-01 according to the 
1 O-20 International System6: the latency of the ~100 wave was evaluated; 

- plasma levels of retinol, 4-HPR and its metabolite 4-MPR were determined by means of 
high performance liquid chromatography (HPLC)7. 

Statistical analysis of the results was performed using Student’s t test and the x2 test. 

Results 

No statistical difference in age existed in the 4-HPR patients compared to the control group 
(57.75 vs 56.12 yr, p = 0.21). The corrected visual acuity and the refraction (0.95 f 0.05 vs 
0 93 i 0.08 and +0.54 f 0.50 vs +0.41 f 0 75) were not statistically significant (p = 0.79 and 
0.68 respectively). 

The analysis of the visual field revealed the following data. 
- the MD in 4-HPR-treated subjects was 1.24 f 3.52, while in the control group it was 0 + 

0.40 (p = 0.07) 
- the CPSD in 4-HPR patients was 2.25 k 2.36 as opposed to 1.05 f 0.79 in the control 

group (p = 0.008) 
- the FT in 4-HPR-treated patients was 34.96 f 4.58 dB and 37.38 f 2.54 dB in the control 

group (p = 0.01) 
- the KIA was 52.21 * 6.54 degrees in the 4-HPR treated patients vs 56.09 * 4.98 degrees 

in the untreated patients (p = 0.003) 
Analysis of the different parameters of ERG provided the following results: 
- delta a,L (difference between the latency of the a, wave and a2 wave under photopic con- 

ditions) = -0.35 f 2.32 msec in 4-HPR patients vs -0 96 2.52 msec in the normals (p = 
0.04) 

- delta a,L (difference between the latency of the a, wave and a2 wave under scotopic con- 
ditions) = 1.5 1 + 1.36 msec in the 4-HPR patients vs 0.83 & 0.75 msec in the normal con- 
trols (p = 0.04) 

- the amplitude of the B wave under scotopic conditions was 70.53 + 18.96 pV in the 4- 
HPR patients vs 66.18 f 14.99 pV in the normal controls (p = 0.05). 

The ~100 latency of the VEP did not show a significant difference between the two groups. 
The plasma level of vitamin A, 4-HPR and 4-MPR results were: 
- vitamin A. 156.25 + 102.59 ng/ml in 4-HPR-treated patients vs 565.467 + 75.28 ng/ml in 

the control group (p = 0.0001) 
- 4-HPR: 387 + 360 ng/ml 
- 4-MPR: 295 f 230 ng/ml 
The correlation between the duration of the therapy and 4-HPR and 4-MPR plasma levels 

was not significant (p = 0.735 for 4-HPR andp = 0.66 for 4-MPR). 
The correlation with plasma vitamin A levels was statistically significant for: 
- average of kinetic isopters (p = 0.01) 
- CPSD (p = 0.001) 
- delta a,L (p = 0.05). 

Reversibility of the alterations 

The 4-HPR-treated patients were examined 3, 7, 15 and 30 days after the discontinuance of 
the therapy 
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The alterations found in perimetry and in ERG gradually disappeared from the 15th to the 
30th day after the suspension of 4-HPR therapy 

Discussion 

Femetinide is a synthetic derivative of retinoic acid that causes a deficit of the plasma con- 
centration of vitamin A, through a competitive process with retinal* 

It has been demonstrated that 4-HPR partially inhibits secretion of the retinoi binding pro- 
tein (RBP) of the liver and other tissues, simultaneously lowering the plasma concentration of 
vitamin A and REP9 Hypovitaminosis is produced, in a direct way, by competition for vita- 
min A, and in a secondary and indirect way by functional alterations of its binding proteinlo. 
Our study has confirmed that this therapy causes.electrophysiological and psychophysical al- 
terations in relation to the plasma level of vitamin A 

The contraction of the peripheral isopters of the visual field is the expression of the func- 
tional alteration of the rods These data are confirmed by the increase of the latency of the a2 
wave of ERG 

The reduction of the fovea1 threshold is instead a sign of impaired function of the cones 
These data are confirmed by the increase of the latency of the a, wave of ERG The clectro- 
physiology showed an increase of the amplitude of the B scotopic wave that is generated 
mainly by the Miiller cells In fact these cells contain RBP and are a source of retinoic acid in 
the retina. In a condition caused by a lack of vitamin A the secretion of RBP is inhibited and 
its biosynthesis does not take place 

The presence of fascicular defects nevertheless suggests a wider involvement of the light 
perception transmission chain, but VEP results do not confirm the involvement of the visual 
neuron chain 

The strict correlation with vitamin A plasma levels and not with those of HPR or its 
metabolite, confirms that hypovitaminosis A is the cause of the psychophysical and electro- 
physiological changes observed. 

The alterations seem to be reversible with the suspension of the therapy. In conclusion 4- 
HPR therapy induces visual psychophysical and electrofunctional alterations, because changes 
occur at the photoreceptor and Mtiller cell levels Subsequently neuronal alterations take 
place. 
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