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IPS Proceeding Preface

This volume contains a selection of papers and posters presented at the Tenth International
Visual Field Symposium. The symposium was organized by the International Perimetric
Society (IPS) and was held in Kyoto, Japan, October 20-23, 1992.

Interest in perimetric research continues to be strong. The dues-paying membership of the
IPS now numbers 300, representing 24 countries worldwide. Of 146 abstracts submitted for
the meeting, 48 read papers and 84 posters were selected for presentation.

The read papers were given in seven 90-minute sessions devoted to neuro-ophthalmology,
ophthalmic imaging, computer-assisted interpretation, follow-up of glaucoma, screening, and
other topics. The posters were on display during the entire meeting, and authors were asked to
defend their findings during four 90-minute general sessions devoted exclusively to open poster
discussion.

Once again, a special invitation to attend the meeting was extended to the international
imaging community. They were encouraged to submit abstracts of their work, to become mem-
bers, and to adopt the IPS meetings as a forum for their future work. As witness to the success
of that initiative, the treasurer of the informal Ocular Image Analysis Group transferred the
balance of their account to the IPS treasury to support a young investigator’s travel to the next
IPS meeting.

This volume represents a compendium of the presentations from the Tenth IPS meeting.
Through the hard work of the IPS editorial committee consisting of William Hart, Yoshiaki
Kitazawa, Christine Langerhorst, and myself, peer review of each submitted manuscript was
accomplished. Of the 127 presentations at the meeting, the 103 papers appearing herein are
those for which manuscripts were submitted in a timely fashion and passed peer review. It is
our hope that this and past Proceedings of the IPS will remain important and convenient ref-
erences for those who seek up-to-date information and current opinion in the field.

The organization of the meeting was superb in all respects, and we owe a great debt to the
hard work of Yoshi Kitazawa and the local organizing committee. On behalf of the Editorial
Committee, ] want to thank the authors for their timeliness, their attention to detail, and their
expertise with the English language, especially those for whom English is not a native tongue.

We are all looking forward to the next meeting, scheduled for July 3-7, 1994, in Washington,
DC, hosted by myself and my North American colleagues. It promises to be a stimulating
meeting, as the previous ten IPS symposia have been.

Richard P. Mills, MD
IPS Secretary and Editor



Obituary
Hans Goldmann (1899-1991)

We mourn the loss of Professor Hans Goldmann who died on November 19, 1991 one day
before his 92nd birthday.

Hans Goldmann was born in 1899 at Komotau (a small town in Bohemia), near Prague, which
belonged at that time to the Austro-Hungarian monarchy. His outstanding talents for mathe-
matics and physics were apparent early in life. Quite logically, he decided to become an
astronomer. However, he was persuaded to do "something more practical”. Ophthalmology
appeared as the next best choice. Franz Fankhauser once found in an old notebook, lying
around, a number of complex computations by Dr. Goldmann about the traverses of Alpha
Centauri.

While Hans Goldmann built his main reputation as a glaucoma researcher, he was an expert
in visual physiology and psychophysics. The invention of his famous cupola perimeter, his
dark adaptometer (with Weekers), and his experiments related to the Stiles-Crawford effect are
just some of his many activities.

He initiated his medical studies at the well-known German Charles University at Prague
(now Czechoslovakia) during the First World War. He was “discovered” by his Professor of
Physiology, Tschermak von Seysenegg and was “hired” first as a demonstrator and later as an
Assistant at the Institute of Physiology. From then on the work at the Institute and psycho-
physical experiments kept him so busy that he only sporadically, or not at all, visited the
lectures at the faculty of medicine. As a consequence, he completed his medical studies almost
exclusively by reading. Due to his excellent mind, he readily passed his final examinations in
medicine.

Color vision research was one of a number of the major research topics at the Institute at that
time. His very first activity was reassembling Ewald Herings’ colorimeter. It so happened that
the former chairman of the Institute of Physiology had left this apparatus in a highly disordered
state when he left Prague to become Chairman of the Physiological Institute at the University
of Leipzig. Hans Goldmann told Franz Fankhauser repeatedly that this was the most important
lesson in practical physics he had ever had. He had observed earlier that his color sense was
in some way deficient, because he was unable to see tuberculosis bacilli present in a stained
microscope slide. Now Herings’ apparatus, especially designed to study such cases, provided
Goldmann with the means to prove that he himself was an anomalous trichromat. This gave
rise to his first publication in physiology and he was mentioned in a handbook of physiology
as the “protanomalous Goldmann”. During Jay Enoch’s lectures to residents on color vision in
St. Louis, Goldmann would often try to describe the problems that he encountered because of
his color deficiency. He also demonstrated how he matched specific hues.

The time in Prague was one of the most stimulating periods of his life. Einstein’s theory of
relativity (Special theory; General theory: 1919) was the order of the day. Discussions with
young physicists followed each other. The ghost and ideas of Ernst Mach who taught at the
University of Prague until 1885, and who had influenced Albert Einstein were present. A num-
ber of great ideas which later helped to form the scientific thinking of this century were born
at that time in Prague. This round included Philip Frank, Professor of Theoretical Physics,
Moritz Schlick, leader at that time in “Erkenntnistheorie”, the great philosopher, Karl Raimund
Popper, and the father of ethology, Konrad Lorenz. Hans Goldmann, already well known for
his sharp intellect, participated in, and was accepted at, their round table discussions. In the
light of this background, Hans Goldmann’s universality appears understandable.

He left Prague in 1923 in order to become an Assistant at the University Eye Clinic, Bern
and became a Swiss citizen and Chief of this Institute in 1935 as the successor of Professor
August Siegrist. In 1936 he married Erma Renfer from Bern. It could not have been easy to be
the wife of a famous scientist with a wondrous creature spirit, who worked day and night and
who was driven by an inner compulsion to "know”. She cared about him as Lao-tse said in his
book, Tao-the-king, “the best ruler is the one whose existence you hardly realize”. Among
Goldmann’s many practical contributions was the creation of the first easy to use and clinically
practicable slit lamp, his three-mirror contact lens, the applanation tonometer, and adaptometer.
In 1946 he presented his famous cupola perimeter to the Swiss Ophthalmological Society and
reformulated the law of spatial summation. Because of the breadth and extent of his contribu-
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tions, it is impossible to summarize his many basic research efforts.

Franz Fankhauser worked for him from 1954 until his retirement in 1968, first as an assistant,
and later as an ”"Oberarzt” or “Chef de Clinic”. Goldmann was a true friend and in his modesty
he proved his real greatness. He also had a warm heart for his patients.

Stephen Drance recalls that he first visited Hans Goldmann in Bern in the late 1950s. Hans
Goldmann was not only an accomplished scientist, but a caring clinician. He was friendly,
hospitable even to a stranger, and every junior colleague. He would happily discuss glaucoma
research problems, was helpful with suggestions, and of course was encyclopedic in his knowl-
edge of the literature. During the many subsequent meetings with Hans Goldmann, it became
increasingly clear that his knowledge not only encompassed the sciences but was almost uni-
versal. He was able to discuss without preparation, Northwest Indian culture, the origins of
Western cowboys, the arts, and archaeology. It was a humbling experience to visit a museum
or art gallery with him because of his tremendous grasp of almost all subjects.

Although Hans Goldmann was a very serious person, he had a delightful sense of humor.
His face would suddenly light up with a broad smile as he chuckled over something that amused
him. After a symposium in Los Angeles, we were all entertained by our local host at the Playboy
Club. The "bunnies” made a tremendous fuss of Hans Goldmann throughout the evening, who
by this time was in his late 70s, but he clearly enjoyed every minute of it.

On the serious side, he was always ready to acknowledge the evolution of new ideas even if
they were contrary to strongly held opinions which he had previously championed.

Jay Enoch’s interactions with Goldmann started in the early 1960s through mutual interac-
tions between the Bern and St. Louis groups. Enoch served as the liaison between the two
groups for almost a decade. The friendships that evolved were lasting. To characterize some
dimensions of this man, Enoch remembers well the year Goldmann spent in St. Louis - so that
his successor, Peter Niesel, would have a freer hand. During that period, Goldmann made daily
“research rounds” to all the labs in St. Louis. In every case he wanted to know what new findings
had been achieved during the previous day. He examined each researcher closely on data,
assumptions, experimental design, and implications. If there was nothing new, he always had
a topic for discussion. Of course, it was always easier if the researcher had some new insight
or finding! Every morning, the technicians lined up at the doors signalling, “he’s coming” while
the researchers worked madly to be ready. Goldmann literally created a research frenzy What
fun, what excitement, what extraordinary intellect! Realize that he never asked of anyone less
than he asked of himself.

Many times, he would discuss with colleagues pathophysiology of disease processes - cover-
ing a broad range of disorders and topics. He would often come back to debates on glaucoma,
ocular hypertension and low-tension glaucoma. He was troubled by logical gaps in our under-
standing of the mechanisms of this group of disorders. He worried whether ocular hypertension
was, in part, a “quiet period” in the development of glaucoma and how to differentiate the
initiation of such a quiet period before overt manifestations occurred.

He was the complete scientist-physician-humanist. He cared and put that care into practice.
Those of us who knew and interacted with this giant of a person were, indeed, fortunate. In
Europe, the Chancellor or President of University is termed a magnificence. Hans Goldmann
served in this role at the University of Bern. Ophthalmology and the world at large have most
assuredly lost a magnificence.

Jay Enoch, PhD
Franz Fankhauser, MD
Stephen Drance, MD
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The "bracketing fluctuation” index in normal and glaucomatous subjects

M. Zingirian, R. Mattioli, P. Capris, E. Gandolfo and F. Morescalchi

University Eye Clinic, Genoa, Italy

Introduction

The sensitivity of the visual system, like every other psychophysical function, is subjected
to a physiological instability. If the light sensitivity is repeatedly measured at the same point
of the visual field (VF) using static perimetry, a series of different threshold values are obtained.
The standard deviation, which represents the dispersion of the results around the mean value,
is called short-term fluctuation (SF), according to Bebie et al.!.

This parameter is usually calculated by computerized perimetry on the basis of a double
measurement of light sensitivity at ten positions of VF or at each point examined, such as in
G1 and M1 Octopus programs. The inconvenience of these procedures is prolonged examina-
tion time.

The short-term fluctuation, expressed by the root mean square (RMS) of the two values
obtained for each point retested, represents a useful index of stability of the visual system and
visual field?.3. We studied the possibility of obtaining a new fluctuation index without prolong-
ing the examination time.

This new index is determined by evaluating the incoherency of the responses registered
during threshold measurement at each single point of VF. In computerized perimetry, the thre-
shold is measured by using the "up and down"” staircase method, where a first series of stimuli
presented with an increasing luminance with 4 dB intervals is followed by a second series of
stimuli presented with a decreasing luminance with 2 dB intervals. This causes a double cross-
ing of the threshold, called “bracketing”4. Not always do the responses provided by the patient
during the second phase correspond to those of the first phase.

Our new index, called “bracketing fluctuation” (BF), takes into account the above-mentioned
threshold incoherency, which is indicated by the discrepancy between the last positive response
in the ascending phase and the first positive response during the descending phase of stimuli
presentation (Fig. 1).

The BF is determined by the root mean square (RMS) of the difference between those values
obtained during the two phases. In comparison to the SF, which requires re-testing in ten posi-
tions, the new index is calculated without additional testing, for every point examined.

A comparative study on BF and SF indexes in normal and glaucoma subjects is the aim of
this paper.

Methods

Using the Perikon PCL90 perimeter3-6, we compared BF to SF values obtained by the per-
imetric program 30-1I in 214 eyes of normal subjects and in 101 eyes of glaucoma patients. In
both groups no systemic diseases were present, nor were general therapies assumed.

The refraction did not exceed +3 D and the pupillary diameter was not below 2.5 mm; IOP
was under 21 mmHg and visual acuity was 8/10 or more with the best correction.

In the glaucomatous patients miotics were not used and only minor perimetric defects were
present.

For the statistical assessment of the correlations between age, sex and each single index (BF
and SF), the linear regression method and the relevant Pearson’s “1” correlation coefficient

Address for correspondence: M. Zingirian, University Eye Clinic, Genoa, Italy
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Fig. 1. Two different degrees of discrepancy between the last positive response (seen) during the ascending
phase and the first positive response during the descending phase of the first up-and-down procedure.

were used. To analyze the correlations between the two indexes, BF and SF, Spearman’s rank
correlation test was used.

The differences between normals and glaucoma patients for each single index were assessed
with the Mann-Whitney test and the relevant “z” coefficient.

Results

Table 1 shows the mean values for SF and BF of both normal and glaucomatous subjects,
subdivided according to age classes. In the normal group, the SF values were above 2 dB in
less than 10% of cases and the BF values were above 1.7 dB in less than 13% of cases. In the
glaucoma group, about 70% of SF values were above 2 dB and 63% of BF were above 1.7 dB.
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Table 1. Bracketing fluctuation index

Age groups Normal subjects Glaucomatous patients
(years) _

BF SF BF SF

(dB + SD) (dB + SD)

10-20 1505 1.6£1.2 1910 1.6+1.8
21-30 1204 1.7¢09 2.5+09 2.0+1.7
31-40 11+04 1410 2,110 4.0£2.0
41-50 1.4+0.6 17£10 2.0+0.9 24+16
51-60 1.4%0.5 1.50.9 1.8+09 3.1x1.7
61-70 14105 1.3£1.0 2.1£1.0 30+1.8
>70 15205 24*1.0 2009 3.0x1.6
Mean values: Normal subjects: BF = 1.3+0 5; SF = 1 5+1; BF (males) = 1.4; BF (females) = 1 2. Glauco-
matous patients: BF = 2 1+0.9; SF = 3.1¢1 7; BF (males) = 2.1; BF (females) = 2

A significant correlation was found between the two indices, using Spearman’s rank test, in
both normal and glaucomatous subjects (p<0.0001).

The difference between the values obtained from normal and glaucomatous subjects was
statistically significant for both the BF index (z=3.551; p<0.0004) and the SF index (z=4.864;
p<0.0001). No age-related or sex-related differences were observed in the fluctuation values
of either the BF or the SF index.

Conclusions

Bracketing fluctuation (BF) is an estimate of threshold fluctuation obtained from a single
threshold measurement at every point explored. The distribution of its values in the normal
population and in glaucomatous subjects is less asymmetrical and leptocurtic than that of short-
term fluctuation (SF). Nevertheless, these two indices are correlated in a statistically significant
manner; which means that high BF values frequently correspond to high SF values.

Normal BF values are between 0.5 and 1.7 dB. BF values in subjects with evolving damage
of VF are higher than those of normal subjects.

The topographic “point by point” map of BF, supplied by the PCL90 perimeter, represents a
useful diagnostic means for the assessment of disturbed or damaged areas of VF and it is more
informative than the global value of BF or SF. However, further studies are required in this
respect.

Finally, it is worthwhile considering that FB can be automatically calculated by the PCL90
perimeter for any threshold program, and does not require additional examination time, which
is important when examining elderly or psychologically disturbed patients.
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Short-term fluctuation versus bracketing fluctuation in normal, hypertensive
and glaucomatous eyes

Renato De Natale, Giuseppe F. Romeo and Francesco Fama

Istituto di Oftalmologia, Policlinico Universitario, Messina, Italy

Abstract

Bracketing fluctuation is a new perimetric index available with the PCL90 computerized perimeter
This index is calculated during normal threshold determination and indicates the intra-measurement thre-
shold variation registered at each test point. In the present study, the authors compare bracketing fluctua-
tion with short-term fluctuation calculated at ten test points. Ten normal volunteers, ten subjects with
ocular hypertension and ten glaucomatous patients with advanced visual field defects were enrolled. No
statistical difference, with respect to age, was present in any of the groups examined. The visual field was
examined with a PCL90 computerized perimeter using program 30 II. In normal and ocular hypertension
subjects, no significant difference between SF and BF was noted. In glaucoma patients with severe VF
defects, BF showed a higher value than SF, with a mean of p=0.001.

Introduction

Since Flammer introduced petimetric indices in 1984, short-term fluctuation is of those most
often investigated.

A previous paper reported that the normal value for this index ranges from 0 to 2 dB and that
this value may vary greatly in many pathological conditions. It was also stressed that this index
has a predictive value: early VF defects may be preceded by high values of SF'. Other papers?”
found SF more important, considering this index as a signal of visual field instability.

Since 1990, PCL90, a new computerized perimeter, offers the possibility of a new perimetric
index, bracketing fluctuation (BF). This index is obtained during normal bracketing threshold
strategy*S. The aim of the present study was to compare bracketing fluctuation with short-term
fluctuation calculated normally at ten test points in three groups of patients: I. normal, 2.
hypertensive and 3. glaucomatous.

Material and methods

A group of ten healthy volunteers, ten patients with ocular hypertension and ten patients with
primary open angle glaucoma with severe visual field defects were enrolled in this study.
Twelve women and 18 men were studied. The mean age of the healthy volunteers was 39 years
with a range of from 24 to 51; the mean age of the ocular hypertension group was 41 years
with a range of from 35 to 45; and the mean age of the glaucoma patients was 44 years with a
range of from 39 to 50. Visual acuity in the first two groups was 1.0 with a range of from 0.9
to 1.2; the glaucoma group showed a mean visual acuity of 0.7 with a range of from 0.6 to 0.9.
IOP was 15+4 mmHg in the healthy volunteers, 21+5 mmHg in the hypertensive group without
therapy and 18+6 mmHg in the glaucoma patients. This last group was treated with beta-block-
ers and other adrenergic drugs administered topically. None of the selected subjects presented
with systemic hypertension or diabetes mellitus.

The visual fields of all healthy volunteers, hypertensive and glaucoma patients were ex-
amined with the PCL90 computerized perimeter using program 30 IL. This program explores
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the central 30° with a full strategy and calculates the perimetric indices SF and BF (short-term
fluctuation and bracketing fluctuation). These two perimetric indices were compared among
patients to verify whether they had a different trend in any of the three groups considered. A
statistical analysis was carried out using Student’s ¢ test.

Results

Short-term fluctuation in normal subjects showed a mean value of 0.9, ranging from 0.7 to
1.2 dB; in the same group, the mean value of bracketing fluctuation was 1.1 with a range of
from 0.9 to 1.3 dB. Student’s ¢ test did not indicate a statistical difference between the mean
values of the two indices.

In the hypertensive group, SF had a mean value of 1.6 with a range of from 1.1 to 1.8 dB,
while BF showed a mean value of 1.5 with a range of from 0.8 to 1.7 dB. No statistical differ-
ences were noted with Student’s 7 test. In the glaucomatous eyes group, the mean value of SF
was 2 with a range of from 1.8 to 2.3 dB, while the mean value of BF was 2.6 with a range of
from 2.3 to 3 dB. In this last group, Student’s ¢ test indicated a highly significant difference
(p£0.001) between SF and BF.

Discussion

Fluctuation of the differential light threshold is one of the most often investigated perimetric
indices. Short-term as well as long-term fluctuation are especially observed for their potential
diagnostic and prognostic significance. Fluctuation may be influenced by a training effect and
it may vary greatly from normal subjects to pathological ones.

The bracketing fluctuation calculated by the PCL90 is measured during the normal “up and
down” staircase strategy at each test point. Due to this method, its calculation does not require
further examination time except that for normal threshold determination. This last point seems
to us a first advantage offered by this index.

We compared SF and BF in three groups: normal, hypertensive and glaucomatous subjects.
From a comparison of these two indices, no statistical difference was noted in normals and
hypertensive subjects. In glaucoma patients BF showed a statistically significant higher value
than SF (p<0.001). This could suggest that BF is a more sensitive perimetric index than SF.
We think that this last hypothesis is very interesting and needs to be evaluated with the support
of more data.
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A visual field index for nerve fiber bundle defects

Thomas Damms, Fritz Dannheim and Silke Ahlers

Department of Ophthalmology, University of Hamburg, Hamburg, Germany

Abstract

The perimetric analysis system PERIDATA provides a visual field index for nerve fiber bundle defects
calculating loss variance of the whole central field divided by loss variance in 21 nerve fiber bundle zones
The authors applied this index to the Octopus G1 normative database (n=836 fields), to 128 fields of eyes
with chronic glaucoma and to 75 eyes with ocular hypertension. The index was normal in 96% of healthy
and 95% of ocular hypertensive eyes; 49% of all glaucomatous fields (including those without clinically
apparent nerve fiber bundle defects) and 80% of glaucomatous fields with clinically apparent nerve fiber
pattern were abnormal. The auc-values of ROC curves for the separation of glaucomatous from healthy

eyes was 0.7 for the nerve fiber index and 0.96 for MD. We conclude from our results, that (a) the nerve
fiber index is able to identify nerve fiber bundle defects; (b) the nerve fiber index is less sensitive than

I10€T 1NCCX 18 2010 10 1Oy NCTVE TIDCT DUNQIC CCICLLs, the € T1DET 1Nae 1€38 sensitl

MD in the detection of pathological visual fields among a heterogenous population of glaucomatous eyes
with visual field defects of different configuration; and thus (c) the nerve fiber bundle index alone is not
useful for screening purposes but may facilitate in the differentiation of central and peripheral alterations

Purpose

Visual field indices are commonly used for the interpretation of visual fields. Most of these
indices (e.g., MD, CLV) represent global changes in sensitivity values across the visual field!.
For the most part, the topographical arrangement of visual field defects is not considered.

In this study, we used a new index for nerve fiber bundle defects derived from specific
topographical alterations of the visual field. We determined the specificity and sensitivity of
this parameter in patients with chronic glaucoma, ocular hypertension and normal findings.

Material and methods

Weber and Ulrich3 developed a computer program (PERIDATA) to facilitate in the inter-
pretation of visual fields providing new indices for visual field defects in various locations.

One of these indices is the nerve fiber bundle index which detects visual field depression in
21 nerve fiber bundle zones (Fig. 1). This index is calculated using the ratio of global loss
variance and local loss variance in each of these zones. The maximum index of all 21 zones is
used as the nerve fiber bundle index, thus representing the zone with the most localized visual
field defect3.

For this study we calculated global visual field indices and the nerve fiber bundle index for
836 visual fields of healthy eyes (G1 normal population), 128 eyes with chronic glaucoma and
75 eyes with ocular hypertension (all Octopus G1) using the PERIDATA analysis system. The
inclusion criteria for glaucoma were an IOP higher than 21 mmHg and typical changes in the
visual field and/or of the optic disc. The glaucoma population consisted predominantly of
patients with mild or moderate visual field defects (MD = 7.1£4.36, CLV = 36.7+37.5). Ocular
hypertension was defined as an IOP higher than 21 mmHg, a vertical C/D ratio not exceeding

The program PERIDATA was provided by J. Weber, MD The authors have no financial affiliation with
the companies which produce the instruments and programs used in this study
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Fig. 1. The visual field, divided into 21 nerve fiber bundle zones, as described by Weber and Ulrich3.

0.7 and a normal visual field.

For the calculation of sensitivities and specificities, the cut-off value was fixed at 1.15. ROC
curves for the separation of glaucomatous visual fields from normal findings were calculated
as previously described?.

For further differentiation the visual fields were clinically classified by one of us (FD) in
visual fields with (n=51) or without (n=77) nerve fiber bundie defects. These subgroups were
tested separately regarding their sensitivity, specificity and ROC values.

Results
The results of this study are summarized in Table 1.

Table 1. Nerve fiber index and MD in different populations, descriptive data, sensitivities and ROC values

Population No. Nerve fiber index Min Max Positive ROC ROC(MD)
mean value and SD auc auc

Normal 836 1.04+0.061 0.93 1.36 37/836 - -

Glaucoma (all) 128 1.28+0.35 0.97 2.89 63/128 0.70 0.96

Glaucoma (nf) 51 1.40+0.35 0.99 2.48 41/51 0.92 0.99

Glaucoma (nnf) 77 120£0.32 0.97 2.89 24/77 - -

Ocular hypertension 75 1.0620.069 0.95 1.42 4/75 0.56 0.58

all: all glaucoma patients; nf: patients with clinical nerve fiber defects; nnf: patients with clinical visual
field alterations other than nerve fiber defect; auc: area under ROC curve; positive = rate of pathological
results, ROC(MD): auc-values calculated for MD in the same populations

In the normal population, the rate of false positive results was shown to be 37/836, equivalent
to a specificity of 96%. The results for patients with ocular hypertension were equivalent to a
95% specificity and were therefore within the same range. For all glaucoma patients, the nerve
fiber bundle index showed a low sensitivity of 49% and was thus not much different from
findings in normal patients.

From 51 patients with clinically apparent nerve fiber bundle defects, 41 were correctly
classified by the index as being affected (sensitivity of 80%). Patients with glaucoma and visual
field changes other than nerve fiber bundle defects had a markedly lower nerve fiber index
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Fig. 2. ROC curves of the nerve fiber bundle index and MD, calculated for all glaucoma patients

(sensitivity 31%).

Separation of affected and unaffected fields (Fig. 2) turned out to be superior for MD (area
under ROC curve (auc) = 0.96) compared to the nerve fiber index (auc=0.70).

Limiting the calculation to patients with obvious nerve fiber configuration improved the
auc-value to 0.92, while selecting patients with alterations other than nerve fiber bundle defects
led to an auc-value of 0.68, near the auc-minimum of 0.5.

Comparing the auc-values of the nerve fiber index and MD calculated for patients with
clinically obvious nerve fiber bundle defects, we could demonstrate that, even in those patients,
MD had a slightly higher auc-value than the nerve fiber index.

Discussion

Global visual field indices are commonly used for the detection of pathological findings and
their follow-up in computer perimetry!S. For calculation of these indices, the topographical
arrangement of visual field defects is not taken into consideration.

Recently, attempts have been made to develop new indices, reflecting the topographical
arrangement of visual field defects®67. Mandava et al.” and Weber and Ulrich? developed
indices representing localized visual field defects with nerve fiber configurations. Mandava et
al. reported a sensitivity and specificity of 88% for the detection of glaucomatous visual field
defects using their nerve fiber index.

In the present study, we could demonstrate a lower sensitivity of 49% for the nerve fiber
index. These results correspond with those reported by Weber and Ulrich who used the Hum-
phrey perimeter programs 30-2 and 30-S for their study3. The difference from the results of
Mandava et al.” might be partially explained by the composition of the glaucoma population.
The definition of glaucoma and the extent of visual field defects within the population can
seriously affect the results. For our study, we mainly used patients with mild to moderate visual
field defects representing patients with early glaucoma. Visual fields with diffuse loss were not
excluded from our population.

Due to the wide variety of visual field defects in early glaucoma, the nerve fiber index,
detecting only one single feature of glaucomatous visual field damage, could classify about
one half of the glaucomatous visual fields correctly. Limiting the calculation to those patients
with clinically obvious nerve fiber bundle defects, the sensitivity increased to 80%, demon-
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Fig. 3. a. Patient FE: progression of visual field defects from 1985 to 1991 due to chronic glaucoma.
b. Patient FE: nerve fiber bundle index and index for the nasal step from 1985 to 1991.

strating that this index is, indeed, able to identify this type of defect. The clinical judgement
of visual fields, however, does not provide an absolutely correct standard for the calculation
of sensitivities.

Due to the high number of zones compared to a scattered distribution of 59 stimuli in program
G1, in some of these nerve fiber bundle zones only two stimulus locations are used for the
calculation of the nerve fiber bundle index. Therefore, a reduction in the number of nerve fiber
zones might further increase the sensitivity of this index.

Calculating an index for nasal step* upon those glaucomatous visual fields which were
classified by the nerve fiber index as being normal, we found that 43% had a pathological nasal
step index. Thus, a combination of nerve fiber index and the index for nasal step could improve
the overall sensitivity to 71%. This example demonstrates that a combination of different in-
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dices, each representing a single characteristic of glaucomatous visual fields, could be one way
of improving sensitivity without deterioration of specificity.

In a population of eyes with lesions of the central visual pathway8, the nerve fiber bundle
index appeared to be affected as frequently as in the glaucoma population. A further precise
differentiation was possible in these eyes with a special index for hemianoptic alterations

An example of the progression of visual field defects in glaucoma with corresponding indices
for nerve fiber bundle defects and the nasal step is shown in Fig. 3a and b. In this case, a visual
field defect first appeared in the nasal region at the horizontal meridian. The index for the nasal
step became slightly abnormal. With extension of the defect into the Bjerrum region, the nerve
fiber bundle configuration becomes more evident and the nerve fiber bundle index becomes
increasingly affected.

We conclude from our results that the index for nerve fiber bundle defects, as introduced by
Weber and Ulrich, allows the recognition of nerve fiber patterns. Due to the variety of different
types of visual field defects in glaucoma, the sensitivity of this index for detecting early visual
field defects in glaucoma is lower compared to the global index MD. Therefore, the nerve fiber
bundle index alone is not useful for screening purposes. Its screening capabilities could be
improved by combination with other topographical indices, such as the index for the nasal step.
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"Pericecal index” in early glaucoma automated visual fields

Paolo Brusini, Giovanni Della Mea, Flavia Miani and Claudia Tosoni

Department of Ophthalmology, General Hospital of Udine, Italy

Abstract

The aim of this study was to discover whether a group of test points from a widely used threshold
standard program (30-2 Humphrey Field Analyzer) could be employed to create a clinically useful “per-
icecal index” (PI). The mean sensitivity of 11 test points around the blind spot was calculated in 70
glaucomatous patients with very slight visual field damage, and in 55 age-matched normal subjects, taking
into account one eye only. The difference was statistically significant (p<0.001) The authors also com-
pared PI with the mean sensitivity of 11 control points, located in the lower field at the same eccentricity,
in glaucoma patients and in the normal group. Moreover, the mean sensitivity of these points in glauco-
matous and normal eyes was compared The difference between PI and the control points was only statis-
tically significant in glaucomatous patients. On the other hand, the authors found a significant difference
between normal and glaucoma control points, probably due to a scattered sensitivity depression in the
Bjerrum area.

Introduction

The interest in differential light examination of the pericecal area in early glaucoma has
already been shown!-5. All previous studies, however, are based on results obtained using
special custom programs, with a thick net of test points. Although useful in showing a signif-
icant sensitivity depression in about one-third of eyes with very early glaucoma, these tests
cannot be used in routine visual field examination, because they are too time-consuming. For
this reason, we recently proposed using some test points from a standard threshold program to
create a pericecal indexS.

The purpose of the present study is to evaluate the usefulness of a modified pericecal index
in clinical practice.

Subjects and methods

This study is based on a pool of visual field data regarding 70 patients aged 34 to 70 years
(mean 57.4) with early open-angle glaucoma and subtle visual field defects. Asa control group,
we examined 55 normal subjects, aged 41 to 77 years (mean 57.3) All subjects were tested with
the Humphrey Field Analyzer program 30-2 (Zeiss-Humphrey, San Leandro, CA), which meas-
ures the differential light sensitivity at 76 points, within 30°. Only one eye per subject was
considered. The following exclusion criteria were adopted for the control group:

1. poor cooperation (>25% fixation losses; >33% false negative and/or false positive answers);
2. history of ocular disease;

3. best corrected visual acuity lower than 20/25 or refractive error higher than four diopters;
4, intraocular pressure greater than 21 mmHg; and

5. peripapillary atrophy or any optic disc anomaly.

Patients with characteristics listed under 1, 3 and 5 were excluded from the glaucoma group
(apart from the glaucomatous disc cupping), together with those with advanced visual field
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Fig 1 Test points from HFA 30-2 program used to calculate the “pericecal index” (PI) and the control
area (CA)

defects (MD >-4 dB; PSD >4 dB; SF >3 dB; CPSD >3.5 dB).

We selected 12 test points located in the pericecal area, disregarding the point under the
horizontal meridian at 15° of eccentricity, which usually coincides with the blind spot absolute
scotoma. Pericecal index (PI) was defined as the mean value of the remaining 11 points.

Furthermore, we calculated the mean value of another group of 11 test points, located at the
same eccentricity in the lower field, and used this as the control area (CA) (Fig. 1).

We compared PI values against CA values in the glaucoma and control groups and the PI
and CA values between glaucomatous patients and normal subjects.

We divided the normal subjects into three age groups (<50 years, 15 subjects; 50-60 years,
20 subjects; >60 years, 20 subjects), calculating the values of PI and CA and the prediction
limits for normality (p<5%) in each group. Student’s ¢ test was used for statistical analysis.

Results

The mean PI was 27.2 dB + 1.7 in the glaucoma group and 28.7 dB * 2.2 in the control group.
The difference was statistically significant (p<0.001). The mean CA value was 28.4dB + 1.7
in glaucomatous patients and 29.3 dB + 2.1 in normals (p<0.001). The difference between PI
and CA values in the normal group was not statistically significant, whereas in the glaucoma
group this difference was highly significant (p<0.001).

Grouping the glaucomatous patients by age, the PI was significantly abnormal (p<5%) in
nine eyes (12.9%), whereas the CA value was below this level of significance in four cases
(5.7%). In the same group, MD was significantly abnormal in eight cases (11.4%), PSD in three
cases (4.3%), SF and CPSD in nine cases (12.9%). In 57 eyes with normal global indices, an
abnormal PI was found in seven cases (12. 3%).

Discussion

The blind spot and the pericecal area are usually disregarded in most automated visual field
tests and statistical programs. The main reason for this is the intra- and interindividual threshold
variability, generally considered to be very large in this area.

Our previous studies”-8 do not support this point of view, and show that short-term fluctuation
in the pericecal area is not much higher than the global SF found with the HFA 30-2 program.
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Thus, this area can regain the importance which it had in the past, when the enlargement of the
blind spot was commonly considered an early sign of perimetric glaucomatous damage.

The present study seems to confirm that a depression in differential light sensitivity can often
be found in early glaucoma around the blind spot absolute scotoma, also with standard test
programs.

Similar results were found by Jonas ef al.%, using manual kinetic perimetry: these authors
found significant correlations between the blind spot size and the total area of the optic disc,
the peripapillary scleral ring, and parapapillary chorioretinal atrophy.

In our study, this finding does not seem to be related to a papillary crescent of choroidal
atrophy, even if, according some authors!9, some degree of peripapillary chorioretinal atrophy
is present in all patients with glaucoma. On the other hand, Masukagami et al.!!, using fundus
photo-perimetry, did not find any relation between the pericecal depression and the conus or
angioscotoma. In short, a satisfactory explanation for this finding is not available at present.

We also considered another area (CA) with the same number of test points, located at the
same eccentricity in the inferior visual field. In normal subjects there were no significant differ-
ences between mean sensitivity in the pericecal area and in this group of points, whereas a
statistically significant difference was found in glaucomatous patients. Mean sensitivity in the
CA of the glaucoma group, however, was significantly lower than that of the control group.

These findings, in our opinion, mean that in early glaucoma patients there is a sensitivity
depression not only around the blind spot, but also in other regions of the Bjerrum area. This
scattered depression is often not sufficient to significantly alter the global indices, in particular
the MD, which is sensitive to large field defects.

In conclusion, a pericecal index, together with other visual field indices, either global (MD,
PSD, etc.) or topographical (e.g., nasal index), could be useful for a more accurate automated
visual field test interpretation in early glaucoma.

The various possible causes of an aspecific depression of sensitivity in the pericecal area,
such as myopia, peripapillary atrophy, etc., should of course be taken into consideration, in
order to avoid any misinterpretation.
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Sensitivity and specificity of visual field indices

Mario Zulauf, Suresh Mandava, Thierry Zeyen and Joseph Caprioli

Glaucoma Section, Yale University School of Medicine, Department of Ophthalmology and
Visual Science, New Haven, CT, USA

Abstract

The present study investigates the sensitivity and specificity of visual field indices to determine empiri-
cally the best cutoff values for such indices. A test data set with one Program G1 Octopus visual field of
75 normal and 75 glaucomatous subjects was created. Subjects without experience with the test and visual
fields with high rates of false negative (>5%) or positive responses (>15 %) were excluded. The diagnostic
precision of the glaucoma pattern index, loss variance, corrected loss variance was better than for the
indices mean defect and short-term fluctuation. The proposed values for the glaucoma pattern index (2.9
dB?2), loss variance (5 3 dB2) and corrected loss variance (2.2 dB2) result in an increased sensitivity but
only moderately reduced specificity. The proposed values for mean defect and short-term fluctuation (0.6
and 1.5 dB, respectively) give a considerably improved diagnostic precision compared with values based
on the current normal values of 2.0 dB and differ markedly from current normal values. The results may
help practitioners better to evaluate early visual field defects, at least in patients experienced with the test
who give reliable responses. The reduced specificity of the proposed cutoff values calls for a careful
examination of the optic disc and optical media to avoid a false diagnosis.

Introduction

Automated perimetry provides practitioners with an easy and reliable method to test visual
fields, but the interpretation of these results remains a challenge. Various graphical!-5 and
numerical presentationsS.? of the results help to interpret visual fields. Most perimeters provide
the user with a set of global visual field indices$.8-11, Several new indices have been proposed
recently!2-20, Each of these summarizes the visual field differently and may be used to diagnose
visual field change2!.22, However, the value of global visual field indices has been ques-
tioned23.24,

The perimetric results are compared with values based on multicenter studies of normal
subjects. Clinicians generally accept the fifth percentile found in the normal value data base
as a cutoff value to separate normal from defective visual fields®11.25, The present study revisits
this concept and investigates the sensitivity and specificity of visual field indices with receiver
operating characteristics (ROC) curves26.

Material and methods

Glaucomatous visual fields were selected from the database of 4996 Octopus (Octopus model

201) G1 visual fields. By an algorithm, the fields were categorized by "stringent”, “moderate”,
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or "liberal” criteria for loss (Table 1)17. Only reliable visual fields were chosen from ex-
perienced subjects with a false positive error rate of <15% and a false negative error rate of
<5%. All three phases of program G1 were measured. In addition, only visual fields that
satisfied the “liberal” or “moderate” criteria for loss were chosen. Seventy-five visual fields of
75 open-angle glaucoma patients were thus selected.

Table 1. Criteria for categorization of abnormalities for Octopus program G1 fields to select the visual
fields for this test data set

Stringent - one or more of the following:

6 adjacent test locations of >5 dB loss each

4 adjacent test locations of >10 dB loss each

Difference of >10 dB loss across the nasal horizontal meridian at 3 adjacent test locations
Moderate - one or more of the following:

4-5 adjacent test locations of >5 dB loss each

2-3 adjacent test locations of >10 dB loss each

Difference of >10 dB loss across the nasal horizontal meridian at 2 adjacent test locations
Liberal - one or more of the following:

2-3 adjacent test locations of >5 dB loss each

1 test location of >10 dB

Difference of 5 dB loss across the nasal horizontal meridian at 2 adjacent test locations

Normal visual fields were selected similarly from the 824 visual fields of the normal database
of Octopus program G111.25. All subjects had at least one previous visual field and the same
criteria for reliability were chosen. They had to satisfy the “liberal” criteria for loss or show
no loss. A total of 75 normal visual fields were age-matched with the 75 glaucomatous visual
fields. These 150 visual fields constitute the present test data set.

To validate clinically the inclusion and exclusion criteria mentioned above, two experienced
Octopus users (MZ and TZ) subjectively evaluated the 150 fields of the present test data set
evaluating all visual field presentations offered by Octosoft (including Bebié curves). A visual
field was defined as "borderline” if the two experts agreed it was difficult to judge if the visual

oo math Al S 1

field was pathological or normal.

The glaucoma pattern index (GPI), loss variance based on the results of the first phase only
(LV), corrected loss variance (CLV), mean defect (MD), and short-term fluctuation (SF) were
calculated for the 75 normal and 75 glaucomatous visual fields of the test data set®:10:17, Sen-
sitivity and specificity, as well as diagnostic precision, were calculated at incrementing cutoff
values for each index. The precision of each index was tested by plotting these data in receiver
operating characteristic (ROC) curves. From these curves, cutoff values optimal for discrimi-
nating normal from glaucomatous visual fields can be found by identifying the point on the
curve closest to the specificity and sensitivity of 100%. Areas under the ROC curves (AUC),
separate indicators of test precision, were calculated to further assess the value of each index
to discriminate between normal and glaucoma?6. AUC takes into account the entire range of
cutoff values: a perfect index has an AUC of 1, and an AUC of 0.5 indicates an index without

any diagnostic value.

Results

Descriptive statistics for the glaucoma and normal groups in the test data set are given in
Table 2. Although visual fields of normal subjects had mostly random, localized defects char-
acterized by low values for GPI, CLV and LV, eight of the normal patients qualified for having
loss by the “liberal” criteria. The two observers categorized 20.7% or 31 of the 150 visual fields
as “borderline”. The differences in visual field indices between the two groups were all statis-
tically significant (p<0.005) Sensitivity and specificity at the current normal values and the
optimal cutoff value as well as the diagnostic precision (proportion of patients correctly diag-
nosed as being normal or glaucomatous) for each index is given in Tables 4 and 5, respectively
The ROC curves have been published elsewhere!”.
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Table 2. Background statistics (¢ tests)

Variable Normals Glaucoma p value
Age (years) 58.4 579 0689
False negative responses 0.093 0120 0 600
False negative catch trials 24.3 254 0020
False positive responses 0.653 0.827 0.296
False positive catch trials 30.0 317 0.000
Stimuli presented 503.0 5271 0.000

Table 3. Clinical assessment of visual fields by two experienced Octopus users with Octosoft

Normal Glaucoma

Normal 58 77% 2 3%
Borderline 16 21% 15 20%
Moderately defected 1 1% 28 37%
Obvious defect 30 40%
Total 75 100% 75 100%
Artifacts:

Blind spot 2 3%
Lens rim artifact 3 4% 2 3%
Prolonged learning effect 2 3%
Lid scotoma 1 1%

“Pathological” central point 1 1%

Total 5 6% 6 9%

Table 4. Proposed cutoff values optimized for a high diagnostic precision

Index Specificity Sensitivity Diagnostic AUC Cutoff
precision value
GPI 66/88 % 66/88.0% 88.0% 0.94 2.9 dB?
LV 64/85.3% 65/86.7% 86.0% 0.93 5.3 dB?
MD 58/773% 67/88.3% 83.3% 0.90 0.6 dB
CLV 60/80.0% 64/85.3% 82.6% 0.89 2.2 dB?
SF 52/69.3% 65/86.7% 78.0% 0.82 1.5dB

AUC: area under the receiver operating characteristics curve, see text; GPI: glaucoma pattern index; LV:
loss variance calculated on the results of the first phase only; MD: mean defect calculated on both phases;
CLYV: corrected loss variance; SF: short-term fluctuation

Table 5. Cutoff values based on the currently used normal values

Index Specificity Sensitivity Diagnostic AUC Cutoff
precision value
GPI 72/96.0% 60/80.0% 88.0% 0.94 4.0 dB?
LV 67/88 3% 60/80.0% 84.7% 0.93 6.0 dB2
MD 72/96.0% 38/50.7% 73.3% 0.90 >2.0dB
CLV 71/94.7% 49/65.3% 80.0% 0.89 >4,0 dB?
SF 68/90.7% 23/30.7% 60.7% 0.80 2.0dB

See Table 4 for abbreviations

Discussion

The current normal values of program G1 are 2 dB for MD, 6 dB2 for LV, 4 dB2 for CLV and
2 dB for SE. In contrast, the frequency distributions given in the publication on the G1 normal
value data set for the indices MD, CLV and SF suggest values above 1.5 dB, 3 dB2 and 1.75
dB may be abnormal even though they are above the fifth percentile!l. Results of a study?” with
Program JO of the Octopus 201 perimeter suggest optimal diagnostic precision fora CLV value
of 1.4 dB2. However, these results cannot be adopted to programs with different test grids and



22 M. Zulauf et al.

re-test algorithms. Therefore, the present study investigates the sensitivity and specificity of
visual field indices.

The results (Table 5) reveal low sensitivities if the fifth percentile of the normal population
is used as cutoff value setting the specificity to 95%23:24. The proposed cutoff values for GPI,
LV, and CLV (2.9, 5.3, 2.2 dB?, respectively) result in a similar diagnostic precision, i.e., the
number of cases correctly diagnosed as normal or glaucomatous remained approximately the
same. The proposed cutoff values for MD and SF (0.6 and 1.5 dB, respectively) improve the
diagnostic precision by 10% and 14 %, respectively, compared with values based on the current
normal values of 2.0 dB. The current normal values differ considerably from the proposed
values and have reasonable sensitivities and specificities.

For all indices, the proposed values result in an equal number of wrongly diagnosed normal
subjects and glaucomatous subjects. The results may help practitioners to better evaluate early
visual field defects, at least in patients experienced with the test who give reliable responses.
However, the reduced specificity of the proposed cutoff values calls for a careful examination
of the optic disc and optical media to avoid a false diagnosis.
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Reaction time in automatic perimetry: its evaluation in normals,
hypertensives and glaucomatous patients

Paolo Capris, Enrico Gandolfo, Giovanni Di Lorenzo, Maria R. Soldati and Giuseppe Ciurlo

Clinica Oculistica dell’Universita, Genova, Italy

Abstract

In automated perimetry, the “reaction time” is the mean interval between stimulus presentation and
patient response Such a parameter is always recorded in all perimetric tests carried out by the Perikon
PCL90. The authors studied the “reaction time” during threshold perimetric examination performed in
146 eyes of three groups of subjects: normals, hypertensives and glaucoma patients. All subjects were
well trained and homogeneous for age, refractive error and reliability. The mean “reaction time” was
505138 msec in normals, 526153 msec in hypertensives and 540+51 msec in glaucoma patients Signifi-
cant differences (ANOVA test) were present between the first and second groups (normals versus hyper-
tensives; p = 0.006) and between the first and third groups (normals versus glaucoma patients; p = 0,0008).

No statistical significant difference was detected between hypertensives and glaucoma patients. The studied
parameter was not age-related, and therefore it probably represents an index of visual system disease.

Introduction

Automatic perimetry makes it possible to extract more information from a normal examina-
tion than that obtained from traditional manual perimetry: modern instruments are able to
integrate the topographic light sensitivity values with perimetric indices and with many para-
meters which indicates the patient’s test reliability.

For each examination the Perikon PCL90 perimeter (Optikon, Rome, Italy)! provided tradi-
tional perimetric indices according to Flammer? and Heijl et al., the kinetic indices4, as well
as several other parameters, such as reaction time.

In static perimetric examination, reaction time is the time interval between the presentation
of each stimulus and the subject’s response (pressing the push-button). There are only a few
contributions in the literature dedicated to reaction time in perimetry.

In 1982 Greve et al.5 found the reaction time in normal subjects, measured during static
supraliminal examination with the LED perimeter PERITEST (Rodenstock), to be 350 to 600
msec. Rouland$.” recently studied this parameter by means of the “moniteur ophtalmologique”,
utilizing a supraliminal threshold related and eccentricity compensated strategy in 76 points
inside 30°, and found an average reaction time of 477 msec in normal subjects, without signif-
icant differences due to age, but which was significantly increased (708 msec) in a group of
glaucomatous patients. The availability of this extra parameter provided automatically by the
Perikon PCL90! for each examination of current use in clinical practice, without prolonging
its duration, has induced us to measure reaction time first of all in a group of normal subjects
and to compare these data with those obtained from another two groups of subjects: glauco-
matous and borderline.

Material and methods

The Perikon PCL90 perimeter!, designed by Optikon in collaboration with the Perimetric
Group from the University of Genoa Eye Clinic, is a computerized projection instrument which
makes it possible to carry out static, kinetic and mixed examinations.
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We used program DS 30-II which explores, by threshold strategy with a III Goldmann-size
stimulus (200 msec exposure time), 80 points (placed along orthogonal axes analogously to
the 32 Octopus and Central 30-2 Humphrey programs) inside the central 30° for a total aver-
aging 474+65 presentations for each normal examination. The DS 30-II program, as with all
Perikon programs, provides the average reaction time and the interval between each stimulus
in msec during the examination: the latter is constantly and automatically adapted according
to the average value of the former obtained from the last eight presentations.

We examined 146 eyes of subjects aged 30 to 70 years (average 54 years) without systemic
disease or therapeutic treatment which could influence cooperation, divided into two age
groups of 30-50 years and 50-70 years, respectively. The subjects were then further divided
into three groups as follows:

- Group 1: normal subjects: 56 eyes of normal subjects, 32 belonging to the 30-50 year age
group and 24 to the 50-70 year age group;

- Group 2: hypertensive subjects: 58 eyes of subjects affected by ocular hypertension (IOP
>23 mmHg without visual field defects or optic disc changes typical of glaucoma), 38 belong-
ing to the 30-50 year age group and 20 to the 50-70 year age group;

- Group 3: glaucomatous patients: 32 eyes with typical glaucomatous visual field defects and
optic disc changes, 12 belonging to the 30-50 year age group and 20 to the 50-70 year age
group.

None of the eyes examined had other ocular diseases able to influence perimetric perform-
ance, and they had a corrected visual acuity of >0.9. About 50% of the subjects in each group
had had previous experience of perimetric examination. For statistical correlations, we used
the analysis of variance (ANOVA).

Results

The results of the groups studied are summarized in Table 1. Reaction time in normal subjects
was 505 msec (+38). Statistical analysis showed a highly significant difference between normal
and glaucomatous subjects (p = 0.00077) and between normal and hypertensive subjects (p =
0.006), and no significant difference between glaucomatous and hypertensive patients. (The
statistical difference was maintained when comparing the three groups within each age group,
except when comparing normal and hypertensive subjects in the 30-50 year age group.)

Table 1. Average reaction time (* SD) in msec in the three groups studied

Subjects Age (years)

30-50 50-70 30-70
Normal 505+42 506+33 505438
Hypertensive 52653 532436 528448
Glaucomatous 54051 548+49 544+48

However, no statistical difference was found between the different age groups, and statistical
analysis of correlation between reaction time and age confirmed the complete independence
of these two parameters.

Conclusions

Our results showed the reaction time in normal subjects to be 505238 msec and confirmed
that this parameter, in automatic perimetry, is significantly increased in glaucomatous and
ocular hypertensive subjects compared to normal ones; furthermore, reaction time is
completely independent of age.

The finding of an increased reaction time in a visual field examination, which was otherwise
normal, can certainly not be interpreted singularly as a useful sign for clinical diagnosis. This
finding can, however, together with other signs (short-term fluctuation, bracketing fluctuation),
constitute evidence of initial functional defect at a stage where differential light sensitivity,



Reaction time in automatic perimetry 27

commonly measured by perimetry, has not yet been affected.

The Perikon PCL90 perimeter together with its software, thus provides an extra parameter

which can enrich perimetric analysis without prolonging the examination time.
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An evaluation of clusters in the visual field

Suresh Mandava, Mario Zulauf, Robert J. Boeglin, Thierry Zeyen and Joseph Caprioli

Glaucoma Section, Department of Ophthalmology and Visual Science, Yale University
School of Medicine, New Haven, Connecticut, USA

Abstract

The authors used a statistical cluster analysis to analyze patterns of loss in 76 visual fields with typical
glaucomatous defects to identify “natural groupings” of test locations in the visual field. Eleven clusters
in the Octopus program G1 visual field were thus defined. In a separate population of 70 early glaucoma-
tous and 70 age-matched normal visual fields, the local mean defects within these clusters and the global
mean defect were calculated to assess their relative abilities to distinguish between the two groups. The
11 local mean defects collectively had a sensitivity of 90% and a specificity of 93%; the global mean
defect had a sensitivity of 83% and a specificity of 87%. In addition, the authors examined the long-term
fluctuation of clusters compared to individual test locations. Four hundred and ten visual fields of 93
clinically stable eyes of 67 glaucoma patients, as well as 210 visual fields of 105 eyes of 105 normal
subjects, were studied. In the stable glaucoma group, mean fluctuation of clusters was 3.5 dB2, and mean
fluctuation of individual test locations was 7 0 dB? In the normal group, the respective values were 0.6
dB? and 1.8 dB2. Cluster analysis was effective in detecting localized loss and in dampening long-term
fluctuation. The authors discuss the use of clusters in distinguishing normal from glaucomatous as well
as stable from deteriorating visual fields.

Introduction

Automated perimetry, although a crucial measure for the detection and therapeutic plan in
glaucoma, has presented some still unresolved challenges. Detection of glaucoma, for example,
has been insufficient with commonly employed global visual field indices, such as MD and
CLV, because they are insensitive to the early defects typical of glaucoma. A second problem
has been the distinction of visual field deterioration from long-term fluctuation, defited as
unexplained, reversible variance in repeated threshold measurements over time. Allowable
limits of fluctuation are necessary for detecting real loss, but they have been difficult to set
due to the high fluctuation of single threshold sensitivities!. This problem is compounded by
the further increase of fluctuation shown in stable, intermediate glaucomatous defects, pre-
viously demonstrated by several investigators?:3.

In our study, clusters are defined as contiguous groups of test locations that are considered
together and may provide advantages in the evaluation of visual field data. First, they can be
used to calculate local rather than global indices, which are expected to be more sensitive to
localized loss, if the clusters are carefully defined to reflect typical patterns of loss. Further-
more, the consideration of clusters instead of single test locations may dampen long-term fluc-
tuation in the visual field by averaging out random changes. Previous work in clusters has
shown promising results in these two areas5, although no one study has presented clusters
with the consideration of both local indices and long-term fluctuation.

The purpose of this study was to define clusters and evaluate their utility in the interpretation
of visual fields. The ability of local mean defects within the defined clusters was compared to
that of the global mean defect in detecting glaucoma. In addition, the effect of the clusters on
long-term fluctuation was explored in stable glaucoma patients and normal subjects.
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Methods
The development of clusters of test locations

Glaucomatous visual fields were selected from the Yale Glaucoma Service Octopus Per-
imetry database, which includes visual fields measured with the Octopus 201 Perimeter Pro-
gram G1 since 1985 at the Yale Eye Center. The following selection criteria were satisfied:

1. a diagnosis of open angle glaucoma;
2. experience in perimetry;
3. satisfactory reliability, defined as both a false positive and false negative error rate below

15%;

4. mean defect (MD) below 5.0 dB; and
5. reproducible, typical glaucomatous defects, as defined by the criteria in Table 1.

One visual field was randomly chosen if a patient had more than one eligible visual field,
leaving a total of 170 selected glaucomatous visual fields.

Table 1 Criteria for typical glaucomatous defects

Any one of the following:
1. Two or more contiguous points with a 10-dB loss or greater in the superior or inferior Bjerrum
areas, compared with perimeter-defined age-matched controls

2 Three or more contiguous points with a 5-dB loss or greater in the superior or inferior Bjerrum
areas
3. A 10-dB difference across the nasal horizontal midline in two or more adjacent locations

In order to identify related test locations in the visual field, 100 visual fields were randomly
selected from the population described above. To further select well-localized defects, only
visual fields with a corrected loss variance (CLV) over 10 dB? were chosen for the analysis.
These 76 remaining visual fields were converted to “defect” visual fields by calculating the
difference between the mean measured sensitivity and the expected sensitivity in age-matched
normals for each test location. Normal values were calculated as follows:

z;(Age) = z;(20) - (0.065)(Age-20)

where z;(Age) is the expected sensitivity at test location i for a subject at that age in years,
and z;(20) is the corresponding sensitivity in a normal 20-year-old, as stored in Octopus Pro-
gram G1. Considering all these "defect” visual fields together, Pearson correlations were cal-
culated for each possible pair of the 59 test locations. The resulting similarity matrix contained
1711 elements, with each element being a correlation coefficient of two test locations that
reflects the strength of the relationship between them. Using a statistical software package
(SYSTAT; Systat Inc., Evanston, IL), a nearest neighbor cluster analysis was performed on the
similarity matrix. This method is used to find natural groups, or clusters, of related test loca-
tions. The results were represented by a hierarchical tree diagram of test locations, which is
useful for defining clusters of variable size and strength depending on the distance along the
tree. Test locations that did not fall clearly in one cluster were eitlier grouped together to form
a new cluster or were assigned to the nearest cluster.

Comparison of local and global mean defects

A database of glaucomatous and normal visual fields was formed to test the diagnostic pre-
cision of the local mean defects and the global mean defect. The test glaucoma set of visual
fields was comprised of the 70 remaining visual fields from the previously mentioned 170
glaucomatous visual fields less the 100 used to describe the clusters. The test normal set of 70
age-matched visual fields was a subset of a large normal database of Octopus Program G1
fields recently obtained for a study of normal limits. The normal subjects were volunteers from
various centers with no history of eye or systemic disease and a normal ocular examination. In
addition, visual fields were eliminated for any of the following:
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1. any intraocular pressure above 21 mmHg;

2. satisfaction of the criteria for typical glaucomatous loss (Table 1);

3. poor reliability, defined as a false positive error rate greater than 15% or a false negative
error rate greater than 5%; or

4. poor visual acuity, defined as worse than 20/25 for subjects below the age of 60 years or
worse than 20/30 for subjects above the age of 60 years.

Local mean defects, or MD1 through MD11, were calculated simply as the average of the
defects of the test locations within each previously defined cluster. A discriminant analysis of
the 11 local mean defects was performed using the statistical package mentioned above, and
the discriminant function was used on the test dataset to classify normal and glaucomatous
visual fields. The sensitivity and specificity of this discriminant function was compared to those
for the global mean defect.

Evaluation of long-term fluctuation in clusters

‘We examined fluctuation in stable glaucomatous as well as normal visual fields. Serial, stable
glaucomatous visual fields were chosen from the Yale Glaucoma Service Octopus database for
a previous study of long-term fluctuation at individual test locations!. Four hundred and ten
visual fields of 93 clinically stable eyes of 67 patients were selected by the following criteria:
1. a diagnosis of primary open angle glaucoma, pigmentary glaucoma, or pseudo-exfoliation
with glaucoma;

. at least three visual fields spanning a period of at least one year;

a pupil diameter greater than 2 mm at each perimetry session;

a pupil diameter change from test to test of less than a factor of two;

a visual acuity better than 20/50 before each perimetry session;

. distance refractive error between -5 and +5 diopters spherical equivalent with not more than
1.5 diopters of cylinder;

. no cataract extraction during the study interval; and

. previous experience with perimetry.
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In addition, stable glaucomatous visual fields were chosen by excluding eyes for the follow-
ing criteria over the study interval:
1. a change in optic nerve head appearance by examination of serial stereoscopic photographs;
2. an increase in dosage or number of ocular medications; or
3. any type of glaucoma or cataract surgical procedure.

Serial normal visual fields of at least two visual fields were chosen from the previously
mentioned normal database. The exclusion criteria included:
1. poor reliability, defined as a false positive error rate greater than 15% or a false negative
error rate greater than 5%;
2. satisfaction of the criteria for typical glaucomatous loss (Table 1); or
3. no prior perimetry experience.

In each examination, program G1 visual fields have two phases and therefore two threshold
measurements for each test location. The average of the two thresholds was taken as the sen-
sitivity for each test location. The average of all the sensitivities within a previously defined
cluster was taken as the mean cluster sensitivity. Fluctuation by test location was calculated as
the variance (in dB?) of serial sensitivities at that test location. Mean fluctuation by test location
over the entire field was calculated as the average of these 59 variances. Analogously, a cluster
fluctuation was taken as the variance of the serial mean cluster sensitivities; mean fluctuation
by clusters was calculated as the average of all the cluster fluctuations. Mean cluster fluctuation
was compared to mean fluctuation by test location in the stable glaucoma and normal groups
by the statistical Student’s ¢ test. Individual cluster fluctuations were plotted to examine the
spatial distribution of fluctuation over the visual field.
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®

Fig. 1. Octopus program G1 visual field with test locations grouped by cluster analysis into 11 clusters.

Results

Fig. 1 displays the 11 empirically defined clusters of test locations. Table 2 compares the
diagnostic precision of the cluster mean defects to that of the global mean defects. Table 3
compares the long-term fluctuation within clusters versus by test location in the normal and
stable glaucoma groups.

Table 2. Diagnostic precision of local and global mean defect

Global Local

MD (dB) MD (dB)
Sensitivity 83% 90%
Specificity 87% 93%
Diagnostic precision 85% 92%

Table 3. Comparison of long-term fluctuation by test location and within clusters in normals and stable
glaucoma

Long-term fluctuation (dB?)

by test location within clusters
Normals 1.8 0.6
Stable glaucoma 7.0 35

Discussion

The use of clusters of test locations to evaluate the visual field has been proposed by several
researchers. Most studies have defined clusters by attempting to approximate the known nerve
fiber architecture of the retina46-8. One group has proposed clusters defined from an empiric
perimetric retinal map but has not published uses for the clusters®.

Our clusters are also based on experimental patterns of visual field loss, rather than arbitrary
divisions. The clusters reflect the nerve fiber bundle pattern, but are not symmetric across the
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horizontal meridian, as are the previously defined non-empiric clusters. In addition, clustered
test locations do not span the nasal horizontal meridian.

One potential drawback of clusters for local indices is that defects must fall within a single
cluster to be fully accounted. Our method of cluster definition was employed to minimize this
problem by forming clinically relevant clusters reflecting typical glaucomatous defects, and
the comparison of local and global indices is one measure of our success. The 11 local mean
defects, when considered together by a discriminant analysis, were superior to the global mean
defect alone in discriminating glaucomatous from normal visual fields.

Long-term fluctuation within the clusters was less than by individual test location in both
the normal and the stable glaucoma groups. Our data also reflect the increased variability of
visual fields in glaucoma. Allowable limits of long-term fluctuation were difficult to set when
calculated by test location!; within clusters, the difference in long-term fluctuation between
the normal and stable glaucoma groups is widened by over 50%, suggesting more easily set
guidelines for detecting true, progressive visual field loss.

One might expect that any grouping of test locations in the visual field will decrease long-
term fluctuation. However, there are several characteristics which make the clusters reported
here useful. One characteristic is the empiric definition of the clusters based on typical glauco-
matous visual field defects. Another is the confidence in the boundaries of the clusters, enforced
by not only clinical experience but also by the effectiveness of the local cluster indices. Further
studies will include the use of these clusters in the long-term follow-up of visual fields.
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Sectorization of visual field in glaucoma
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Abstract

In order to sectorize the central visual field of glaucoma more objectively, 103 visual fields of the
Humphrey Field Analyzer program 30-2 obtained from 103 primary open angle glaucoma (POAG) patients
at an early to moderately advanced stage, were analyzed by the VARCLUS procedure, a new clustering
algorithm developed by SAS Institute Inc. Based on the deviation of the measured threshold value from
the age-corrected normal reference value, the total deviation (TD) given by STATPAC, test points of the
30-2 program were mathematically clustered and the whole central visual field was divided into 15 sectors
using a mathematical optimization strategy. The distribution of sectors was compatible with the projection
of nerve fiber layers and there was no sector extending over the horizontal meridian, but the sector pattern
was not completely symmetrical around it.

Introduction

Automated perimeters enable us to perform routine measurements of differential light thre-
shold values in the visual fields of patients, but a large volume of numerical data produced by
automated perimeters needs adequate treatment with mathematical statistics. Point-wise ana-
lyses, such as the paired ¢ test, have been reported to be unsuitable! for detecting the time course
of change in the visual field defect, mainly because of the considerable inter-test variation of
the measured threshold values!-4.

The sectoring method has been reported by several investigatorssS-11. With this method, the
visual field is divided into several sectors and the sum or average of the threshold values of
clustered test points in each sector are used for judgment of visual field change. By using the
sum or the average of the values obtained from several test points, inter-test variability can be
reduced and the detection of changes in the visual field can be facilitateds. Sector patterns
reported in the previous studies were all based on the assumed retinal nerve fiber layer anat-
omy>-11, but they differ from each other. By applying a suitable clustering procedure to the
results of automated perimetry obtained from glaucoma patients, it would be possible to obtain
a mathematically optimal clustering of test points, i.e., the most objective sectoring pattern of
the visual field.

In the present study, we applied the VARCLUS procedure, a new clustering algorithm
developed by Warren Sarle at the SAS Institutes Inc.12, to the visual fields obtained from
primary open angle glaucoma (POAG) patients using the 30-2 program of the Humphrey Field
Analyzer (Allergan-Humphrey, San Leandro, CA), and attempted to construct a sector pattern
of the central visual field of POAG.

Material and methods
Subjects

Visual field data obtained from 103 POAG eyes of 103 patients using the 30-2 program of
the Humphrey Field Analyzer were included in the present study. All the eyes were diagnosed
as POAG by the measurement of intraocular pressures, optic nerve findings, visual fields test,
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and other ophthalmologic and systemic examinations. The entry criteria of subjects’ eyes were

as follows:

1. visual acuity equal to or better than 0.5;

2. refractive error of less than 5 diopters;

3. the patients had experienced at least two perimetric examinations using the 30-2 program
before the test of which results were used in the present study;

4. a rate of fixation loss, false positive and false negative given by STATPAC of less than 33%,
and a pupil diameter of more than 3 mm;

5. amean deviation (MD) given by STATPAC of above -15 dB.

If both eyes of a patient met the above criteria, only one randomly chosen eye was included
in the study. The data of left eyes were converted into mirror images of themselves. Charac-
teristics of subjects and subject eyes are summarized in Table 1.

Table 1. Characteristics of subjects and subjects’ eyes (mean + SD)

Visual acuity 1.02+ 0.23
Age (year) 61.00 + 12.4
Refraction (diopter) -0.85+ 1.9
Fixation loss (%) 810+ 75
Mean deviation (dB) -7.55+ 4.00
No. of right eyes 56

No. of left eyes 47

Method of analyses

Total deviation (TD) value given by STATPAC, i.e., the deviation of differential threshold
value from the age-corrected reference value at each test point, were used. The value of TD at
the i-th test point was subtracted by the mean TD of the whole visual field and a vector x; with
103 (the number of subject eyes) elements (x;;, X;2, X3, .., Xjj, ---Xj,103) corresponding to the
i-th test point was constructed. Letting y; be a standardized x; with variance 1 and mean 0,
then VARCLUS tries to minimize:

74 103
RSS=3F ¥ (yjamngy;)? ¢))
ij

where my;); is the j-th coordinate of the representative vector of the N(;-th cluster (myg,) to
which vector y; is allocated!2. In the above equation, unknown factors are coefficient a’s, allo-
cation of vector y’s and representative vector m’s. VARCLUS starts from an initial allocation
and looks for a local optimal allocation by changing the allocation of each y and checks whether
the "least squares” criterion decreases. VARCLUS continues this process of re-allocation of
each y until the decrease in the value of RSS ceases to occur. The number of clusters (k), i.e.,
number of sectors in the visual field, was determined according to the following criteria:
1. each cluster consists of at least three test points;
2. the proportion of the variation explained by the representative vectors, which is calculated
as 1 - RSS/ {(103-1)-74}, is highest.

The output of the procedure gives the standardized scoring coefficient (c;) of y; for each
cluster. If y; is allocated to the N-th cluster, c; is equal to the value of a; divided by the eigen-
value of the principal component of the N-th cluster and represents the contribution of the i-th
point to the representative vector (my) for the N-th cluster. By using the standardized scoring
coefficients (c;), the j-th standardized coordinate of the representative vectors of the N-th
cluster (my;) can be calculated as follows:

my; = Y.Ciyj )]
i

where the summation is taken over y; which belongs to the N-th cluster.
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Results

A visual field was divided into 15 sectors (Fig. 1). Fig. 2 shows the standardized scoring
coefficients (c;) with which the representative vectors can be calculated. The proportion of the
variation explained by the representative vectors was 0.751. There were no sectors extending
over both upper and lower hemifields and the sector patterns in the upper hemifield and those
in the lower hemifield were roughly symmetrical. However, some differences in sector pattern
were found between upper and lower hemifields (sectors 6, 7, 8, 12, 13, 14). Table 2 shows the
correlation coefficients among each representative vector (m), which represent the correlations
among each sector. The correlation coefficients were high between neighboring sectors in the
same hemifield, but very low or negative between those in the upper and lower hemifields.

6

11 10
12
13 14

the blind spot

Fig. 1. The sector pattern obtained in the visual field of primary open angle glaucoma patients. All the
test points in the visual field are divided into 15 sectors. The distribution of sectors seems to reflect the
projection of the nerve fiber layers.

0273 | 0203 | 0291 | 0278

0154 | 0164 | 0157 | 0225 | 0226 | 0381

0154 | 0162 | 0170 { 0160 | 0223 | 0238 | 0373 [ 0359

0186 | 0194 | 0186 | 0220 | 0245 [ 0225 | 0212 | 0278 | 0280 | 0284

0178 | o200 | 0180 | 0237 | 0361 | 0381 | 0436 0289 | 0271

0183 | 0198 | 0184 | 0238 | 0387 | 0412 | 0400 0215 | 0233

0187 | 0197 | 0194 | 0221 { 0234 | 0227 | 0213 | 0138 | 0240 0234J

0223 | 0228 | 0237 | 0228 | 0212 | 0141 | 0130 | 0214

0222 ( 0225 [ 0232 | 0142 [ 0144 | 0142

0220 | 0219 | 0140 | 0151

the blind spot

Fig. 2. The standardized sorting coefficient (c;) of each test point. The representative vectors can be
calculated using those values.
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able 2. Inter-sector correlations (secior numbers shown correspond to the numbers in Fig. i)

sector 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15

sector

1 1000  0417¢ 0252 0047 -0062 -0.55 -005¢ 0053 0023 -0215 -0227 0222 -0321* -0250 -0.027
2 0417* 1000  0.749*  0.630* 0419* 0253 0143 -0341* -0.325* -0.519% -0.574* -0.656* -0.651* -0.615* -0.489*
3 0252 0749* 1000  0.676* 0233 0182 -0.017 -0362* -0306 -0.546* -0.423* -0.609* -0,584* -0.632* -0.469*
4 0047  0630* 0.676* 1000 0699 0.601* 0421 -0.095 -0.566* -0.683* -0.632* -0.742* -0.716* -0.679* -0.500*
5 -0.062  0.419* 0233 6999* 1000  0.686* 0.758* 0.097 -0.448* -0.506* -0591* -0.671* -0.639* -0.505* -0.411*
6 -0.155 0253 0182  0.601* 0.686* 1000  0.562* 0.025 -0.395* -0.563* -0.515* -0.535* -0.435* -0.380* -0.266
7 -0.050 0143  -0.017  0.421* 0758% 0.562* 1000  0446* -0231 -0430% -0.495% -0.550% -0.463* -0302 -0.140
8 0.053  -0341* -0362* -0.095 0097 0025  0.446* 1000 0.177 -0.109 -0.195 -0.159 -0.034  0.196  0.499*
9 0023 -0.325* -0306 -0.566* -0.448* -0.395* -0231  0.177 1000  0447* 0138 0247 0192  0397* 0447*
10 -0215  -0.519% -0.546* -0.683* -0.506* -0.563* -0.430* -0.109  0.447* 1000  0.676* 0.645% 0.388* 0.343* 0.168
1 -0227 -0.574* -0423* -0.623* -0591* -0515* -0.495* -0.195 0.38  0.676* 1000 0754* 0.494* 0189  0.053
12 -0222  -0.656* -0.609* -0.742* -0.671* -0535* -0.550* -0.159 0247  0.645* 0.754* 1000 0.791* 0481* 0.147
13 -0321* -0.651* -0.584* -0.716* -0.639* -0435* -0.463* -0.034  0.192  0.388* 0.494* 0791* 0000  0.685* 0.356*
14 -0250 -0.615* -0.632* -0.679* -0.505* -0.380* -0.302  0.196  0.397* 0343* 0.189  0481* 0.685* 1000  0.611*
15 -0.027 -0.489% -0469* -0.500% -0.411* -0266 -0.140  0499% 0.447* 0168 0053  0.147  0356* 0.611* 1.000

*highly significant (p<0.001)
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Discussion

In the present study, we divided the visual field into sectors by directly analyzing the results
of visual field tests obtained from POAG patients. Werner et al.56, Wirtshafter er al.” and
Sommer et al.3° divided the visual field into some sectors based on the assumed projection of
the retinal nerve fiber layers!3-16 and examined the possibility of using those sectors for diag-
nosis or follow-up of glaucoma$-11. A new version of STATPAC (STATPAC 2) includes a new
program using the sectoring method (hemifield test)!t. However, there were differences in the
described sector pattern. Therefore, the sector pattern obtained in this study is thought to be
very informative because it was mathematically determined by the visual field data of the 30-2
program in early to moderately advanced POAG eyes without any underlying presumptions,
such as nerve fiber layer anatomy.

Generally, factor analyses or hierarchical clustering procedures have been widely used for
clustering variables (in this study, test points in the visual field)!?. However, conventional
orthogonal factor analyses are not suitable for the clustering test points in the glaucomatous
visual field because they assume independent common factors. Application of oblique factor
analyses with numerous options in factor-extraction and factor-rotation has not gained wide
acceptance!” and the results of hierarchical clustering procedures are sensitive to the methods
adopted, because of their strict requirements of geometrical structure. Although the basic idea
of the VARCLUS procedure!2 comes from traditional oblique factor analyses, it aims at direct
clustering of variables and allows non-zero correlation between clusters. Furthermore, VAR-
CLUS provides the representative vectors corresponding to each cluster, with which the results
of visual field tests can be summarized, into fewer representative values without losing their
relevant information. For the above reasons, we employed this method for clustering test points
in the visual field of glaucoma.

The sector pattern obtained seems to reflect the assumed retinal nerve fiber layer and gener-
ally extends along arcs originating from the blind spot. There was no sector extending over
both the upper and lower hemifields. In those points, the sector pattern obtained here was
similar to those previously reporteds-11. However, the sector pattern was not completely sym-
metrical around the horizontal meridian (sectors 6, 7, 8, 12, 13, 14), which may reflect the fact
that the nerve fiber distribution pattern is not completely symmetrical across the horizontal
meridian!8.

By utilizing the sector pattern obtained, it would be possible to anticipate where the next
visual field defect will most likely develop in clinical situations, because the depression tends
to cluster in the same sector. In addition, the sector pattern may be used in follow-up of the
visual field damage in glaucoma and for assessment of reliability of the visual field defect; if
the depression of sensitivity is seen at some points in the same sector, the probability that the
recorded depression is not a false negative will he higher. Furthermore, the sensitivities ob-
tained in the sectors 1-3 and those obtained in the sectors 9-11 may be compared for early
detection of glaucoma, since they are mirror image sectors across the horizontal meridian.

With regard to the correlation coefficients between sectors, those between neighboring sec-
tors in the same hemifield tended to be significantly positive and those between the sectors in
the upper hemifield and sectors in the lower hemifield were negative. Considering that in early
to moderately advanced glaucoma, the visual field defects were usually confined to either the
superior or inferior hemifield19.29, this result is reasonable and supports the methods used to
diagnose early glaucoma by comparing the extent of the sensitivity depression of a sector in
the upper hemifield with that of its mirror image sector in the lower hemifield3.%11.
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Pointwise analysis of serial visual fields in normals
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Abstract

This study investigated learning effects in normals, initially using conventional analysis of the global
indices as calculated by the Humphrey Field Analyzer 630 An alternative new index (LP) is proposed,
and its ability to detect learning effects in normal subjects is compared with conventional methods. LP is
the ratio of the number of locations that have increased in sensitivity between field test n and (n+1) to the
total number of locations which have changed in sensitivity. This proportion is not influenced by locations
showing extreme changes in sensitivity, unlike the global indices mean sensitivity (MS) and mean devia-

3~ FRATY) rmrrnl maviaa cnhicantc fagad 1Q ¢4 22 vanrg mmann wanee)l attanda yet ran yriqita
100l (vl ). 11un_y 1i0iilid1 IGViCT buujcutb \dgca 17 t0 33 ydars, mcaii 245 y&ar o) attended fuf three vioito

on separate days. At each visit each subject underwent two 30-2 programs on one eye, selected at random,
giving a total of six fields. Simple statistical models combined with graphical analysis of MD and MS
illustrate the learning effect, but a significant pattern was not observed. Furthermore, plots for individual
subjects illustrate the inter-subject variability. LP, however, demonstrated a statistically significant im-
provement in sensitivity between tests 1 and 2 only (p<0 01). Spatial analysis of field locations (test 1 to
test 2) is presented. This technique exposed the spatial configuration of the learning to be mainly in the
superior field, and to increase with eccentricity. However, using a simple filter process the peripheral
learning is shown to be partly a function of the extreme values which occur in these regions of the field.
LP and filtered spatial representations of serial fields can reduce the “noise” within these data, which may
be useful in detecting changes in glaucomatous visual fields.

Introduction

Many methods of analysis have been applied to data obtained from static automated per-
imetry. Typically, such methods involve simple statistical analysis of the global indices, mean
deviation (MD), mean sensitivity (MS) and short-term fluctuation (SF). Spatial representation
of the visual field and probability maps!-5 help identify those locations showing changes in
sensitivity. A difficulty with any form of analysis is that the data are subject to great inter- and
intra-individual variability, which calls into question the use of normal age-corrected visual
field data for comparison purposes. Variability tends to be greater in pathological fieldsé-14. It
is now accepted that an increase in the variability of a patient’s visual field may precede actual
sensitivity loss!3-15, The reliability indices (fixation losses, false positives and false negatives)
serve to identify a reliable field, and, in conjunction with SF, help to distinguish between
variability and actual changes in sensitivity.

The primary aim of this study was to compare the ability of an alternative form of analysis
to detect a learning process in normal subjects with the usual analysis of the global indices MS
and MD as calculated by STATPAC of the Humphrey Field Analyzer 630. An image processing
filter was applied to the visual field data to reduce the effect of inherent variability16. Spatial
representations of the learning process are presented, both before and after the use of the filter
process.

The presence of a learning process with subjects new to automated perimetry is well estab-
lished!7-19. It is usually demonstrated as an improvement in the mean sensitivity, mean devia-
tion, and both short- and long-term fluctuations. A number of investigators believe most of the
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learning to be complete after the performance of the first or second field tests”9:20. However,
learning has been shown to continue beyond the first two field tests in some subjects, particu-
larly if their initial test thresholds are low20.21,

A few other studies have either failed to demonstrate a learning process?2, or consider any
improvement in sensitivity to be counterbalanced by a decrease in sensitivity associated with
a fatigue effect, resulting from the duration of the examination!?23,

The learning effect has been shown to vary with location, becoming greater with increasing
eccentricity, particularly beyond 30° and in the superior region of the field, in both normal
subjects#!9:24 and glaucoma suspects2L.

Wild et al.2! have shown a transfer of learning from the first to the second eye tested, de-
monstrated by an increase in mean sensitivity of both the complete field and of the superior
quadrant.

A secondary aim of this study, not discussed further here, was to establish the optimum
protocol for a subsequent investigation which will examine the sensitivity of the central field
in myopia, using a grid resolution of 4.2 degrees. This resolution is obtained by combining the
30-2 and 30-1 central programs of the Humphrey Field Analyzer. The study method to be
described below was designed with this follow-up investigation in mind.

Material and methods

The sample consisted of 30 volunteers (aged 19 to 33 years, mean 24.5 years) new to auto-
mated perimetry and free from any ophthalmological abnormality. Each subject attended for
three visits on separate days. At each visit the subject underwent two 30-2 programs on one
eye, selected at random, using the Humphrey Field Analyzer 630. A rest period of ten to 15
minutes was given between fields. Thus, a total of six fields was obtained for each subject.
Only one eye was tested to avoid the confounding effects of a transfer of learning from one
eye to the other?!.

Statistical analysis
Typical approach

Typically, the effect of learning on sensitivity is observed as an improvement in MD or MS
with successive field tests. A sample mean for MD and MS is calculated for each field test. The
significance of differences between fields is investigated using hypothesis testing, and tem-
poral trends are illustrated diagrammatically?2.19-21.25-27. A two-way ANOVA for both MD and
MS with subjects and field test as the main factors, was adopted as a starting point for this study.

Alternative approach

Consider one subject and their field data from test n and test (n+1). The threshold value at
each location in test n is subtracted from the corresponding value in test (n+1). The difference
at each location is then identified as:

- positive {an increase in sensitivity from test n to test (n+1)},
- negative {a decrease in sensitivity from test n to test (n+1)}, or
- no change

This process is repeated for all locations, excluding the two blind spot locations. The index
LP (the learning proportion) is defined as the ratio of the number of locations which have
increased in sensitivity between tests n and (n+1) to the total number of locations that have
changed in sensitivity. This index can be calculated for field tests 1 to 2,2 to 3, 3 to 4, etc.

In the absence of learning, it would be expected that half those locations showing a change
in sensitivity would increase, and half would decrease, from one test to the next. Thus, LP
should equal 0.5. If a greater proportion of points increase in sensitivity from one test to the
next (a learning effect) the value of LP would increase, thus LP would be greater than 0.5.

A sample mean LP and a 95% confidence interval were constructed for each test from all 30
subjects. These values were plotted and compared with the null hypothesis, LP = 0.5.
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Results

A plot of the sample means of MD is given in Fig. 1. This shows some of the characteristics
of the typical learning curve obtained from subjects new to automated perimetry. MD improves,
as expected, from the first to the second field test. However, an apparently greater improvement
in sensitivity occurs between tests 3 and 4.

However, such plots are limited in their ability to describe fully the variability of subjects’
responses. For example, it should be noted that the error bars do not encompass all the obser-
vations obtained. The inadequacy of such plots to fully describe the variability is discussed in
detail by Matthews ef al.28. Further to illustrate the diversity of individual responses, typical
examples from nine subjects are presented in Fig. 2.

It is difficult to draw firm conclusions from the results shown in Fig. 1. The appropriateness
of the statistical methods typically used to compare the sample means is questionable. To

Sample Mean MD (dB)

Visual Field
Fig. 1. Sample mean of the mean defect, MD (+ SE), for 30 subjects plotted against successive field tests.

MD (dB) -1

-2 -

l—

T . T T
2 4 6 2 4 6 2 4 6

Vigual field
Fig. 2. Mean defect, MD, plotted against successive field tests for nine subjects.
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Fig. 3 Sample mean of the mean sensitivity, MS (x SE), for 30 subjects plotted against successive field
tests

compare each mean as if from an independent sample is certainly invalid. A paired ¢ test is also
inappropriate because of the multiple comparisons involved. A two-way ANOVA, with subjects
and test as the main factors, is an acceptable and robust method, but the assumptions, including
a constant within sample variance, are often overlooked. There were no significant differences
between the sample means (F-test; p=0.14). A tentative conclusion would be that, based on an
analysis of MD, there is no clear evidence of a learning effect.

Any arithmetic mean, such as MD, is adversely affected by extreme values. Intuitively there
are likely to be several influential outliers (values which are incompatible with the rest of the
data set) in a field from an inexperienced subject. Therefore, MD may not be the optimum
index to describe the general improvement in sensitivity associated with the learning phenom-
enon.

Similar results were obtained using MS (Fig. 3). Again there were no statistically significant
differences between the sample means. Analysis of MS is subject to the same criticisms as MD.

LP .7

-
N
w
&
(3]

Fig. 4. Sample mean of learning proportion, LP, with 95% confidence intervals, for 30 subjects plotted
for field tests n ton+1, wheren = 1 to 5.
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. = Top 25% of locations with largest increase in sensitivity

Fig. 5. Spatial representation of the increases in threshold sensitivity between field tests 1 and 2, tor 30
subjects.

A plot of LP for our sample is shown in Fig. 4. The space between the bar representing the
95% confidence interval for LP (1 to 2) and the expected value of 0.5 implies that the ratio is
significantly larger than 0.5 between tests 1 and 2 (p=0.01). There are no other significant
differences since the expected value is encompassed by the 95% confidence intervals for the
remaining cases. This suggests, in agreement with previous studies?%:2., a learning effect be-
tween tests 1 and 2 only.

Spatial representations
Considering field tests 1 and 2 only, a spatial representation of the learning was constructed.

At each location the change in sensitivity (positive or negative) in dB between field test 1 and
2 was determined for each subject. The mean change per location for all 30 subjects was cal-

X1 X2 X3
X8 Y X4
X7 X6 X5

*Di = absolute {middle value - average of
neighbouring points}

*Di= |y, -Xx wherei=1to 74

n

Fig. 6. Nine locations from a visual field plot.
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e

. =Top 25% of locations with largest increase in sensitivity

Blind spot

Fig 7 Spatial representation of the increases in threshold sensitivity between field tests 1 and 2, for 30
subjects, after the spatial filter was applied.

culated. Fig. 5 shows the 25% (upper quartile) of locations with the greatest increases in sen-
sitivity. These tend to be predominantly in the periphery of the central field program, particu-
larly in the superior field. This is in agreement with previous studies on learning#19:21.29, One
possible explanation that has been suggested for the greater learning in these regions of the
field is that the patient may learn to consciously raise the upper lid.

The variability of threshold responses tends to be greater in these peripheral regions of the
field12:30-32, This presents difficulties when attempting to distinguish true change from intra-test
(short-term fluctuation), inter-test (long-term fluctuation) or inter-individual variations. An
attempt was made to describe this variability by using a spatial filter process, to remove
possible erroneous results (outliers) from the data set. An image (spatial) processing filter can
be used to enhance or smooth the data. The filter employed is illustrated in Fig. 6 which shows
a location with threshold sensitivity y, surrounded by eight neighboring points. The mean
threshold sensitivity of the surrounding eight locations is calculated and subtracted from y,
taking the absolute value of this difference to be D;. This process was repeated for all locations
in the 30-2 program for tests 1 and 2 only. This filter is a simple version of a technique employed
in image analysis!6. For locations at the edges of the fieid there will be fewer, albeit sufficient,
contiguous locations making a contribution.

The frequency distribution for D; was plotted. An arbitrary cut-off point was taken to exclude
the upper 10% of values for D;. For values of D; within this zone, the original value of y is
replaced by the mean of the surrounding locations. The resulting filtered data were analyzed
as above to determine the 25% (upper quartile) of locations now showing the greatest increases
in sensitivity (Fig. 7). These are observed to be more randomly distributed over the central
field. The filtered version has de-emphasized the increases occurring towards the periphery of
the central field, allowing locations situated more centrally to become apparent.

Discussion

In many analyses of visual field data some form of data reduction is used. MD and MS are
examples of data reduction which quantify and summarize the state of the field. They are widely
understood and are considered statistically robust, but have limitations and disadvantages as
described above. The alternative approaches suggested here are clearly not definitive, however,
development of these ideas could enhance the analysis of serial visual fields.

The advantage of LP, when compared with MD and MS, is that it is not influenced by extreme
values. On the other hand, LP joins with MD and MS as a further example of data reduction,
and as such must inevitably lead to some loss of information. Also values of LP were normally
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distributed about the mean value. Conversion of the data into a proportion described by a yield
parameter allows the use of other statistical methods, unconsidered before, to model the tem-
poral progression of a visual field.

The proportion of unchanged locations between visual field tests correlated well with both
the Reliability Indices and Questions Asked, and may provide an alternative method of assess-
ing reliability. If such a correlation were confirmed, test time could be reduced by eliminating
the need for false positive and false negative catch trials.

A known phenomenon, namely the spatial configuration of the learning effect, was used to
demonstrate the methodology of a filter process. The peripheral learning, and in particular that
in the superior region, was shown to be partly a function of the extreme values (outliers) which
tend to occur in these regions of the field. This technique of utilizing the dependence which
exists between adjacent locations has potential in detecting or removing the variability present
in visual field data.

The learning proportion (LP) and filtered spatial representations of serial visual fields may,
with further development, be used for the long-term follow-up of pathological visual fields,
but the decline in sensitivity with age must be taken into consideration. This could facilitate
the extraction of true progression from the “noise” within serial glaucomatous visual fields.
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A graphic bar to visualize the quantitative development of visual fields

J6rg Weber and Christos Papoulis

University Eye Clinic, Cologne, Germany

Abstract

The quantitative distribution of sensitivity values in automated perimetry can be shown by the cumu-
lative curve (Bebié) or box plots. Cumulative curves are not very suitable for the follow-up of a series of
fields because they need too much space. Box plots are graphical, but usually only show five percentiles:
0, 15, 50, 85 and 100. Changes of segments between them are invisible. The new graphical bar is a stack
histogram which shows the portion of each defect class on the whole field. There are eight defect classes.
The graphical pattern is similar to the gray-scale used for topographical field representations The visu-
alization of series of fields by series of graphical bars appears to be more precise and illustrative than
alternative representations.

Introduction

The numerical distribution of one-dimensional sensitivity values is an important aspect in
evaluating the general state of a visual field. The cumulative curve of Bebié! shows every single
value and is, therefore, superior to all other types of one-dimensional representations of asingle
field. However, a series of fields cannot be viewed at a glance. For this purpose, diagrams of
mean defect (MD)?2 or box plots? were suggested and impiemented into perimetric data analysis
programs. The MD is only a single value, the box plot represents only five points of sensitivity
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Fig. 1. Relation between cumulative frequency curve (left) and box plot (right). The box plot represents
five different values of the cumulative curve.
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Fig. 2. Creation of the graphical bar: gray-scale symbols (left) are dissolved from their spatial information
(middle) and rearranged in a stack histogram (right).

distribution (Fig. 1). Our purpose was the development of a new manner of representation
which would furnish more information in the same space.

Method

In the new representation, each sensitivity value is represented by a gray-scale square. The
scale is equivalent to the common gray-scale representation*. These data are delivered from
their spatial information and put into a column in the order of value (Fig. 2). The lowest sen-
sitivity class is at the bottom and the highest is at the top. The portion of each class is expressed
by its extent. In statistical terminology, this type of representation is called a “stack histogram".
We labelled it a “graphical bar”s,

Results

The basis for the gray-scale is relative, norm-related sensitivity. Therefore, sensitivity classes
in the graphical bar are defect classes. According to the norm-related gray-scale of PeriData,
we defined eight classes of 5 dB in size. The examples in Fig. 3. show that the percentage of
each defect class can easily be read from the graphical bar.

+30°

+30° +30°

300
3 30° Retat Semsitivity d8
Relat Sensitivity dB Relat Sensitivity dg

0% 20%  40%  60%  80% 100% 0% 0% 40%  ebn 80x 100% gx_ g o ex s o

Fig 3 Visual fields with no damage (left), partial damage (middle) and severe damage (right). The graphi-
cal bar visualizes the size of defect classes.
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RETINITIS (COLOGNE 6) *09.03.39 1ID: 0000000006 (Cytomegaly-Retinitis / Zytomegalie-Retinitis)
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MD deteriorated (P<95%)
Fig. 4. A series of 14 fields of a case with progressive retinitis. These were printed with PeriData using
the print-out type “overview”. The graphical bar (left) clearly shows that the progression is caused by a
downshift of the whole field, indicated by an increase in the lowest defect class and a decrease in the
highest class. The box plot (right) demonstrates the progression as well, but the portion of absolute defects

cannot be seen.

INTERZEAG PERIDATA 6.3 alpha 0Dr. JORG WEBER, KOLN
TREND (REGRESSION) * SINGLE RESULT (14.10.92)

GLAUCOMA (COLOGNE 5) *26.01.66 1ID: 0000000005 (Malignant glaucoma / Malignes Glaukom)
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MD improved (P>95%)

Fig. 5. A series of eight fields in a glaucoma case. Trend analysis (linear regression) shows that the MD
improved significantly. The box plot (right) shifted upwards with the upper arm and the box. The graphical
bar (left) shows that the improvement is limited to the better portion of the field. The portion of absolute
defects fluctuates around 20% without any trend.
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Fig. 4 demonstrates a series of 14 fields of a case with progressive retinitis. They were printed
with PeriData using the print-out type “overview”. The graphical bar clearly shows that the
progression is caused by a downshift of the whole field, indicated by an increase in the lowest
defect class and a decrease in the highest class. Between fields 4 and 11, there was a stable
phase, in which 40% of the points were absolute defects. The box plot demonstrates the pro-
gression as well, but the portion of absolute defects cannot be seen. It can be assumed some-
where between 15%and 50%, because the 15% border is down and the median is still good.
Moreover, the upper border fluctuates during the stable phase because it is based only on one
measurement.

Fig. 5 shows a series of eight fields in a glaucoma case. Trend analysis (linear regression)
shows that the MD improved significantly. The box plot shifted upwards with the upper arm
and the box. The graphical bar, however, shows that the improvement is limited to the better
portion of the field. The portion of absolute defects fluctuates around 20% without any trend
being seen.

Conclusions

1. The graphical bar represents a series of visual fields on minimum space. Fifteen fields can
be seen simultaneously on the screen. Thirty fields are printed on one sheet of paper.

2. The graphical bar is easy to read. Experience with the gray-scale in topographical repre-
sentations allows intuitive access to the information given by the column.

3. The graphical bar is precise. The quantity of eight sensitivity classes is represented graphi-
cally. In comparison, the box plot shows five values of the distribution, of which two (the
upper and lower end) are dependent on a single measurement.

4. The graphical bar is less precise in showing the linearity or non-linearity of a visual field
trend.

5. In summary, the graphical bar is an advantageous acquisition for graphical representations
of the visual field, especially with regard to follow-up.
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Perikon PCL90: a statistical program
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Abstract

In order to collect a normal data base for the Perikon PCL90 aatomatic perimeter, a large study was
carried out in four Italian cities (Genova, Messina, Udine and Verona). Several parameters were taken
into account: age, cultural level, geographical origin, etc. The visual fields of more than 350 normal people
were analyzed using static and kinetic tests. All age classes were included in the study. A severe inclusion
protocol concerning pupil size, IOP, media transparency, C/D ratio, etc. was adopted. All data collected
were interpolated by optimized mathematical models utilizing multi-variable equations (age, meridian,
eccentricity, luminance, etc.). This mathematical process provided the authors with the normal static and
kinetic thresholds for all tested points and different ages. Such a statistical program is able to provide: 1.
global static perimetry indices (according to both Heijl’s and Flammer’s methods); 2. global kinetic in-
dices; 3. meanreaction time; 4. perimetric maps (numeric, symbolic, and differential); 5. probability maps;
6. follow-up maps.

Introduction

In the past, the visual fields (VF) of normal subjects have been the object of numerous
studies, carried out both with the Goldmann perimeter!-? and with computerized perimeters+-19,

With the recent introduction of the static-kinetic perimeter Perikon PCL90 and its more
advanced characteristics!!-13, we thought it necessary to carry out a new series of tests, both
static and kinetic and both on the central and the peripheral VF, in normal subjects.

The aim of this study was to make an up-to-date model which, exploiting the Perikon com-
puter’s capacities, would permit a comparison with a static test carried out with any pattern,
including custom, and with static-kinetic programs such as DS/K, taking into account all those
parameters which would be shown to be particularly significant for the threshold.

Material and methods

We collected data by carrying out static central DS 30-II and peripheral DS 30/60-II programs
and a mixed program with central static and two isopter kinetics DS/K on over 400 eyes, in
order to create a significant normality model for the Perikon.

The four University Eye Clinics in Genova, Messina, Udine and Verona, each with a Perikon,
took part in the study, enlisting normal subjects according to the following protocol:

1. Number: at least 50 subjects and 100 eyes at each center;
2. Sex: immaterial;
3. Age: evenly distributed in the following groups:

- I :10-20 years

- II :21-30 years

- IO :31-40 years

- IV :41-50 years
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-V :51-60 years
- VI :61-70 years
- VII : over 70 years

4. Education: evenly distributed in each age group, except for group I, among primary, second-
ary, higher education, and university;

5. Inclusion criteria:

- Refraction: +3 D (spherical equivalent), with less than 1 D astigmatism;
- Pupil: 22.5 mm diameter at the time of examination;

- Cup/disc ratio: <0.5;

- IOP: <22 mmHg and >8 mmHg;

- No generalized and/or ocular disease;

- No therapy influencing threshold or attention;

- Corrected visual acuity in bowl 20.8.

6. Examinations: 30-1I and 30/60-II alternatively on right eye and left eye (50% of subjects);
DS/K alternatively on right eye and left eye (50% of subjects), repeating the first test on 20%
of subjects after one week (to assess the learning effect).

7. Physical parameters of test and fixation target: standard;

8. Correction: long distance correction within 30°, only if positive with spherical equivalent
for astigmatism, in subjects <40 years; correction for long distance adding another +3 D with
spherical equivalent for astigmatism, in subjects >40 years.

9. Historical indications: experience in automated perimetry, education, smoking, alcohol con-
sumption, area and altitude of residence, habitual physical activity, IOP and cup/disc ratio
were recorded.

Results

At the end of the study, which lasted about one year, the number of subjects examined is that
shown in Fig. 1. Note that excluding some of the tests of subjects in the older age groups has
considerably reduced the number of these tests, but still leaves a significant number of them.

Thus, the total number of central static VF (DS 30-II and static part of DS/K) was 425, plus
112 peripheral (30/60-1I) and 117 kinetic (kinetic part of DS/K) VF. A further 15% of these
tests was excluded on the basis of reliability indices (false positives or negatives over 20%;
high incidence of fixation losses; etc.). We preferred not to exclude other tests on the basis of
average threshold or variance in order not to create a “super-normal” sample which would
reduce the specificity of the analysis.

Figs. 2 and 3 give an indication of the average global VF of all ages (average 38 years).
Standard deviations are considerably less if the results are subdivided into the seven age groups.

The trend of average threshold with age is better represented by a second order interpolated

Nr. tested subjects Total nr. of tested subjects = 240

100 +
Vg

80{

60

40

20 1

oL
<20 21-30 31-40 41-50 51-60 61-70 > 70
Age
[ Jeenova HEMverona [ Jupine [ MESSINA

Fig. 1. Number of tests performed.
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Fig. 3. Average threshold in all tested eyes (central 30-60° area).
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Fig. 4. Interpolated curve of average sensitivity.

curve, with a gradient which increases with age (Fig. 4), rather than by linear regression.
Inter-individual variations are considerable in any case. Fig. 5 shows Pearson’s correlation
indices, and their level of significance between various parameters in a group of DS 30-IT and
DS/K examinations.

Noteworthy among the most significant correlations are age with average threshold (MS:
mean sensitivity, CREF: central reference, and FT: foveal threshold), as has already been re-
ported!-8.14 and bracketing fluctuation (BF) with the short-term threshold fluctuation (SF)
measured in ten sample points!5-18,

There is poor dependence of threshold on pupil diameter and perimetric experience, of aver-
age reaction time on age!9, and between static fluctuations and kinetic fluctuations.

Living habits seem to correlate poorly with threshold factors, even when smoking and alco-
hol always tend to reduce sensitivity while extra-urban or mountain residences and a less seden-
tary lifestyle increase it: none of these variations reach statistical significance.

Education seems to be a factor which influences more thresholds, particularly FT. FT, being
the first point measured in the examination, makes us believe that this increase is due to the
faster understanding of the test procedures by subjects with a higher level of education. A more
accurate assessment of these parameters, with methods appropriate to their non-gaussian dis-
tribution and which reduce their inevitable dependence on the primary factor age, will be the
subject of further study.

Data interpolation

In order to permit the computer to establish how much the results of a perimetric examination
differ from normal, and at what level of significance, it is necessary for the data collected in
this way to be synthesized in a model of normal VF.

Such a model could be made up of several maps, such as those in Figs. 2 and 3, one for each
age group. This model, however, would still include the influence of the differences in threshold
existing between the various points examined, which are several degrees of eccentricity away
from one another. It is also influenced by inevitable differences between adjacent age groups
and by the limited number of examined individuals, despite the large size of the sample.
Furthermore, it would only permit comparison between examinations carried out with the same
programs used in the study (DS 30-II, DS/K and DS 30/60-II).
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Fig. 5. Pearson’s correlation indices

For the computerized perimeter Perikon PCL90, we preferred to use the following mathe-
matical model:

T = X0 + [X11 + X12*cos(ME) + X13*sin(ME) +
+ X14*cos(ME*2) + X15*sin(ME*2)..........
oot X1m*sin(ME*my2)] * EC + ..........
+ [X21 + X22*cos(ME) + X23*sin(ME) +
+ X24*cos(ME*2) + X25*sin(ME*2)...........
vt X2m*sin(ME*m/2)] * EC2 + .......
+ [Xnl + Xn2*cos(ME) + Xn3*sin(ME) +
+ Xn4*cos(ME*2) + Xn5*sin(ME*2)..........
crreeneent Xnm*sin(ME*m/2)] * ECn 1)

The normal threshold “T” is a continuous function of sensitivity in dB of the variables ec-
centricity (EC), meridian (ME), apart from age.
In this model the meridian hemisections of VF are polynomes of “Nth” order bound to
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k] 285

Fig. 6. Normal isopters (20 and 25 dB) in the different age groups.

"BC=0" for foveal threshold "X0”, the coefficients of which in "EC, EC2....ECn” are themselves
a periodic function of the meridian “ME", factorized in terms of a series of Fourier up to the
“M/2-th” harmonic component.

The “N*M+1" coefficients of this equation were defined by the minimal squares method.
This method consists of making minimal the sum ”S” of the squared differences between aver-
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age experimental sensitivities and theoretical ones, calculated with equation (1) in all points
“np”, apart from the points located in the blind spot:

S= Epllcri2 [T(EC,ME)-Ti] 2)
i=1

where oi are the standard deviations in points i.
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Fig. 7. Print of a visual field analyzed with the new statistical software.
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Equation (2) should be analytically minimized with respect to the variables "N*M+1”,
making the partial derivatives "N*M+1” equal to zero with respect to them. The linear system
of "N*M+1” order obtained in this way is therefore resolved for each age group.

The coefficients, weighed for the number of subjects in each age group, are thus interpolated
with polynomes of “P”order as a function of age. In a similar way, one can also interpolate
percentile threshold values with various probabilities and the normal isopters.

For the isopters, equation (1) should be modified inserting luminance of the targets in place
of eccentricity, and eccentricity "EC” of the isopter on the given meridian "ME" in place of
threshold " T".

Order "N=7", "M=3", "P22" for static and "N=9""M=2", “P2>2" for isopters measured at 20
and 25 dB were found to be optimal.

Fig. 6 shows how the normal isopters at 20 and 25 dB (with target III) vary with age, calcu-
lated on the kinetic model.

Application of the statistical model

In order to bring the Perikon up-to-date with the statistical software, a package containing
an auto-installing diskette and a “statkey” to insert into the appropriate slot at the back of the
computer are available. When the key is taken out, the classic representations of the test are
carried out; when it is placed in the slot, the tests which preceded the upgrade are also analyzed
statistically, as long as they were carried out under standard physical conditions.

Fig. 7 shows the print of a VF with the Perikon PCL90 statistical software. The defects are
given by the numbers in dB, and the different markings of these numbers signal their statistical
significance, with decreasing "P” values?0.21,

In the map of variations with respect to the individual model, the possible generalized
decrease in sensitivity is eliminated before local analysis is carried out, and this favors the
distinction of localized defects with respect to, for example, those due to preretinal altera-
tions20.21,

Both static and kinetic classic global indices are reported on the printout to Flammer (SF,
MD, LV, CLV)!7. Those weighed according to Heijl also appear on the monitor4. Bracketing
fluctuation (BF) was added to these!8, which substitutes classic SF in calculating CLV, when
SF has not been measured, with a significant reduction in test duration.

When one of the global and/or reliability indices falls outside the normal prefixed ranges, a
corresponding note also appears on the top of the paper. Furthermore, it is possible to print a
follow-up of the tests, also carried out with mixed programs such as DS/K, together with the
graphs of the main global indices.

Conclusions

In comparison with other perimetric statistical programs, the “Perikon” strategy of results
analysis offers the following advantages:
- it supplies both weighted and non-weighted perimetric indices;
- it supplies the new index "BF";
- it also supplies kinetic indices;
- it enables the statistical evaluation of all threshold tests including custom, kinetic and mixed
static-kinetic ones.
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Introduction

Automated differential light threshold (DLT) perimetry is accepted as the current perimetric
standard for the detection of glaucomatous optic nerve damage and its progression as the dis-
ease worsens!. Deciding whether progression of damage is present is a very important part of
the glaucoma patient’s management with major clinical implications. Unfortunately this deci-
sion is made difficult for the clinician by the long-term fluctuations of sensitivity which occur
in the field2.3. Long-term variability is known to be worse in more peripheral field locations
and in areas of glaucomatous damage when the DLT method is used. This fluctuation occasions
considerable disagreement amongst even very experienced clinicians when they are asked to
grade the same set of fields for progression?.

Resolution perimetry as developed by Frisén? uses a novel stimulus to assess the visual field.
The stimulus consists of a bright ring with darker borders which has “vanishing optotype”
qualitiess. The ring size is varied to assess the sensitivity of the field at a given location while
the ring luminance and contrast are held constant. This unusual target results in a field which
does not show an increase in variability in the periphery in normals measured twice’, or five
times®. Comparison of DLT and resolution variability in normals using a small number of highly
defined points confirms that variability increases as sensitivity decreases using DLT, whilst in
the resolution field it does notd.

This fundamental difference between the two methods may allow for easier definition of
disease progression if the confounding influence of increasing variability with worsening dam-
age is removed.

This study was undertaken to examine variability found with each method in normals and
stable glaucoma patients measured five times.

Subjects and methods
Subjects

Twenty-one glaucoma patients and 14 normals were recruited for the study. The patients
came from the Royal Perth Hospital Glaucoma Clinic and had previously documented intraocu-
lar pressures over 22 mmHg, glaucomatous optic nerve head changes or nerve fiber layer
changes and confirmed mild to moderate field defects on the Humphrey Field Analyzer (HFA)
24-2 program. The field defect had to consist of at least three contiguous points significant at
the 1% level on the STATPAC I program, but with no more than four contiguous points with
zero sensitivity in two or more quadrants. Severely damaged cases were avoided as variability
is known to fall as the limits of the dynamic range of the instrument are reached?. All patients
were considered clinically stable during the trial period. Normals were recruited from hospital
and university staff. All had intraocular pressures less than or equal to 21 mmHg with normal
slit-lamp and undilated optic disc and fundus examination. All subjects had a recent refraction
giving a visual acuity of 6/9 or better. The refraction had a spherical equivalent of plus or minus
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5 diopters or less and a cylindrical component of plus or minus 2 diopters or less!%!1. Any
general medical conditions likely to affect the field such as diabetic retinopathy, muitiple
sclerosis or cerebrovascular accident, also resulted in exclusion. If both eyes qualified on these
criteria, one was chosen randomly for the study. No subjects were excluded on the basis of
their reliability indices. After an explanation had been given of the study, informed consent
was obtained from all subjects. The study was approved by the Royal Perth Hospital ethics
committee.

Methods

Visual fields were obtained following the manufacturer’s directions. Careful attention was
paid to the instruction and positioning of the subjects who were constantly supervised until
they showed their ability to perform the visual field test. Supervision was then intermittent at
a rate determined by the field technician’s assessment of the patient’s ability to perform the
task. Six pairs of fields were performed at approximately one week to one month intervals.
Both fields were performed at the same session with a five-minute break between them. The
order of machines was alternated to minimize uneven fatigue effects. The first pair of fields
was discarded to reduce any learning effect’.12. Pupil size was not modified unless it was less
than 2 mm and miotics were not introduced during the study for any glaucoma patients. All
threshold results were entered into a mainframe version of SAS (SAS Institute Inc., Cary, NC)
for further analysis.

A direct comparison of the variability found with the two machines is not possible because
of the different psycho-physical methods used. To overcome this difficulty, the results from
both machines were analyzed in several different ways which aimed to show how variability
changed in relation to sensitivity and location for each group within each method.

A multi-linear regression technique was used which regressed the mean sensitivity of a lo-
cation against the variance over the five measurements at that location for a given subject.
Subject results were pooled into normals and glducoma patients and the regression was cor-
rected for distance from fixation and upper and lower hemifield locations.

To look further at the effect of eccentricity, the field was divided into inner, middle and outer
zones and the same regression was performed with results separated into each zone. The rela-
tionship between variability and mean sensitivity was also examined by pooling data from all
locations with similar mean sensitivities and taking the mean and SD of the variances found.

Results

Subjects’ mean ages on commencing the study were 69.4 (+12.05 SD) years for the glaucoma
group and 49.0 (£9.43 SD) years for the normals. The glaucoma group had an average mean
defect HFA score of -4.86 (+2.53 SD) dB with the normal group showing -0.79 dB (£0.98 SD)
dB. The modest MD scores in the glaucoma groups reflect our selection bias against cases with
severe damage.

Mean sensitivity and the variance across the five replicates for each location are plotted for
each machine and subject group in Fig. 1 (A-D). The x axis scale is reversed on the Ring
Perimeter figures to assist in interpretation of the regression lines shown. This is needed be-
cause, with the Ring machine, retinal sensitivity worsens as ring size increases, whilst the HFA
scale shows improving sensitivity with increasing dB score. All plots have a large number of
hidden points where several measurements have fallen on exactly the same location. The re-
gression lines are plotted as a dotted line if the line’s slope is not significantly different from

Fig. 1. Scatterplots of mean sensitivity and variance over the five replicates for each location by subject
group. Many points plotted represent more than one reading with identical values. Least squares regression
lines with slopes which are significantly different from zero are drawn as a solid line, dotted if non-sig-
nificant. Scales are reversed on the Ring Perimeter plots to aid interpretation (see text). A. Normal subjects
on HFA: variance = -2.05 x mean sensitivity + 64.3; r2 = 0.20, p<0.0001. B. Normal subjects on Ring
Perimeter: Variance = -0.23 x mean sensitivity + 1.80; 72 = 0.10, p<0.0001. C. Glaucomatous subjects on
HFA: variance = -1.63 x mean sensitivity + 49.7; r2 = 0.16, p<0.0001. D. Glaucomatous subjects on Ring
Perimeter: variance = +0.056 x mean sensitivity + 0.83; 2 = 0.003, p = 0.09.
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zero, or a solid line when the slope differs significantly from zero. The equations for these least
squares regression lines show that the variability found with the HFA machine increases sig-
nificantly as sensitivity falls for glaucoma subjects and normals. The Ring Perimeter shows no
significant slope of the regression line for glaucoma subjects although with normals a small
increase in variability is found as sensitivity increases.

These regression lines were also corrected for distance from fixation and for upper and lower
hemifield point location to assess the importance of these variables. These results are given in
Table 1 and show distance from fixation was not significant on the Ring machine for normals
or glaucoma subjects. The HFA machine showed variance increased with distance from fixation
in normals but the effect was lost in the glaucoma group.

Table 1. Multi-linear regression of variance (VAR) on mean sensitivity (mean) corrected for distance from
fixation and upper and lower hemifield point location (using SAS general linear models procedure)

Normal subjects
HFA VAR = -3.39 x mean + 104

r2 =029 p<0.0001

Distance p<0 0001

Hemifield p<0 0001

VAR = -0.20 x mean + 1 19

r2 = 0.21 p<0.001

Distance p = 057

Hemifield p = 0.95

Ring Perimeter

Glaucoma patients
HFA VAR = -1.93 x mean + 41 89

r2 = 0.34 p<0.001

Distance p = 0.69

Hemifield p = 0.93

VAR =0 09 x mean + 0.45

r2=045p=005

Distance p = 0.37

Hemifield p = 0.05

Ring Perimeter

To examine further the effect of location and the variability found, the field was divided into
three zones. The HFA locations were divided into 0-8 degrees, 8-16 degrees, 16-24 degrees,
while the non-regular Frisén group was divided using three zones defined in previous studies”:%.
Resulting regression lines found for each zone are given in Table 2. These results are similar
to the pooled results and show a significant increase in variability with decreasing sensitivity
for glaucoma patients on the HFA in all zones, with no significant effect on the ring machine.
The normal subjects on the HFA show a significant increase in variance with poorer thresholds
for the outer two zones, whilst for the Ring machine the opposite effect occurred.

Table 2. Multi-linear regression of variance (VAR) on mean sensitivity (mean) with field locations grouped
into inner, middle and outer zones (using SAS general linear models procedure)

Zone

Middle

Inner Outer

Normal subjects
HFA

VAR = 0.08 x mean - 1.01
r2=0.25p=NS

Ring Perimeter
VAR = -0 30 X mean + 1 46
r2 = 0.28 p<0.01

Glaucoma patients

HFA
VAR = -1.76 x mean + 45.2
r2 = 0.69 p<0.0001

Ring Perimeter
VAR = 0.02 x mean + 0.28
r2=0.52p=NS

VAR = -0 63 x mean + 20.2
r2 = 0.24 p<0.0001

VAR =-036 x mean + 1 69
r2 = 0.30 p<0 0001
VAR =-134 xmean + 32 8
2 =0.33 p<0.0001

VAR = 0.09 x mean - 0.02
r2=0.51 p=NS

VAR = -3.43 x mean + 100.3
r2 = 0.29 p<0.0001

VAR = -0.11 x mean + 0.08
P2=023p=NS

VAR = -2.33 x mean + 46.1
72 = 0.34 p<0.0001

VAR = 0.03 x mean + 0 67
r2=0.41p=NS§
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Fig 3. Mean Ring sensitivity plotted against mean HFA sensitivity for the 17 locations with similar XY
coordinates for the two machines for the glaucoma subjects Mean HFA sensitivity = -2.15 X mean Ring
sensitivity + 36.9; r2 = 0.56 p<0 0001.

Variance may be expected to fall in any perimetric method where sensitivity has fallen be-
yond the dynamic range of the instrument. This problem was minimized by patient selection
where glaucoma cases with confluent areas of zero scores on the HFA were rejected from the
study. However, to look further for this effect, pointwise mean sensitivities were grouped into
suitable ranges (3 dB steps for the HFA, 1 dB for the Ring). The mean variance for each range
of similar values was then plotted against the mid range value. (Fig 2, A and B). The expected
rise in variance with worsening sensitivity is shown for the HFA in its mid range, with less
variance for the upper and lower ends of the dynamic range. Although the elegant curve shown
by Boeglin ez al.2 has not been achieved with this small group of patients a similar trend is
demonstrated. By contrast, no clear relationship is shown for the Ring perimeter between sen-
sitivity and variance, supporting the result achieved with other approaches outlined above.

To assess the relationship between the mean sensitivity over the five fields at a given location
on the two machines, the location patterns for the two machines were examined. Because of
the differing patterns no points coincided exactly, but 17 points were found with XY coordi-
nates matching within 1° on the X and Y axes. All but one of these points were located with
the central 15 degrees of the field. The scatter plot between the scores found on the two ma-
chines at these locations for the glaucoma subjects is shown in Fig. 3. The correlation is highly
significant with an r2 of 0.56, p<0.0001.

Fig. 2. Mean sensitivity plotted against variance found when scores are grouped by mean sensitivity into
12 levels for each machine. Error bars represent + one standard error of the mean. A. Humphrey Perimeter,
glaucoma subjects. B. Ring Perimeter, glaucoma subjects
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Discussion

Automated perimetry has minimized the operator-induced component of variation in the
visual field but the variation which remains using the differential light threshold method makes
the clinical definition of disease progression difficult. Well-trained observers frequently dis-
agree on the presence of progression in a series of visual fields¢. When one considers that a
midperipheral location with a defect depth of 6 dB may be found to fluctuate across the dynamic
range of the instrument at the next examination, without the sensitivity of the point having
changed, this difficulty in defining progression is not surprising!3. This high degree of varia-
bility may be due to a worsening of the signal to noise ratio as the DLT spot falls on a retinal
area with a falling neural channel density!4. The ring target enlarges with falling retinal sensi-
tivity and covers a similar number of neural channels to reach threshold in normals, regardless
of eccentricity!s. This prevents the increase in variability with increasing eccentricity in nor-
mals found with DLT?. This study shows the same trend in glaucomatous subjects.

The scalloped pattern seen when variance is regressed on mean sensitivity for the Ring
machine (Fig. 1, B and D) is due to the slight rise in variability which occurs when the true
retinal sensitivity of a location falls between the available ring sizes. This is an unusually
graphic demonstration of how highly repeatable the threshold measurement is with this ma-
chine which, to our knowledge, has not previously been shown.

The present study has shown in normals and glaucoma patients that the DLT method results
in an increase in variability as sensitivity falls. The effect is present when the field is considered
in total, or when divided into three zones. In contrast, the Ring Perimeter does not show an
increase in variability with falling sensitivity when similarly analyzed. This underlines the
fundamental difference between the methods which may be of importance when following
glaucoma patients for disease progression. However, the possibility of this difference being
artifactual must be considered because the two approaches are so different. Two possible ex-
planations need to be considered. The first is the difference in the number of steps across the
dynamic range of the instrument. If the HFA had only 15 luminosity steps covering the 0-45
dB range, the numeric values found for the variance would be different but the direction of the
slope of the regression line of variance on mean sensitivity would not. The second possible
explanation might be that the Ring Perimeter is actually measuring a smaller range of sensitivity
with the available Ring sizes. This seems unlikely because Ring size and DLT threshold at 15°
and 30° eccentricity in normals are highly correlatedd. Our data also show a weaker correlation
between mean sensitivity over the five fields for each method. The scatterplot shown (Fig. 3)
covers most of the dynamic range for both machines and demonstrates that the Ring Perimeter
has a similar range. Smaller sensitivity range is therefore not the reason for the difference
found.

The clinical importance of the differences found has not been addressed in this study. Direct
numeric comparison of the variances is not possible but relating the variance found to the
instrument’s own dynamic range intuitively seems one possible manner in which to compare
the machines. Using Figs. 1C and D or 2A and B, and taking the square root of the variance to
convert the units to dB for comparison with the instrument’s dynamic range, the HFA variance
seems larger below 21 dB.

This study shows that variability increases as sensitivity decreases for the HFA but not for
the Ring Perimeter. Although comparisons between the methods are made difficult by the dis-
similar psycho-physical testing modalities, the difference appears to be important when judged
against each instrument’s own dynamic range. A long-term prospective study testing for disease
progression, preferably using a non-perimetric gold standard, will be required to clarify the
clinical importance of the differences found.
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Comparative study of visual field defects between normal tension glaucoma
and high tension glaucoma

Junkichi Yamagami, Makoto Araie and Yasuyuki Suzuki

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

Introduction

Normal tension glaucoma (NTG) is diagnosed when typical glaucomatous optic nerve head
damage and visual field defect are present in the apparent absence of abnormally elevated
intraocular pressure (IOP). Although a recent epidemiological study showed that prevalence
of NTG may be much higher than previously thought!, considerable controversy on the patho-
genesis of NTG remains?-6, Differences in the pattern of visual field defects between NTG and
high tension glaucoma (HTG) are also under question and the results of previous studies are
conflicting”-12, These previous reports, however, differed in the method of visual field meas-
urement, definition of scotoma, or stage of the disease of the subjects.

In the present study, we attempted to re-examine this problem by comparison of raw data
obtained with the Humphrey 30-2 program between the two diseases. The Humphrey 30-2
program, which incorporates a grid pattern similar to that of the Octopus 32 program and a
statistical analysis package (STATPAC)13, is one of the most widely used test programs for
following the visual field. Thus, any differences between the two groups could have direct
clinical significance.

Materials and methods
Subjects

Sixty-four eyes of 64 cases of NTG and 60 eyes of 60 cases of HTG were analyzed. The
mean deviation (MD)!3 of all subjects was -10 dB or more, and the refractive error was -6
diopter or more. Moreover, eyes with tilted discs were excluded from the study.

Inclusion criteria of NTG were: (1) visual field defect corresponding to glaucomatous optic
disc change; (2) normal open angle; (3) an IOP of 21 mmHg or less including a 24 hour IOP
determination; (4) no rhinological or neurosurgical disorder; (5) no history of shock or hemody-
namic crisis. In the present study, primary open-angle glaucoma eyes showing a maximum IOP
of 25 mmHg or higher were included as HTG eyes.

There were no significant differences between the two diseases, except for maximum IOP
and corrected pattern standard deviation (CPSD)!3 (Table 1). In addition, there were no signif-
icant between-group differences in distribution of age, MD or refractive error (Fig. 1).

Table 1. Background of the subjects

NTG (n=64) HTG (n=60) p*
Age (years) 54.5 £10.5 542 £13.5 NS
Refraction (D) -19 +23 -1.8 £ 22 NS
MD (dB) -5.10+ 2.24 -4.78+ 2.83 NS
CPSD (dB) 7.65+ 3.58 5.58+ 3.25 0.02
Max IOP (mmHg) 184 + 2.0 28.8 + 5.0 <0.001

*: unpaired ¢ test; NS: not significant
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Fig. 1. Distribution of age, MD and refractive error in NTG and HTG. Solid bars indicate NTG, open bars
HTG.

Method of analyses

Total deviation (TD) is a numeric value representing the difference in decibels between the
patient’s threshold and the age-corrected normal reference values at each test point of the
Humphrey 30-2 program (STATPAC)!3. In the present study, we used TD as a parameter for
between-group comparisons. Further, we introduced two other parameters for comparison be-
tween NTG and HTG. The first is [TD - mean TD], where mean TD is given by averaging 70
test points of the Humphrey 30-2 program excluding the uppermost four points due to uncer-
tainty of results. [TD - mean TD] indicates how the result obtained at the questioned test point
deviates from the overall status of the central 30 degree visual field. As the second parameter,
we introduced [TD / mean TD], to normalize the TD by the extent of overall visual field damage,
as an index of disease stage.

Results

Mean of TD at each test point is shown in Fig. 2. A Wilcoxon rank-sum test revealed signif-
icant differences between NTG and HTG at several points (p<0.05). Figs. 3 and 4 show means
of [TD - mean TD] and medians of [TD / mean TD] in NTG and HTG, respectively. Since the
values of [TD / mean TD] significantly deviated from normal distribution, medians were
adopted for this parameter. Subsequent Wilcoxon rank-sum tests found significant differences
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Fig. 2. Mean of TD (dB) at each points (left: NTG, right: HTG). % indicates more depressed and ¢ less
depressed, respectively (p<0.05).
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Fig. 3. Mean of [TD - mean TD] (dB) at each point (left: NTG, right: HTG) * indicates more depressed
and ¥% less depressed, respectively (p<0.05)

0.9{0.8§0.9}0.5 1.0/09}0910.7
1.0}08]0.8J0.7]0.6 O.iL_ 1.1]0.8/08f0.8]0.8(0.8
1.3|/0.8}0.8|0.7§0.8|0.7][05(0.3 1.210.8/09(09)0.7{1.0]|0.6| 0.6
1.6|1.3(1.0]0.8]|1.2]1.2|0.9 %.5 04]0.3 11|11}11]09|1.1}§1.2{0.9]0.8|05]04
3.7 *;13 ﬁ|.3 *1.3 04]09 0403 15{11{10}09}0.8]0.6 0.8[).6 0.5
1.3|1.1]0.8]0.6 0.4“6.2 0.3 05|03 11(1.0]/08]0.6]06]0.5|0.6 0.5]0.6
09|1.0/08]06]|05]05]|04}05]|03]|0.3 12|10|0.7]|06]0.7]0.7/0.6]0.5{0.5]0.9
0.8]0.7]06]05}06]0.3|0.4 %.4 0.7|09]|0.7]|06]05}0.610.6|0.9
06)06]0.6§0.4]05}0.4 0.7]0.6/06}0.6/06]0.5
0.5|0.6§0.2}0.2 0.5]0440.4]0.5

Fig. 4. Mean of [TD / mean TD] at each point (left: NTG, right: HTG). % indicates more depressed and
¥ less depressed, respectively (p<0.05).

Fig. 5. Test points commenly determined as more depressed % and less depressed 5¢ by all parameters in
NTG eyes (p<0.05).
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between NTG and HTG at several points (p<0.05). Fig. 5 shows test points where all parameters
showed significant between-group differences. In NTG, an area just above the horizontal mer-
idian and extending from the fixation to the nasal periphery was found to be significantly more
depressed, while a point temporal inferior to the blind spot was less depressed.

Discussion

In studying possible differences in the pattern of visual field damage between NTG and HTG,
it is of primary importance to match the disease stage. We first confirmed the absence of sig-
nificant differences in the mean or distribution of MD between the two patient groups. Further,
we introduced the parameter [TD / mean TD], which provides a normalized distribution of TD
by incorporating the mean value of overall visual field damage, which is an index of disease
stage. Thus, comparisons between the two diseases can be carried out excluding the influence
of stage of disease as much as possible.

In the present study, differences in the visual field were noted between NTG and HTG.
Specifically, an area just above the horizontal meridian and extending from the fixation to the
nasal periphery was found to be significantly more depressed in NTG. This result is compatible
with previous descriptions of differences: scotoma in NTG is more localized, closer to fixation
and has a steeper slope. Retinal nerve fibers from an area close to the horizontal meridian run
closer to the choroid and the peripheral portion of the optic nerve head, while nerve fibers from
an area near to the optic nerve head run closer to the vitreous and a more central portion of it!4,
Thus, the present study may suggest that there is a difference in the process of damage to the
optic nerve head between NTG and HTG. In fact, taken together with findings of several recent
studies suggesting differences in the appearance of the optic nerve head between the two dis-
eases, the present results may support the hypothesis that the pathogenesis of NTG differs from
that of HTG#4%. The clinical implications of the present findings are clear. Since the present
findings were obtained on the grid pattern routinely used in clinical practice, they can be
directly applied in following NTG eyes. In particular, a point just nasal superior to the fixation
needs special attention, because its involvement may significantly affect central visual acuity.

Meanwhile, the parameter [TD - mean TD] gives an indication of whether the visual field
is diffusely damaged or not. If diffuse damage is present, the value of [TD - mean TD] will be
close to 0 at all test points, and vice versa. The number of such points was significantly greater
in HTG eyes than in NTG eyes ()2 test, p<0.01). This result is compatible with the higher CPSD
value found in the present NTG eyes and confirms previous findings showing that high IOP
causes more diffuse damage in the visual field3.15,

In summary, the present study demonstrated that the pattern of visual field damage differs
between NTG and HTG. Further, the present study specified the test points on the Humphrey
30-2 program where damage is likely to be more severe in NTG eyes. This result will be of
significant clinical use in following the patient.
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Are visual field defects in the lower hemifield a risk factor in POAG?

E. Gramer, G. Althaus and U. K&rner

University Eye Clinic, Wiirzburg, Germany

Abstract

The authors examined the influence of the location of scotomas and of systolic blood pressure on
deterioration of the visual field in primary open angle glaucoma (POAG). In earlier studies, they found a
low systolic blood pressure and visual field defects in the lower hemifield more frequently in low tension
glaucoma than in POAG. Do visual field defects in POAG affecting mostly the lower hemifield point to
an insufficient perfusion of the optic nerve head due to a low blood pressure? The visual fields of 153
eyes (153 patients) with POAG and regulated IOP were examined with the Octopus program 31 The loss
per test point in the upper and lower hemifields was calculated. The systolic blood pressure was known
and a long-term follow-up (three to 19 visual field examinations during a period of one to eight years)
was available in all patients. With the Delta program, the authors decided in every case whether or not
the visual field showed a tendency to deteriorate: 1. In patients with a systolic blood pressure of less than
140 mmHg, they found a tendency for visual field defects to deteriorate four times more frequently than
in patients with a systolic blood pressure above 140 mmHg. 2. Location of visual field defects in the upper
and lower hemifields correlates significantly to systolic blood pressure (Spearman Rank Correlation,
Rho=0.202, p<0.05): the lower the systolic blood pressure, the more severe the visual field defect in the
lower compared to the upper hemifield. 3. In patients with predominant visual field defects in the lower
hemifield, the authors found a tendency for visual field defects to deteriorate two times more frequent
than in patients with visual field defects predominantly in the upper hemifield.

Introduction

In glaucoma, intraocular pressure (IOP) is not the only villain we have to deal with. In
primary open angle glaucoma (POAG) there are IOP-related and IOP-independent risk factors!.
These IOP-independent risk factors are particularly striking in low tension glaucoma (LTG),
but are also involved in POAG?-7. IOP-independent risk factors are a reason for further visual
field deterioration after regulation of the intraocular pressure?.

The aim of this study is therefore the quantitative evaluation with computer perimetric long-
term observation of three possible risk factors in patients with POAG after IOP regulation.

1. Low systolic blood pressure: What is the prognosis of visual field stability in patients with
low and high systolic blood pressure?

2. Scotomas more frequently in the lower visual field: Do patients with visual field defects
more frequently in the lower hemifield have a lower systolic blood pressure? Is deterioration
more frequent in patients with scotomas in the lower hemifield?

3. Does pre-existing visual field damage influence the prognosis of the visual field?

Methods

We reviewed the files of 153 patients with POAG who fulfilled the following including
criteria, in order to examine the influence of the following risk factors on deterioration of the
visual field: systolic blood pressure; location of scotomas in the lower hemifield, pre-existing
visual field damage.

Inclusion criteria for the study were:
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. POAG already with visual field defects at the beginning of the observation period;

. a visual acuity of 0.8 or better;

. refraction of + 3 dpt;

. long-term observation with threshold determining perimetry (Octopus perimeter 201, pro-
grams 31 or 33) twice a year;

5. an IOP of less than 22 mmHg during the follow-up period. Only the period in which IOP
was regulated was evaluated;

. information available on maximum IOP;

. systolic blood pressure measured at the glaucoma department at the time of visual field
examination. From several blood pressure recordings during the observation time with regu-
lated IOP, we calculated and recorded the mean systolic blood pressure;

8. a minimum follow-up of one year with an IOP of less than 22 mmHg with a total observation

time of one to eight years.

BN =

~ N

One hundred and fifty-three patients had a follow-up of three to 19 visual field examinations
performed with programs 31 or 33 during an observation period of one to eight years with an
IOP of 21 mmHg or less after medical therapy or operation.

Quantification of the size and depth of the scotoma

For quantification of scotomas in the upper and lower hemifields, we calculated the loss per
test point for each visual field examination with program Delta, mode Series. These values are
printed out with program Delta for the quadrants of the visual field (Fig. 1). The visual field
at the beginning of the observation time with regulated IOP was selected for quantification of
scotomas in the upper and lower hemifields. In order to define the location of scotomas in each
patient, we calculated a quotient dividing the loss per test point in the upper hemifield by the
loss per test point in the lower hemifield.

Definition of deterioration

With program Delta, mode Change, we decided whether the visual field showed a tendency
to deteriorate or not. To reduce long-term variations, a calculated mean visual field at the
beginning (if possible from three visual fields) was compared with a mean visual field at the
end of the evaluation period with controlled IOP for calculation of any significant change (Fig.
2). Program Delta uses the ¢ test. It is important to know that a tendency to deteriorate defined

Fig. 1. Long-term follow-up of visual fields and mean loss per test point in the quadrants printed out with
program Delta (mode Series).
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Fig. 2. Deterioration of visual field defects, calculated with program Delta (mode Change).

by program Delta often does not mean a ¢linically significant change for the worse in the visual
field defect. This is because program Delta provides a test that is too sensitive and not specific
enough to differentiate between long-term fluctuations and real changes in the visual field.
Therefore, we define the results of program Delta as a “tendency” to deteriorate. The advantages
and limitations of program Delta have been published elsewheres7-9-11. In this study we also
used the y2-test and the Mann-Whitney U test.

Results
Risk factor: Low systolic blood pressure

1. Do patients with visual field defects located mainly in the lower hemifield have a lower
systolic blood pressure than patients whose visual field defects affect mainly the upper hemi-
field?

Table 1 shows the data of 71 of 153 patients showing an extreme asymmetry in the location
of visual field defects; 50 patients had a two times greater loss per test point in the upper
than in the lower hemifield (Table 1, left). The mean systolic blood pressure in this group
was 158437 mmHg. Twenty-one patients showed the opposite asymmetry (Table 1, right).

Table 1. Asymmetric visual field defects in the upper and lower hemifields and systolic blood pressure
(n=71)

In the upper hemifield twice or In the lower hemifield twice or
more visual field loss than in more visual field loss than in
the lower hemifield the upper hemifield
(n=50) (n=21)

Systolic blood

pressure (mmHg) 158 + 37 p<0.05 137+ 27

Total loss (dB) 374 £331 n.s. 379 £358

Age (years) 65.1212.5 n.s. 66.7£17.3

Maximum IOP (mmHg) 32.0+ 6.4 ns. 32.3t 63

Scotoma depth (dB/pp) 11.2+ 4.6 n.s. 11.5¢ 3.6
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They had a two times greater loss per test point in the lower than in the upper hemifield. The
mean systolic blood pressure in this group was significantly lower (137427 mmHg). Both
groups are comparable because there is no significant difference in the mean total loss, which
means that, in both groups, the stage of the disease is about the same. Nor is there a significant
difference between either group regarding age, maximum IOP and mean scotoma depth.
Conclusion 1: Patients with scotomas mainly in the lower hemifield have a significantly
lower mean systolic blood pressure than patients with visual field defects mainly in the upper
hemifield.

2. Is there a correlation between systolic blood pressure and location of scotomas as a general
rule?
To define the location of scotomas in each patient, we divided the loss per test point in the
upper hemifield (total loss in program Delta in the upper quadrants, Fig. 1) by the loss per
test point in the lower hemifield. For example, a quotient 2 means that the loss per test point
in the upper hemifield is two times as large as the loss per test point in the lower hemifield.
In all 153 patients this quotient, describing the location of visual field defects, correlates
significantly with the mean systolic blood pressure (Spearman Rank Correlation, Rho=0.202,
p<0.05).
Conclusion 2: The lower the systolic blood pressure, the more severe the visual field defect
in the lower hemifield.

3. Are visual fields in patients with low systolic blood pressure more likely to undergo further
damage?
Table 2 shows the frequency of deterioration in patients with POAG with systolic blood
pressure above and below 140 mmHg. All 153 patients were divided into two groups. One
group contained 87 patients with a systolic blood pressure above 140 mmHg (Table 2, right
hand column). Among these, the visual field defect of 9.2% (eight patients) showed a ten-
dency to deteriorate. The other group contained 66 patients with a systolic blood pressure
up to 140 mmHg. In 34.9% (23 patients) the visual field defect showed a tendency to dete-
riorate. Both groups are comparable because there is no significant difference in mean total
loss, age, maximum IOP, and scotoma depth (Table 2).
Conclusion 3: In this study the risk of further visual field damage was four times higher in
patients with a systolic blood pressure of 140 mmHg or less than in patients with a systolic
blood pressure above 140 mmHg.

Table 2. Risk factor: low systolic blood pressure. Frequency of deterioration in POAG with systolic blood
pressure above and below 140 mmHg (n=153)

Blood pressure <140 mmHg Blood pressure >140 mmHg
Visual field:
deteriorates 34.9% (23) 9.2% ( 8)
Visual field:
remains stable 65.1% (43) 90.8% (79)
100.0% (66) 100.0% (87)
%2 = 15 29, p<0.001
Systolic blood
pressure (mmHg) 124.0+ 14.7 p<0.001 170.0+ 20.9
Total loss (dB) 641.8+548.6 n.s. 496.8+416.6
Age (years) 62.5+ 14.0 p<0.001 69.5+ 10.7
Maximum IOP (mmHg) 327+ 8.1 n.s. 323 6.6
Scotoma depth (dB/pp) 134+ 6.1 IS. 11.7+ 4.8

Risk factor: location of scotomas found more frequently in the lower hemifield

4. Are visual field defects more likely to undergo further deterioration if they are located mainly
in the lower hemifield?
Table 3 shows the frequency of deterioration in POAG with predominantly visual field de-
fects in the upper or lower hemifield. In 98 patients the visual field defect (i.e., the loss per
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test point) was more severe in the upper than in the lower hemifield (Table 3, left side).
Among these a visual field defect of 15.3% (15 patents) showed a tendency to deteriorate.
In the remaining 55 patients (Table 3, right side) the visual field defect was located mainly
in the lower hemifield. In this group we found that visual field defects tended to deteriorate
in 29.1% (16 patients) (Table 3).

Conclusion 4: In patients with scotomas located mainly in the lower hemifield, deterioration
of scotomas is twice as frequent as in patients with scotomas mainly in the upper hemifield.

Table 3. Risk factor: localization of scotomas. Frequency of deterioration in POAG with predominantly
visual field defects in the upper and lower hemifields (n=153)

Predominantly visual field Predominantly visual field
defects in the upper hemifield defects in the lower hemifield
Visual field:
deteriorates 15.3% (15) 291% (16)
Visual field:
remains stable 84.7% (83) 70.9% (39)
100.0% (98) 100.0% (55)
x2 = 4.14, p<0.05
Systolic blood
pressure (mmHg) 154.8+ 29.6 p<0.05 143.8+ 279
Total loss (dB) 504.9+403 3 ns. 647 0+580 7
Age (years) 67.1+ 11.4 n.s. 65.5+ 144
Maximum IOP (mmHg) 324+ 7.3 n.s. 326+ 7.2
Scotoma depth (dB/pp) 11.7+ 4.8 n.s. 13.6x 6.1

Risk factor: pre-existing visual field damage

5. Is the amount of visual field loss a risk factor for further deterioration of the visual field?
Table 4 shows the frequency of visual field deterioration in 153 patients with POAG with
mild or severe visual field defects. We compared 92 patients with a total loss of up to 600
dB (Table 4, left side) with 61 patients with a total loss of more than 601 dB (Table 4, right
side). In the group with mild visual field loss, the rate of further visual field deterioration
was 13% (12 of 92 patients), compared to 31% (19 of 61) in the group with a more severe
visual field loss. There were no differences in mean systolic blood pressure. The pre-existing
visual field damage and low systolic blood pressure seem to be independent risk factors. The
mean age, mean intraocular pressure and mean scotoma depth were not different between
either group.

Conclusion 5. Patients with mild visual field damage have a significantly lower risk of further
deterioration than patients with moderate or severe visual field damage.

Table 4. Risk factor: pre-existing visual field damage. Frequency of deterioration in POAG with mild and
severe visual field defects (n=153)

Total loss <600 dB Total loss > 600 dB

Visual field:

deteriorates 13.0% (12) 31.2% (19)
Visual field:

remains stable 87.0% (80) 68.8% (42)

100.0% (92) 100.0% (61)
x2 = 7.44, p<0.01

Systolic blood

pressure (mmHg) 151.4% 279 ns. 149.5+ 31.8
Total loss (dB) 235.9+167.2 p<0.001 1071.3£352.9
Age (years) 66.2+ 12.9 n.s. 67.1+ 12.3
Maximum IOP (mmHg) 323+ 55 n.s. 329+ 94
Scotoma depth (dB/pp) 9.0+ 2.7 p<0.001 17.8+ 4.1
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Discussion

The results of this study show that patients with POAG and low systolic blood pressure seem
to be more vulnerable in the lower hemifield and have a higher risk of visual field deterioration.
This is of clinical relevance. Location of scotomas in relation to blood pressure in POAG has
not been evaluated until now, as far as we know.

It is of interest why we should wonder whether or not scotomas in the lower hemifield are a
risk factor for visual field deterioration and why there should be a relation to low systemic
blood pressure in patients with POAG.

In an earlier study, we found in LTG (stage II) that visual field defects were more frequent
in the lower than in the upper hemifield, compared to POAG!2. The frequency distribution of
the test points of program 31 with absolute scotomas showed that, in POAG (stage IT), absolute
scotomas are more frequent in the upper hemifield and in LTG (stage II) they are more frequent
in the lower hemifield. In anterior ischemic optic neuropathy (AION), scotomas are more
frequent in the lower hemifields.7.12.

Phelps et al.!3 found similar results with Goldmann perimetry. In a previous study, we re-
evaluated this difference in topography of visual field defects again in LTG, POAG and pigmen-
tary glaucoma under quantitative conditions with program Delta, comparing the mean loss per
test point in the upper and lower hemifield’. We again found the same result. In POAG (stage
ID), in the lower hemifield we found 82% as much damage as in the upper hemifield. In LTG
(stage IT) there was 162% as much damage in the lower hemifield as in the upper hemifields.”.

In another earlier study, we found hypotension in LTG in 59.3% compared to POAG in
11.6%. One hundred and twenty-five glaucoma patients with visual field defects stage II (i.e.,
all patients were at the same stage of the disease) underwent a standardized complete medical
diagnostic examination in internal medicine for that study4. It is of clinical and scientific in-
terest that, in POAG as well, a low systolic blood pressure is a risk factor. The lower the systolic
blood pressure, the more severe the visual field loss in the lower hemifield (¢f. Table 1) and
the more frequent the visual field deterioration (c¢f. Table 2). On the basis of quantitative com-
puter perimetric evaluations, we could demonstrate and prove statistically the clinical obser-
vation that low systolic blood pressure is also an important risk factor in POAG.

The clinical observation that low systemic blood pressure is a risk factor has already been
published. Lobstein and Herr!4 found that in patients with POAG a high systemic blood pres-
sure delays the appearance of visual field defects. Sachsenweger!5 found that in POAG low
systemic blood pressure accelerates, while high blood pressure slows down, the development
of visual field defects.

Perisalo and Raittal¢ found that in geriatric patients with POAG those with low systemic
blood pressure (less than 120 mmHg) compared to patients with high blood pressure (more
than 160 mmHg) had a worse visual acuity and more often showed a further deterioration of
the visual field defects. Hayreh!? carried out a 24-hour blood pressure recording and found that
patients with LTG had very low blood pressure in the second half of the night. In POAG with
further deterioration despite regulated IOP, we may find similar results with 24-hour blood
pressure recording (e.g., with the new “Spacelab” system).

Our results show that, in individual cases, the borderline of an IOP of 21 is arbitrary for
separation of IOP-related and IOP-independent risk factors. For clinical studies comparing
groups of patients, this definition is still valid.

In former studies3, we demonstrated that severe pre-existing visual field damage is an im-
portant risk factor in LTG and POAG, and the results presented here confirm our findings.

In medical glaucoma therapy, compliance of the patient is a further risk factor which cannot
be excluded from a study which determines the frequency of visual field deterioration!8. Drug
treatment should take this into account19,

The inherent nature of scientific “discoveries” is that something is always incomplete and
this will be realized at the end of the study. Therefore, we have to re-evaluate the diastolic
blood pressure from the files and we have to calculate the mean blood pressure. With reference
to diurnal variation, we should also have carried out several blood pressure measurements per
day. This is not practical in a clinical routine. We are now starting a multi-center prospective
study in 50 private practices in Germany with Humphrey perimeters (STATPAC program) and
standardized blood pressure measurements, as well as standardized recording of topical and
systemic medication at every eye examination over a period of five to seven years in patients
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with ocular hypertension and POAG stage I. We think that the results of this pilot study are
interesting enough to be reported. POAG patients with

low systolic blood pressure

predominant visual field defects in the lower hemifield, and
severe pre-existing visual field damage,

have a poorer prognosis even with IOP at a normal level.
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Abstract

A model has been developed, based upon polynomial and multiple regression, which describes the
sensitivity at each stimulus location in terms of the respective stimulus coordinates and in terms of the
sensitivity at each of the previous t, t-1, t-2, etc., examinations. The aim of the study was to utilize the
model to forecast the sensitivity at each stimulus location of the subsequent, t+1, examination. Compari-
son of the forecasted values with the recorded values might indicate departures from the expected trend
over time. The model was developed from the fields (Humphrey Field Analyzer program 30-2 and 24-2)
of a cohort of 49 patients (mean age 57.1 years, SD 13 4) attending a glaucoma clinic The mean period
of follow-up was 37.6 months (SD 10.2 months) and the mean number of previous examinations 7 4 (SD
2.2). The effectiveness of the forecasting procedure was evaluated in terms of the pointwise error between
the forecasted and the measured field. The precision was high in areas of high sensitivity and in areas of
deep loss. Increased error was present at the edges of focal loss. Stimulus locations manifesting the
greatest error over several visits frequently exhibited a subsequent sustained reduction in sensitivity

Introduction

The identification of visual field loss and the delineation of visual field progression is be-
coming increasingly dependent upon the use of statistical procedures. Progression of glauco-
matous visual field loss is frequently evaluated in terms of the slope derived from the linear
regression of the visual field index against examination date. The index may represent either
the complete field or a given region of the field and the technique can also be applied to
individual stimulus locations!-3. Increasing clinical opinion and research findings suggest that
the visual field indices do not provide a sufficiently sensitive method for detecting the earliest
change in the progression of glaucomatous field loss*. This may arise from several factors: the
indices may be inappropriate for the description of glaucomatous field loss or the data reduction
procedure, itself, may ignore potentially useful information on the pointwise distribution of
sensitivity.

Clearly there is a need to develop an alternative statistical procedure for evaluation of serial
visual fields in glaucoma. We have recently developed a mathematical model to describe the
measured pointwise distribution of sensitivity at any given examination’, The model incor-
porates two elements. The first component utilizes a polynomial function that describes the
sensitivity at any given stimulus location for any given examination in terms of the respective
stimulus coordinates. This component of the model provides a topographical analysis of the
visual field and reflects the uniformity or regularity of the distribution of sensitivity between
adjacent stimulus locations. The second component utilizes multiple linear regression to de-
scribe the sensitivity at any given stimulus location for any given examination in terms of the
sensitivity at that location determined on previous examinations and provides a longitudinal
analysis of the visual field. The precision of the joint topographical and longitudinal model is
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are part of the Toronto Hospital Research Group.

Address for correspondence: Dr John M. Wild, Department of Vision Sciences, Aston University,
Birmingham B4 7ET, UK

Perimetry Update 1992/93, pp. 89-102

Proceedings of the Xth International Perimetric Society Meeting
Kyoto, Japan, October 20-23, 1992

edited by Richard P. Mills

© 1993 Kugler Publications, Amsterdam / New York



90 J.M. Wild et al.

a function of the regularity of the data over time and increases as a function of the number of
previous examinations. The variation is governed by the quality of the data collected at any
given examination and by the type of progression of the disease process.

The aim of the study was to evaluate the suitability of the model for forecasting visual field
progression in glaucoma, i.e., the sensitivity at each stimulus location of the subsequent, N+1,
examination. It was hypothesized that a comparison of the predicted pointwise distribution of
sensitivity with the measured distribution might provide additional information on change
within the visual field. Agreement between the forecasted and measured fields would confirm
the reliability of the measurement whilst departures from the randomly occurring errors would
indicate an episodic change from the predicted sensitivity.

Methods

The model was derived from the Humphrey Field Analyzer program 30-2 and 24-2 fields of
49 patients (mean age 57.1 years, SD 13.4) attending a glaucoma clinic. The mean period of
follow-up was 37.6 months (SD 10.2 months) and the mean number of prior examinations 7.4
(SD 2.2). The joint model can be described mathematically:

Ze=+ A1z + Agzo + ...l Ap1zi1 + Bgg + Bygx + B01y + Buxy + B21X2y + ...

t-1 n n
=X Az + X Bijxiyl' +u
i=1 i=0 j=0

where z, is the sensitivity at any general stimulus location (x,y) at any examination t, where
t>2, and where A and B are coefficients.
The model can be fitted to the data using least squares.

If A, Ay, .... A and By, By, .... B are the parameter estimates, then z,,; can be forecast
using the equation:
fZie1 = A122 + A223 + ... At-lzt + X X Bijxiyj
ij
1 .
=X AiZi+1 + XX Bijxiyi .
i=1 i
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Fig. 2¢ The corresponding forecasted eighth field

Results

In stable fields or in those that show a regular linear decline in sensitivity, the pointwise error
between the forecasted and measured field is small in areas of normal sensitivity and in areas
of deep loss. The error increases with increase in eccentricity and is more variable at the edges
of foccl loss (Fig. 1).

The precision of the forecasting is governed by the quality of the prior data. The forecasted
t+1 field can be adversely affected if the last measured field (i.e., at time t) is of low reliability
(Fig. 2).

Episodic progression of the visual field can be identified from the discrepancy between the
forecasted and measured fields. Such discrepancies can be quite marked (Fig. 3).

Stimulus locations which exhibited the greatest variation in forecasting error over several
visits were frequently found to be those that subsequently exhibit a sustained reduction in
sensitivity.

Discussion

The multivariate model described here is a more powerful approach with much greater pre-
dictive power than the univariate model. Composite predictions are possible from a minimum
of two visual field examinations since the information from all 76 stimulus locations is used
to generate the sensitivity at a given stimulus location. The information derived by the univar-
iate model from two separate examinations is rudimentary and experience would suggest that
at least ten examinations would be necessary to obtain a reasonable fit. The estimation error
for the multivariate model is generated for the complete field as a whole, whilst in the extreme
case of the univariate model, i.e., 76 individual equations, an estimation error is present at each
location and is compounded when the field is considered as a whole. It must be realized,
however, that the two techniques are not equivalent since the former uses time as a single
continuous variable and the latter time in an ordinal capacity.
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Fig. 3b. The corresponding forecasted ninth field.
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Progression of chromatic and achromatic sensitivity loss in early glaucoma

Haruki Abe, Shigeru Hasegawa, Mineo Takagi, Toyohisa Yoshizawa and Tomoaki Usui

Department of Ophthalmology, Niigata University School of Medicine, Niigata, Japan

Abstract

In this study, the authors carried out prospective longitudinal measurements of spectral increment thre-
sholds of the central field with a Maxwellian view optical system over five years, to clarify the time course
of chromatic and achromatic luminance sensitivity in patients with early glaucoma. Twelve glaucoma
patients and 20 age-matched normal controls were studied by means of spectral increment threshold
measurements at the fovea with a 1-degree spectral test target flashed at either 1 Hz (200 msec duration)
or at 25 Hz (10 msec duration) on a 1000 photopic troland white background. As a result, spectral incre-
ment threshold measurements showed that progressive loss of sensitivity of 1 Hz, especially in the range
of the short wavelength, and 25 Hz stimulation was detected These results suggest that the progressive
impairment of chromatic channels, especially in the short wavelength and luminance channels may occur
in patients with early glaucoma

Introduction

In has been known that color vision changes occur early in the time course of glaucoma.
Some studies!2 showed that as high as 80% of glaucoma patients have disturbed color dis-
crimination, usually described as “blue-yellow” defects. Lakowski and Drance? also showed
that about 20% of ocular hypertensive patients show severe color vision defects; they consider
losses in color vision to be an important risk factor in the transition of ocular hypertension to
chronic simple glaucoma, and color vision defects may be apparent before visual field defects.

The detection of flicker of a spectral light on an intense white background is mediated by
chromatic pathways for low flicker rates and by achromatic pathways for high alternation rates*>.

In this study, we carried out prospective longitudinal measurements of spectral increment
thresholds of the central field with a Maxwellian view optical system over five years to clarify
the time course of chromatic and achromatic luminance sensitivity in patients with early glau-
coma.

Methods

A three-channel Maxwellian view optical system with a 500 W xenon arc as a light source
was used in this study (Fig. 1). A circular test light of 1-degree diameter was superimposed on
the center of a 5-degree white background field of 1000 photopic trolands. For the test light,

Table 1. Stimulus conditions to test chromatic channel and achromatic (luminance) channel

Chromatic channel Achromatic (luminance) channel
Channel Red-green channel V()
Blue-yellow channel V' (A)
Ganglion cells Tonic Phasic
Sustained Transient
Stimulus duration Long (200 msec) Short (10 msec)
Stimulus frequency Low (1 Hz) High (25 Hz)
Temporal resolution Poor Good

Address for correspondence: Haruki Abe, MD, Department of Ophthalmology, Niigata University School
of Medicine, Asahi-machi 1, Niigata City, 951 Japan
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Fig 1. Block diagram of a three-channel Maxwellian view optical system. Xe: xenon lamp; ND: neutral
density filter; W: optical wedge; M: mirror; Sh: shutter; IF: interference filter; Pt: stimulus pattern; Pa:
adaptation pattern: PF: fixation pattern
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Fig. 2. Spectral sensitivity curves in a patient with early glaucoma. A selective reduction of chromatic
sensitivity in the short wavelength over five years can be seen. The stimulus duration and frequency of
the upper two curves were 200 msec and 1 Hz, and those of the lower curves 10 msec and 25 Hz, respec-
tively. The luminance of white background was 1000 photopic trolands.
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interference filters with dominant wavelengths of between 380 and 701 nm with 8 to 18 nm
half-band widihs were used. Two kinds of stimulus were used (Table 1). The stimulus duration
and frequency of the first experiment were 200 msec and 1 Hz and of the second experiment
10 msec and 25 Hz. After viewing a 5-degree white background for five minutes, the subject
was asked to detect a centrally fixated spectral test spot. The radiance of the test spot was
decreased until the spot no longer flickered.

Twelve early glaucoma patients (age range 36 to 56 years, mean age 48.2) and 20 normal
subjects (age range 35 to 57 years, mean age 47.3) were studied by means of spectral increment
threshold measurements at the fovea with a 1-degree spectral test target flashed at either 1 or
25 Hz on a bright white background and with the source filaments focused into the plane of
the observer’s pupil. Annual examination of spectral increment threshold measurements was
made for all subjects during the five years. The visual field was examined with a Goldmann
perimeter and a Humphrey Field Analyzer every six months. Simultaneous stereo-fundus pho-
tography was also carried out every six months.

Results

Compared to an age-matched group of normals (n=20, mean age 47.3), chromatic and achro-
matic spectral sensitivity functions for early glaucoma (n=12, mean age 48.2) showed a marked
progressive sensitivity loss in chromatic processing especially in the range of short
wavelengths and also progressive sensitivity loss in luminance processing.

In 12 early glaucoma patients, all having a visual acuity better than 20/20, we have found
two types of reduction in sensitivity for chromatic (1 Hz flicker) sensitivity and achromatic
(25 Hz flicker) sensitivity. In the first group of five patients with early glaucoma or glaucoma
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Fig. 3. Spectral sensitivity curves in a patient with early glaucoma. An overall reduction in chromatic
sensitivity for all wavelengths together with a loss in achromatic sensitivity over nine years can be seen.
The stimulus duration and frequency of the upper two curves were 200 msec and 1 Hz, and those of the
lower curves 10 msec and 25 Hz, respectively. The luminance of white background was 1000 photopic
trolands.
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suspects (mean deviation with Humphrey Field Analyzer <5 dB), we found a selective reduc-
tion of chromatic sensitivity in the short wavelengths without any loss in luminosity function
or chromatic sensitivity in middle and long wavelengths (Fig. 2). In the second group of seven
patients with early glaucoma (mean deviation with Humphrey Field Analyzer <10 dB), we
found an overall reduction in chromatic sensitivity for all wavelengths and also a loss of achro-
matic sensitivity (Fig. 3). Annual measurements of the spectral increment threshold during the
five years showed progressive loss of both chromatic sensitivity for all wavelengths, especially
the short wavelength, and achromatic sensitivity for all wavelengths, in ten of 12 early glau-
coma patients (Fig. 3).

These results suggest that the progressive impairment of chromatic channels, especially in
the short wavelength, and luminance channels may occur in patients with early glaucoma.

Discussion

It has been found that the spectral sensitivity curve for a low temporal frequency test flash
on an intense white background shows three peaks which are at about 440 nm, 530 nm and 610
nm. The peak near 440 nm can be accounted for by the action of blue cones, while the narrowed
peaks at about 500 nm has been attributed to linear subtractive interaction between the green
and the red cones$-8. It has recently been proposed that the three peaks of the normal curve for
low temporal frequency test flashes reflect the activity of the opponent-color system, whereas
the single peak for high temporal frequency flicker detection is related to the luminance sys-
tem4S,

Applying the spectral sensitivity measurements on a white background during the five years
of the study, we have found that although there was a loss in sensitivity for both chromatic and
achromatic systems, there was a progressive and most prominent loss of a chromatic sensitivity
in the short wavelength region in most cases of early glaucoma. Consequently, it was felt that
the blue cone system was much more vulnerable in most early glaucoma patients. But, it could
be argued that some of the sensitivity loss observed at the short wavelength end of the spectrum
may have resulted from an increase in the inert yellow pigments of the eye. These pigments
are primarily the macular pigment and the pigmentation of the crystalline lens. But, our data
argue against this possibility because the selective chromatic sensitivity loss in the short
wavelength region was found without achromatic sensitivity loss in some early glaucoma cases.
If a short wavelength attenuation occurred due to inert pigments, this should have been reflected
in the achromatic sensitivity data at short wavelengths. The preceding observation of the pro-
gressive deterioration of sensitivity of 1 Hz stimulation in the range of short wavelengths may
be interpreted in terms of a specific loss of the subject’s opponent-color system and this could
explain his poor color discrimination. Color vision changes are relatively early changes found
in glaucoma. In this paper, we presented the results of a prospective longitudinal measurement
of spectral increment thresholds of the central field with a Maxwellian view optical system
over five years in early glaucoma patients, and we found that the blue-cone system was much
more vulnerable in most early glaucoma patients.

There is considerable evidence for some separation of chromatic and achromatic information
in the visual system#5.9-11, Recently, De Monasterio and Gouras!2 have shown that there are
two groups of ganglion cells in the rhesus monkey, (tonic) or X cells which are organized
opponently for color information and (phasic) or Y cells which are non-opponent and organized
to carry achromatic information.

The detection of flicker of a spectral light on a white background appears to be mediated by
chromatic pathways for low flicker rates and by achromatic pathways for high flicker rates3.
Inasmuch as chromatic and achromatic activity are carried by two different populations of
ganglion cells, our results suggest that most early glaucoma patients have a selective loss of
integrity of the pathways served by the tonic ganglion fibers at first and then a loss of integrity
of the pathways served by both types of ganglion cells.
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Discrimination between progression and non-progression visual field loss in
low tension glaucoma using MDT
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Abstract

Low tension glaucoma patients who had good sensitivity in at least one portion of the visual field
measured by the Humphrey Field Analyzer were followed over a period between 1986 and 1992 Motion
detection thresholds (MDT) were measured in the more normal part of the visual field and visual field
progression was analyzed by pointwise linear regression analysis using Progressor software. The patients
were divided into those with initially normal MDT (22 patients) and those with initially abnormal MDT
(40 patients). Significant progression was found after four years in 10/22 (45%) with initially normal
MDT while 30/40 (75%) with initially abnormal MDT showed significant progression. MDT and point-
wise linear regression analysis may be helpful in following these patients.

Introduction

Despite advances in quantitative measurements of the visual field, the optic nerve head and
the nerve fiber layer, these cannot always provide an early assessment of progression or non-
progression of visual fieid ioss in glaucoma patientsi-*. We have previously shown that motion
detection thresholds (MDT) may be abnormal in ocular hypertension, in patients with large
disc cup ratios, early glaucoma and normal fellow eyes of low tension glaucoma patients even
when their computerized visual fields were considered normals-8. This may be related to pref-
erential losses of large ganglion cells in glaucoma® and their role in magnocellular function
which is thought to underlie motion detection!?. The mode of progression of visual field defects
in high tension glaucoma has been studied by various methods, but little is known about the
progression of visual field defects in low tension glaucoma!l.12, The aim of this study was to
test the hypothesis that MDT may predict early visual field progression in a group of low
tension glaucoma patients. In this study we investigated how visual field progression in low
tension glaucoma is related to MDT in patients with asymmetrical hemifield defects.

Material and methods

Low tension glaucoma patients with hemifield defects attending the glaucoma unit at Moor-
fields Eye Hospital were selected from our visual field database. The criteria for the diagnosis
of low tension glaucoma (LTG) were:

1. mean IOP, of less than 21 mmHg and maximal IOP less than 24 mmHg on two-hourly in-
hospital 24-hour intraocular pressure curves;

2. glaucomatous optic disc cupping and nerve fiber loss;

3. open angle by gonioscopy;

4. absence of any other ocular or neurological pathology, and

5. visual field defects.
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Visual fields measured by program 30-2 or 24-2 of the Humphrey Field Analyzer (HFA) were
considered to be abnormal if there was one location or more with a dB loss from the corrected
pattern standard deviation (CPSD) of 10 dB or more. A field was considered unreliable if 20%
or more fixation losses or more than 30% false positive or false negative responses were re-
corded. In addition this patient group was selected for having good HFA visual field sensitivity
in at least one hemifield. All patients had MDT measured in the better hemifield at 15 degrees
eccentricity on either the 330- or 30-degree meridian just above or below the blind spot. The
Progressor visual field statistical analysis package was used to determine whether there was
statistically significant worsening at each visual field location!2.

One observer measured MDT without knowledge of patient status except that the testing
location for MDT was chosen to be in an area of the Humphrey visual field where thresholds
were within 10 dB of normal. The testing procedure has previously been described’-8. The
cutoff for abnormal motion sensitivity was eight minutes of arc.

For each patient, clinical data recorded included age, visual acuity, IOP, cup disc ratio and
MDT. All Humphrey results were analyzed by Progressor with a personal computer. The fol-
low-up clinical data were collected from each patient’s Humphrey visual field records. They
all were experienced patients who had visual fields and routine eye examination at approxi-
mately four monthly intervals. The mean of the HFA values from the CPSD at the four locations
surrounding the MDT test location were used as the measure of sensitivity for the MDT cluster.

The patient group included 62 low tension glaucoma patients of which 23 (37%) were male
and 39 (63%) female with a mean age of 63.9+8.9 years (range 42-80). Neurological disease
was ruled out in each case. No patient was undergoing any anti-glaucoma treatment. All had a
visual acuity of 6/9 (20/30) or better and with no detectable lens opacity at the time of visual
field testing. One eye per patient (26 right, 36 left) was used for further statistical analysis. All
patients were experienced in automated static perimetry, had approximately three computerized
fields per year and at least six fields over a mean follow-up period of 3.7 years (range 2-5
years). Twenty-two (36%) patients had normal MDT and 40 (64%) had abnormal MDT. The
average of four locations from the MDT testing cluster was used to compare MDT with HFA
sensitivity.

Fig. 1. Pointwise linear regression analysis from Progressor for one eye over a period from 1986 to 1992
with 17 visual fields The length of the bars represents dB loss (see calibration scale in figure) at each
location over time. Significant progression determined by linear regression analysis is indicated by red
(95%) or bright red (99%).
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Criteria for visual field progression

The definition of progression of visual field loss was based on the following:

1. Three consecutive fields with progression in at least one location at p<0.01 defined by the
Progressor histogram summary with no locations showing improvement at p<0.01 (e.g., due
to learning effects); or

2. Two or more locations showed significant losses in the better hemifield at p<0.05 on the last
two fields by Progressor and there was at least one location of one field with progression
with no locations showing improvement (p<0.01).

All other possibilities were considered to indicate a stable field.

The right eye was usually tested first for all the psychophysical tests including MDT and
HFA. In order to limit any learning effects, the left eye was selected when patients had asym-
metrical defects in both eyes. All clinical data were processed using a spreadsheet (Quattro
3.5). Data analysis included Cox proportional hazards survival analysis which was carried out
using the Epidemiological Graphics, Estimation, and Testing software (EGRET Version 1.81).

Results

Fig. 1 shows the results of the Progressor pointwise analysis for one patient. This shows the
results from the left eye of 17 visual fields measured between 1986 and 1992. This patjent
began with a superior visual defect but with many locations in the inferior hemifield initially
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Fig. 2. Progressor histogram summary of number of locations showing significant change at the 99% level
from another patient. Each panel represents the results for one visual field beginning with field number
three. Green represents improvement and red worsening with the corresponding slopes for each on the
abscissa.
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within 10 dB of normal. MDT in the inferior hemifield was abnormal (9.66 minutes of arc).
After a period of two to three years, significant worsening was found at several locations in
both the superior and the initially normal inferior hemifields.

Fig. 2 shows the results of the Progressor histogram summary analysis showing the number
of locations at each field beginning with the third field which shows significant losses. The
number of locations showing significant progression increases over a period of two to three years.

There were no significant differences in age, sex, years of follow-up, or number of fields
between the two groups, shown in Table 1. Twenty-two patients (35 %) had initially normal and
40 (64 %) abnormal MDT. Differences between the two groups for the MDT and for the mean
sensitivity at the four locations surrounding the MDT test location were significant. Forty-
seven eyes (75.8%) had better lower and 15 eyes (24.2%) had better upper hemifields.

Fig. 3 shows the overall survival analysis according to the Kaplan-Meier method. Both
groups showed deterioration of visual fields, but those with normal MDT had longer survival
compared to those with abnormal MDT. According to the Kaplan-Meier method, the one-year
survival probability for all patients was estimated at 87.9% (confidence interval (CI) 75.9-
93.3%), the two-year survival probability at 73% (CI 56-83%) and the four-year survival was
20% (CI 9.6-34%).
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Fig. 4. Survival probability of visual fields plotted versus time in years for patients with initially normal
MDT and initially abnormal MDT.
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Table 1. Demographics of study population

Normal MDT Abnormal MDT P
(n=22) (n=40)
Age Mean (SE) 639 (214) 66.2 (1.212) 0.377
Sex No. (%)

Male 6 27 12 (36)

Female 16 (72) 28 (70) 0.828
Follow-up (months) 41 (3.28) 41 2.7 0.488
Number of fields 124 (084 13.67 (0.73) >0.1

mean (SE) mean (SE)
dB in MDT cluster 1.67 (0.21) 3.825 (0.815) 0.000
MDT (minutes of arc) 6.428 (0.245) 10.37 (0 815) 0000

Table 2. Kaplan-Meier Estimator by clinical group

Year Normal motion Abnormal motion
survival (95% CI) survival (95% CI)
probability probability

1 0.91 (0.68, 0.98) 085 (0.70, 0.93)

2 086 (0.63, 0.95) 066 (048, 078)

3 070 (0 45, 0.85) 0.18 (0.07, 0.33)

4 0.34 (014,062 0.09 (0.02, 0.24)

Tablé 2 shows the Kaplan-Meier estimates of status of survival probability for patients with
abnormal MDT and normal MDT. Patients with abnormal MDT were more likely to have pro-
gressive visual fieid loss than those with normai MDT (Fig. 4). The decrease of survival prob-
ability among patients with abnormal MDT compared with those with normal MDT was ap-
parent by the third year of follow-up.

At the end of the study period, 10/22 patients with initially normal MDT showed HFA pro-
gression while 30/40 of those with initially abnormal MDT showed HFA progression.

Discussion

Visual field defects in low tension glaucoma patients are usually bilateral and sometimes
both horizontal upper and lower hemifields are affected. The morphology and pathology of
this condition is unclear as is the speed and the rate of visual field progression. Progression
may continue for many years during a patient’s life time. The early prediction of progression
or survival of visual field is very important for glaucoma management but it is difficult to find
the best method to measure field progression. Our data have shown that 90% of eyes in this
study had no visual field progression in the first year. This did not mean that there was no
deterioration since small changes are difficult to detect by standard methods. With the aid of
motion sensitivity, we may improve our ability to predict which visual fields will progress. Our
results have shown that eyes with normal MDT had a longer survival time than those with
abnormal MDT.
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Analysis of the progression of visual field changes in low tension glaucoma

T. Ogawa, H. Suzumura, K. Yabuki, Y. Ohkoshi and T. Hama

Department of Ophthalmology, Tokyo Medical College Hospital, Tokyo, Japan

Abstract

Because not much is yet known about patients with low tension glaucoma who have progressive visual
loss, the authors retrospectively examined the prevalence of progression of visual field defects, and the
influence of intraocular pressure on progression, in patients with low tension glaucoma who had been
followed in their clinic for at least two years With ¢ test analysis, progression of visual field defects was
found in 25 of 47 eyes (53 2%), while linear regression analysis revealed progression in 25 of 42 eyes
(59.5%) There was no difference between those patients with progression and those without progression
in terms of age, incidence of disc hemorrhage, and various intraocular pressure indices Furthermore, no
statistically significant correlation was observed between the intraocular pressure indices and the regres-
sion slopes in those patients with progression as judged by linear regression analysis These results indi-
cate that progression of visual field defects occurred in just over one-half of the patients, and suggest that
intraocular pressure has little influence on such progression

Introduction

In 1857, Von Graefe noted that some patients had optic disc cupping and pallor despite
normal intraocular pressures. Since then, many studies have reported the characteristics of
visual field defects in low tension glaucoma (LTG)!, as well as differences in visual field defects
between LTG and high tension glaucoma?-4. However, not much is known about the prevalence
of progression and the ocular characteristics of progression in patients with LTG5,

In this study, we retrospectively analyzed visual fields measured by the Octopus 31 program
or the Humphrey 30-2 program to determine the prevalence of progression of visual field
defects in LTG and to study the effect of intraocular pressure on progression of visual field
defects in this disease.

Patients and methods

We studied 47 eyes of 26 patients with LTG whose visual fields had been examined for more
than two years. All patients had been treated with topical medical therapy for glaucoma but
had not undergone any laser treatment or surgery. Patients were seen at three-monthly intervals
in our outpatient department. At each visit, intraocular pressure was measured with the Gold-
mann tonometer and optic discs were assessed by slit-lamp biomicroscopy. Automated peri-
metry with the Octopus or the Humphrey analyzer was performed every six to 12 months.

Fulfillment of all of the following criteria was necessary for the diagnosis of LTG:

1. open angle;

2. intraocular pressure of 21 mmHg or less including diurnal variation;
3. glaucomatous disc cupping;

4. glaucomatous visual field defects; and

5. no other diseases affecting the visual fields.

Progression of visual field defects was identified by means of two different methods of
analysis as follows.
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Method 1

Initial and final visual fields in patients who were examined using the Octopus 31 program
were compared with the Delta program. Significant deterioration of the mean threshold of the
whole field or of pathological areas was defined as progression.

For patients tested using the Humphrey 30-2 program, final visual fields were analyzed by
mean defect (MD) change probability with STATPAC 2. Visual fields with significant deteri-
oration in MD were also defined as progression.

Age, intraocular pressure indices (maximum, minimum, range, mean, and standard devia-
tion), and incidence of disc hemorrhage in patients with progression were compared to those
without progression (unpaired 7 test and 2 test).

Method 2

Out of 47 eyes of 26 patients, 42 eyes of 23 patients whose visual fields had been examined
more than five times were subjected to linear regression analysis in order to estimate progres-
sion. Regression coefficients in patients who were examined by the Octopus 31 program were
obtained from the mean threshold per test point in dB for each region (whole field, four quad-
rants, and three eccentricities in the series mode of the Delta program) versus time in months.
Regression slopes were also calculated in the same manner in patients who were followed using
the Humphrey 30-2 program.

Based on statistical significance of the regression slopes (p<0.05) in the whole field and in
the seven defined regions, the trends in a sequence of visual fields were divided into three
categories: whole field progression, regional progression, and no progression.

Various intraocular pressure indices were compared between the three categories. In addi-
tion, correlation between the regression slopes and intraocular pressure indices for whole field
and regional progression categories were calculated in order to determine the influence of
intraocular pressure on progression (correlation coefficient, p value)®.

Results
Results with method 1

Forty-seven eyes of 26 patients (mean age 66.2 + 11.7 years; range 35-81 years) were fol-
lowed up for a mean of 49.0 + 14.3 months. Progression of visual field defects was judged to
have occurred in 25 of 47 eyes (53.2%); 14 of 23 eyes with the Delta program and 11 of 24
eyes with STATPAC 2. There was no difference between the groups with and without progres-
sion in terms of age, follow-up period, intraocular pressure indices, or incidence of disc hemor-
rhage (Table 1).

Table 1. Age, follow-up period, IOP indices, and incidence of disc hemorrhage in progression and no-pro-
gression groups

Visual fields with Visual fields with
progression no progression
(n=25) (n=22)
Age (years) 62.8+11.6 58.8+10.2
Follow-up (months) 49.6x14 5 48.7£14.4
IOP (mmHg)
maximum 18.1+ 2.0 173+ 20
minimum 10.6+ 1.7 10.4+ 1.6
mean 140+ 1.3 144+ 14
range 7.5+ 2.6 7.0+ 1.4
SD 1.9+ 0.4 1.8+ 0.3

Disc hemorrhage (eyes) 5 10
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Results with method 2

Forty-two eyes of 23 patients who underwent more than five consecutive visual field exami-
nations during the follow-up period were subjected to linear regression analysis. Twenty-three
eyes of 13 patients were followed up with the Octopus 31, and 19 eyes of ten patients with the
Humphrey 30-2. Patients (mean age 61.3 + 11.3 years) underwent a mean of 7.3 + 2.1 visual
field examinations and were followed up for a mean of 55.3 * 14.9 months.

Regression analysis of the whole field revealed a statistically significant negative slope in
seven eyes examined with the Octopus 31 and in three eyes examined with the Humphrey 30-2.
The mean slope was -0.062 + 0.032 dB/month, with a range of -0.016 to -0.148 dB/month, and
those eyes were considered to have progressive LTG (labeled whole field progression). Fifteen
eyes had statistically significant negative slopes in one or more of the seven regions but not in
the whole field, and those eyes were also considered to have shown progression (labeled re-
gional progression). Therefore, a total of 25 of 42 eyes (59.5%) showed some type of progres-
sion. Seventeen eyes did not have statistically significant negative slopes in either the seven
regions or in the whole field, and were labeled no progression. Furthermore, five eyes showed
statistically significant, although small, positive slopes in at least one of the seven regions, and
those eyes were included in the no progression category.

Table 2 displays a comparison of the three categories in terms of age, number of visual field
tests, follow-up period, incidence of disc hemorrhage, and various intraocular pressure indices.

Table 2. Age, number of visual field tests, follow-up period, IOP indices and incidence of disc hemorrhage
in whole field progression, regional progression, and no-progression groups

Whole field Regional No
progression progression progression
(n=10) (n=15) (n=17)
Age (years) 59.6£15 6 64.3+ 8.5 60.3+x10.7
No. of visual field r * 1
measurements 8.9 2.2 7.1 2.2 66x 1.5
Follow-up (months) 63.2+13.9 56.0£16.9 499+119
IOP (mmHg)
maximum 18 5+ 2.6 18.1+ 1.9 17.2+ 1.8
minimum 10.8%+ 1.6 10.9+ 1.8 10.0+ 1.4
mean 144+ 1.5 14.4+ 1.4 13.6% 1.1
range 7.7+ 2.7 7.1 2.2 7.2+ 19
SD 19 04 1.8+ 0.3 1.9+ 0.4
Disc hemorrhage (eyes) 4 5 6
*p<0.05

Table 3. The mean regression slopes of the three categories in the whole field and in the seven regions

Whole field Regional No
progression progression progression
(n=10) (n=15) (n=17)
| * |
Whole field -0.061+0.036 -0.028+0.037 -0 001+0.049
*
[ 1
Upper nasal -0.045+0.044 -0.026+0.061 -0.010+0.080
Lower nasal -0.077+0.059 -0.032+0.059 -0.002+0.087
*
( 1
Upper temporal -0.061+0.038 -0.025+0.054 -0.005+0.032
*
T 1
Lower temporal -0.050+0.054 -0.025+0.039 0.016+0.054
N |
0~10° -0.106+0.082 0.007+0.216 -0.024+0.080
*
10~20° -0.07lt|0.046 -0.035+0.027 -0.015:10.060
*
f 1
20~30° -0.047+0.033 -0.015+0.054 0.013+0.044

*p<0.05
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The mean regression slopes in each region for the three categories are listed in Table 3. There
was a difference in the number of field tests and the mean slopes but not in the intraocular
pressure indices.

The correlation between the regression slopes of each region and the intraocular pressure
indices were calculated to evaluate the effect of intraocular pressure on progression in the
whole field progression and regional progression categories. We did not find a reasonable
correlation in either (Table 4). There were statistically significant correlations between increas-
ing intraocular pressure and visual field improvement in a few categories, however, we dis-
missed these as spurious results.

Table 4 The correlation coefficients and p values between regression slopes and intraocular pressure
indices of whole field progression and regional progression groups. P values mean the level of significant
from zero

Whole field progression (n=10)

Maximum Minimum Range Mean SD
Whole r -0.192 0.126 -0 262 0.089 -0.203
field ) 0595 0.729 0.464 0.807 0.574
Upper r -0.048 0.091 -0.101 0.131 -0.220
nasal P 0.896 0.803 0.782 0719 0542
Lower r -0.178 0027 -0 189 0.086 -0.194
nasal P 0.622 0.094 0 600 0.814 0592
Upper r 0.044 0262 -0.114 0.225 0.095
temporal p 0.905 0465 0.754 0.532 0.795
Lower r -0 198 0.224 -0 326 0.046 -0 139
temporal p 0.584 0533 0.358 0.090 0.701
0~10° r -0.233 0.110 -0.292 0.065 -0.121
P 0.517 0.763 0413 0.866 0739
10~20° r -0 043 0186 -0.153 0.218 -0.066
P 0.906 0.607 0.673 0.545 0.857
20~30° r -0.209 0.086 -0.254 0.035 -0.291
r 0.563 0.813 0.478 0.923 0.415
Regional progression (n=15)
Whole T 0.327 0.386 -0 037 0.537 -0.230
field p 0.234 0156 0.897 0039 0410
Upper r 0.002 0174 -0.141 0.271 -0.315
nasal P 0.993 0.535 0.616 0.330 0.253
Lower r 0167 0171 0.002 0258 -0 152
nasal P 0.553 0.542 0.994 0.352 0.588
Upper r 0.089 0.133 -0.033 0.149 -0.117
temporal p 0753 0.637 0.907 0597 0.678
Lower r 0.574 0.610 -0.010 0.727 -0.070
temporal p 0.025 0.015 0.973 0.002 0.805
0~10° r 0.127 0.095 0.031 0.126 0.035
p 0.651 0736 0.913 0.656 0.903
10~20° r 0.198 0.085 0.100 0.239 0.068
P 0.479 0.763 0.724 0.390 0 809
10~30° r 0289 0.369 -0.056 0.544 -0.273
) 0297 0.176 0.843 0.036 0.324
Discussion

It is often difficult to judge whether visual fields have shown progression or not over a period
time, particularly in glaucoma patients. There are two ways in which to evaluate a change in
visual field; one is by ¢ test analysis and the other is by regression analysis. Analysis using the
t test has disadvantages, including long-term fluctuation, which may result in different out-
comes. In contrast, all perimetric data can be subjected to linear regression analysis, with the
trend in a sequence of visual fields being deduced by examination of the regression slope.
However, this method also has some disadvantages. More than five visual field tests are nec-
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essary to determine an accurate trend, and long-term fluctuation can also affect the results.

In this study, the prevalence of progression in LTG was examined using both methods. T test
analysis revealed progression in 25 of 47 eyes (53.2%). On the other hand, regression analysis
revealed progression in ten eyes (23.8%) when the whole field was examined, and in 15 addi-
tional eyes (35.7%) when the seven regions were examined. Therefore, a total of 25 of 42 eyes
(59.5%) analyzed by linear regression showed progression.

In comparison to our data, Chumbley and Brubaker? reported progression in 41% of 34 eyes
with LTG, while Anderton et al.6 observed progression in 40% of 56 patients using Goldmann
perimetry. Glicklich et al.” reported progression in 53% of patients at a three-year follow-up
and in 62% at a five-year follow-up using the Octopus. Nouredinn et al.® found progression in
37% of 168 eyes with LTG using the Humphrey analyzer. Each of these studies utilized different
methods from the ones we used for estimating progression.

The influence of intraocular pressure on the progression of visual field defects in LTG has
not been well delineated. Cartwright and Anderson!? reported that intraocular pressures were
higher in more seriously damaged eyes in patients with LTG whose eyes differed in degree of
disease severity. Ito et al.l! reported that intraocular pressure indices were higher in patients
with LTG who showed progression compared to those who did not. In contrast, Glicklich et
al.” and Nouredinn et al.8 found no difference in intraocular pressure between progression and
no-progression groups. We also found, in our study, that there was no difference in intraocular
pressure indices between progressive LTG and no-progressive LTG. Furthermore, among
patients with progression, no reasonable statistically significant correlation was observed be-
tween intraocular pressure indices and the regression slopes.

We conclude that, in our population of LTG patients, just over one-half showed progression
of visual field defects over a two-year period when data were analyzed by two independent
methods. Moreover, we found that progression of visual field changes in LTG did not correlate
with intraocular pressure within the confines of the study.
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Is diffuse visual field loss in low-tension glaucoma a prognostic indicator for
progression?
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Abstract

Diffuse field loss may be a sign of intraocular pressure-dependent damage in glaucoma, and therefore
a predictor of further progression in low tension glaucoma (LTG) patients. The authors studied the unin-
volved hemifield (13 upper and 37 lower) in 50 LTG patients (mean age 65.1 years; Humphrey Field
Analyzer, program 24-2) One masked observer retrospectively classified the uninvolved hemifield into
four groups (rormal (N) , localized loss (L), diffuse loss (D), combined diffuse and localized loss (DL)).
Two different masked observers assessed the same hemifield after a follow-up of 50 9+14.3 months (range
25-75 months) using pointwise linear regression analysis to define progression. There was no statistical
difference in the incidence of progression between the four groups (L=47.1%; D=46.2%; DL-50%;
N=40% progressed). The diffuse component of visual field loss in the uninvolved hemifield did not allow
prediction of further progression. The pressure dependence of diffuse loss in LTG remains questionable

Introduction

Low tension glaucoma (LTG) is defined as an optic neuropathy with typical glaucomatous
visual field loss in the absence of increased intraocular pressure (IOP). Whereas the pathogene-
sis and morphology of glaucomatous disc changes may be different between LTG and primary
open-angle glaucoma with increased IOP, e.g., high tension glaucoma (HTG), the pattern of
visual field loss in LTG is generally similar!.2, although some differences in localization (pre-
ponderance of the upper hemifield), eccentricity or depth of scotomata may exist3-6, Two differ-
ent types of visual field defects in HTG patients are characterized by automated static threshold
perimetry, the localized and diffuse type. The nature of these two different types is unknown,
but it is hypothesized that diffuse visual field damage is pressure dependent and localized
pressure independent!.7-8,

The mode of progression of visual field defects in HTG has been studied by various statistical
methods, but little is known about the progression of visual field defects in untreated LTG
patientss.9,

The presence of diffuse visual field loss in LTG patients at the time of diagnosis may be a
sign of intraocular pressure-dependent damage, and there for a strong predictor of further pro-
gression.

The aim of this study was to investigate this hypothesis.

Material and methods

Low tension glaucoma patients under the care of one of us (RAH) were selected from the
visual field database of Moorfields Eye Hospital Glancoma Unit. Our criteria for diagnosis of
LTG were:
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1. amean IOP of <21 mmHg and maximal IOP of <24 mmHg on two-hourly in-hospital 24-hour
intraocular pressure curves;

2. glaucomatous optic disc cupping and nerve fiber loss;

3. open angle by gonioscopy;

4. absence of any other ocular or neurological pathology®.

The average of the first two computerized visual fields (Humphrey Visual Field Analyzer
programm 24-2) was used to select LTG patients with absolute or advanced relative arcuate
scotoma in one horizontal hemifield and minimal visual field defects or normal visual fields
in the other (uninvolved) hemifield.

One masked observer (JS) retrospectively classified the uninvolved hemifield into four
different groups:

1. Localized defects only (L): (Fig. 1) A cluster of three or more but maximal six points
depressed >5 dB, or two points depressed >10 dB, or a nasal step consisting of 22 points
with >8 dB loss were present. In the cumulative defect curve!9, a typical drop at the right
hand side had to be observed. The mean defect in the hemifield (MD) did not exceed -2 dB,
if the points with localized defects were excluded.

2. Diffuse sensitivity loss (D): (Fig. 2) None of the above defined signs of localized loss were
present. The MD was <-2 dB with standard deviation of (SD) 23.0 dB. The range between
the point with minimal and maximal loss was <10 dB.

3. Combination of localized and diffuse loss (DL): (Fig. 3) Evidence for localized defects as
defined above. The remaining points (those not defined as locally depressed) fulfilled the
criteria for diffuse loss.

4. Normal hemifield (N): (Fig. 4) MD did not exceed -2.0 dB, and no evidence for localized
visual field defects was present.

According to the hypothesis, those visual fields in the D and L groups were regarded as being
at risk for further progression.

Fig. 1. Localized visual field loss: a 76-year-old female, right eye, lower hemifield: localized loss (nasal
step), mean defect 1.2+1.0 dB. Top Bebié’s curve shows an entire central field and lower curve shows an
uninvolved hemifield
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year-old female, right eye, upper : diffuse visual field loss, mean
curve shows the entire central field and lower curve shows the uninvolved
hemifield.

Fig. 3. Diffuse and localized field loss: a 71-year-old female, right eye, upper hemifield: diffuse visual
field loss with nasal step, mean defect -4.5+1.4 dB. Top Bebié’s curve shows the entire central field and
lower curve shows the uninvolved hemifield.
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Fig. 4. Normal hemifield: a 45-year-old male, left eye, lower hemifield: normal hemifield, mean defect
-0.7x1.4 dB. Top Bebié’s curve shows the entire central field and lower curve shows the uninvolved
hemifield

Fig. 5. Definition of progression. Pointwise linear regression analysis: more than two points in the hemi-
field show two consecutive significant negative slopes.
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Two masked observers (RAH, COB) retrospectively assessed the same hemifield after a
follow-up of at least two years to define progression using pointwise linear regression analysis®.
Linear regression analysis was performed on each tested retinal location in the selected hemi-
field.

At and from the third field onwards the sensitivity of each point in decibels was compared
with that of the previous field. A slope showing a change in sensitivity of less than 0.2 dB per
month was considered to denote stability. On the other hand, a slope showing a decrease in
sensitivity of more than 0.2 dB per month with a correlation coefficient of significance p<0.05,
was considered to denote progression in that specific point.

For the purpose of this analysis, progression in a visual hemifield was considered to have
occurred if at least the last two consecutive slopes of at least two tested locations were negative
(»<0.05) (Fig. 5). All other possibilities, including a single negative regression slope, were
considered to indicate a static field. The statistical analysis between the groups was performed
using a Mann-Whitney U test.

Results

Fifty low tension glaucoma patients (37 female; 13 male) with a mean age 65.1+8.9 years
(range 42-80) fulfilled the inclusion criteria. Neurological disease was ruled out in every case.
No patient was on any antiglaucoma treatment. A visual acuity of 6/9 (20/30) or better was
present in each eye, and no lens opacities existed at the time of visual field testing. Only one
eye per patient (18 right, 32 left) was used for further statistical analysis. All patients were
experienced in automated static perimetry and had at least eight computerized visual fields
(mean 13.8+3.3; range 8-21) over a mean follow-up period of 50.9+14.4 (range 25-75) months.
In the majority of the eyes (37, 74%) the lower, and in 13 patients the upper uninvolved hemi-
field was analyzed. Seventeen patients (34 %) had localized defects only (L), 13 (26%) diffuse
visual field loss (D) only, ten (20%) a combination of localized and diffuse loss (DL) and ten
patients (20%) had a normal (N) uninvolved hemifield (Table 1). There were no statistical
differences between the groups regarding patient age, number of visual field tests or length of
follow-up. However, due to the definition of the groups, there were significantly (p<0.0001)
larger mean defects (MD) in the groups with diffuse (D) and with combined diffuse and local-
ized (DL) loss as compared to those with localized loss (L) and normal (N) hemifield. In
addition, SD of the MD was significantly larger (p<0.005) in the group with combined diffuse
and localized loss (DL) compared to the normal (N) and the localized loss (L) groups, but not
to the group with diffuse loss (D).

Table 1. Pattern of visual field loss in the uninvolved hemifield in four different groups

Parameter Localized Diffuse Combined Normal
(L) (D) (DL) (N)
n= 17 13 10 10
Patients’ age 67.1 + 8.2 63.4 + 8.5 64.6 £ 6.1 64.3x12.8
No. of fields 13.6 + 3.3 142 + 43 132 + 29 14.1x 2.7
Follow-up (months) 50.6 +12.7 52.4 +14.9 45.6 142 54.7£17.3
Mean defect (MD) -0.39+1.11 -3.98+1.25 -4.02+0.95 0.15+1.54
SD of MD 1.45+0.36 1.66 +0.46 1.92 +0.40 1.40+0.24
% Progression 47.1 46.2 50.0 40.0
mean t SD

Eight of 17 patients (47.1%) with localized defects only (L), 6/13 patients (46.2%) with
diffuse visual field loss (D), 5/10 (50%) patients with combined diffuse and localized sensitiv-
ity reduction (DL) and 4/10 patients (40%) with normal (N) uninvolved hemifields showed two
or more points with significant progression on linear regression analysis. These differences in
the incidence of progression between the four groups were not statistically significant. If those
23 eyes which progressed were compared with those 27 which did not (Table 2), two significant
differences were observed: the group with progression had on average more field tests (p<0.05)
and the longer follow-up (p<0.0001). However, there was no difference in mean age or amount
of visual field damage in the uninvolved hemifield at presentation.
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Table 2. Progression versus non-progression in the uninvolved hemifield

Parameter Progression Non-progression Significance
ns= 23 27 NS
Patients” age 645 + 8.0 655 + 9.6 NS

No of fields 14.7 £ 3.0 129 = 34 p<0.05
Follow-up (months) 59.1 +12.5 439 £12.3 p<0.0001
Mean defect (MD) -1.97+2.26 -1.91£3 20 NS

SD of MD 156 %034 1.62 +0.47 NS

NS: not significant (p>0.1)

Discussion

Visual field defects in low tension glaucoma (LTG) patients at the time of diagnosis are
usually bilateral and frequently advanced relative or absolute, often involving both horizontal
hemifields. However, a substantial subgroup of LTG patients has at least one spared or "unin-
volved” hemifield. We deliberately selected those patients from a large database of LTG visual
fields to investigate retrospectively the predictive value of diffuse visual field loss.

In primary open-angle glaucoma with increased intraocular pressure, i.e., high tension glau-
coma (HTG), those patients with predominantly diffuse damage are reported to be significantly
younger and to have a tendency for higher peak IOP than those with localized damage’8. In
HTG patients a direct correlation between the level IOP and the rate of visual field loss also
exists!!,

If matched pairs of HTG and LTG patients are compared, eyes with HTG showed twice as
much loss of sensitivity in the spared hemifield as compared to eyes with LTG!. However, this
separation is not complete and between 1/4 to 1/3 of patients with LTG exhibit more diffuse
damage than their matched HTG pair12.13,

In this selected group of LTG patients, almost half the patients (23/50, 46%) had evidence
of diffuse visual field loss in the uninvolved hemifield; 13/50 (26%) patients had pure diffuse
loss of sensitivity, and another 10/50 (20%) a combination of diffuse and localized loss. This
higher incidence may be due to patient selection. However, the overall rate of progression
(23/50,46%) in this group of untreated low tension glaucoma patients lies well within reported
figures2:9:14, As also reported previously!4, a strong correlation between length of follow-up
and incidence of progression exists. The diffuse component of visual field loss in the unin-
volved hemifield did not allow prediction of further progression, as the same percentage of
patients in each subgroup progressed. However, this does not indicate that diffuse visual field
damage is not pressure dependent, as it is unlikely that localized and diffuse damage, as well
as the mechanisms responsible for damage to the optic nerve in glaucoma are independent!3.
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Does glaucomatous visual field loss continue despite surgically subnormal 1I0P?
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Abstract

Intraocular pressures (IOPs) in the normal range of 11 to 21 mmHg are safe for humans without glau-
coma. Several studies have shown that 40% or more of patients with glaucoma continue to lose visual
field after trabeculectomy despite IOPs in this normal range. The published rates of loss appear to be
lower if the average IOP is below 16 mmHg This suggests that subnormal IOPs (<11 mmHg) could be
beneficial. Achievement of subnormal IOPs entails significant visual risk In order to evaluate the useful-
ness of attaining subnormal IOPs, visual fields were examined in 14 post-trabeculectomy eyes which had
IOPs that never exceeded 12 mmHg for at least three years (and 85% of IOP readings were 10.5 mmHg
or less) and had both reliable visual fields and stable visual acuity during the follow-up period. No eyes
that met these conditions were excluded Eight of these eyes had advanced glaucoma (Aulhom stage III
or IV) and three others were diagnosed as having normal pressure (low tension) glaucoma. A retrospective
analysis of visual fields was performed using six different sets of criteria for visual field loss. There were
large discrepancies across the criteria, which appear to be due to failure to account adequately for test-
retest variability. Considering all factors, 93% of eyes with stable subnormal IOPs (7 5 * 14 mmHg)
achieved stability of visual field at a mean follow-up of 46 + 8 months

Introduction

It is known that some patients with glaucoma who have undergone "successful” filtration
surgery continue to lose visual field despite intraocular pressures (IOPs) in the normal range
of 11 to 21 mmHg. It is not clear why these patients progress. Recently, the American Academy
of Ophthalmology, Glaucoma Panel!, tabulated data from six studies of glaucoma filtering
surgery, and noted that there appeared to be ”a rough dose-response curve for the effect of IOP
on stabilization of visual field defects”. They concluded that prognosis for patients with ad-
vanced glaucoma could be improved by surgical achievement of subnormal pressures.

Results of a more complete review of the literature on IOP and field loss after glaucoma
filtering surgery are shown in Fig. 1 and Table 1. We found 14 articles?-15 between 1939 and
1991 which reported follow-up data on glaucoma surgery, giving both mean IOP at the end of
the follow-up period and percentage of patients who had further progression of field defects
after surgery (three studies reported data for more than one patient group, bringing the total
number of data points to 19). Since most studies reported data from a small number of patients,
the accuracy of the percentage estimates is generally low. Therefore, the 95% confidence limits
for percentages based on the binomial distribution’é are shown for each data point. Linear
regression shows that IOP accounts for only 19% of the variance in the data, but there is a
significant tendency for progression to be less at lower IOPs (r=0.44, p<0.05). This supports
the idea that subnormal IOPs may prevent progression of field loss.

While results of the AAO tabulation! and our own literature review?-15 are consistent, the
high variability across studies means that the results are difficult to interpret. First, for many
studies the criteria for field loss are not defined clearly, and for those with a clear definition it
appears that some authors used quite strict criteria for field loss while others used much more
lenient criteria. Second, for most of the studies, with the notable exception of Chandler’s 1960
Gifford lecture$, the pressure is simply reported as the IOP at the time of the final field in the
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Fig. 1. Results of studies listed in Table 1 Percentage of patients with field loss after surgery is plotted
as a function of mean IOP at the end of the follow-up period Error bars show the 95% confidence limits
for the accuracy of the percentage estimate, based on the binomial distribution. The regression line has
an x-intercept (where presumably no patients have visual field loss) at 10.7 mmHg, and the tendency to
less loss at lower IOPs is significant (r=0.44, p<0 05)

follow-up period. Therefore, some patients must have had higher pressures than the mean for
the group, and even for patients with low pressures at the end of the follow-up period there
could have been periods of abnormally high pressure after surgery before the final pressure
was obtained. Thus, the field loss could be due to pressures much higher than those indicated
by the final IOPs.

Since subnormal IOPs are achieved at significant visual risk, it would be useful to know if
subnormal IOPs are needed to prevent progression of field loss. A definitive answer to this

Table 1. Summary of literature on progression of field loss after trabeculectomy The first column gives
the integer identifying the study in the list of references

Study No years of No. of No. Mean %
No. follow-up eyes progressed  IOP progressed
2 5 252 38 13.3 15
3 5 33 2 14.4 6
4 3 24 6 15 25
5 5 50 9 154 18
6 26 15 4 15.6 27
7 4.4 22 2 15.7 9
8 3 62 4 16 7
9 4 95 12 16 13
9 20 29 10 16 35

10 3.5 24 10 16 42

11 5 54 15 16.9 28

12 5 48 24 17 50

13 ? 20 13 172 65

14 4 42 15 173 36
9 5 102 17 18 17

15 5 31 9 18 29
8 20 36 10 187 28
9 5.5 22 4 19 18
3 5 19 11 191 58
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question can only be obtained by a large prospective study. At this point we asked a simpler
question: does achievement of subnormal IOP prevent progression of field loss? The answer
to this question cannot determine whether subnormal IOPs are necessary to prevent progression
of field loss, but can show if they are sufficient.

Methods

General

We examined charts of all patients (646 eyes) who had undergone trabeculectomy at the
Glaucoma Associates of Texas in the years 1986 through 1989. Criteria for inclusion in the
study were written down before the selection began. The first criterion was that once IOP was
stabilized after surgery, it must have remained 12 mmHg or less for at least three years. The
surgeon was allowed to manipulate IOP in the early postoperative period. Once IOP was sta-
bilized, every subsequent IOP measurement was examined. Second, it was required that IOP
remained 10.5 mmHg or less for at least 85% of the measurements. Third, during this period
of stable subnormal IOP, there must have been two or more reliable fields spanning a period
of at least three years, using the same program and machine. Fourth, for phakic eyes Snellen
visual acuity must not have decreased by more than two lines during the course of the study.
Patients who underwent uncomplicated cataract surgery during the follow-up period were in-
cluded if IOP requirements were met. Fifth, the first postoperative visual field must have had
a defect characteristic of glaucoma.

All kinetic fields were administered by a single highly trained perimetrist using a Goldmann
perimeter. Standard isopters!’ were used until the separation between isopters exceeded 10°,
then intermediate isopters were plotted using the a,b,c or d density filters with the base size
and intensity of the outer isopter. Occasionally, negative comments regarding reliability or
fixation loss were written on the field chart by the perimetrist. When these occurred, they served
as the only basis for rejecting kinetic visual fields as unreliable. The absence of negative re-
marks has long signified this perimetrist’s satisfaction with the patient’s performance.

Kinetic isopters should ideally represent the line between zones in which a given test object
is seen and zones in which the object is not seen. Because the location of the line is usually
obvious from the data points which determine it, we choose to omit the line or else draw it with
a fine-pointed pencil. This policy provides a better idea of the number and distribution of data
points which define the isopter. This practice enabled us to include in our personal criteria the
requirement that an isopter can be considered to have changed only if at least three data points
in a single quadrant were displaced.

Kinetic isopters plotted by random presentations occasionally produce a single isopter shift
of 5° or more which reverses itself on subsequent testing!8. This fluctuation is much less
frequent when the indentation is also present in the same quadrant on two more isopters. This
personal requirement is not currently echoed in the literature, partly because most perimetrists
are not required to produce isopters which are no more than 10° apart.

All static visual fields were obtained on the Humphrey Visual Field Analyzer, with either the
30-2 or 10-2 programs, and test object sizes either III or V. There were therefore four types of
fields, using one of the two programs and one of the two test objects. When the standard
monitors of fixation loss, false positives or false negatives resulted in a double x along with
the standard warning about reliability, the field was rejected for the purposes of the study.

The records of fields for qualified patients were reviewed using six sets of criteria for visual
field loss in three categories: kinetic and static, kinetic-only and static-only. Each category had
two elements: an author-derived set of criteria and a literature-derived set of criteria. For each
patient, the first and last fields from the period of stable subnormal IOP were compated, using
as many sets of criteria as were applicable. All criteria were selected and written down before
any fields were analyzed.

Kinetic and static category
Criteria set 1 (author-derived): This was based on the physician’s notes during the period

of stable subnormal pressure. If at any time the physician noted that there was a change in the
field requiring a change in treatment, this was considered a progression of field defect.
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Criteria set 2 (literature-derived): This was a much more lenient criterion, selected from the
literature!!: a field was considered to have progressed only if it had changed from one Aulhorn
stage to a higher one. Aulhorn stages are described in detail elsewhere!?, and are listed briefly
in Table 2.

Table 2. Aulhorn stages for glaucomatous visual fields (see reference!9 for detailed descriptions)

I Relative defects of the Bjerrum area

II Spot-like and arcuate absolute defects in the Bjerrum area, with no connection to the blind spot

III Bjerrum scotomas (absolute arcuate scotomas connected to the blind spot) Sometimes with a
band-like nasal breakthrough into the periphery

v Extensive ring-shaped or half ring-shaped absolute defects in the paracentral visual field area
(up to 30°), leaving a central island of sensitivity

v Central island collapsed, leaving only the remains of the temporal visual field

Kinetic-only category

Criteria set 3 (author-derived): A kinetic field was considered to have progressed if any one
of four conditions was met:

a. An isopter surrounding visualized space had at least three points in a single quadrant which
decreased by at least 5°, and this was confirmed on two or more other contiguous isopters
(no more than one normal isopter between the three). For these confirmatory isopters, if they
fell within 20° of fixation then a 3° change was confirmatory.

b. A new scotoma developed for which two isopters (separated by at least 5 dB or one standard
size step) were plotted inside the scotoma.

c. A prior relative scotoma increased in depth, with the center deepening by at least 5 dB or
one standard size step.

d. Any isopter used to plot a prior scotoma enlarged by at least 5° along any axis.

Criteria set 4 (literature-derived): The set of criteriall considered the field to have progressed
if any one of four conditions was met:
a. deepening of a scotoma by 5 dB or more;
b. change of a scotoma from relative* (I-3-e or dimmer) to absolute (I-4-e or larger);
c. widening of a scotoma by 5° or more (same isopter for both fields),
d. widening of a nasal step or other peripheral defect at any spot by 5° or more in any standard
isopter.

Static-only category

Criteria set 5 (author-derived): This set of criteria was designed to be applicable to all fields
gathered with test objects III or V, using programs 30-2 or 10-2. In comparing any two fields,
changes between tests were defined in terms of the mean RMS value for the two fields (the
square root of the mean of the squares of the two short-term fluctuation values). Three criteria
were used: 3, 4.5 or 6 RMS units. Since the field values are reported in dB units the change
was always an integer, while the criteria often were not. Therefore, a given criterion was
rounded to an integer using the following rule: if the remainder was 0.2 or less it was rounded
down, otherwise it was rounded up. For the 30-2 program, points on the edge were excluded
to avoid lens rim artifacts. The field was considered to have progressed if either of two condi-
tions were met:

a. three or more points, each reduced by at least 3 RMS units, formed a cluster (e.g., were
contiguous vertically, horizontally or diagonally);

b. any single point was reduced by at least 4.5 RMS units on one of the two most recent fields,
and the same location was also reduced by at least 3 RMS units on the other of the two most
recent fields. If there were only two fields during the study period, then the individual data
point must have been reduced by 6 RMS units in the final field.

*Reference 10 did not define "absolute scotoma” Authorn!® defines absolute defects as not seeing test
object I-4-¢, arguing that larger objects will be too large to detect « small scotoma, and brighter objects
will be too large due to scattered light. Using I-4-e as absolute, in order for a change from relative to
absolute to be at least 5 dB, the relative scotoma could not be deeper than I-3-e.



Table 3. Patients with subnormal pressures in the current study

ID No.  Eye Age at Highest Diagnosis Stage Field Follow-up  Post-op IOP Set of criteria for evaluating progression
surgery pre-op IOP (months) mean 1 SD
(years) (mmHg) (mmHg) 1 2 3 4 6
1 oS 77 25 MXMG v 10-2/V 49 72 . .
3 oS 62 24.5 POAG v 10-2/111 37 812 . .
2 oS 64 25 CACG v 30-2/V 48 5+1 . .
4 (O} 69 22 POAG v 30-2/v 38 9+1 . .
12 (O} 72 24.5 POAG 11714 30-2/111 45 843 . . .
12 oD 71 29.5 POAG I/Iv 30-2/111 54 642 . . .
13 oD 75 21 NPG/MXMG I 30-2/111 44 9+1 . . .
7 OD 60 24 MXMG v kinetic 46 7+1 . . .
11 OD 62 22 POAG I kinetic 36 9+t . . X
5 OD 81 28 POAG II kinetic 39 9+2 . X X
6 oS 17 31 POAG II kinetic 43 5+2 . X X
8 OD 54 22.5 NPG 11 kinetic 60 8+2 . . .
9 OD 56 19.5 NPG II kinetic 53 72 . . X
10 OD 81 17 CACG 1I kinetic 57 8+2 X X

POAG: primary open angle glaucoma; CACG: chronic angle closme.glaucoma; NPG: normal pressure glaucoma; MXMG: mixed mechanism glaucoma. For the six sets
of criteria, X indicates progression, a circle (<) indicates no progression. When there 1s no mark, the set of criteria was not applicable to the type of field with which the

patient was tested
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Criteria set 6 (literature-derived): For automated static perimetry, the only sets of criteria
in the literature for the Humphrey Visual Field Analyzer that we were able to find were exclu-
sively for the 30-2 program with spot size. Therefore, only three of the seven eyes tested with
static perimetry could be evaluated with literature-derived criteria. Of the published criteria
for automated static perimetry, we used the criterion of a cluster of three non-edge points which
all had black triangles on the STATPAC 2 analysis20.

Results

Out of the total of 646 eyes reviewed, only 14 eyes of 13 patients met all the qualifications.
Characteristics of these eyes are listed in Table 3. Seven of these eyes had primary open angle
glaucoma (POAG), three had normal pressure glaucoma (NPG), two had chronic angle closure
glaucoma (CACG), and two had mixed mechanism glaucoma (MXMG). Only one eye (ID No.
12 OS) required glaucoma medications after surgery. For each eye, the first field in the series
was classified according to the Aulhorn stages for degree of field damage!9, listed in Table 2.
Four eyes had stage IV fields, two had fields intermediate between stages III and IV, two had
stage III fields, five had stage II fields, and one had a stage I field. Five eyes had cataracts
removed between the first and last fields in the series; for only one patient (ID No. 5) did acuity
improve by more than two lines between the first and last fields. Seven eyes had been followed
with manual kinetic perimetry (7 to 9 isopters, kinetic and static testing), and seven had been
followed with automated static perimetry. The range of duration of the follow-up period was
36 to 60 months (mean +1 SD =46.3 + 7.6), and 12 of 14 eyes have maintained stable subnormal
IOPs to the present. The mean IOPs for each patient ranged from 5 to 9 mmHg (mean +1 SD
=7.5+1.4).

Results of applying the six sets of criteria are shown in Table 3. For none of the eyes did
criteria Nos. 1 or 2 indicate progression. The two sets of criteria in the kinetic-only category
did indicate progression, with three of seven fields scored as having progressed by the author-
derived set (No. 3) and five of seven for the literature-derived set (No. 4). For the static-only
category, the author-derived set (No. 5) scored one of seven eyes as having progressed, while
the literature-derived set (ID No. 6) did not find progression in any of the three eyes to which
it was applicable.

To determine the reasons for the discrepancies between the physicians’ judgments as re-
corded in the chart (No. 1) and the judgments from the written sets of criteria (Nos. 3 to 6),
each of three physicians (JRL, RLF and RJS) independently examined all fields from the charts
for eyes for which discrepancies existed. In all but one eye (No. 6 OS), all three physicians
concluded that the differences between the first and last fields fell within expected fluctuations
for that patient. For that one eye, one of the three physicians felt that the change could not be
accounted for by test-retest variability. In general, the discrepancies appear to be due to the
fact that in the written criteria information on test-retest variability was not always obtained
or sufficiently utilized.

Discussion

To our knowledge, this is the first report of post-trabeculectomy visual field changes in
patients whose IOPs have remained subnormal during the entire follow-up period. This result
is difficult to attain, and we were able to find only 14 eyes which had a period of at least 36
months in which IOP was stable and subnormal (never greater than 12 mmHg, and 10.5 mmHg
or less for at least 85% of the measurements), and appropriate visual fields were both available
and reliable. Ideally, visual fields should have been repeated more often, since many eyes which
would otherwise have qualified did not have enough fields. Eleven of the 14 eyes had either
severe field loss or normal-pressure glaucoma.

For all 14 eyes, review of the charts showed that at no point during the follow-up period did
the physician note a field change requiring a change in treatment, and in our careful examina-
tion of all of the field data we only found evidence of progression in a single eye. These data
suggest that achievement of stable subnormal pressures can prevent progression of visual field
loss. With such a small sample, it is not possible to predict precisely the percentage of a larger
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population with stable subnormal pressures which would be expected to have field loss. Statis-
tical analysis of our small data set places confidence limits on the estimated percentage which
will have loss!6. Based on one of the 14 eyes progressing, there is a 5% chance that in a large
population the percentage showing progression would be as high as 34% or as low as 0.2%.
Therefore, it is possible that, in a larger sample of patients with stable subnormal IOPs, a
significant fraction would show further visual field loss. Nonetheless, it is clear that in the large
majority of cases progression was halted.

We attempted to use fixed written criteria to evaluate the percentage of eyes with field loss,
but for kinetic fields found that this was less accurate than relying on the physician’s judgment
recorded in the charts. The primary problem was the lack of a well-defined method for including
information about test-retest variability. The standard procedures for evaluating progression
over a series of static fields could not be used for many patients, whose advanced glaucoma
required use of spot size V and/or program 10-2. This necessitated development of author-
derived criteria for evaluating these fields. For this small sample of fields the author-derived
criteria were in good agreement with the clinical judgment, but these criteria have yet to be
validated on a large patient population.
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Long-term visual field follow-up in betaxolol- and timolol-treated patients
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Introduction

The long-term influence of B-blocker treatment on visual function has not been well docu-
mented. The evidence that $-blockers may provide a favorable effect on visual field in glau-
coma suspects is controversiall-3, and the possibility that selective and non-selective f-blockers
have different effects on vision has not been well explored. The three present studies were
conducted to examine long-term effects of B-blockers on visual field. Two studies compared
B-1 selective (betaxolol 0.5 %) versus non-selective (timolol 0.5%) f-blocker treatment in glau-
coma patients. These two studies are referred to here as the Basel Study and the Liége Study.
The third study was designed to examine whether betaxolol has a favorable effect in preventing
or delaying visual field loss in ocular hypertensive subjects; this study is referred to as the Paris
Study. For the Basel and Liége studies, preliminary reports have been published*-¢.

Subjects and methods

Patients who met the following criteria were enrolled:
a. IOP 224 mmHg;
b. early glaucomatous field defect; and
c. clinical evidence of glaucomatous optic nerve head damage.

Patients with systemic diseases or contraindications to -blocker treatment were excluded.
Patients were on no other local or systemic medication. All patients were from the outpatient
glaucoma service of the University of Basel Eye Clinic, and gave informed consent. Forty
patients were initially enrolled.

Examinations included slit-lamp biomicroscopy, ophthalmoscopy, IOP measurement with
the Goldmann tonometer, blood pressure measurements in a sitting position, and perimetry
with program G1 on an Octopus 201. All visual fields were performed by the same perimetrist
on the same instrument under uniform conditions.

Patients who met the entry criteria underwent a two-week washout period, during which all
previous glaucoma medication was discontinued. At the end of this two-week period, a baseline
examination was performed. Patients were then randomly assigned, in a double-masked fash-
ion, to bilateral BID treatment with either betaxolol 0.5% or timolol 0.5%. Follow-up exami-
nations were performed three, six, 12, 18, 24, and 30 months after initiation of treatment.

Liége study

Primary open-angle glaucoma patients without concomitant ocular or systemic disease were
enrolled. Patients underwent a 15-day washout period for any ocular hypotensive drugs, and
were then randomly assigned to receive either betaxolol 0.5% or timolol 0.5% BID in both
eyes. Both the patient and the observer were aware of the treatment assignment. All patients
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were from the glaucoma service of the University of Liége Eye Clinic, and gave informed
consent. Twenty patients were initially enrolled.

Examinations included IOP measurement with a Goldmann applanation tonometer, and peri-
metry with program G1 of the Octopus 2000R instrument. All IOP measurements were made
by the same observer, and all visual fields were performed by the same perimetrist on the same
instrument. Examinations were performed at baseline (after the 15-day washout period), and
at three, six, 12, 24, and 36 months after initiation of treatment.

Paris study

Patients with ocular hypertension (IOP 221 mmHg) and no glaucomatous visual field defect
were eligible for enrollment. Patients were either currently untreated or washed off existing
ocular hypotensive therapy before the start of the study. Patients with systemic diseases or
contraindications to p-blocker treatment were excluded. Patients were on no other local or
systemic medication. All patients were from the glaucoma service of Hopital St. Joseph, Paris,
and gave informed consent. One hundred and thirty patients were initially enrolled.

Examinations included slit-lamp biomicroscopy, ophthalmoscopy, IOP measurement with
the Goldmann tonometer, blood pressure measurements in a sitting position, and perimetry with
program G1 of an Octopus perimeter. All visual fields were performed by the same perimetrist.

After a baseline examination, patients were randomly assigned, in a double-masked fashion,
to receive either betaxolol 0.5% or placebo (vehicle solution) BID in both eyes. Follow-up
examinations were performed at six, 12, 18, 24, 30, 36,42, 48, 54, and 60 months after initiation
of double-masked treatment.

Results
Basel study

Patient demographics are shown in Table 1. Of the 40 patients initially enrolled, four patients
discontinued treatment during the first 18 months of the study. Three patients discontinued
from the timolol group, two for personal reasons and one because of a newly developed
bronchial asthma. One patient in the betaxolol group discontinued treatment because of a sting-
ing sensation upon eyedrop instillation. Seven other patients dropped out after the first 18
months of treatment. Of the five who discontinued from the timolol group, three showed a clear
tendency toward deterioration of the visual field. Both the two dropouts from the betaxolol
group were for personal reasons, and both had stabilized IOP and visual function.

Table 1. Patient demographics: Basel study

Betaxolol-treated Timolol-treated
patients patients
No. of eyes 34 24
No of patients 17 12
Gender (M/F) 13/4 6/6
Age (years) +SD 67.629.4 66.7+:10.4
Baseline mean IOP
(mmHg) +SD oD 21.4%5.0 22.4+ 4.7
os 21.5%3.6 21.6+ 4.0
Baseline mean MS
(dB) +SD OD 24.5+3.4 237+ 2.7
oS 23.7+3.9 243+ 2.2

Fig. 1 shows the mean IOP data for each treatment group during the 30-month follow-up
period. The decrease in IOP was more pronounced in the timolol group during the time course
of the study. The difference at 30 months was not statistically significant when compared with
an unpaired ¢ test.

Fig. 2 shows the averaged values of the visual field index mean sensitivity (MS) during the
30-month follow-up period. For both treatment groups, the visual fields improved during the
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Fig. 1. Mean IOP (+ SEM) during the 30-month follow-up period in glaucoma patients treated with betax-
olol or timolol in the Basel study
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Fig. 2. Averaged values of visual field mean sensitivity (+ SEM) during the 30-month follow-up period
in glaucoma patients treated with betaxolol or timolol in the Basel study.

first six to 12 months and were then relatively stable during the remainder of the 30-month
follow-up. The patients in the betaxolol group had a more pronounced improvement in the
visual fields than did those in the timolol group.

Liége study

Patient demographics are shown in Table 2. Of the 20 patients initially enrolled, one dropped
out for personal reasons. Nineteen patients were followed for 36 months.

Table 2. Patient demographics: Liége study

Betaxolol-treated Timolol-treated
patients patients
No. of eyes 18 20
No. of patients 9 10
Age (years) *SD 65 (57-75) 60 (49-70)
Baseline mean IOP
(mmHg *+SD) 23.1+3.4 23.3+3.4

Baseline mean MS
(dB) +SD 25.2+4 1 25.1+3.1
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Fig. 3 Mean IOP (+ SEM) during the 36-month follow-up period in glaucoma patients treated with betax-
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Fig. 4. Averaged values of visual field mean sensitivity (+ SEM) during the 36-month follow-up period
in glaucoma patients treated with betaxolol or timolol in the Liége study.

Fig. 3 shows the mean IOP data for each treatment group during the 36-month follow-up
period. Throughout this period, the IOP decrease was approximately 2 mmHg greater with
timolol treatment than with betaxolol treatment. This difference was not statistically significant.

Fig. 4 shows the averaged visual field values (MS) during the 36-month follow-up period.
In the timolol group, MS decreased by approximately 0.5 dB at all examinations. In the betax-
olol group, MS decreased by 0.2 and 0.3 dB at the three and six-month examinations, respec-
tively. However, there was a statistically significant increase in MS in the betaxolol group at
the 12, 24, and 36 month visits. The increases seen in the betaxolol group were statistically
different from the decreases observed in the timolol group at the same time period.

Paris study

Patient demographics are shown in Table 3. Of the 130 initially enrolled, eight patients did
not complete at least six months on the study regimen and were dropped from the evaluation.
Additionally, 13 patients jdentified as having not met the entry criteria were dropped.

Fig. 5 shows the mean IOP data for each treatment group during the 60-month follow-up
period. The mean IOP was always lower in the betaxolol group than the placebo group during
the treatment period. The IOP difference between groups was statistically significant at months
12, 18, 24, 30, 42, 54, and 60.
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Fig. 5. Mean IOP (+ SEM) during the 60-month follow-up period in ocular hypertensive patients treated

with betaxolol or placebo in the Paris study.

Table 3. Patient demographics: Paris study

Betaxolol-treated

Placebo-treated

patients patients

No. of eyes 103 107
No. of patients 53 56
Gender (M/F) 26/27 23/33
Age (years) £SD 52.3x12.8 55.4+10.1
Baseline mean IOP

(mmHg) +SD 222+ 3.4 21.8£ 32
Baseline mean MS

(dB) +SD 268+ 14 26.3+ 1.5

Fig. 6 shows the averaged visual field values (MS) during the 60-month follow-up period.
Mean sensitivity was not statistically different at baseline for the two treatment groups. During
the treatment period, there was a tendency for MS to decrease in the placebo group compared
to the betaxolol group. This MS difference between groups became statistically significant at
36 months (p<0.05), and was statistically significant at 48 months (p<0.01), 54 months

(p<0.05) and 60 months (p<0.01).
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Fig. 6. Averaged values of visual field mean sensitivity ( SEM) during the 60-month follow-up period
in ocular hypertensive patients treated with betaxolol or placebo in the Paris study.
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Discussion

In both studies comparing selective versus non-selective p-blocker treatment in glaucoma
patients, the effect on visual fields was better for betaxolol-treated patients than for timolol-
treated patients. The more favorable visual field effect of betaxolol was seen despite better IOP
control in timolol-treated patients.

In the Basel study the improvement in visual field mean sensitivity, which was significant
through 18 months of treatment?, was no longer statistically significant at 30 months. It should
be noted, however, that three of the five dropouts in the timolol group showed a clear tendency
toward visual field deterioration, whereas the dropouts in the betaxolol group all had stable
visual function. We may therefore assume that the difference in visual function would have
been larger had these dropouts been included.

The more favorable visual field effect seen with betaxolol, despite the more pronounced IOP
reduction seen with timolol, indicates that factors other than IOP alone play a role in visual
function preservation. While the mechanisms responsible for visual field survival cannot be
explained by the present data, it is possible that a selective -1 blocker such as betaxolol may
have a better influence on the circulation of the optic nerve head than a non-selective p-blocker.
Recent studies which measure what has been called ocular pulsatile blood flow7:# report that
glaucoma patients tend to show decreases in this blood flow parameter while on timolol treat-
ment but increases while on betaxolol treatment. Using another hemodynamic technique, Spon-
sel and his colleagues recently reported strong associations of better visual function with more
rapid retinal leukocyte velocity in betaxolol-treated patients, but no such associations in
timolol-treated patients®.

The visual field data in the Paris study suggest that betaxolol treatment may provide a pro-
tective visual function effect in ocular hypertensive patients. The mean sensitivities signifi-
cantly decreased in placebo-treated patients compared with betaxolol-treated patients, whose
visual field sensitivities remained relatively stable throughout the 60-month period. Previous
studies of the effect of timolol treatment in ocular hypertensives have reported conflicting
results!-3. The advantage of the present investigation is that standard automated perimetry was
used from the start of the study, allowing for more quantitative comparisons.

The studies reported here support the idea that a B-1 selective B-blocker such as betaxolol
may have a more favorable effect on visual field preservation than non-selective fi-blockers.
Further work is underway to confirm these results, to explore the differences between selective
and non-selective B-blocker effects on ocular blood flow, and to study the relation of ocular
blood flow to visual function.
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A long-term visual field evaluation of glaucoma patients treated topically
with timolol or carteolol

Aharon Wegner, Ian A. Ugi and Hans Hofmann

Department of Ophthalmology, Technical University of Munich, Munich, Germany

Abstract

Eighty-seven eyes of patients with chronic open angle glaucoma treated with a topical non-selective
B-blocker medication for from four to over ten years were examined in a retrospective study to evaluate
the effectiveness of the therapeutic approach on visual field loss According to the topical medication
received for lowering the IOP to a value of under 22 mmHg, the patients were assigned to one of two
groups: 55 eyes received timolol monotherapy, 32 eyes received carteolol monotherapy Patients’ visual
fields were evaluated at the beginning and the end of the observation period (Octopus 201 Program 31 or
Octopus 500 Program G1) and a yearly visual field loss in each quadrant was calculated. There was no
significant difference in visual field deterioration between the two groups. Timolol and carteolol seem to
be equally effective in the treatment of chronic open angle glaucoma.

Introduction

Adrenergic B-blocking agents are the most widely used topical anti-glaucomatous medica-
tion. They are differentiated according to selectivity, intrinsic sympathomimetic effect,

dnrmncs Tanal pamag 4t o affant o d nhasmmanalinatin aharantarictingl Timalal malaate ica nano

poieincy, local anesthetic effect and priarmacoKineiic CniaraCierisiics”. 11ioi101 Maiall 18 a 1ioli-
selective B;- and B,-adrenergic antagonist which lacks substantial intrinsic sympathomimetic
activity and membrane stabilizing properties. Carteolol, another long-acting, non-selective f;-
and P,-adrenergic antagonist, differs from timolol by its intrinsic sympathomimetic activity.
According to previous studies both agents show an equal ability to reduce elevated intraocular
pressure?. Various B-blockers differ in their ability to reduce intraocular pressure and their
effect on visual field deterioration3. Long-term evaluations of glaucomatous visual field dete-
rioration under topical timolol or carteolol medication are not available. We therefore decided
to review our out-patient clinic data in order to find out whether there was a difference in the
ability of timolol and carteolol to reduce intraocular pressure and whether they differ in their
influence on visual field loss over a long-term follow-up period in patients with chronic open

angle glaucoma.

Material and methods

The clinical charts of patients from our out-patient glaucoma department were evaluated
retrospectively. Patients are regularly checked for diurnal intraocular pressure, visual atuity
and visual field at least every six months. Our inclusion criteria were: (a) chronic open angle
glaucoma treated with topical timolol 0.5% or carteolol 2% for at least four years without any
additional therapeutic step necessary, (b) the maximum peak pressure of each diurnal intraocu-
lar pressure curve did not exceed 22 mmHg, (c) visual acuity was greater than 0.2, and (d) no
other retinal or optic nerve disease was observed.

According to their medication two groups were created:

1. Fifty-five eyes treated with topical timolol 0.5%
2. Thirty-two eyes treated with topical carteolol 2%
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The following parameters were evaluated:

- Average intraocular pressure during the observation period, calculated from the diurnal in-
traocular pressure curves.

- Visual field loss. Perimetry was performed with an Octopus 201 perimeter using the program
31 or an Octopus 500 perimeter using the program G1. Visual field data from the beginning
and the end of the observation period were compared, dividing the central 24° into four
quadrants and excluding the center. A mean threshold sensitivity value was calculated for
every quadrant. Visual field changes were compared as sensitivity changes per year.
Statistical analysis was catried out using the StatView 2.0 program version 1.01 on an Apple

Mackintosh IIci computer. The Mann-Whitney U test was performed to compare the two

groups.

Results

The average age of the patients in groups 1 and 2 was 69.1 (SD 10.4) years and 65.6 (SD
11.9) years, respectively, which was not significantly different. The mean follow-up time of
the patients was 6.1 (SD 2.3) years and 5.6 (SD 1.7) years, respectively. The average intraocular
pressure during the observation period was 17.0 (SD 1.5) mmHg and 17.4 (SD 1.9) mmHg,
respectively. The mean yearly visual acuity loss was 2.8% (SD 2.7) and 2.0% (SD 2.3). There
was no significant difference between the two groups regarding these parameters.

The mean threshold sensitivity of the visual field for the different medication groups at the
beginning of the observation period was not significantly different: 21.0 dB (SD 5.8) and 21.8
dB (SD 4.6) for groups 1 and 2, respectively. The yearly sensitivity loss in the various quadrants
overall and for the two medication groups separately was:

- Lower nasal quadrant 0.42 dB (SD 0.75), 0.38 dB(SD 0.77) and 0.50 dB (SD 0.70);

- Upper nasal quadrant 0.37 dB (SD 0.73), 0.40 dB (SD 0.70) and 0.32 dB (SD 0.79);

- Lower temporal quadrant 0.29 dB (SD 0.63), 0.21 dB (SD 0.60) and 0.44 dB (SD 0.67);

- Upper temporal quadrant 0.37 dB (SD 0.63),0.35dB (SD 0.61) and 0.42 dB (SD 0.67) overall
and for groups 1 and 2, respectively.

Only the difference between the two medication groups in the lower temporal quadrant was
statistically significant (p<0.05). The yearly sensitivity loss of the visual field as a whole was
1.32dB (SD 2.27) and 1.69 dB (SD 2.62) in groups 1 and 2: this difference was not statistically
significant.

Discussion

The visual field, regardless of whether it is normal or glaucomatous, deteriorates over time.
One of the main advantages of automated perimetry is that it enables the observer to follow
this deterioration closely and to perform statistical analysis of quantitative visual field data.
As observed in previous reports#-6, the data in this study, although showing no significant
difference in deterioration between the various quadrants, underline a tendency that the nasal
visual field might be more prone to damage. The nerve fibers of the temporal retina may be
more susceptible to elevated intraocular pressure, as described by Jonas et al.”.

The overall annual visual field loss was equal in both medication groups. Even though the
annual visual field loss of the lower temporal quadrant was significantly slower (p<0.05) in
the timolol group than the carteolol group, this was not enough to alter the overall resulits.

Investigators have reported contradictory data concerning correlation between visual field
loss and mean intraocular pressure; some have found no correlation®?, while others demon-
strated a significant correlation!%!!. Recently, it was reported that betaxolol preserves the visual
field better than timolol, even though timolol reduced the intraocular pressure more than betax-
olol3. We did not find such a difference between timolol and carteolol. Timolo!} and carteolol
in our study do not differ in their capability to reduce intraocular pressure, as reported by
Scoville et al.2, or in their effect on the patients’ annual visual field deterioration.
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The follow-up of glaucoma with a reduced set of test points

Michael Diestelhorst, J6rg Weber and Martina Gau

University Eye Clinic, Cologne, Germany

Perimetry with reduced sets of test locations is an effective method of shortening the exami-
nationl. On the other hand, the amount of information gained is also reduced. With regard to
the estimation of mean defect (MD) in glaucoma, we recently identified a ring-shaped pattern
of test locations which was superior to 49 other patterns?. In a subsequent study, we compared
the temporal variation of MD using the full set and the reduced set of points in a prospective
study with four examinations at four-week intervals.

All fields were measured using a Humphrey Field Analyzer and program 30-2 or custom
program REDUX. REDUX measures 14 points with a double bracketing strategy. The locations
are identical to the test locations of program 30-2 between 15° and 20° eccentricity except for
those in the area of the blind spot. In an earlier study?, we proved the representation of this set
of points in a data base of 424 fields of 257 patients with high tension glaucoma. The theoretical
sample error (SE) with regard to the calculation of MD was calculated using the equation
SE=PSD/VN (PSD = pattern standard deviation, N = No. of points). SE of program 30-2 was
0.67 dB (5.77/Y74), SE of program REDUX was 1.54 dB (5.77/Y14). The theoretical partial
sample error (PSE) of the subset versus the full set was 1.39 dB. True PSE was 1.33 dB. Thus,
REDUX was representative of the whole field without any bias from spatial effects.

In this study, we examined 20 patients with POAG, LTG, pigmentary glaucoma or PEX
glaucoma prospectively four times. The intervals were four weeks 3 days. One eye was ran-
domly selected for examination. Both programs were executed at each session. The order was
randomly chosen at the beginning and kept unchanged during the whole study. Up until the
present, 18 patients have completed the study. There were eight right and ten left eyes. Ten
patients started with program 30-2, eight patients started with program REDUX.

We calculated the standard deviation of MD over all four examinations. This value is the
long-term fluctuation of MD (LF-MD) or the homogeneous component of long-term fluctua-
tion3. The mean LF-MD was 1.294 dB (SD £0.852) for program 30-2 and 1.761 dB (SD +0.936)
for program REDUX. This is a ratio of 1:1.36 for standard deviation and 1:1.85 for variances.
The long-term accuracy of program 30-2 was 1.85 times higher than program REDUX.

The mean examination time of program 30-2 was 15:25 minutes (SD #2:15 minutes), the
mean duration of program REDUX was 3:29 minutes (SD +0.45 minutes). This is a ratio of
4.42:1. The examination time of program 30-2 was 4.42 longer.

The efficiency is benefit/cost or accuracy (1/variance) divided by examination time. The
mean efficiency of program 30-2 was 0.0387, that of program REDUX 0.0924. Thus, the effi-
ciency of program REDUX was 2.39 times higher than program 30-2.

The conclusions obtained were:

1. The ring area between 15° and 20° eccentricity is representative of the whole central field
in glaucoma.

2. The long-term fluctuation of program REDUX is higher than program 30-2. The loss in
accuracy is 1:1.85 compared to program 30-2.

3. The examination time of program REDUX is 4.42 times less than program 30-2.

4. The efficiency of program REDUX concerning long-term follow-up of index MD is 2.39
times higher than program 30-2. In practical terms, two examinations per year with REDUX
are as accurate as one examination with 30-2, but the overall examination time is less than
half.
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5. The only special feature of REDUX is the test point pattern. Therefore, it can be implemented
with every automated perimeter which allows the definition of custom programs.
The full article will be published elsewhere.
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Point by point linear regression analysis of automated visual fields in
primary open angle glaucoma

C. O’Brien and B. Schwartz

Tuft’s University School of Medicine, Boston, MA, USA

Abstract

The authors measured the rate of change of visual field threshold values over time (3.8 + 1.3 years) at
48 test locations in the central 30 degree field (Octopus 2000R, program 31) of 40 primary open angle
glaucoma patients (one eye per patient). All had a minimum of five with a mean of 12 visual field exami-
nations and a minimum follow-up of 20 months. Twenty-five (63%) had a significant rate of loss of
threshold values at one or more test points (mean number of deteriorating points 6.3) Fourteen of the 28
(50%) patients with stable overall fields showed a significant rate of loss at one or more test points (mean
number of deteriorating points 3 4) The mean intraocular pressure in these 14 patients (17.2 + 2.4 mmHg)
was not significantly different from the 14 patients with stable fields without deteriorating test points
(16.5 £ 3.1 mmHg) The use of global summary indices for longitudinal monitoring of the visual field in
glaucoma may mask underlying changes occurring at individual test points. However, the clinical impli-
cation of these statistical results at individual test locations in the visual field needs to be clarified.

Introduction

Primary open angle glaucoma (POAG) is a chronic disease, leading to the accumulation of
vast amounts of data on intraocular pressure and the visual field during the course of a patient’s
disease. The ability to numerically threshold the retinal sensitivity at different points in the
visual field results in quantitative data which allows for statistical assessment. Number-crunch-
ing methods of reducing these data on the central 30 degree field to a single summary statistic
have been used to present information on the visual field in a simple, easy to read fashion.
These include methods presenting both diffuse and localized patterns of field loss in glaucoma,
and also cluster analysis techniques!-3.

The use of these global summary indices in a longitudinal fashion to evaluate change over
time has been proposed as a means of monitoring the course of a patient’s disease. Regression
analysis of overall visual field performance versus time has been described by several authors*
10, More recently, this form of analysis has been applied to different regions!! and individual
test points of the central field?2-15. In this report, we present our findings of a point by point
regression analysis of retinal sensitivity using trend analysis? in 40 POAG patients followed
over a period of 3.8 years.

Subjects and methods

The patients in this study satisfied the following inclusion criteria for POAG; intraocular
pressure >21 mmHg at the time of diagnosis, characteristic optic nerve damage and visual field
defects; open angles on slit-lamp biomicroscopy; best corrected visual acuity of 20/40 or better;
previous perimetric experience; and a minimum follow-up of 20 months with a minimum of
five visual field examinations. Forty patients met these criteria and were identified from the
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computerized database of patients under the care of the senior author (BS). The demographic
and clinical data on these patients have previously been described in detail as part of a study
on the relationship between ocular and systemic variables and the rate of change of the visual
field in POAG0. One eye of each patient was randomly selected for the study.

The visual fields were tested with the Octopus 2000R automated perimeter using program
31. When a patient has performed five field examinations, a statistical software package is used
to analyze change in threshold value over time (trend analysis)’. In this study, we excluded the
25 test points located on the periphery of the central 30 degree field. Therefore, the results we
present refer to the remaining 48 test points of the central field. At each test point, the slope of
the regression line of threshold values versus time was determined, and if significantly (Spear-
man p<0.05) different from zero, the slope is labelled as either negative (if threshold values
are decreasing) or positive (if threshold values are increasing). The mean + SD age of the group
was 61.4 * 12.2 years; the mean number of visual fields tests was 12 + 5, and the mean follow-up
period 45 + 17 months. The mean intraocular pressure during the study was 16.7 + 2.3 mmHg.

Results

Trend analysis of all 73 test points in the central field showed that ten patients had significant
negative slopes (deteriorating fields), two had significant positive slopes (improving fields)
and 28 had a non-significant rate of change in threshold values over time, i.e., stable visual
fields. The breakdown of the point by point regression analysis in each of these three groups
is presented in Table 1.

Table 1. Overalt field performance

Stable Deteriorating Improving
(n=28) (n=10) (n=2)
Number of patients with test point deterioration
(mean number of deteriorating points) 14 (34) 10 (15.6) 1(1)
Number of patients with test point improvement
(mean number of improving points) 6 (1.8) 0 2(7.5)

In the group of 28 with stable overall fields, 20 patients had at least one significant test point
slope - 14 of whom had negative slopes (mean number of deteriorating points 3.4) - and six
had positive slopes (mean number of improving points 1.8). Eight patients had no significant
test point change; thus, none of the 28 patients had both a positive and a negative slope. All
ten patients with deteriorating overall fields had a minimum of one negative test point (range
four to 25, and a mean of 15.6). One of the two patients with overall field improvement had
both a significant positive and negative test point occurring during the same time period. The
mean number of improving test points in these two patients was 7.5.

Overall, 25 of the 40 patients (63%), and 14 of the 28 (50%) with stable central fields had a
significant rate of loss at one or more test points. In the 28 patients with stable overall fields,
there was no significant difference in the mean intraocular pressure between the 14 eyes with
significant test point loss (17.2 + 2.4 mmHg) and the 14 eyes without significant test point loss
(16.5 = 3.1 mmHg).

Discussion

The results presented here of point by point linear regression analysis in visual field loss
agree with those presented by Hitchings et al. in POAG patients!'2. Hitchings’ study found that
between 57 to 65% of their patients had progression at one or more points in the visual field,
depending on the type of treatment their patients had. The Moorfields group also found that
50% of patients (37% of eyes) with low tension glaucoma had significant progression at one
or more test pointsi3. We found that 63% (25 of 40) had a significant rate of decrease in thre-
shold values at a minimum of one test location followed over 3.8 years.

The average number of deteriorating test points was 6.3 in the 25 patients showing progres-
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sion at one or more test spots. This number of progressing points appears to be greater than
that observed by Hitchings et al.12, who found that between 2.75 and 3.85 points progressed
depending on the form of treatment. As expected, when we subdivided our patients into those
with stable overall fields (n = 28) and those with significant loss in the overall field (n = 10),
there was a clear difference in the number of test points progressing in the two groups. Fourteen
of the 28 with stable overall fields had significant deterioration in one or more test locations
{mean number of progressing points 3.4). The mean number of progressing points in the ten
patients with overall deterioration was 15.6.

The somewhat unexpected finding that 14 of the 28 patients with stable overall fields, had
significant test point deterioration (one or more) is disturbing. This finding is emphasized by
the relatively high (3.4) average number of deteriorating test points in these 14 patients - all
the more so when five of the 14 deteriorated at only one point. It is clear that some of the 28
patients with stable overall fields show evidence of significant statistical and clinical deteri-
oration at several test points which was masked by looking at the performance of the overall
field.

In the group of 28 patients with stable overall fields, we observed that those with significant
test point deterioration (n = 14) had a higher mean IOP (17.2 mmHg) than those (n = 14) without
significant test point deterioration (16.5 mmHg), although this difference was not statistically
significant. This suggests that even with well-controlled IOP during follow-up, it is not possible
to guarantee immunity from further deterioration in the visual field. Hitchings et al. likewise
found no difference in mean IOP between eyes with and without test point field progression in
POAG!2, a feature also noted in LTG eyes by the Moorfields group!3.

We have previously presented the results on the average of all central test points!? and the
different regions of the field!! using groups of test points which were clinically judged to
behave as a functional unit. In the present study, we have used univariate linear regression
analysis to measure change over time in the visual field in POAG, and applied it at individual
test locations in the central field. Thus, we have not taken into account the fact that each test
point does not behave as an independent unit. The mean number of data values used in the
regression analysis, i.e., the mean number of visual field examinations per patient, was 12.
Thus, we can assume a reasonable fit for the data and the regression equations. We also feel
that the use of the Spearman rank correlation coefficient to determine the statistical significance
of the probability of the regression slopes being different from zero, i.e., the null hypothesis,
gives a conservative estimate of measuring change over time.

The clinical significance of individual test point deterioration is hard to determine. It is not
entirely surprising that a test point immediately adjacent to a dense scotoma will show change
over time. This may have no real bearing on the effectiveness of treatment at any one particular
point in time as there will be a “time gap” between pathological insults to optic nerve fibers
and the subsequent effect on visual function. Thus isolated test point deterioration may possibly
be of only limited clinical relevance. The finding of two or more adjacent test locations dete-
riorating is of greater clinical importance, although again if this occurs at the boundary of a
preexisting scotoma, it may simply reflect the “time gap” described above. For this reason, the
appearance of one or more deteriorating test points in a part of the visual field previously
unaffected assumes far greater clinical significance, as it may heraid the unmasking of a new
scotoma. While more sophisticated statistical approaches to regression analysis of automated
perimetry will provide more reliable data, we, as clinicians, will still have to make a clinical
judgment on the evidence provided. This should take into account the number and location of
test point changes, and the extent and position of pre-existing scotomas. We should not rely
too heavily on statistical results alone but should combine the statistical information and clini-
cal picture before altering treatment.
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Perimetric studies on long-term hypotensive glaucoma after filtering surgery
by intraoperative mitomycin application

Por T. Hung, Tzyy C. Ho, Tsing H. Wang and Jui W. Hsieh

Department of Ophthalmology, Taiwan University Hospital, Taipei, Taiwan, ROC

Abstract

Intraoperative application of mitomycin as a supplementary measure to enhance the filtering effect has
been popularized in recent years. One of the most important characteristics of mitomycin application is
long-term maintenance of an intraocular pressure below 12 mmHg postoperatively in most cases. The
present study was carried out on 20 glaucomatous eyes to evaluate the visual field change with the Octopus
2000 in these glaucoma patients who have maintained a long-term low intraocular pressure of less than
12 mmHg throughout their postoperative course for more than six months. The reversible visual field
defect and its implications will be discussed.

Introduction

Glaucomatous cup reversal in adult chronic open angle glaucoma was observed in early
glaucoma by computerized disc analysis in 1990!.

In 1982, intraoperative single application of mitomycin was reported as an effective adjunc-
tive procedure for filtering operations in high risk glaucoma eyes?. Mitomycin is an antibiotic
and antitumor agent isolated from Streptomyces casespitosus. It binds DNA and interrupts DNA
synthesis by inhibiting cell mitosis. Mitomycin in eye drops was also used for prevention of
recurrence after pterygium operations.

Recent follow-up studies for intraoperative application of mitomvcin indicated that such an
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adjunctive procedure is not only effective in prolonging the filtering process, but can also
maintain a rather lower intraocular pressure in the low teens in most cases postoperatively3-5.

The present study was, therefore, undertaken to observe the long-term effect of the hypoten-
sive status in these glaucoma patients of their visual fields.

Material and methods
Material

Thirteen eyes of 11 patients. including 11 eyes of primary open angle glaucoma patients and
two eyes of post-iridectomy primary angle closure glaucoma patients, aged from 21 to 72 years.
Eight males and three females were enrolled. Among these, five eyes were failures from pre-
vious filtering surgery while eight eyes were initial procedures. The surgical indication was an
intraocular pressure elevation of more than 21 mmHg even with various topical hypotensive
medications.

Surgery

Standard trabeculectomy and intraoperative application of 0.2 mg/ml mitomycin in gelform
for three minutes was performed.
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Observations

Preoperative and postoperative follow-up of more than six months, including glaucoma
routine such as intraocular pressure, optic disc, visual field analysis by Octopus 2000R or S00E
using programs 32 and 38 were performed. The final judgement, however, was clinical. Sub-
jective feeling of improvement in general vision was also analyzed.

Results

Perimetric analysis and postoperative long-term IOP level are summarized in Table 1. The
IOP was kept at 8.2+3.7 mmHg for more than six months and mean sensitivity of the whole
field raised from 12.44+4.82 to 15.37+6.17 dB. When the visual fields were analyzed individu-
ally by the Octopus Delta program, 12 of 13 eyes showed significant improvement. When a
patient’s subjective feelings about change of vision as a whole were determined, ten of 13 eyes
improved, two eyes felt no difference, while one eye was worse than before the operation.
Examination by ophthalmoscopy in all eyes revealed no difference pre- or postoperatively.

Table 1. Results of pre- and postoperative IOP and perimetric analysis

No. Preoperatively Postoperatively (6 months)
IOP (mmHg) 13 29.0 8.2 8.2 +3.7
MS (dB) 13 12.44%4.82 15.3746.17
Total loss 13 1067 £297 825 %399

Discussion

Surgical intervention to reduce IOP to a safe range is important in glaucoma therapy. Re-
cently, surgical procedures have been able to achieve a better maintenance of long-term lower
IOP in most cases by supplementary application of mitomycin2-4.

While progressive optic nerve damage associated with perimetric change in glaucoma is the
rule, reversible disc cupping in chronic glaucoma has also been demonstrated after well-con-
trolled IOP in patients by disc analysis in early glaucoma®. In connection with the improve-
ments in automated perimetric studies, the results are rather variable. In this experiment, the
mean IOP decreased from a preoperative level of 29.03+8.5 to 8.2+3.7 mmHg during a follow-
up period of more than six months. Significant visual field improvement was observed in 12
of 13 eyes in this series.

Furthermore, most of the patients subjectively can report improvement of “vision” at two
months postoperatively. Even though an improvement in perimetric studies associated with
reversal in optic disc cupping by computerized analysis during a six months’ follow-up was
reported in 19927, it is conceivable that reversible visual function might precede detectable
optic nerve improvement after a therapeutic approach ir some cases.

Further perimetric studies in correlation with the stage of glaucoma, optic nerve damage,
degree of field damage, and duration of IOP control as well as IOP fluctuation are desirable.

Conclusions

Maintenance of IOP in the low teens by adjunctive intraoperative application of mitomycin
improved visual fields significantly as shown by the study of mean sensitivity using an Octopus
perimeter postoperatively in 12 of 13 glaucomatous eyes during a follow-up of more than six
months.

Most of the patients subjectively can report the improvement as early as two months post-
operatively, associated with early visual field improvement in some cases. This result may
imply that the visual function reversal precedes detectable optic nerve improvement.
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Correlation between optic disc changes and visual field loss in patients with
unilateral glaucoma

J. Funk, J.M. Soriano and D. Ebner

University Eye Clinic, Freiburg, Germany

Abstract

The authors studied the visual field parameters and the optic disc structure in patients with unilateral
or highly asymmetric glaucoma. Fifty-five patients were included in the study; 19 normal subjects served
as a control group. Plotting the difference in neuroretinal rim area (y) of paired eyes of glaucoma patients
versus the difference in mean sensitivity (x) leads to: y = 0.01x + 0.32 mm? From this finding, the authors
conclude that, on average, the neuroretinal rim area may decrease by 0.3-0 4 mm? before a visual field
defect occurs. A similar result was obtained for the cup/disc ratio (y = -0.004x - 0 12), whereas the normal
controls showed only a diffuse spreading around x=0, y=0 These data confirm previous results showing
that changes in the neuroretinal rim area are an early sign of ongoing glaucoma. Therefore, longitudinal
disc monitoring is a proper strategy for early detection of glaucoma. However, accuracy and reproduci-
bility of any technique used for longitudinal disc monitoring must be sufficient to assure changes in
neuroretinal rim area smaller than 0.3 mm?2.

Introduction

It is widely accepted that changes in the optic disc structure, i.e., enlargement of disc cupping,
often occurs before a visual field defect can be measured!-6. Little information, however, exists
on the quantitative amount of cup enlargement preceding visual field defects. The failure of a
precise determination is often caused by the large inter-individual variation of disc and cup
size”:8. Due to this large variation, only weak correlations were commonly found in studies
concerning the relationship between disc parameters and visual field indices39-12. To reduce
the influence of inter-individual variations, we evaluated the disc parameters and the visual
fields of patients with unilateral or highly asymmetric glaucoma. Similar as recently published
by Nanba et al.19, the “normal” eye of each patient was used as a reference. The intra-individual
difference in mean threshold sensitivity was correlated to the intra-individual difference in
disc parameters.

Patients and methods
Glaucoma patients

Fifty-five patients with unilateral or highly asymmetric glaucoma were examined. Unilateral
or highly asymmetric glaucoma was presumed if one of the following criteria were fulfilled:
1. intra-individual difference in mean threshold sensitivity >2 dB;

2. difference in intraocular pressure of >5 mmHg;
3. marked difference in disc cupping found by routine ophthalmoscopy.

Exclusion criteria were:

- ocular diseases other than glaucoma;

- inadequate pupil dilation;

- poor fundus image.
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Normal controls
Nineteen healthy volunteers acted as controls.
Disc analysis

The disc topography was determined using a Rodenstock Optic Nerve Head Analyzer. This
computer automatically calculates the three-dimensional surface of the disc area. It has already
been described in detail elsewhere20. The incorporated reliability factor ("unsuccessful corre-
lations”) was used to avoid artifacts caused by images of poor quality. In particular, pictures
with unsuccessful correlations of >20% were excluded.

Visual field analysis

Visual fields were tested using the Octopus 2000R or the Octopus 1-2-3, program G1.

Results

The mean values in the glaucoma group were:
- age: 54 = 15 years
- Arim area (right eye - left eye): 0.04 + 0.44 mm?
- Arim area (unaffected - affected eye): 0.37 + 0.23 mm?
- A cup/disc ratio (right eye - left eye): -0.02 + 0.18
- A cup/disc ratio (unaffected - affected eye): -0.13 + 0.13
- A disc area (right eye - left eye): -0.04 + 0.37 mm?
- A disc area (unaffected - affected eye): 0.04 + 0.31 mm?
- A mean sensitivity (right eye - left eye): -0.9 + 8.4 dB
- A mean sensitivity (unaffected - affected eye): 5.64 + 6.21 dB

Th 1 in th nirnl .
1€ mean va:ucs 1 tae coniro: group were:

- age: 27 + 6 years
- rim area: 1.68 + 0.38 mm?
- cup/disc ratio: 0.4 = 0.21
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Fig. 1. Intra-individual difference in rim area versus intra-individual difference in mean sensitivity in
patients with unilateral or highly asymmetric glaucoma (@) and normal controls (O).
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Fig. 2. Relative frequency of differences in rim area in patients with asymmetric fields, A mean sensitivity
being >2 dB; n=30.

- Arim area (right eye - left eye): 0.01 * 0.24 mm?

- A cup/disc ratio (right eye - left eye): 0.03 £ 0.1

- A mean sensitivity (right eye - left eye): 0.46 + 0.8 dB
The correlation between A rim area (right eye - left eye) and A mean sensitivity (right eye -

left eye) is shown in Fig 1 (closed circles) Patients suffering from glaucoma in the right eye

are represented bottom left, patients suffering from glaucoma in the left eye are represented
top right. The values of the normal controls are given as open circles. The superposed dotted

line gives a smoothed interpolation of the data points. Since the amount of visual field loss (A

mean sensitivity) represents the stage of the glaucoma disease, Fig. 1 may be interpreted as

follows:

- On average, A rim area = 0 and A mean sensitivity = 0, if both eyes are still normal, i.e.,
before the onset of glaucoma.

- In the early stages of the disease, A rim area begins to increase, i.e., the affected eye loses
neuroretinal tissue. At this time, A mean sensitivity is still ~ 0.

- If Arim area reaches a critical amount, visual field defects can occur. At this advanced stage,
the measurable loss of neuroretinal rim area is fairly completed. A rim area stays at a constant
level while the visual field loss (A mean sensitivity) may increase more and more.

Fig. 2 shows the frequency distribution of A rim values in patients with A mean sensitivity
of >2 dB, which is often used as a cut-off between normal and pathological fields. In these
patients, the affected eye always had a smaller rim area than the unaffected eye, A rim being
greater than 0.1 mm? in all cases, greater than 0.2 mm? in nearly 90% and greater than 0.3 mm?
in 50%. Contrary to Fig. 2, Fig 3 shows the frequency distribution of A mean sensitivity values
in patients with asymmetric discs (A rim area >0.2 mm?). The finding that 37% of patients with
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Fig. 3. Relative frequency of visual field changes in patients with asymmetric discs, A rim area being >0.2
mm?; n=27.
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Fig. 4 Linear regression of A rim area (unaffected - affected eyes) as a function of A mean sensitivity
(unaffected - affected eyes). The regression line is: y = 0.01x+0.32. Dotted lines: 99% confidence limits

of the regression

asymmetric discs still have normal A mean sensitivity values (<2 dB) again confirms that visual
field changes usually indicate an advanced stage of glaucoma.

To quantify the disc changes usually preceding the onset of visual field loss, Fig. 4 shows
the differences (A rim area, A mean sensitivity) between unaffected and affected eyes. Linear
regression (Fig. 4) yielded: y = 0.01x+0.32. From this equation we conclude that, on average,
0.32 mm? of neuroretinal tissue is lost before a visual field defect can be measured. A similar
result was obtained when A cup/disc ratio was evaluated instead of A rim area (y =-0.004x-0.12).

Discussion

Our data confirm once more that changes in the disc structure usually precede the onset of
visual field loss in glaucoma. On average, the neuroretinal rim area obviously may decrease
by 0.3 to 0.4 mm? before a visual field defect is detectable by routine perimetry. This finding
is in good agreement with the value found by Nanba er al.1% who also calculated a linear
regression between A rim area and A mean sensitivity in paired eyes of glaucoma patients.
Therefore, the following conclusions can be drawn:

- Longitudinal monitoring of the disc structure is a valid strategy to detect early stages of
glaucoma. Especially in ocular hypertensives without visual field defects, monitoring of the
disc structure gives more information than monitoring of the visual field2!-24,

- Any device used for disc monitoring (Optic Nerve Head Analyzer, Imagenet, retinal analyzer,
planimetry of fundus photographs, laser scanning tomography) must be sufficient to ensure
a decrease in neuroretinal rim area of less than 0.3 mm?2. Up to now, this normally requires
more than two or three examinations with any of these devices.

- If a glaucomatous visual field defect is present and the disc is already excavated, further
changes of the disc structure are usually small and difficult to detect. At this stage, monitoring
of the visual field gives more information than monitoring of the disc structure.
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Correlation of optic disc changes and visual field defects in glaucoma

Katsuhiko Nanba and Kazuo Iwata

Department of Ophthalmology, Niigata University School of Medicine, Niigata City, Japan

Abstract

Optic disc measurements with a computerized image analysis and Humphrey perimetry (program 30-2)
were performed in 44 normal, 23 ocular hypertensive and 66 glaucomatous subjects with Aulhorn stages
1 to 5. Linear regression analyses revealed statistically significant correlations between optic disc para-
meters and visual field index MD (rim area r = 0.65, cup/disc ratio r = -0 55, cup volume r = -0.60). The
change of optic disc parameters was considered to be curvilinear and seemed to accelerate up to an MD
of around -5.0 to -10.0 dB which was equivalent to Aulhorn stages 2 to 3 and to decelerate after that.
These results indicate that optic disc changes precede visual field defects up to MDs of around -5.0 to
-10.0 dB and after that visual field defects develop more rapidly.

Introduction

Visual field defects and optic disc cupping are very important indices for the treatment of
glaucoma. Quantitative optic disc measurements and automated static perimetry revealed a
strong correlation between optic disc cupping and visual field defects'*. Read and Spaeth’
reported the concept that optic disc cupping initially preceded visual field defects, while visual
field defects rapidly increased in later stages. Funk et al.6 showed that visual field defects
occurred only when the temporal rim area was smaller than 0.2 mm2. We reported that optic
disc changes preceded visual field defects up to a loss of 0.37 mm? in the rim area’. To find
out up to what stage of glaucoma optic disc changes precede visual field defects, we analyzed
the relationship between optic disc changes and visual field defects among normal subjects
(NL), ocular hypertensives subjects (OH) and patients with chronic open-angle glaucoma (GL)
with Aulhorn stages 1 to 5 visual field defects?.

Material and methods

Patients were selected with disc areas from 1.99 to 2.89 mm? which represented the mean +
SD of the disc area in normals (NLs). Of 133 cases, there were 44 NLs, 23 OHs and 66 GLs
including 12 cases of Aulhorn stage 1, 12 cases of stage 2, 13 cases of stage 3, 15 cases of stage
4 and 14 cases of stage 5. One eye of each patient was used. Seventy-one patients were male
and 62 patients were female. The mean age was 46.1 years (range, 25-75 years). Mean refrac-
tion was -0.72 diopters (range, -6.0 ~+3.25 diopters).

Optic disc measurements were performed with computerized image analysis (Rodenstock
Optic Nerve Head Analyzer) for the rim area, cup volume and cup/disc ratio. The definition of
the cup and magnification correction for optic disc parameters were the same as reported pre-
viously3.

Visual field examination was carried out with the Humphrey Visual Field Analyzer using
program 30-2. Mean deviation (MD) was used as a visual field index. Optic disc measurements
and visual field examination were performed within a month of each other.

For statistical analyses, one-way analysis of variance and the Mann-Whitney U test were
used. Linear regression analysis was carried out for the correlation coefficient. Differences
were considered statistically significant at p<0.05.
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Fig. 1. Scatter diagram representing the relationship between rim area and visual field index MD in
normal, ocular hypertensive and glaucomatous subjects. The solid line shows the linear regression

Results

There were no significant differences in age or refraction among the seven groups (i.e., the
groups from NL to GL with Aulhom stage 5). The group of Aulhorn stage 2 showed a signifi-
cantly larger disc area (2.53 * 0.24 mm?, mean * SD), while no significant difference in disc
area was observed among the other groups (2.32-2.49 mm?2). Although linear regression ana-
lyses demonstrated significant correlation coefficients between optic disc parameters and MD
(rim area r = 0.65, cup/disc ratio r = -0.55, cup volume r = -0.60), the pattern of change of

1.0
0.8
Q
T 06
@
(@)
w
o
~
o 0.4
]
(&
02 F L+
OHv
GL *
0.0 l i ] vy
—-40 -30 -20 -10 0 10

MD(dB)

Fig. 2. Scatter diagram representing the relationship between cup/disc ratio and visual field index MD in
normal, ocular hypertensive and glaucomatous subjects. The solid line shows the linear regression.
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Fig 3. Scatter diagram representing the relationship between cup volume and visual field index MD in
normal, ocular hypertensive and glaucomatous subjects The solid line shows the linear regression

optic disc parameters was curvilinear (Figs. 1, 2 and 3). The change of rim area as well as
cup/disc ratio and cup volume seemed to accelerate rapidly up to an MD of around -5.0 to -10.0
dB and to decelerate after an MD of -10.0 dB (Figs. 1, 2 and 3). MDs of around -5.0 to -10.0
dB were almost equivalent to the MD of those with Aulhorn stages 2 to 3 (Fig. 4). There were
significant differences in rim area as well as cup/disc ratio and cup volume between NL and
OH and between Aulhorn stages 2 and 3 (Figs. 4 and 5). No significant difference in optic disc
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Fig. 4. Mean of rim area in lower columns and visual index MD in upper columns in normal (NL), ocular
hypertensive (OH) and glaucomatous (GL) subjects. GL-1 to GL-5 are Aulhorn stages 1 to 5. Error bars
represent SD; %% indicates p<0.01 and ns indicates not significant.
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parameters was found among the groups from OH to Authorn stage 2 and among the groups
from Aulhorn stages 3 to 5. MD decreased significantly from Aulhorn stages 3 to 5, while there
was no significant difference in MD between Aulhorn stages 1 and 2.

Discussion

Linear regression analyses showed statistically significant correlations between optic disc
parameters and the visual field index MD. These results were the same as reported previously!-
4. These scatter diagrams of optic disc parameters plotted against MD suggested that the change
of rim area as well as cup/disc ratio and cup volume was not linear but curvilinear. The change
of optic parameters was considered to accelerate up to an MD of around -5.0 to -10 dB and to
decelerate after that (Figs. 1, 2 and 3). This zone corresponds to the MD in those patients with
Aulhorn stages 2 to 3. The relationship between optic disc cupping and Aulhorn stages of visual
field defects revealed that optic disc cupping developed rapidly from NLs to OHs, while there
were no visual field defects. Visual field defects progressed rapidly from Aulhorn stages 3 to
5, while optic disc cupping showed no difference (Figs. 4 and 5). These results confirmed Read
and Spaeth’s conceptS. From these results, it can be concluded that optic disc changes precede
visual field defects up to an MD of around -5.0 to -10 dB (Aulhorn stages 2 to 3) and thereafter
MD functional damage develops more rapidly than morphological changes.
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Optic disc topographic changes following intraocular pressure reduction in
normal tension glaucoma and primary open angle glaucoma

Shigeyo Sogano, Goji Tomita and Yoshiaki Kitazawa

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

Abstract

Optic disc topographic changes after trabeculectomy were compared between 11 eyes of 11 normal
tension glaucomas (NTG) and 16 eyes of 13 primary open angle glaucomas (POAG).

Optic disc measurements were performed using the Rodenstock Optic Nerve Head Analyzer Plus before
surgery (Time 1) and at two months to six months after surgery (Time 2) The authors selected cup volume
and rim area as disc parameters. There were no statistically significant differences in changes of intraocu-
lar pressure (IOP), cup volume and rim area between the two groups.

Although there was a statistically significant correlation between the change of IOP and the change of
cup volume in POAG, no such correlation was observed in NTG These results suggest that the degree of
disc topographic changes following IOP reduction in NTG are identical to that of POAG. However,
changes of cup volume were not pressure related in NTG

Introduction

There have been many reports on the reversal of optic disc cupping associated with intraocu-
iar pressure (IOP) reduction in high tension glaucomai-5. However, to the best of our knowiedge
no reports exist which address the possibility of the disc cupping recovering with IOP reduction
in normal tension glauncoma (NTG).

In this study we measured optic disc topographic changes after trabeculectomy in NTG using
a computerized image analysis system and compared the changes with those in primary open

angle glaucoma (POAG).

Subjects and methods

The subjects were 18 eyes of 14 NTG patients and 21 eyes of 17 POAG patients. The diag-
nostic criteria for NTG were: maximum JOP was less than 21 mmHg; presence of glaucomatous
visual field defects corresponded to optic disc changes; normal open angle; no intracranial or
otolaryngological lesion; and no history of massive hemorrhage or hemodynamic crisis. Diag-
nostic criteria for POAG were: IOP exceeded 21 mmHg on at least one occasion; typical glauco-
matous visual field defects; glaucomatous optic disc abnormality; and normal open angle. All
subjects underwent trabeculectomy and maintained adequate IOP control after surgery (IOP <
20 mmHg) and underwent successful serial computerized image analyses. All NTG patients
had trabeculectomy and mitomycin as an adjunctive therapy. On the other hand, POAG patients
underwent trabeculectomy without an antimetabolite or with 5-fluorouracil or mitomycin.

The subjects were examined before trabeculectomy (Time 1) and two to six months after
surgery (Time 2) for IOP, visual field, optic disc topography, refractive error, corneal curvature,
and axial length. IOP measurements were made with a Goldmann applanation tonometer. The
average IOP readings over one month before each topographic measurement were taken for
both pre- and post-IOP value. The 30-2 central threshold field was obtained with a Humphrey
Field Analyzer 630. The topographic and perimetric measurements were performed within
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three months. We used mean deviation (MD) as the index of degree of visual field loss. Optic
disc topography was determined using a Rodenstock Optic Nerve Head Analyzer Plus. We used
cup volume (CV, mm?3) and rim area (RA, mm?) as parameters for optic disc changes. All
measurements were corrected for optical magnification using Littmann’s formulaS.

Statistical analyses were performed using the Wilcoxon signed-rank test for evaluating the
differences between pre- and postoperative value of each parameter. The Mann-Whitney U test
was used to evaluate the differences in parameters between NTG and POAG. Linear regression
analyses and Spearman’s correlation coefficients were used to evaluate the relationship be-
tween changes of parameters. The significance level was 0.05.

Results
In 15 eyes (83.3%) of 12 NTG patients and 17 eyes (81%) of 14 POAG patients, reduction
of cup volume was observed by means of image analyses after surgery. Fisher’s exact test failed

to reveal any significant association between changes of cup volume and type of glaucoma.

Table 1. Subjects’ background

NTG POAG P
MJF (eyes) 2/9 8/8
Age (years) 57.4 £9.2 (46~70) 52.3 £12.0 (36~71) NS
Refractive error (D) -1.13+1.83 (-4.38~1.75) -2.73% 3.39 (-8.50~3.0) NS
Follow-up period
(weeks) 159 *4.1 (10~25) 130 + 4.6 (8~23) NS
Mean deviation (dB) - -183 72 (-284~-1.5) -15.6 £ 8.0 (-28.6~-3.8) NS

Mean+SD; ( ): range; Mann-Whitney U test
NTG: normal tension glaucoma; POAG: primary open angle glaucoma; M; male, F: female; NS: not
significant; SD: standard deviation

Table 2. Change of parameters

NTG (n=11) POAG (n=16)

IOP (mmHg) . ok .

time 1 148 + 2.4 19.7 £ 43

time 2 62 26 J* 00 43 J*

— ]

AIOP 8.7 + 3.1 * 10.7 £ 49

%change 58.2 154 53.8 £19.7
Cup volume (mm3)

time 1 0.62+ 0.19 0.58+ 0.2

time 2 0.40+ 023 043t 023)*

ACV 0.22+ 0.15 0.14+ 0.14

%change 37.8 +224 28.8 +27.4
Rim area (mm?2)

time 1 0.61+ 0.46 0.55+ 0.32

time 2 0.98+ 0.65" 077+ 0.8

ARA 0.37+ 0.39 023+ 0.3

%change 100.6 +133.8 50.7 +56.4
Mean deviation (dB)*

time 1 -15.28+ 7.16 -15.70x 7.73

time 2 -15.74+ 7.17 -14.33+ 9.23

AMD -0.42+ 0.84 1.37+ 2.75

%change -43 79 228 + 1.3

MeantSD; *: P< 0.05 Mann-Whitney U test); **: P<0.01 (Mann-Whitney U test) #: P <0.01 (Wilcoxon
signed-rank test) *: NTG:n=10, POAG:n=14

NTG: normal tension glaucoma; POAG: primary open angle glaucoma; IOP: intraocular pressure; AIOP:
preoperative IOP minus postoperative IOP; ACV: preoperative cup volume minus postoperative cup
volume; ARA: postoperative rim area minus preoperative rim area; AMD: postoperative mean deviation
minus preoperative mean deviation; IOP: %change: AIOP/preoperative IOPx100; cup volume: %change:
ACV/preoperative cup volume x 100; rim area:%change: ARA/preoperative rim area x 100; mean devia-
tion: % change: AMD/preoperative mean deviation x 100; SD: standard deviation
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Fig. 1. The relationship between %change of IOP and that of cup volume. A. %change of IOP versus
%change of cup volume:POAG. POAG: primary open angle glaucoma. Relationship between the %change
of IOP (preoperative intraocular pressure minus postoperative intraocular pressure/preoperative intraocu-
lar pressure x 100) and the %change of CV (preoperative cup volume minus postoperative cup volume/pre-
operative cup volume x 100) in POAG. Statistically, significant positive correlation was observed. B.
%change of IOP versus %change of cup volume: NTG. NTG: normal tension glaucoma; NS: not signifi-
cant. Relationship between the %change of IOP (preoperative intraocular pressure minus postoperative
intraocular pressure/preoperative intraocular pressure x 100) and the %change of CV (preoperative cup
volume minus postoperative cup volume/preoperative cup volume x 100) in NTG. No statistically signif-
icant correlation was observed.

Further, of those cases with a decrease of cup volume, four eyes of four NTG patients and one
eye of one POAG patient developed ophthalmoscopically discernible hypotony maculopathy
after surgery. Fisher’s exact test failed to reveal any significant association between hypotony
maculopathy and type of glaucoma. Finally, we adopted for our study 11 eyes of 11 NTG
patients and 16 eyes of 13 POAG patients in whom a cup volume decrease was observed without
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manifest hypotony maculopathy for evaluating the degree of optic disc changes after IOP re-
duction.

The background of the subjects in the two groups is listed in Table 1. There was no statisti-
cally significant difference in each parameter between NTG and POAG.

Changes of parameters in two groups are shown in Table 2. There was a statistically signif-
icant difference in IOP between time 1 and time 2 in each group. There was a statistically
significant difference in IOP at both time 1 and time 2 between NTG and POAG. However, no
significant difference in AIOP (time 1 - time 2) or %changes (time 1 - time 2/time 1 x 100)
was found between the two groups. There were statistically significant differences in cup
volume and rim area between time 1 and time 2 in two groups. No significant difference in
changes of cup volume or rim area was demonstrated between NTG and POAG. There was no
statistically significant difference in the mean deviation between time 1 and time 2 in two
groups. No significant difference in changes of the mean deviation was demonstrated between
NTG and POAG.

Although there was statistically significant correlation between the %change of IOP and the
%change of CV in POAG (r=0.57, P<0.05) (Fig. 1A), no such correlation was demonstrated
between the two parameters in NTG (Fig. 1B). On the other hand, no significant correlation
was found between the %change of IOP and the %change of RA in either POAG or NTG.

Discussion

Nowadays, surgical reduction of IOP is recommended for NTG7-1!. In this study, the reversal
of cup volume was discernible in 83.3% of NTG and 81% of POAG. There was no statistically
significant difference between the two subsets of glaucoma. Previously, Matsubara and co-
workers reported that the reversal of cup volume was found in 84% of 19 eyes of 14 patients
with high tension glaucoma who maintained satisfactory IOP control after surgery*.

In the patients who had satisfactory IOP control with cup volume decrease and without
hypotony maculopathy, it was documented that the degree of the reversal of cup volume and
rim area in NTG was identical to that in POAG. Hence, the main cause of optic disc improve-
ment in NTG might be anterior repositioning of a posteriorly displaced lamina cribrosa follow-
ing IOP reduction, which has been claimed to be a mechanism of cup reversal observed in
POAG. However, other causes might be related to the change of cup volume in NTG, since the
change was found not to be pressure dependent (Fig. 1B). One possible cause was optic disc
edema with hypotony, although it was not manifest ophthalmoscopically. However, if the ante-
rior movement of the lamina cribrosa in NTG was dependent on the flexibility or fragility of
the lamina itself, which has been suggested as one of the possible causes for development of
disc excavation under so-called normal pressure, the cup volume reversal may not simply be
proportional to the change of IOP.

Assessing the changes of visual field, statistically there was no significant difference be-
tween pre- and post-surgical mean deviation in two groups. Previously, we reported that mean
deviation was significantly decreased at one year after surgery in 12 eyes of seven POAG
patients!2. In the present study, visual field improvement was not found during the two- to
six-month follow-up. However, with a longer period of follow-up the visual field may possibly
improve in NTG. Several reports support the notion that filtering surgery is effective for main-
taining visual field stability in some cases$-11.

To reduce IOP, which is one of the risk factors of NTG, seems to be useful for optic disc
improvement.
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Repeatability of the Glaucoma-Scope measurements of optic nerve head
topography

H. Dunbar Hoskins!, John Hetherington!, Marianna Glenday!, Steve J. Samuels? and
Steven R. Verdooner?

VFoundation for Glaucoma Research, San Francisco, CA; 2University of California, Davis,
CA; 30Ophthalmic Imaging Systems, Sacramento, CA; USA

Introduction

Optic nerve head status is a critical clinical indicator in the diagnosis and management of
glaucoma!. Even among expert observers, subjective evaluation of optic nerve head topography
is not highly reproducible?. Recently, computerized methods of optic nerve head (ONH) topo-
graphy have become available using stereo-photogrammetry3-7 and laser tomographic scan-
ning8. The Glaucoma-Scope offers a new computerized method of measuring optic nerve head
topography based on raster-stereography®:10. The repeatability of Glaucoma-Scope depth meas-
urements must be established to provide a baseline for making clinical decisions on whether
optic nerve head topography in an individual has changed over time.

Material and methods

A computerized system for measuring optic nerve head topography (Glaucoma-Scope, Oph-
thalmic Imaging Systems, Sacramento, CA) was used to acquire and analyze digitized images
of the optic nerve head. Approximately 25 parallel horizontal dark/light line pairs are projected
at an angle of 9° to the ONH using near infrared light. As the lines pass over the surface of the
ONH, the lines are deflected proportionally to the depth of the surface. Video images record
these deflections and computer algorithms translate them into depth numbers, computed from
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Fig. 1. Schematic diagram of Glaucoma-Scope optical pathway.
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Fig 2 Each line in the pattern uses an individual reference plane defined by the nerve fiber layer height
approximately 350 um temporal and 350 pm nasal to the edge of the optic nerve head.

I 3. The Glaucoma-Scope captures images on a black and white monitor High quality images are not
4 because data are calculated based only on horizontal line information.



Repeatability of the Glaucoma-Scope measurements 179

Fig. 4. The original image is reduced to high-contrast horizontal line information. Magnitude of the line
deflection corresponds to the depth of an area.

Fig. 5. Line data are superimposed on the original image with vessel tracings. Disc margin and vessel
tracings are performed only at the patient’s first visit to provide visual landmarks on the printed report.
These tracings have no effect on the depth measurements.
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printout. The margin and vessel drawings do not affect data calculation. For subsequent ex-

falling in two vertical columns approximately 350 pm on either side of the optic nerve head
Patient alignment is accomplished while viewing a live image of the optic nerve head on the

approximately 8750 real data points (Fig. 1).
(Fig. 2).

is captured by pressing a button (Fig. 3).
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Comments:
Fig. 6. The two plots at the top of the Optic Nerve Head Report list the numerical depth measurements in

microns and the grayscale topography map of the optic nerve head. The two lower plots map change

against a baseline visit in microns and in grayscale format.



Repeatability of the Glaucoma-Scope measurements 181

Ophthalmic Imaging Systems, inc Name EYE
Glaucoma-Scope @ Chart: 27

OPTIC NERVE HEAD REPORT DisgnostisCoder 0S

NUMERICAL GRAY LEVEL

NN2sop N
b
&
LEELe

-l

TEEEI LT
£
geuse
a

RRAABLLBUD

FAARIBLE BB

R Y Y T T Y R e T I T T Er
oo NARURBRARNRRAUARRBABRNRARNERRR R« RO

(33 AT
83888
=

ELELPEEFEE]

BEBERESES
¥

18 178

cooooi3skRiNeccccofocssccaboo
SBhAE LR ELL LR EERS 315 Y 4
RUARLLSBIBLLIZLBRUARBUN

EEEEERERLDER]

5
G

5888
(1
EE]
3N
F
#

HEEEY
S838RUREES
a

-
888883

oaoacocao
conRBo~BY
cbaRUNNEY
cROREIBLE
ezuEBBIAAY
°#ZBIREER

ccwag
cooREBEELBENIR

400-450 475525 »525

Fig. 7. This sample report illustrates the five areas of interest selected for each subject: 1. flat area outside
the ONH; 2. flat area within the ONH; 3. bottom of the cup; 4. sloped area within the ONH; 5. area over

a vessel.

aminations, the previously selected reference point appears in a window in the corner of the
image. The operator selects a point on the current 1mage that is near the reference point. Com-
puter algorithms perform a best fit analysis on data in an area subtending approximately 4°
surrounding the reference point to register the current and baseline images. An overlay of the
disc margin trace and vessel information is automatically superimposed on the new image.

To analyze an image, the program first analyses data to remove all non-horizontal line in-
formation such as vessels. The remaining horizontal line information is contrast enhanced such
that only black and white horizontal lines remain on the screen (Fig. 4). The next analysis step
constructs continuous lines with appropriate deflections across the optic nerve head surface
based on the high-contrast segments. A series of proprietary logical rules are applied to ensure
that left and right segments are connected appropriately. The final analyzed lines are then
superimposed with the disc margin and vessel tracing on the image (Fig. 5).

Data are reported in the Optic Nerve Head Report (Fig. 6). Each number in the printout
represents the average depth of an area 75 um x 100 pm in size (a “cell” containing 20 real
data points). The report also includes an outline of the nerve head with the depths coded in
gray scale. Results from two visits are also compared in the report with the difference in depth
reported in both numeric and grayscale formats.

Study subjects consisted of ten normal volunteers aged 40 years and over with confirmed
normal visual fields and IOP <21 mmHg, and 18 glaucoma patients with intraocular pressures
greater than 21 mmHg prior to therapy and typical glaucomatous visual field loss as judged by
the physician examiner. No constraints on refractive error were imposed. Each subject received
information on the purpose of the study and signed an informed consent form.

One eye of each normal patient was chosen at random. For glaucoma patients, the eye was
selected at random only if both eyes met the study criteria. All study eyes were screened for
appropriate anterior chamber angle to ensure safe dilation and then dilated with phenylephrine
and tropicamide.

The total variability of the Glaucoma-Scope measurements can be divided into two com-
ponents: variability that occurs between two images captured sequentially during a single test
session (within visit measurement variability) and variability that occurs between images cap-
tured at two different test sessions (between visit measurement variability). To determine meas-
urement variability for each of these components, two visits were simulated for each subject
in the following manner. Five consecutive images were acquired on the Glaucoma-Scope. Only
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minor adjustments for alignment were made between images. These measurements were as-
signed to visit 1. The subject then went to a different room for stereo fundus photographs. The
subject returned to the Glaucoma-Scope where five more consecutive images were acquired
and assigned to visit 2. Between visit 1 and visit 2, the Glaucoma-Scope focus, alignment and
illumination controls were reset to random positions.

The operator selected two images for processing out of the five images acquired during each
visit. As in the clinical situation, images were selected on the basis of evenness of illumination
around the optic nerve head and line contrast.

To estimate measurement variability, depth values were analyzed in groups of approximately
25 cells, comprising "areas of interest”. The areas of interest were selected from the original
video image such that they represented five types of optic nerve head topography: flat area
outside the ONH, flat area within the ONH, bottom of the cupped area (this contained some
slope information as well), sloped area within the ONH along the transition of rim to cup, and
area over a vessel. Areas representing each of the five area types were selected for each subject.
Each area of interest represents approximately 375 x 500 um at the retina, an area large enough
to be of clinical interest (Fig. 7).

A components of variance analysis was used to compute the variability of the difference
between the depth of an area measured at the first and second visits. The analysis yields the
standard deviation of the difference between depth measurements taken within the same visit
(8y), the standard deviation of the difference between depth measurements taken at different
visits (Sy), and the combined total standard deviation (Sq).

For each image, an area of interest mean was obtained by averaging the cells included in the
area. These area means were used to compute the within-visit means, Y, and Y,, and within-
visit variances, V; and V,, at each visit. The average of these variances, V,, is the pooled
within-visit variance for both visits. This variance was then averaged over all subjects. The
square root of the averaged variance, S, is the study estimate for the within-visits standard
deviation. The between-visit variance for each patient was computed from the following equa-
tion: Vy, = (1/2)(Y - Y3) - (V./T), where J is the harmonic mean of the number of images taken
at the first visit and the number of images taken at the second visit!!. The between-visit vari-
ances were then averaged over all patients and the square root of this average, Sy, is the study
estimate for the between-visit standard deviation. The variability of the difference between two
area depth measurements taken at separate visits is quantified by Sq = [2(Sy? + Sy2)]V2.

The degrees of freedom (df) for the within-visit standard deviation from each patient is 2.
The total for normal subjects is 10 x 2 = 20 df and for glaucomatous subjects is 18 x 2 = 36
df. The same 20 degrees of freedom for normal patients could also be obtained from one patient
visit and 21 images, but that would limit the generalizability of the results.

To estimate the variability of a single cell image within visits, image to image standard deviation
of corresponding cell values in the two images within each visit was computed. These standard
deviations were then averaged over the entire image (680 values), over two visits and over all
subjects in the population of interest. The resultant averaged standard deviation is an estimate
of the variability of individual cell values in consecutive images taken within one visit.

Results

There were ten healthy eyes and 18 glaucomatous eyes tested. Of the total population, 13
were male and 15 were female. Average age of the subjects was 57.4 £ 12.0 years (mean £ SD).
Average age of the normal subjects was 49.4 + 11.2 years. Average age of the subjects with
glaucoma was 61.9 + 10.2 years. The average cup/disc ratio of the healthy subjects was 0.26
* (.18 (mean * SD). The average cup/disc ratio of the glaucomatous eyes was 0.63x+ 0.20.
These were significantly different (p<0.05 by two-sample ¢ test).

The average cup depth in the total population was 213 um with a maximum of 548 pm. Average
cup depth for healthy and glaucomatous discs was 184 ym and 229 pm, respectively. Refractive
error of the glaucoma population was 3.13 £ 2.72 diopters spherical equivalent. Two glauco-
matous eyes were pseudophakic. Refractive error of the healthy eyes was 1.29 £ 1.74 diopters
spherical equivalent. These were also significantly different (p<0.05 by two-sample ¢ test).

The SD of the differences of the depth measurements taken in the various area types both
within visits and between visits is shown in Tables 1 to 3.
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Table 1. Variability of depth measurements: total population (n=28) (um)

Area type Area definition Sw Sp Sa

Flat area outside ONH 715 4.14 11.68
2 Flat area within ONH 12.58 1.43 17.91
3 Bottom of the cup 19.06 12.21 32.01
4 Sloped area within ONH 11.10 9.62 20.78
5 Area over a vessel 19.24 15.29 34.76
Total map  Single cell average 12 61

Table 2. Variability of depth measurements: healthy discs (n=10) (um)

Area type Area definition Sw Sp S4

1 Flat area outside ONH 9.01 4.47 14,22
2 Flat area within ONH 17.87 0.0* 25.27
3 Bottom of the cup 16.44 11.75 28.58
4 Sloped area within ONH 12.88 10.37 23.39
5 Area over a vessel 20.60 13.09 34.53
Totalmap  Single cell average 11.64

*Sp, cannot be negative. A negative estimated is reported a zero, which indicates a very small or imprecisely
determined true value

Table 3. Variability of depth measurements: glaucomatous discs (n=18) (pm)

Area type Area definition Sw Sp Sq

Flat area outside ONH 5.87 3.95 10.00
2 Flat area within ONH 8.30 7.56 15.88
3 Bottom of the cup 20.37 12.46 33.76
4 Sloped area within ONH 9.98 917 19.17
5 Area over a vessel 18.44 16 38 34.89
Total map  Single cell average 13.16

The Glaucoma-Scope grayscale topography maps were judged to compare very well with
the stereo fundus photographs for all subjects. While the protocol did not include an evaluation
of the relationship of the Glaucoma-Scope Optic Nerve Head Report maps to computerized
visual fields, the two measurements were noted subjectively to correspond well.

Discussion

We believe that the major sources of between-visit variability are the patient re-alignment
and instrument readjustment. The main source of image-to-image variability within visits is
the natural variability of the instrument and algorithm. We expect (and have observed) that
both sources of variability can be reduced by refinements in the protocol and computer algo-
rithms. The contribution of the within visit variability is further reducible by taking an average
of multiple images!2.

The clinical utility of the Glaucoma-Scope to detect change in optic nerve head topography
depends on its total measurement variability. As shown in Table 1, S, is higher in areas of
vessels and cups and lower in flat areas. This trend is also seen in the glaucomatous subpopu-
lation reported in Tabie 3. S, also tended to be higher in areas containing slopes compared to
flat areas. This variability is thought to be due to differences in algorithm interpretation where
line deflections are discontinuous, for example, in highly sloped regions and around vessels.
In fact, one subject was excluded from the study group because the software algorithm failed
to properly assign line pairs across a discontinuity (a steep cup edge). The manufacturer is
addressing this problem in its next software update.

Because the cupped glaucomatous discs (cup/disc ratio of 0.63) in our study had a greater
percent of their depth measurements in sloped areas than did the healthy subjects (cup/disc
ratio of 0.26), the average standard deviation of a single cell of glaucomatous subjects of 13.16
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um is higher than the 11.64 pm found in the relatively flat discs of the healthy subjects. The
average single sell SD for the entire population is 12.61 pm. The + 2 SD interval for healthy
and glaucomatous discs is 46.56 and 52.64 pm, respectively. Because the variability of the
Glaucoma-Scope depth measurements varies with topography type, we believe the assessment
of topographic change can best be answered by considering local measurement variability of
the area in question.

Future studies will investigate the efficacy of using computer algorithms to divide the optic
nerve head into areas of known variability. Table 4 outlines possible computer logic that may
be applied.

Table 4. Proposed computer logic for local area selection

Area type Computer logic

Flat area outside ONH Area between 1-120 pm outside the disc margin
Flat area within ONH Area between 1-120 pm within the disc margin
Bottom of the cup Area within the disc margin >120 pm

Sloped area within ONH Area of slope: 30°/60°/90° over defined cell area
Area over a vessel Area within 50 pm of vessel trace

Repeatability of other computerized devices that measure optic nerve head depth has been
studied (Table 5). Lusky and associates report a mean standard deviation of all depth measure-
ments of 45 pm using the Retinal Tomograph (Heidelberg Engineering GmbH)!3. Dandona and
associates evaluated the Retinal Analyzer (Allergan Humphrey) and reported the 95% confi-
dence interval for depth measurements inside the optic nerve head ranging from 165.6 um for
healthy subjects to 305.0 pum for subjects with elevated IOP and glaucomatous visual field
loss!4. Lim and associates evaluated the Imagenet (Topcon) optic nerve head analysis package
and reported the 95% confidence interval of 280 pum for depth measurements across the
image!s. The Glaucoma-Scope average individual cell results (12.61 pm standard deviation
and 50.44 um * 2 SD interval length) compare favorably with variability reported for previous
computerized optic nerve head topography devices. Much additional work has been done to
analyze reproducibility of optic nerve head measurements using other devices. Because the
investigators typically report confidence intervals only for calculated disc parameters rather
than raw depth measurements, these data are difficult to compare with the current study.

Table 5. Repeatability of depth measurements in computerized optic nerve head topography devices

Investigators Device Subject type Average Length of
individual -28D to+2SD
cell image-to- interval for
image SD average cell
Current study Glaucoma-Scope Healthy 11.64 ym 46.56 ym
(Ophthalmic Glaucomatous 13.16 pm 52.64 uym
Imaging Systems)

Lusky et al!3 Retinal Tomograph Not specified 45 pm* 180 pm
(Heidelberg Engineering)

Dandona et all4 Retinal Analyzer Healthy Not reported 165.6 pm
(Allergan Humphrey) Glaucomatous 305.0 pm

Lim et all5 Imagenet (Topcon) Not specified Not reported 280 um

*“mean standard deviation” reported in the abstract

The Glaucoma-Scope depth measurements are highly reproducible for both healthy and
glaucomatous subjects and correlate well with subjective assessment of the optic nerve head
by stereo fundus photographs. Change in optic nerve head topography should be assessed by
evaluating local variability in depth measurements.
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Computerized image analysis of glaucomatous optic disc color changes

Miki Ito and Kuniyoshi Mizokami

Department of Ophthalmology, School of Medicine, Kobe University, Kobe, Japan

Introduction

Recently, an epidemiological study of glaucoma in Japan revealed that low tension glaucoma
(LTG) was common!. Therefore, an exact evaluation of the optic disc is required in early di-
agnosis and follow-up observation of glaucoma. We modified a computerized color analysis
system for the purpose of objective quantification of the optic disc color2. We have already
reported good reproducibility and clinical usefulness for follow-up observation of glaucoma
using this system?.3. In this study we report correlations among changes in disc rim color, visual
field defect and cup area to disc area ratio (C/D.A) in primary open angle glaucoma (POAG).

Subjects and methods

The subjects were 40 eyes of 40 patients with early or middle stages of glaucoma. Magnified
stereoscopic optic disc pictures were taken periodically in all cases using the same camera
(Canon CF-60Z) and the same color film (Kodak ektachrome ASA 200) by the same pho-
tographer. For the periodic measurement of the visual field, an Octopus 201 automated per-
imeter was used in all cases. The eye with the more advanced visual field damage was studied.
All eyes showed significant progression of visual field defects in the whole field when statis-
tically evaluated by program Delta. The mean value of total loss of visual field sensitivity in
subject eyes was 271.7£263.2 dB (mean+SD), and cup/disc ratio was 0.70+0.08 (mean+SD).

For the analysis of optic disc color, a computerized color analysis system was used (Fig. 1).
The magnified stereoscopic optic disc lighted with a halogen lamp was photographed by a
digital video camera (XC-711, Sony), and was stored in an image memory which had 512 x
512 pixels respectively in red, green and blue elements. In each color, the resolution of color
intensity was 8 bit (256 steps) in each pixel. Two-hundred and fifty-six by 256 pixels out of
512 x 512 pixels stored into the image memory were subdivided into 16 x 32 pixels (16 x 8
blocks). The mean value of the color intensity in each block was digitized in 100 steps from 0
to 99 respectively in red, green and blue elements, which were superimposed on the original

disc photograph
l
RGB digital video camera
l

RGB image memory 8 bit, 512 x 512 pixels)
256 x 256 pixels out of 512 x 512 pixels
1

16 x 32 pixels (16 x 8 blocks)
i
RGB intensity
i
RGB ratio

Fig. 1. Color analysis system.
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Fig 2

image of the disc on a color cathode ray tube (CRT) shown in Fig. 2, so that the color intensity
of every part of the disc could be measured. Based on the analyzed level of actually measured
color intensity, we paid attention to the ratio of each element of red, green and blue which were
corrected such that the total value became 1 in order to investigate the influence of brightness
of the picture23. For the purpose of quantification of the color change between two images
acquired at different times, the change in the ratio of red element (AR) was calculated as fol-
lows: AR=(R2-R1)/R1x100. R1 and R2 are the ratios of the red element before and after pro-
gression of visuai field defeci?. For measurement of C/D.A a computerized digitizer was ap-
plied using the same magnified stereoscopic picture of the disc as the color analysis. The
increase of C/D.A (AC/D.A) between two photographs before and after progression was cal-
culated. In addition, the temporal upper and temporal lower disc sectors were each divided into
two areas named F1 and F2 according to the retinal nerve fiber pathway shown in Fig. 3. The

Fig. 3.
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one F2 part out of the upper and lower F2 parts, which corresponded to the more progressive
area between the nasal upper and lower part of the visual field was selected for color and
topographic analysis in every case. As an index of progression of visual field damage, a
decrease of mean sensitivity in the visual field (AMS) which presented more decrease of sen-
sitivity between the nasal upper and lower areas of visual field was used. A comparison of
visual field defects was performed between the two groups. The MS of each group was a mean
value of mean sensitivities in the upper and lower nasal area of visual field of at least two
different times of examination. In this study the correlation among AR, AC/D.A, and AMS was
examined statistically in 40 POAG eyes.

Results

The correlation between AMS and AR in 18 eyes with total initial loss of visual field sensi-
tivity under 100 dB is shown in Fig. 4. AR increased linearly with regard to the decrease of
mean sensitivity (Pearson’s r=0.7410, p=0.0004). The correlation between AC/D.A and AR in
18 eyes with total initial loss of visual field sensitivity under 100 dB is shown in Fig. 5. AR
also increased linearly, correlated with an increase of AC/D.A (Pearson’s r=0.4698, p=0.0492).
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The correlation between AMS and AR in 22 eyes with total initial loss of visual field sensi-
tivity over 100 dB is shown in Fig. 6. AR increased linearly with regard to a decrease of MS
(Pearson’s r=0.7503, p<0.0001). The correlation between AC/D.A and AR in 22 eyes with total
initial loss of visual field sensitivity over 100 dB is shown in Fig. 7. Statistically, AR had no
significant correlation with AC/D.A (Pearson’s r=0.2980, p=0.1780).

Discussion

There have been many reports on topographic quantitative image analysis on glaucomatous
optic discs, but only a few studies on the quantitative analysis of the optic disc rim color in
glaucoma#7. Robert and Hendrickson8 reported on the disc rim color in glaucoma. However,
as they measured a relative pallor value of only a few points on the disc rim, in their method
it seems to be possible only to measure rim color change in wide rims, as in an initial stage of
glaucoma, but impossible when the rim becomes narrow with the development of glaucomatous
notching. In our modified system the optic disc was divided into 16 x 8 blocks. This small
division of the optic disc enabled us to evaluate the rim color even in the narrow rim area of
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the middles stages of glaucoma. Because the color intensity level in one block is the mean
value of 16 x 32 pixels, this system has good reproducibility, a 1.8% intraphotographic and a
1.9% interphotographic coefficient of variation?. The ratio of red, green and blue element
changes correlated with each other, so we paid attention to the change of the ratios of the red
elements in order to simplify the analysis. The more the optic disc becomes pale, the more the
ratio of the red element decreases3.

In this study, the optic disc rim color changes correlated both with the decrease of mean
sensitivity and the increase of C/D.A in the early stage of POAG with total initial loss of
sensitivity under 100 dB. In the middle stage of POAG with total initial loss of sensitivity over
100 dB, the rim color related to mean sensitivity but not to C/D.A. Therefore, the rim color
change in an early stage measured by this system might be based on a different pathological
change from that in a middle stage. Several pathological examinations revealed that axon loss
was reflected by a general decrease in the tissue volume of the anterior optic nerve head in
moderately damaged glaucomatous eyes, and that there was near total collapse of the anterior
nerve structure as a result of posterior bowing of the lamina cribrosa with severe damage5-12,
The number of capillaries in pale optic discs is not significantly different from that in normal
optic discs. But, when the loss of nerve fibers leads to a 50% decrease in nerve head substance,
capillaries must atrophy to maintain a constant relationship between capillary number and
tissue volume!3.14, Based on these pathological findings, the rim color change in an early stage
of POAG appears to be the result of thinning of the neural tissue of the rim of the optic disc
and the consequent change in tissue composition and optical transparency, rather than of a loss
of optic disc capillaries, whereas in a middle stage rim color change may be the result of near
total collapse of the anterior nerve structure including a loss of optic disc capillaries.
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Regional differences of functional and structural changes in glaucoma
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Departments of Ophthalmology! and Industrial Technology?, Nihon University, Tokyo, Japan

Abstract

The relationship between generalized and localized changes in visual field (VF) and retinal nerve fiber
layer (RNFL) abnormalities in both eyes of 100 patients with early and moderate glaucoma was evaluated.
VF and RNFL were divided into four sectors based on the nerve fiber layer anatomy with a red-free fundus
photograph and a computerized digital image analysis system. The inferotemporal sectors in RNFL
showed more significant localized loss than diffuse loss when compared with the arcuate sector. The
regional differences in functional and structural changes may explain the mechanism of glaucomatous
optic nerve damage.

Introduction

The relationship between elevated intraocular pressure (IOP) and glaucoma is well known;
however, the role of IOP in producing optic nerve damage is still not clear. Characteristic
features of glaucomatous optic nerve damage are the progression and pattern of its visual field
(VF) defects. The earliest VF loss usually demonstrated an isolated paracentral scotoma in the
Bjerrum area between 5- and 25-degrees from fixation. The VF defect then gets larger within
the Bjerrum area, first contacting the horizontal raphe nasal to fixation, until linking to the
blind spot. The 5-degree central and temporal VF are usually preserved until the late stage of
the disease. Hoyt and Louis! reported that the above characteristic selective VF loss corre-
sponded with the nerve fiber losses at the superior and inferior poles of the nerve in the early
stage of glaucoma, where arcuate-area ganglion cell fibers were located. Quigley et al.2-4 de-
monstrated that the superior and inferior parts of the lamina at the level of the sclera had larger
pores and thinner connective tissue supporting the passage of nerve fiber bundles than the nasal
and temporal parts, and concluded that the superior and inferior laminar zones were the sites
for passage of Bjerrum-area ganglion cell axons and that they were most susceptible to glau-
coma damage.

However, the regional differences of functional and structural changes during the various
stages of primary open-angle glaucoma (POAG) have not been studied. The purpose of this
study is to determine the relationship between the change of retinal nerve fiber layer (RNFL)
and retinal sensitivity in each sectorial area of eyes with POAG.

Material and methods

The diagnostic criteria for POAG were:

- maximum IOP with 23 mmHg or above including diurnal tension curve;

- the presence of typical glaucomatous field defects with glaucomatous disc changes which
are not attributable to other ocular or systemic pathologies.

In all patients, aided visual acuity was equal to or better than 0.7 and there was no history
of ophthalmic surgery. The mean age of the patients was 54.0 * 8.6 (SD) years. The visual field
was classified into stages 0 to 4 by Goldmann or Humphrey perimetry according to Greve’s
modification of Aulhorn’s classification; therefore, all the enrolled patients could be considered

Address for correspondence: Yoshio Yamazaki, MD, Department of Ophthalmology, Nihon University,
30-1, Oyaguchikami-machi, Itabashi, Tokyo, 173, Japan

Perimetry Update 1992/93, pp. 193-198

Proceedings of the Xth International Perimetric Society Meeting
Kyoto, Japan, October 20-23, 1992

edited by Richard P. Mills

© 1993 Kugler Publications, Amsterdam [ New York



194 Y. Yamazaki et aI:

to have mild or moderate field changes. The mean deviation in all the patients was -8.08 + 7.96
(SD) dB, the pattern standard deviation was 7.10 £ 4.95 (SD) dB. Based on the above criteria,
one selected eye of each 100 patients with POAG was examined.

RNFL analysis

Red-free fundus photographs of the RNFL were taken using a previously described tech-
niques-$, and evaluated using a computerized digital image analysis system. The reproducibility
of this system has been reporteds5. Two parameters were calculated for the evaluation of RNFL
as determined from each photograph; they were derived from the image intensity obtained
along a circular scanning line around the optic disc. The image intensity decrease (ID) is de-
fined as the arithmetic mean of the differences in image intensity between measurement values
in patients and the normal values stored in the analysis system. The value for ID is sensitive
to diffuse RNFL loss. The image intensity variance (IV) is defined to local non-uniformity of
RNFL loss; the value for IV is more sensitive to localized RNFL loss. It is small if RNFL loss
is more or less even, and it is large in the presence of deep, localized RNFL loss.

The radius of the scanning line was two-fifths of the distance between the optic disc and the
fovea. The scanning line was divided into five sectors as shown in Fig. 1, four 60-degree sectors
and a nasal 120-degree sector, Two parameters were calculated on the scanming line in four
60-degree sectors but not on the nasal sector. The papillomacular fiber bundle area (sector ST
and IT) was defined based on the topographical anatomy. Bjerrum nerve fiber bundle areas
(sector SB and IB) were considered to be extensions of the nasal side of the vertical meridian.

RNFL analyses were carried out to evaluate the relationship between ID and IV in each RNFL

sector.
VF analysis

All patients were examined using the central 30-2 program of the Humphrey Field Analyzer
630. In the examination with the central 30-2 program, a total of 76 points within 30 degrees
of fixation were examined. On evaluation of regional characteristics in retinal sensitivity, we
divided test points into four groups according to Wutschafter s retinotopic projection’ as shown
in Fig. 2. RNFL sector SB corresponded to VF IB (inferior Bjerrum), sector ST to VF IT

(inferotemporal), sector IT to VF ST (superotemporal) and sector IB to VF SB (superior Bjer-

Fig. 1. Example of a red-free fundus photograph. A circle shows the scanning line, and analyzes each
wedged line with an angle of 60 degrees. SB: superior Bjerrum: ST: superotemporal; IT: inferotemporal;
IB: inferior Bjerrum.
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30°
Fig. 2. Map of the central 30-2 program presented as the right eye. The 76 data points are divided into
four analytic regions. SB: superior Bjerrum; ST: superotemporal; IT: inferotemporal; IB: inferior Bjerrum.

rum). Mean deviation (MD) is a weighted average deviation from the normal reference field,
and sensitive to diffuse VF change. Corrected pattern standard deviation (CPSD) estimates the
non-uniform deviation, expressing localized VF deviation. We calculated MD and CPSD as
the visual field indices in each sector group, using formulas described by Flammer et al.%9,
and analyzed the relationship between MD and CPSD in each VF sector.

Statistical analysis

Regression analyses were carried out between ID with IV for each RNFL sector, and MD
with CPSD in each VF sector group. We also performed analysis of variance to compare the
regression curves in RNFL analysis and VF analysis.
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Fig. 3. Regression line drawn on the scatter diagram, relating the image intensity decrease to the image
intensity variance of the entire RNFL area around the disc
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Fig. 4. Regression line drawn on the scatter diagram, relating MD to CPSD in the full field of program
central 30-2

Results

The relationship between ID and IV on the RNFL area around the disc is shown in Fig. 3.
Two RNFL indices were highly significantly related to a quadratic relationship (Y = -8.61 x
10-3X2 +9.77 x 10-1X - 1.14 : r = 0.878, p<0.005). The relationship between ID and IV of each
60-degree RNFL sector is shown in Fig. 4. The RNFL indices of all 60-degree sectors were
highly significantly related to the quadratic relationship (SB: R = 0.852, p<0.005, ST: r = 0.887,
p<0.005, IT: r = 0.881, p<0.005, IB: r = 0.807, p<0.005). Comparing the regression line in the
relationship of ID on IV, sectors SB, ST and IB revealed no significant difference, but sector
IT demonstrated more statistically significantly localized RNFL loss than sectors SB, ST and
IB (F = 207.1, p<0.005).

The relationship between MD and CPSD on full VF of central 30-2 program is shown in Fig.
5. Two VF indices were highly significantly related to the quadratic relationship (Y = -3.94 x
10-2X2 + 1.38X + 8.63 x 10! : r = 0.892, p<0.005). The relationship between MD and CPSD

Intensity Variance

20 40 60 80
Intensity Decrease

Fig. 5. Regression lines for diagram, relating the image intensity decrease to the image intensity variance
of the divided RNFL sector; SB: Y = -5 49 x 10-3X2 + 0 682X - 3 55 x 10°1, r = 0.852, p<0.005; ST: Y =
-6.64 x 10-3X2 + 7.52 x 10-1X + 4.61 x 10°1, r = 0.887, p<0 005; IT: Y = -3.73 x 10-3X% + 6 92 x 10-X
-3.57x 101, r =0 881, p<0 005; IB: Y = -7 04 x 10-3X2 - 7 65 x 10-1X - 1.51 x 10-L, r = 0.807, p<0.005.
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Fig. 6. Regression lines for relating MD to CPSD of the divided visual field; SB: Y = -2.51 x 10-2X2 -
771 % 101X +1 50, r = 0798, p<0.005; ST: Y = -2.96 x 10-2X2 - 1.02X + 1.22, r = 0.878, p<0 005; IT:
Y =-2.12 x 102X2 - 9 52 x 101X + 1.14, r = 0.932, p<0 005; IB: Y = -2.63 x 10-2X2 - 8 42 x 10-1X +
1.44, r = 0.752, p<0.005.

of each VF sector is shown in Fig. 6. The VF indices of all VF seciors were highly significantly
related to the quadratic relationship (SB: r = 0.798, p<0.005, ST: r = 0.878, p<0.005, IT: r =
0.932, p<0.005, IB: r = 0.752, p<0.005). Comparing the regression line in the relationship of
MD and CPSD, VF SB, IT and IB sectors showed no significant difference, but VF SB demon-
strated statistically more significantly localized VF change than VF SB, ST and IB (F = 623.8,
p<0.005).

Discussion

We analyzed the characteristics of RNFL and VF changes in each sector in both eyes of 100
patients with early or moderate POAG. A previous study!0 showed a statistically highiy signif-
icant correlation between the neural structure of the retina as evaluated with the new parameters
calculated from our computerized digital image analysis system and the visual function
measured using the VF indices calculated by the central 30-2 program of the Humphrey Field
Analyzer. The index of ID related to diffuse retinal damage, whereas IV related to localized
retinal damage. The present results with regard to RNFL evaluation showed excellent agree-
ment with the quantitative assessment of VF change in each retinal sector. Our results demon-
strated that the relationship between diffuse damage and localized damage both in RNFL and
VF fitted a non-linear correlation function by quadratic regression analysis. RNFL analysis of
the entire RNFL area around the disc demonstrates that at an early stage of glaucoma, increase
in both ID and IV was consistent with the current knowledge of histopathological study, but
in the moderate stage of glaucoma, increase of ID decrease seems to cause a decline in IV. In
an RNFL which is severely disturbed, it is expected, for statistical reasons that further loss of
RNFL will reduce IV, since this increases the symmetry of RNFL loss. However, there is more
localized RNFL change in inferior temporal RNFL area compared to the other RNFL areas.
Quigley and associates!! reported that the damaged pattern in glaucoma nerves followed an
hour-glass shape, with selectively greater damage in the vertical polar region; this most dam-
aged site was quite close to the temporal zone which was most often best preserved, especially
the inferior temporal which was the least damaged. There seems to be an abrupt transition from
a privileged to a susceptible area at this point.

Current ideas with regard to typical glaucomatous VF loss have largely been developed by
Aulhorn and Harms!2. They showed the importance of small isolated scotomas, often with
absolute scotomas. After the advent of computerized perimetry, diffuse depression of the differ-
ential light sensitivity throughout the entire VF was identified as the predominant pattern of
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VF loss in patients with POAG. These findings have been confirmed by many other investiga-
tors13.14. The VF analysis of the whole field showed that, in the early VF defect, MD and CPSD
increased simultaneously, but in the moderate stage, increase in MD seemed to be associated
with a decline in CPSD. These relationships between two indices for VF corresponded well to
the relationships between two RNFL parameters. However, we indicated that VF defect in the
superior temporal sector showed more localized sensitivity loss compared to the other VF
sectors. The most interesting issue is to detect the earliest glaucomatous changes in RNFL and
VF, and to predict their progression. Recently, Tuulonen and Airaksinen!s have shown that in
most glaucomatous eyes the initial sign of RNFL abnormality was diffuse change, but in others
these were localized changes alone or in combination with diffuse changes. They concluded
that the differences of RNFL change resulted from the configuration of the optic nerve head.
We would like to emphasize that there is a regional difference in the pattern of structural and
functional changes between the retinal sectors in patients with POAG. This leads to a hypothesis
that the optic nerve has regional differences in susceptibility to elevated intraocular pressure.
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Positive correlation between rotation of the optic disc and location of
glaucomatous scotomata

Etsuo Chihara and Seiji Takahara

Department of Ophthalmology, Faculty of Medicine, Kyoto University, Kyoto, Japan

Abstract

The authors studied the correlation between the location of glaucomatous scotomata and the shape of
the optic disc in 32 eyes with high tension glaucoma. There was a positive correlation between the rotation
(in- or out-rotation) of the optic disc and the distance between the most depressed point of the superior
or inferior scotoma and the central fixation point (p=0.0386). Laterality of the most depressed point of
the inferior hemifield was more pronounced in eyes with in-rotation of oval discs than in other eyes
(p=0.0044). The most depressed point of glaucomatous eyes with round optic discs was more frequently
within 10° of the central fixation point compared with eyes with oval optic discs (»p=0.0131). From this
study, it is clear that rotation of the oval optic disc and the shape of the optic disc are correlated with the
distance between the most depressed point of the scotoma and the central fixation point.

Introduction

Damage to the nerve fiber layer by glaucoma is not uniform around the optic disc; severe
damage can be observed locally. Less connective tissue at the superior and inferior poles of
the disc, or macroscopic variations in the optic disc may correlate with nerve fiber layer vulner-
ability. There is an evidence that intrapapillary retinal vessels!, local elevation of the floor of
the cup?, variable size of the optic disc34, and tilting and rotation of the optic disc> are as-
sociated with specific types of retinal nerve fiber layer defects. It has been hypothesized that
the location of early nerve fiber layer defects corresponds with areas of less connective tissue
of the lamina cribrosa® and with areas having a large laminar pore size’.

If the weak points of the optic disc exist strictly along the vertical meridian and at the superior
and inferior poles of the optic disc, superior and inferior retinal nerve fiber layer defects will
be symmetrical and the distance between the central fixation point and the most depressed point
of a superior glaucomatous scotoma will be equal to the distance between the central fixation
point and the most depressed point of an inferior glaucomatous scotoma. However, the optic
disc of patients is frequently rotated around the anterior-posterior axis. When the weak points
of the disc at the superior or inferior end of the long axis of the disc is rotated nasally or
temporally, the distance between the superior scotoma and the central fixation point may differ
from that between the inferior scotoma and the central fixation point.

To investigate this possibility, we examined the correlation between optic disc rotation and
the location of glaucomatous scotomata in 32 eyes of 23 patients with high tension glaucoma.

Material and methods

We examined the optic disc, retinal nerve fiber layer defect and the visual field using the
Octopus G1 program in 32 high tension glaucoma eyes of 23 patients. All the glaucomatous
patients were consecutive outpatients of the Glaucoma Service at Kyoto University. In addition,
all had clear media and a retinal nerve fiber layer defect with a mean defect of less than 17.5
dB. The diagnosis of high tension glaucoma was based on the existence of a glaucomatous
visual field defect, glaucomatous cupping of the disc, and a high intraocular pressure (226
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Fig. 1. In-rotation and out-rotation of the optic disc

mmHg) recorded on at least two occasions during the follow-up period. The visual field was
assessed more than three times in each patient. The optic disc and the retinal nerve fiber layer
defect were photographed with black and white film (ISO 100, Neopan SS, Fuji Film Co,
Tokyo). The ovalness index (OI) was defined as the ratio of the long optic disc axis to the short
optic disc axis. The shape of the disc was classified into 13 round shapes (0I<1.07) and 19
oval shapes (0121.07). Eyes with an oval optic disc showing no rotation around the anterior-
posterior axis and those with an irregular shape were excluded from this study. Out-rotation of
the optic disc was defined as a rotation of the superior pole of the disc temporally. In-rotation
of the optic disc indicates rotation of the superior pole nasally (Fig. 1).

The most depressed points (MDP) of the superior and inferior scotomata were recorded and
mapped on a sheet. The distances between the MDP and the central fixation point were assessed
and expressed in degrees (°). The lateral distance between the superior and inferior MDP was
expressed in degrees as the difference in laterality (Fig. 2).

The laminar pores were examined in ten selected eyes with large glaucomatous cups. The
optic disc was studied using a scanning laser ophthalmoscope (Rodenstock-Chu-O-Sangyo,
Osaka). A focus plane was placed on the lamina cribrosa, as reported previously8, and possible
in-rotation or out-rotation of an area with large pores was examined by two ophthalmologists
independently.

Statistical analysis

Data were saved using the Statistical Analysis System (SAS Japan, Tokyo) and analyzed by
the chi-square test, Fisher’s exact test and ANOVA.
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Fig. 2. Measurement of the distance between the most depressed points (MDP) of a scotoma and the central
fixation point. a: the MDP of the superior scotoma; b: the MDP of the inferior scotoma; CF: central fixation
point; m: the distance between the MDP of the superior scotoma and the central fixation point; 1: the lateral
distance between the MDP of superior and inferior hemifield scotomata; M: physiologic blind spot; R:
horizontal raphe.
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Results

The location of the most depressed point (MDP) of the superior and inferior hemifields in
each group appears in Fig. 3a, b and c. When the optic disc was oval and in-rotated, the distance
between the MDP of the superior scotoma and the central fixation point was shorter than the
distance between the MDP of the inferior scotoma and the central fixation point in nine eyes,
longer in two eyes and of equal distance in one eye (Fig. 4, Table 1). When the optic disc was
oval and out-rotated, the distance between the MDP of the superior scotoma and the central
fixation point was shorter than the distance between the MDP of the inferior scotoma and the
central fixation point in two eyes, longer in four eyes and of equal distance in one eye (Fig. 5,
Table 1). This difference in results was statistically significant by Fisher’s exact test
(p=0.0386). Examples of in- and out-rotated oval optic discs and a pattern of the visual field
are shown in Figs. 4 and 5.

Table 1. Correlation between the most depressed point of the scotoma and the shape of the optic disc

Group (A) Group (B) Group (C)
oval disc oval disc round disc
in-rotation out-rotation
Superior MDP closer 9/12 (75%) 2/7*  (29%) 6/13  (46%)
to the CF
Inferior MDP closer 2/12 (17%) 4/7*  (57%) 5/13  (38%)
to the CF
Equal distance 1712 ( 8%) 1/7* (14%) 2/13  (15%)
Superior MDP within 5/12  (42%) 3/7  (43%) 9/13  (69%)
10° of the CF
Inferior MDP within 3/12 (25%) 3/7  (43%) 10/13** (73%)
10° of the CF

MDP: most depressed point of the scotoma; CF: central fixation point; *significantly different from Group
(A) by Fisher’s exact test (p=0.0386; **significantly greater than Group (A) by Fisher’s exact test
(p=0.0131)
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Fig. 3a.

Fig. 3. Scattergram depicting the location of the most depressed points (MDP) of the superior and inferior
hemifields of eyes with in-rotated oval discs (3a), out-rotated oval disc (3b), and round optic disc (3c).
The broken line indicates the horizontal raphe. The MDP of the superior scotoma of the in-rotated discs
tend to be closer to the central fixation than the MDP of the inferior scotoma (p=0.0386). Laterality of
the inferior MDP of eyes with in-rotated optic disc were greater than the laterality of the superior MDP.
The MDP of eyes with round optic discs were more frequently within 10° of the central fixation compared
to eyes with in-rotated discs (p=0.0131).
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Table 2 Correlation between the location of the most depressed point (MDP) of the scotoma and the shape
of the optic disc

Group (A) n=12 Group (B) n=7 Group (C) n=13 p value

Oval disc with Oval disc with Round disc
in-rotation out-rotation
Lateralityt 12.3 +102* -3.6 £14.3 16 6.4 0.0044
(degrees)
Distance between superior
MDP and CF (degrees)  8.18+ 4.03 12.99+ 5.28 7.00£3.87 0.1810
Distance between inferior
MDP and CF (degrees) 1571+ 3.79** 8.96+ 4.96 5.70+3.64 0.0253

Lateralityt: when the MDP of the inferior scotoma was located nasally to that of the superior scotoma,
the numerical value was positive. When the inferior MDP was temporal to the superior MDP, the value
was negative. *,**: significantly greater than Groups (B) or (C) (statistical analysis with ANOVA)
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Fig. 4. An example of an in-rotated optic disc (left) and the visual field with the Octopus G1 program
(tight). The MDP of the superior hemifield was closer to the central fixation point than that of the inferior
hemifield.

In eyes with round optic disc, the MDP of the scotoma was more frequently within 10° of
the central fixation point than in eyes with oval discs (p=0.0131, Table 1).

The MDP of the inferior scotoma of in-rotated optic discs was 12.3 *+ 10.2° lateral to the
MDP of the superior scotoma. This laterality was significantly greater in in-rotated optic discs
than in out-rotated optic discs (-3.6 + 14.3°) or round discs (1.6 + 6.4°) (p=0.0044, Table 2).

The distance between the MDP of the inferior scotoma and the central fixation point in eyes
with in-rotated discs was significantly greater than in eyes with out-rotated oval discs or in
eyes with round discs (p=0.0253, Table 2). A similar tendency was found in the distance be-
tween the superior scotoma and the central fixation point; however, this correlation was not
significant (p=0.1810) probably because of the small sample size.

30 -
+ +
+ o+ + o+
O-
+ +
30-
—30 30

Fig. 5 An example of an out-rotated optic disc (left) and the visual field with the Octopus G1 program
(tight). The MDP of the inferior hemifield was closer to the central fixation point than that of the superior
hemifield.
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Fig. 6. Representative tomographic image of the lamina cribrosa obtained by scanning laser ophthalmo-
scope (Rodenstock). At the periphery of the optic disc, the laminar dots are larger along the long axis than
along the short axis

The laminar pores of the optic disc can be visualized by the scanning laser ophthalmoscope.

Tha 1 3 i i 1 i 1
The laminar pores along the long axis of the disc were larger at the superior or inferior pole

than at any other place, and these areas rotated with rotation of the disc. An example is shown
in Fig. 6.

Discussion

There are some reports about the distance between scotomata and the central fixation point
in eyes with normal tension glaucoma and high tension glaucoma®10. The type of glaucoma is
a probable factor in the relationship between the position of the scotoma and fixation. However,
there may be other factors.

When the nerve fibers enter the optic disc, the strength of the laminar connective tissue at
the entrance location may be another important factor in the local susceptibility of nerve fibers
to glaucomatous damage. When the optic disc is rotated and nerve fibers from the paracentral
region pass through the area with enlarged laminar pores, the nerve fibers will suffer more
severe distortion by high intraocular pressure and more severe glaucomatous damage than
nerve fibers from other regions of the optic disc.

In this study, the MDP of one hemifield was closer to the central fixation point than the MDP
of the other hemifield when the associated vertical end of the optic disc was closer to the fovea
centralis than the other vertical end. This finding may correspond with the result of our previous
study which showed that in-rotation of the disc correlates with inferior dominant retinal nerve
fiber layer defects, and out-rotation of the disc correlates with superior dominant retinal nerve
fiber layer defect!l.

Other factors which may affect the location of the nerve fiber layer defect are the position
of vessels and the refractive error. There is some evidence that retinal vessels in the optic nerve
head are associated with the preservation of the nerve fiber layer!. If the positions of vessels
in the disc are changed due to disc rotation, the shifted vessels may preserve the nerve fiber
layer. Myopia is another factor, because the papillomacular bundle is frequently affected in
eyes with myopia and glaucoma?.

From this study, it is clear that rotation of the long axis of the optic disc correlates with the
position of the most depressed point of the glaucomatous scotoma.
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A measure for the thickness of the nerve fiber layer and the configuration
of the optic disc excavation in glaucoma patients: a clinical study using the
laser tomographic scanner

E. Gramer, H. Maier and E.M. Messmer

University Eye Clinic, Wiirzburg, Germany

Abstract

One hundred and fifty-three eyes (82 patients) with ocular hypertension (OH), primary open angle
glaucoma (POAG), low tension glaucoma (LTG) and healthy persons were examined with the LTS and
Octopus perimeter 201 to evaluate the following two questions: I Is there a parameter for the thickness
of the nerve fiber layer in eyes with an Elschnig scleral ring? In 63 eyes of 63 patients with scleral ring
the authors measured the difference in height between the scleral ring and the retina at three defined points
250 pm from the temporal margin of the optic disc: a. in 80% of the patients a smaller difference in height
could be related to a greater visual field loss in the corresponding quadrant of the visual field; b. in healthy
persons there was a decrease of the height difference with increasing age and a decrease with larger
diameters of the optic nerve head. As this difference in height correlates with the visual field loss and
clinical findings it might describe the thickness of the nerve fiber layer. 2. Is there any difference in depth
and configuration of the excavation in eyes with POAG and LTG? In comparison to POAG in the same
stage of the disease, eyes with LTG showed: a. a greater depth of the excavation in all stages except stage
I; b. a significantly steeper slope and a flatter and larger bottom of the excavation in stages I and II. Stages
III to V showed no difference in the configuration of the excavation

Introduction

The laser tomographic scanner (LTS)! allows a quantifying examination of the optic nerve
head. It operates with a confocal technique. The surface of the examined object was calculated
from 32 transverse tomograms. The measured values can be represented either in a topographic
diagram or as a pseudo three-dimensional image.

Questions

We were especially interested in two main questions:

1. Can we determine a measure for the thickness of the nerve fiber layer with the laser tomo-
graphic scanner? (HD)

2. Are there any quantitative differences in the configuration of the optic disc excavation in
healthy eyes and eyes with POAG, LTG and ocular hypertension at the same stage of the
disease?

HD

Confocal laser scan images allow the measurement of HD which is defined as the difference
in height between distinct measuring points at the papillary margin (Elschnig scleral ring) and
measuring points 250 um peripherally to these. HD may permit conclusions concerning the
thickness of the nerve fiber layer.

Does HD describe the thickness of the nerve fiber layer? Evidence can only be obtained
indirectly by studying the relationship between HD and the clinical picture, for example the
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VISUAL FIELD AREA

OPTIC DISC
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Fig. 1. Correlation of HD at the temporal papillary margin at -30° (1), +30° (2) and 0° (3) to the correspond-
ing nasal upper (1) or nasal lower (2) visual field quadrant as well as to the center of the visual field (3).

area of visual field loss. A correlation of HD with the location of visual field loss and clinical
findings suggests that HD may describe the thickness of the nerve fiber layer.

Configuration of optic disc excavation

Does the LTS allow quantification of differences in the configuration of optic disc excavation
comparing eyes with primary open angle glaucoma and low tension glaucoma at the same stage
of visual field loss?

Are there any differences in the configuration of the excavation of the optic disc between
eyes with POAG stage I and low tension glaucoma stage I compared to healthy eyes and eyes

with ocular hypertension?

Methods
HD

One hundred and fifty-three eyes of 82 patients with ocular hypertension (OH), primary open
angle glaucoma (POAG), low tension glaucoma (LTG) and healthy controls were examined
with the laser tomographic scanner (LTS). The Elschnig scleral ring was visible in 103 eyes of
52 patients. In these 103 eyes HD could be measured at three defined points at the temporal
disc margin (Fig. 1). Visual fields were obtained with the Octopus Perimeter 201, program 31.

Configuration of optic disc excavation

In 82 eyes of 82 patients the configuration of optic disc excavation was calculated using the
ratio of mean excavation depth to the maximal excavation depth and the third moment2.

Results
HD

HD in glaucoma and healthy controls

Healthy eyes and eyes with early stages of glaucoma showed a larger value of HD in the area
of the upper and lower arcuate nerve fiber bundles than in the papillomacular bundle. Eyes
with advanced glaucomatous visual field loss demonstrated a significant decrease in HD
(Kruskall-Wallis H test) in the upper and lower nerve fiber bundles compared to healthy con-
trols. However, measurements in the papillomacular bundie of patients with advanced stages
of glaucoma only revealed a slight decrease in HD compared to healthy eyes (Table 1).
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HD and location of visual field defects

In 80% of patients, a correlation could be demonstrated between the size of HD and the
location of the glaucomatous visual field loss comparing the upper and lower halves of the

visual field (Fig. 2).
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Fig. 2. Contingency table: comparison of the location of decreased values HD for the thickness of the
nerve fiber layer (temporal top or bottom) to the location of the largest visual field defect (nasal top or
bottom). In 80% (24/30) of patients with glaucoma, a correlation was found between the location of a
decreased nerve fiber thickness (e.g., temporal top) and the area of the largest visual field defect (e.g.,

nasal bottom).
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Table 1 Mean thickness of the nerve fiber layer at three defined measuring points at the temporal papillary
disc margin in 52 eyes

Diagnosis n=52 Temporal upper Temporal middle Temporal lower
(um) (nm) (nm)
Healthy 22 168+39 143+39 173+42
POAG 17 173£30 14328 173+38
(stages I and II)
POAG 6 100£38 12638 90+28
(stages I-V)
LTG 3 154+45 131+38 161+43
(stages I and II)
LTG 4 7914 109420 79+25

(stages I1I-V)

HD and age
HD was dependent on age in healthy patients. With increasing age a significant (x? test)
decrease of HD was apparent (Fig. 3).

HD and diameter of the optic disc
In healthy eyes a correlation could be demonstrated between the size of the optic disc and
HD. HD decreased with increasing diameters of the optic disc ()2 test) (Table 2).

Table 2. Correlation of the diameter of the optic nerve head to the thickness of the nerve fiber layer

Temporal upper Temporal upper Temporal upper
< = >
Temporal lower Temporal lower Temporal lower
Nasal upper < nasal lower 12 0 1
Nasal upper = nasal lower 1 3 2
Nasal upper > nasal lower 2 0 9

HD shows a significant decrease with larger diameters of the optic disc in all three measuring points
Configuration of optic disc excavation

In stages I and II of visual field loss, a significantly steeper slope and a significantly flatter
bottom of the excavation could be demonstrated in low tension glaucoma compared to primary
open angle glaucoma (Mann-Whitney U test). In advanced stages III to V, no significant differ-
ences were obvious in the configuration of optic disc excavation (Table 3; Fig. 4).

Table 3. Significant (*) and non-significant (ns) differences in the configuration of optic disc excavation
calculated using either the ratio of effective mean excavation depth (HE) to the maximal excavation depth
or the third moment showed corresponding results

Visual field loss Healthy OH POAG LTG
None ns ——— ns

Stage 1 ns ns| *
Stage II * *
Stages III-V ns ————ns

No significant difference in the configuration of optic disc excavation could be shown in
healthy eyes compared to eyes with ocular hypertension and primary open angle glaucoma
stage I (Mann-Whitney U test). However, a significant difference in the steepness of the slope
of the excavation was found between healthy eyes and eyes with low tension glaucoma stage
I (Table 4; Fig. 5). The change in configuration of the excavation, therefore, occurs one stage
of the disease (defined as total loss in the visual field in dB) later in primary open angle
glaucoma compared to low tension glaucoma.

A significant difference exists in the configuration of the excavation between these three
diagnostic groups and low tension glaucoma stage I: already in stage I, eyes with low tension
glaucoma demonstrate a steeper slope and a flatter bottom of the excavation of the optic disc.
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Fig. 3. Correlation of the age of the patient to the thickness of the nerve fiber layer: HD shows a significant
decrease with increasing age of the patients in all three measuring points.

Eyes with primary open angle glaucoma only show a slight change in the configuration of

the excavation in stages I and II. A distinct increase in

the steepness of the slope of the excava-

tion is not seen before the advanced stages III to V. Eyes with low tension glaucoma primarily
demonstrate a steep slope and a flat bottom of the excavation, which changes only insignifi-

cantly in advanced stages III to V of the glaucomatous disease. This indicates diffe:

ences in

the etiology of the glaucomatous damage in the initial stages of the disease.
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ocular hypertension and eyes with primary open angle glaucoma stage
shows a flat slope and a relatively pointed bottom.
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Discussion
HD

HD does not exclusively describe the thickness of the nerve fiber layer: parts of pigment
epithelium and choroid are also included in HD. Our results, however, indicate that HD may
indirectly provide evidence for the thickness of the nerve fiber layer, although it does not

exclusively describe the nerve fiber layer. The correlation of HD with the clinical picture and

location of visual field defects supports our hypothesis. To determine HD, an Elschnig scleral
ring is required. Seventy-six percent of patients examined in this study had an Elschnig scleral
ring; therefore, this technique is not generally applicable.
In this pilot study, we determined a new value HD and correlated it to clinical findings. In
conclusion, the following surprising results can be represented:
- HD correlated with the stage of the glaucomatous disease and with the location of the visual
field loss;
- HD could therefore be a measure for the thickness of the nerve fiber layer;
- an in vivo measurement of the nerve fiber layer would mean an important progress in the
diagnosis of glaucoma,
- by increasing the number of confocal tomograms it could become a clinically applicable new
measurement.
HD represents pointwise measurements at the papillary disc margin; therefore, the nerve
fiber bundle defect, which causes the localized visual field defect, may be missed.

Configuration of optic disc excavation

No significant difference in the configuration of optic disc excavation was found comparing
primary open angle glaucoma (POAG) stage I and healthy eyes. Therefore, determination of
the configuration of optic disc excavation does not allow an early diagnosis in POAG.

This study evaluating the configuration of optic disc excavation confirms our prior results
which showed distinct differences between primary open angle glaucoma and low tension
glaucoma concerning:

1. the location and depth of visual field defects (defined as frequency of absolute and relative
scotomas as well as quantified with program 31/Delta of the Octopus perimeter)3-5;

2. the size of the optic disc excavation; in low tension glaucoma the excavation was larger at
the same stage of visual field loss (examined ophthalmoscopically and quantified with the
optic nerve head analyzer, OHNA)6-8;
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3. the neuroretinal rim area; low tension glaucoma showed a smaller neuroretinal rim area in
the same stage of visual field loss and same size of the optic disc (quantified with OHNA)3.9.

Additional differences in the morphology of the optic disc could be demonstrated in this
study with the laser tomographic scanner:
4. asignificant difference exists in the steepness of the slope and the configuration of the bottom
of the optic disc comparing POAG and low tension glaucoma in early stages of the disease?.

The differences in the configuration of optic disc excavation together with our prior results
indicate a different pathogenesis involved in the early stages of POAG and low tension glaucoma.

There is a significant difference in the configuration of optic disc excavation comparing eyes
with primary open angle glaucoma and eyes with low tension glaucoma stages I and II. No
significant difference exists in stages III to V. No significant difference in the configuration of
optic disc excavation is obvious between healthy eyes, eyes with ocular hypertension and eyes
with primary open angle glaucoma stage L.
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Relation of asymmetrical differences of visual fields between open angle
glaucoma eyes with measurements of optic disc cupping, pallor, and retinal
nerve fiber layer thickness

Takenori Takamoto, Bernard Schwartz and Vinay Nangia

Tufts University School of Medicine, Boston, MA, USA

Abstract

The authors measured optic disc cupping, area of pallor and retinal nerve fiber layer thickness in 36
high pressure open angle glaucoma eyes with asymmetric visual field loss. The asymmetry of visual field
loss between eyes showed a mean difference of 4.99 decibels indicating an early stage of glaucoma. The
asymmetry between eyes showed significant differences and correlations between the functional meas-
urements of visual field loss and the structural measurements for the optic disc cup volume and area. In
particular, retinal nerve fiber layer thickness and area of pallor showed no correlations or differences with
visual field loss between eyes. They conclude that either cupping had increased in the eye with the greater
visual field loss prior to any change in pallor or retinal nerve fiber layer thickness or that pallor and nerve
fiber layer thickness had already increased in the eye with the lesser visual field loss prior to an increase
in cupping.

Introduction

In open angle glaucoma, functional loss is usually measured by perimetry. For structural
changes of the optic nerve new methods have been developed, particulatly the measurement
of optic disc cupping, pallor and retinal nerve fiber layer thickness. The determination of the
relationships between structural changes and functional loss would be of value for both diag-
nosis and for following patients with open angle glaucoma!-5.

We have previously addressed this issue by examining the relationship between measure-
ments in individual eyes of patients with high pressure open angle glaucoma of optic disc
cupping, pallor and retinal nerve fiber layer thickness with measurements of corresponding
eyes of visual field thresholds by automated perimetry2. The only significant correlation for
the total disc was for cup area. However, there were significant correlations between quadrants
of the visual field and corresponding quadrants of the disc for cup volume and area, pallor area
and retinal nerve fiber layer thickness.

Since much of the lack of correlation could be due to large variations of visual field loss and
abnormality of the disc in individual eyes, the purpose of this study is further to determine this
correlation between structure and function by measuring differences between eyes, particularly
in patients with asymmetric visual field loss. Using semi-quantitative methods, we have pre-
viously determined a significant correlation between asymmetric visual field loss and asym-
metric optic disc area of pallor in open angle glaucoma®. With the availability of newer repro-
ducible and quantitative techniques, we wish to determine the strength of this correlation, not
only for the whole disc, but also for various quadrants of the disc as well as for the retinal nerve
fiber layer using absolute measurements of these structures.
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Methods

We studied 72 eyes of 36 patients with primary high pressure open angle glaucoma, 16 males
and 20 females of whom there were 25 whites and 11 blacks with a mean age + standard
deviation of 70.8 + 14.0 years. Nineteen eyes were emmetropic, 22 eyes had myopia of less
than 5 diopters, and 31 eyes had hyperopia of less than 5 diopters. The diagnosis of open angle
glaucoma was made if ocular pressures were greater than or equal to 21 mmHg on at least two
independent examinations with the presence of characteristic optic disc damage and visual field
loss. Visual field loss was either localized or localized with some general depression of the
visual field. Patients with pigmentary dispersion and exfoliation syndrome were excluded. All
eyes had a corrected visual acuity of 20/40 or better. Subjects were selected as showing asym-
metric visual field loss on the basis of inspection of the gray scales and also the threshold values
in the printout of the Octopus 31 or G1 programs.

Optic disc photography and visual field examinations were performed within a maximum of
12 months of each other. Optic disc area was measured from single colored projected disc
photographs. The disc area was converted into absolute units using the formulae of Littman
and Bengtsson-Krakau’ . Optic disc cupping!® and retinal nerve fiber layer thickness at the
optic disc margin!! were measured by photogrammetry from simultaneous stereophotographs.
For measurement of cup area, the cup edge was defined as the topographic edge, that is the
change of slope from cup wall to neuroretinal rim. The volume profile of the cup was measured
by determining the cross-sectional area of the cup at various depth levels (1 to 6) from top to
bottom of the cup!2. Disc pallor was measured by computerized image analysis with manually
applied plan points from single colored photographs!3. For measurements of quadrants the optic
disc was divided by the means of a St. Andrews cross. All measurements of the optic discs and
retinal nerve fiber layer value are expressed in absolute units using the absolute disc area
measurements as a conversion factor.

The reproducibility of our measurements was determined as a percent coefficient of variation
(standard deviation/mean x 100) for duplicate measurements. For optic disc cup volume, the
mean (median) percent coefficient variation # standard deviation was 5.02 (4.02) + 3.79; for
optic disc area of pallor, it was 5.31 (4.61) £ 3.95; for cup depth, it was 4.73 (3.13) % 4.60; for
cup area, it was 6.15 (4.65) * 5.09; for cup slope, it was 6.57 (5.32) £ 5.99; for retinal nerve
fiber layer thickness, it was 6.40 (5.73) * 4.52 and for optic disc area, it was 1.39 (0.99) + 1.40.

The visual field thresholds were measured with the Octopus 2000R perimeter using programs
31 or G1. Twenty visual fields were done with program 31 and 16 visual fields with program
G1. For the total field for 72 eyes, the mean * standard deviation for percent false positives

x
X X X X X
x
x 1(16) X X
2(12) 4 (5) x
x 3 (15)
x

X X X x X

x

Fig. 1. Data points of right eye used on visual field program 31 to obtain corresponding superior, inferior
nasal and temporal quadrants of optic disc. The numbers identify the quadrants. The numbers in brackets
indicate the number of points used to obtain mean threshold values for each quadrant. The "X” indicates
points that were excluded (from O’Brien et al.l).
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was 5.2 + 7.3 and for percent false negatives it was 5.7 + 9.1. The reproducibility or the RMS
value was 2.55 % 1.10. Fig. 1 shows how the division of the central 30° field was divided into
quadrants to correspond with the appropriate disc quadrants as previously described!.

For each pair of eyes, one eye was designated as the eye with the least visual field loss or
larger visual field threshold. The other eye was then indicated as the eye with the smaller visual
field threshold or with the greater visual field loss. Optic disc and retinal nerve fiber layer
thickness measurements were then made of the eyes with the larger or smaller visual field
thresholds in a masked manner. The values of optic disc and nerve fiber layer measurements
for each eye always corresponded accordingly to the eye with larger or smaller visual field
thresholds.

Spearman rank correlation tests were used to test the significance of correlations!4. Correla-
tions were determined as differences between eyes of larger minus smaller visual field thre-
sholds with the differences between optic disc and retinal nerve fiber layer measurements which
were for the corresponding eyes with the larger or smaller visual field threshold values. Differ-
ences between eyes with larger or smaller visual threshold were determined as significant in
comparison to zero difference with a "#” test. Two tailed tests were used in determination of
significance.

Results

Table 1 shows the ocular characteristics of the 36 patients with primary high pressure open
angle glaucoma. The mean visual field threshold in the eye with the larger visual field threshold
or lesser visual field loss was 20.0 decibels compared to 15.0 decibels of the eye with the
smaller visual field threshold or greater visual field loss. The percent difference between the
means of larger minus the smaller thresholds was 28.6% with a mean difference of 4.99 decibels
(Fig. 2). This difference was highly significant (p = 0.000). Similar analyses of the ocular
pressures showed that there was significant difference between the eyes with the larger and the
smaller visual thresholds with the eyes with the smaller visual thresholds having a higher ocular
pressure than the eyes with the larger visual field thresholds. An analysis of refractive error
showed no significant difference between eyes.

Table 2 shows similar measurements for the optic disc cup values, i.e., volume, area, depth
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Fig. 2. Scatterplot of visual field thresholds of eyes with larger (20.0 4.2 dB) and smaller (15.0 + 5.6
dB) threshold values (difference p = 0.0001).
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Table 1.0cular characteristics of open angle glaucoma eyes: mean # standard deviation (n=36)
' Larger Smaller %* Larger minus t test
difference  smaller P

Mean visual field

threshold value (dB) 20.0+4 2 15.0+5.6 28.6 4.99+391 0.000
Ocular pressure

(mmHg)** 20.9+4 6 22.3+¥53 -6.5 -1.36%3.16 0.014
Refractive error

(dB)** 038+1.79 032+1.72 17 1 0.06+0.66 NS

% difference:

*Kkeo

larger minus smaller » 109

larger + smaller/2

determined at the time of examination of the visual field

NS: Non-significant

Values correspond to eyes with visual field threshold values respectively with ocular pressure

Table 2. Measurements of total disc for open angle glaucoma patients: mean # standard deviation (n=36)

Larger* Smaller* %* Larger minus t test
difference  smaller r
Cup volume (mm3) 0.55740.255 0.658+0 309 -16.6 -0 1040 16 0.0004
Cup area (mm?) 129 060 1.43 +0.73 -103 -0.14+0.37 0.03
Cup depth (mm) 0.4400 170 0.476+0.185 -79 -0.04+0.12 0.07
Cup slope (degrees) 44.8 +8.83 46.4 8.80 -35 -16.5+74.1 NS
Area pallor (mm?2) 0.846+0.448 0831+0.414 1.8 0.02+0.39 NS
Retinal nerve fiber
layer thickness (mm) 0.302+0.102 0.312+0.093 -36 -0.01+0.11 NS
Disc area (mm?) 2.56 +0.88 2.65 094 -35 -0 08+0.32 NS
Volume profile cross-
sectional area (mm?)
level 1 157 +0.63 170 +072 -8.0 -22.8£35.3 0.0005
level 2 113 +052 124 +0.58 -9.3 -22.7£32.5 0.0002
level 3 0.75 +0.43 0.87 0.52 -14.8 -28.8444 3 0.0004
level 4 0.44 *0.36 0.56 +0.46 -24.0 -22.6£37.5 0.0009
level 5 023 +0 30 0.32 +0.39 -32.7 -11.4£29.8 0.03
level 6 0.11 #0.21 0.15 %0.23 -30.7 -3.8%17.0 NS
*: Eyes with larger and smaller disc and retinal nerve fiber layer measurement correspond to eyes

with larger and smaller visual field threshold measurements, respectively

**! @ difference:

larger minus smaller x 109

larger + smaller/2

NS: non-significant
Table 3. Percent differences* of corresponding eyes for larger minus smaller of mean threshold values for
quadrants
Superior Inferior Temporal Nasal
MTV** 19 5Vs 42.9VS 31.6YS 23.1V8
Cup volume -23.4VS -170VS -7.9N8 -16.6%
area -14.08 -16.0Y8 -7.5N8 -10.1N8
depth -4.1NS ~9.58 -3.9N8 -12.7V8
slope -6.7NS 428 0.2NS -5.1N8
pallor -0.5N8 -2.9N8 4.4Ns -2.3N8
Retinal nerve fiber
layer thickness 1.8Ns -2.6NS 10 6N -2.5N8

% difference:

* k.

larger minus smaller 109

larger + smaller/2

Mean threshold of visual field - quadrant of visual field for MTV refers to disc quadrant.

Therefore, superior MTV = inferior visual field, inferior MTV = superior visual field,
temporal MTV = nasal visual field and nasal MTV = temporal visual field

VS: p<0.01
S: p 0.05t00.01
NS: non-significant



Asymmetrical differences of visual fields 219

1500
1425 1
.
1350 4
.
1275 o
1200 .
.
1125 1 .
.
t 050 . .
J .
0975 . :
© 0900 .
€ « *
.
E 4 s2s
® . .
£ p . .
5 0750 . woe
o . .
> 0675 7 . * e, o
a . .
3 . .
Q 0600 . .
. * *
0525 N ‘e
. .
] .o
0 450 . o vl
.. P
0375 “ e
.
0 300 e .
.
0 225 4
-
.
.
0 ts0 . .,
0 075
0 000 L s
Larger Smatier

(0 557 £ 0 255 mm?) (0 659 + 0 309 mm?)
Mean Cup Volume

Fig. 3 Scatterplot of values of optic disc cup volume in eyes with larger and smaller visual field thresholds.
Note that the eyes with the smaller visual field thresholds have the larger mean cup volume (0.659 £ 0.255
mm?3) than the eyes with the larger visual field threshold (0.557 £ 0.255 mm?) (difference p = 0.0004).

and slope, area of pallor and retinal nerve fiber layer thickness as well as volume profile on
cross-sectional areas of the cup from levels 1 to 6. The differences between the eyes with the
larger visual field thresholds minus the smaller visual thresholds showed significant differences
only for cup volume and cup area as well as for levels 1 to 5 of the volume profile curve. Figs.
3 to 5 also show the distribution of measurements of cup volume, area of pallor and retinal
nerve fiber layer thickness for the eyes with the larger and smaller visual field threshold.

Table 3 shows the mean percent differences for the four quadrants between eyes with the
larger visual field thresholds minus the eyes with the smaller visual field thresholds for the
disc and the retinal nerve fiber layer measurements. The visual fields were determined for the
four quadrants (Fig. 1) and corresponding optic disc and retinal nerve fiber layer thickness
measurements were obtained using the St. Andrew’s cross as described in the methods. In all
quadrants there was a very significant difference in mean visual field thresholds. Similarly for
cup volume, significant differences were observed in all quadrants except for the temporal
quadrant. For cup area, only superior and inferior quadrants showed significant differences.
For depth, only the inferior and nasal quadrant showed a significant difference. For cup slope,
the only significant difference was in the inferior quadrant. For pallor and nerve fiber layer
thickness, none of the quadrants showed a significant difference.

Table 4 shows the Spearman correlations for the total disc of the differences between eyes
for visual field thresholds versus differences for the same eyes for optic disc cupping and pallor
and retinal nerve fiber layer thickness measurements. The only significant correlations were
obtained for cup volume and cup area.
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Table 4. Spearman rank correlations (ry) of differences of visual field threshold values (dB) (larger minus
smaller) with corresponding differences of optic disc and retinal nerve fiber layer measurements (larger
minus smaller) for total disc (n=36)

Ts p

Difference cup volume -0.3833 0.05-0.01
Difference cup area -0 4911 <0.01
Difference cup depth -0.0090 NS
Difference cup slope -0.2175 NS
Difference pallor area -0.1210 NS
Difference retinal nerve

fiber layer thickness 0.1977 NS

Similar observations were noted for the quadrants with significant correlations occurring
between differences in visual field thresholds and differences of cup volume and area. No such
significant correlations were observed for retinal nerve fiber layer thickness or pallor except
for the inferior quadrant (r, = -0.3336, p = 0.05).
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Discussion

Our observations indicate that there was an adequate range of measurements for all the disc
measurements. Evaluation of the measurements of the optic disc and retinal nerve fiber layer
shown in Table 2 of the relationship of the standard deviation to the mean in comparison to the
standard deviation to the mean of visual field thresholds (Table 1) indicated that there was an
adequate range of values to allow for observations of significant correlations.

Utilizing the differences between eyes for correlations of visual field loss with structural
characteristics obviates only systemic or patient factors that might impair a significant corre-
lation between optic disc and retinal nerve fiber layer thickness measurements with visual field
thresholds. We also expected that there would be less variation of measurements of eyes in the
same individual compared to the variation of measurement of eyes of different individuals,
thereby minimizing the ocular factors that could interfere with the correlation. There were
highly significant differences between eyes of visual field loss and significant differences were
obtained between eyes with the optic disc cup measurements, particularly its volume and area
(Table 2). Similarly, significant correlations between eyes of visual field loss and differences
in optic disc and retinal nerve fiber layer measurements were only observed for optic disc cup
volume and area (Table 4).

The patients whom we studied showed only a mean difference between eyes of visual fields
of 4.99 decibels. This indicates that the visual field loss is relatively small in extent since even
the eye with the higher or larger thresholds had a mean value of 20.0 decibels. Thus, this
population of subjects comprised early visual field loss and this study tests the sensitivity of
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the optic disc and retinal nerve fiber layer measurements for detection of early disease. We
were surprised at the lack of significant correlations and differences observed for retinal nerve
fiber layer thickness and area of pallor which was also seen for the quadrants except for the
inferior quadrant which had a significant correlation of differences of pallor with visual field
differences.

Nanba et al.!5 also measured cup volume, cup area, rim area and cup disc ratio with the
Rodenstock Optic Nerve Head Analyzer in 35 patients with chronic open angle glaucoma (23
patients with primary open angle glaucoma) who had asymmetrical visual field loss (Humphrey
visual field program 30-2). They also obtained significant linear correlations (p£0.05) only
between difference in cup area and difference in mean deviation (r=0.451) as well as between
difference in cup volume and difference in mean deviation (r=0.44). Thus, our results for
measurement of cup parameters are similar to their analyses.

In the present study, we could not observe the correlation of differences of pallor between
eyes with differences in visual field loss which we observed in our previous study® which had
subjects with more advanced glaucomatous visual fields. In this previous study, visual fields
were determined with the Goldmann perimeter and pallor was measured with semi-quantitive
techniques.

Lack of differences in retinal nerve fiber layer thickness and area of pallor between the eyes
suggests two pOSSwluucb The first is that in this population of eyes with eany visual field
loss, pallor has already increased and retinal nerve fiber layer thickness has decreased to be
equivalent in the two eyes (Table 2).

The values of optic disc area of pallor and retinal nerve fiber layer thickness are similar to
those previously measured in open angle glaucoma eyes!6. This suggests that optic disc abnor-
malities for pallor and also for retinal nerve fiber layer loss have already manifested themselves
in eyes with little or no visual field loss. Thus retinal nerve fiber layer thickness and optic disc
pallor would be sensitive measurements of optic nerve damage with little or no visual field
loss. We have already verified that optic disc pallor increases with the development of visual
field loss!? and also is predictive of future visual field loss!8. Furthermore, optic disc pallor
increases in ocular hypertensive eyes without the development of visual field loss!®. It has also
been demonstrated that retinal nerve fiber layer defects devexop before visual field loss occurs
in ocular hypertensive eyes?0. Also, visual field loss in one eye is a risk factor for the develop-
ment of visual field loss in the other eye indicating that the eye without visual field loss prob-
ably has optic nerve damage?!.

The other possibility for the lack of correlations and differences between eyes of visual field
loss with retinal nerve fiber layer thickness and optic disc pallor may be due to the eye with
the smaller thresholds or greater visual field loss developing cupping before increases of area
of pallor or decreases in retinal nerve fiber layer thickness. With the higher pressures in the
eyes with smaller visual field thresholds (Table 1) and if degeneration of axons occurs up from
the lamina cribosa?2, then cupping could occur before decreases in retinal nerve fiber layer
thickness at the disc margin. However, the greatest difference in cupping between the eyes was
primarily near the surface of the cup (Table 2). In our technique, retinal nerve fiber layer
thickness is measured at the optic disc margin!!. Cupping in glaucoma is thought to be due
primarily to the loss of axons?3. This possibility, however, does not explain the lack of differ-
ences for area of pallor. Area of pallor and cup volume and cup area are significantly corre-
lated!. Future longitudinal studies on follow-up of open angle glaucomas with asymmetric
visual field loss can aid in determining which of these two possibilities are valid.
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Comparison of visual field defects and optic disc cupping in low tension
glaucoma and primary open angle glaucoma
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Abstract

The authors compared the relationship of cup to disc ratio, the pattern of visual field defects and total
loss between 34 eyes with POAG and 40 eyes with LTG. As a result of matching the stage of involvement,
a difference in clinical characteristics between POAG and LTG could not be found.

Furthermore, dividing the subjects into two groups by their initial intraocular pressure level when
diagnosed as glaucoma, in the groups whose glaucoma was detected by disc appearance with normal
intraocular pressure, the proportion of eyes with a notch which tended to show sensitivity loss in the
paracentral area was high. This study suggests that differences in the discovery route of glaucoma may
act as a selection bias.

Introduction

Differences in the characteristics of visual field defects in patients with primary open angle
glaucoma (POAG) and low tension glaucoma (LTD) have been reported by several authors,
while others have found no differences. POAG is generally discovered by high intraocular
pressure and/or disc cupping, whereas LTG is only discovered by fundus examination. In a
comparative study between POAG and LTG, this causes differences in the stage of disease in
the groups being compared, and differences in clinical features may be produced.

In this study, matching the stage of involvement, the relation of disc cupping to visual field
defects was compared between POAG and LTG. Furthermore, the subjects were divided into
two groups by the difference of initial intraocular pressure level and studied as to whether this

difference played a role in producing different findings as a selection bias.

Subjects and methods

Our study included 34 eyes of 26 patients with POAG (13 male and 13 female, median age
40.7) and 40 eyes of 25 patients with LTG (13 male and 12 female, median age 48.7).

Entry criteria for LTG included peak intraocular pressure below 21 mmHg found on diurnal
tension curves, typical glaucomatous optic disc cupping, glaucomatous visual field defects and
absence of any other ocular or intracranial conditions that might affect the visual fields.

Furthermore, the subjects were divided into two groups by the initial intraocular pressure
level when glaucoma was diagnosed, consisting of an HT group (initial intraocular pressure
higher than 21 mmHg, 23 eyes with POAG) and an LT group (initial intraocular pressure below
21 mmHg, 40 eyes with LTG and 11 eyes with POAG).

In analyzing the stereoscopic disc photographs, the character of the cup was divided into a
generalized enlargement type and a notching type, and vertical cup to disc ratios (C/D ratio)
was also determined.

Visual fields were tested by an Octopus 201 using program 31. The patterns of visual field
defects were divided into three groups: (P type: sensitivity loss in paracentral area; B type: loss
in Bjerrum area; and N type: loss in nasal peripheral area) (Fig. 1). Total loss in decibels was
employed as the measure of the degree of visual field defects.
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Fig. 5. The relation among cup to disc ratio, total loss, and the pattern of visual field defects in eyes with
generalized expansion (POAG).

The relationship of the C/D ratio, the pattern of visual field defects and of total loss was
compared between POAG and LTG and also between the HT and LT groups.

Results

There was no statistically significant difference in the proportions of the cup type between
POAG and LTG (Fig. 2).

In the eyes with a notch many showed P type defects (Fig. 3) but there was no difference in
the type of visual field defects between POAG and LTG.

In the eyes with generalized expansion, the proportion of the type of visual field defects in
POAG was not different from that in LTG (Fig. 4). The relationship of C/D ratio, the type of
visual field defects and of total loss is shown in Figs. 5 and 6. There was a remarkable similarity
of distribution between POAG and LTG. In eyes with P type defects, larger cups were found
in spite of lower total loss. In most eyes with B type defects, total loss was below 100 dB. The
correlation between C/D ratio and total loss in eyes with P type defects was different from that
in eyes with B type defects, but there was no difference between POAG and LTG.

Most of the eyes with a notch were included in the LT group (a statistical significant differ-
ence existed) (Fig. 7). These eyes tended to show P type defects and the percentage of cases
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that showed P type defects in the LT group was higher than that in LTG (Fig. 8). However a
statistically significant difference in the pattern of visual field defects was not found between
the HT and LT group, or between POAG and LTG.

Discussion

Differences in the appearance of the optic nerve head in patients with POAG and LTG, such
as the greater degree of the cup, a pale, sloping, moth-eaten cup and greater'thinning of the
neuroretinal rim area, have been reported!-3. Differences in the pattern of the visual field defects
have also been reported, such as defects closer to fixation, a steeper slope, and greater depth
of scotomas*>. But other investigators have found no difference in the clinical characteristics
between POAG and LTGS7. These different findings may in part be due to the difference in the
stage of involvement in the groups being compared and it is necessary to match equal stages
for comparison. So in this study, the character of the cup was divided into notching type and
generalized expansion type and the pattern of the visual field defects was divided into three
groups. The relationship between the C/D ratio, the pattern of visual field defects, and total loss
was compared between POAG and LTG. Our study suggested that, after matching the stage of
involvement, there was no significant difference in the clinical features between POAG and LTG.

Raised intraocular pressure often arouses suspicion of POAG, while LTG is detected only
by the optic nerve head appearance. One of the reasons for different findings may be this
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difference in the detection method of glaucoma. We therefore divided the subjects into two
groups by their initial intraocular pressure level, one of them had raised intraocular pressure
and the other had typical glaucomatous cupping with normal intraocular pressure, and com-
pared their clinical characteristics. In the group whose glaucoma was detected by disc appear-
ance, the proportion of the eyes with a notch was higher, and they tended to show sensitivity
loss in the paracentral area. Mizokami et al. reported that detection rate of visual field defects
by fundus screening depended on the pattern of glaucomatous defects and was highest in eyes
with paracentral scotoma8, The findings that LTG showed visual field defects closer to fixation
may be influenced by this detection method. Our study suggests that the difference of the
discovery route of glaucoma may act as a selection bias.
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Visual field indices for lesions of the central visual pathways
ki

Fritz Dannheim!, Thomas Damms! and Stephan Wessel?

1Department of Ophthalmology, University of Hamburg; *Department of Neurology,
Heidberg General Hospital; Hamburg, Germany

Abstract

The analysis system PERIDATA provides a number of new indices for the differentiation of patterns
of visual fields by calculation of loss variance of the whole 30° field divided by loss variance in confined
areas, e.g., in hemifields and quadrants. A further index compares the fields of fellow eyes with regard to
the congruence of a homonymous or heteronymous arrangement. The authors applied these indices to the
normative database of the Octopus computer perimeter (n=836), and to visual fields in lesions of the
chiasm (n=202), the optic tract (n=52), and of the suprageniculate pathway (n=30). Chronic glaucoma
(n=128) and optic neuritis and neuropathies (n=83) served as controls. The hemifield index correctly
identified 94% of fields of healthy eyes as normal, and 97% of fields with typical hemianopic alterations
due to lesions of the central pathway as abnormal. An affected hemifield index was observed in 20% of
glaucomatous eyes and 8% of eyes with neuropathies. The quadrant index was normal in 94% of healthy
eyes and abnormal in 97 % of eyes with central lesions. Forty-three percent of glaucomatous eyes and 25%
of eyes with neuropathies presented with an abnormal quadrant index due to nasal nerve fiber defects.
The combined index for congruence turned out to lie in the heteronymous range in all pairs of chiasmal
lesions, 60% of these with abnormal values The index of congruence was definitely abnormal in the
homonymous range in all lesions of the optic tract and further centrally. The new indices facilitate the
interpretation of visual fields in neuro-ophthalmology and may be applied in expert systems.

Introduction

Global indices of the visual field! usually represent the mean loss or loss variance. Abnormal
fields can be separated from normal ones by means of those indices?, and perhaps, with certain
restrictions34, be followed over time>. These indices disregard the pattern of localized altera-
tions. A differentiation of peripheral and central optic nerve lesions is therefore not possible2.
We tested new indices for the differential diagnosis of lesions of the visual pathways.

Material and methods

The computer perimetric analysis system PERIDATA, introduced by Weber§, provides a
number of regional indices characterizing the “conformity” of the field by calculation of loss
variance of the whole 30° field divided by loss variance within each region’. A further index
compares the visual fields of fellow eyes by a probability calculation of the similarity of the
two fields. The direct comparison gives an index for homonymous congruence, whereas the
comparison with a mirror image of the left eye resuits in an index for heteronymous con-
gruence®. The combined index as the logarithm of homonymous divided by the heteronymous
index is positive in homonymous, negative in heteronymous congruence.

We applied the conformity indices for hemianopic and quadratic alterations and the index
for congruence to the normative sample? of the G1 program of the computer perimeter Octopus
(n= 836, respectively, 321 pairs), and to visual fields in lesions of the chiasm (n=202, respec-
tively, 94 pairs), the optic tract (n=52, respectively, 25 pairs), and of the suprageniculate visual
pathways (n=30, respectively, 15 pairs). One hundred and twenty-eight glaucomatous fields
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Fig. 1. Pairs of visual fields, grayscale printout of deviation from normal sensitivity. Values of hemi- and
quadrant indices under each field, index of congruence between pairs a. Advanced bitemporal hemianopia
due to craniopharyngioma. Bilateral highly abnormal hemi-index, less abnormal quadrant index. Most
abnormal index of congruence of this sample. b. Moderate bitemporal quadranopia from pituitary ade-
noma. Hemi- and quadrant indices in the same order, more pronounced in the left eye Moderately abnor-
mal index of congruence in the heteronymous range. ¢. Pronounced homonymous hemianopia to the left
with some incongruence due to crossing of the midline in the right eye following removal of a
craniopharyngioma with lesion of the optic tract. Hemi-index even more affected than quadrant index.
Index of congruence markedly deviating in the homonymous direction d. Congruent homonymous quad-
ranopia after infarction of posterior cerebral artery. Quadrant index even more abnormal than hemi-index,
index of congruence considerably more advanced than in c.. e. Chronic simple glaucoma with advanced
nerve fiber defects in the left and mild nasal step in the right eye Abnormal indices marked with an
asterisk. Hemi-index normal, quadrant index abnormal in both eyes Index of congruence perfectly nor-
mal. Further indices for pattern recognition, as nerve fiber bundles (netv), nasal steps (nas-s), altitudinal
asymmetry (su-in), 6°-clusters (clus) and sectors (sect), are beyond the scope of this contribution.
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(43 pairs) and 83 fields with optic neuritis and neuropathies (31 pairs) served as a control.

All fields of the central lesions had been interpreted in masked fashion by one of us (FD),
and classified as typically mild (n=63, Fig. 1b OD) or severe hemianopic changes (n=93, Fig.
laand b OS, 1¢ OS, 1d), advanced hemianopic changes with extension into the adjacent hemi-
field (n=58, Fig. 1c OD), and atypical changes or defects not related to lesions of the central
pathway (n=36).

Results

The results are listed in Table 1. All normal and glaucomatous visual fields, but only abnor-
mal fields due to neuropathy and fields with typical changes due to central lesions, were used
for the calculations. Using a cut-off value of 1.15, the hemi-index correctly classified 94%,
and the quadrant index 97 %, of fields of healthy eyes as being normal. We modified the cut-off
value of the quadrant index to 1.11 to achieve the same specificity of 94% for both indices.

Table 1. Visual field indices in normals, glaucoma, optic neuropathy, lesions of whole central visual
pathway (CNS) and of chiasm, optic tract and suprageniculate pathway

Normals Glaucoma  Neuropathy CNS Chiasm Tract Supra-
geniculate

hemi:

n 836 128 63 156 103 37 16

mean 1.071 1.075 1.043 2.959 2.991 3225 2.144

SD 0.128 0123 0.098 2.736 2.586 3.533 1.005

min 098 0.98 0.98 0.98 1.07 1.16 1.32

max 1.8 163 1.46 19.12 13.06 19.12 4.61

n path 50 26 7 151 98 37 16

% path 6 20 11 97 95 100 100
quad:

n 863 128 63 156 103 37 16

mean 1.03 1.18 1.115 1.983 1.834 1.99 2.285

SD 0.052 0.246 0.201 1.1 1.009 1.386 0.924

min 0.97 0.98 0.98 1.06 1.06 1.12 1.2

max 1.44 2.57 2.15 8.34 5.83 8.34 4.21

n path 53 62 19 152 97 37 37

% path 6 48 30 97 94 100 100
cong:

n 321 43 31 69 43 18 8

mean -0 061 -0.08 -0.15 0.002 -0.521 0.781 1.06

SD 0.12 0.116 0.086 081 0.424 0.495 0.408

min -0.5 -036 -0.18 -1.81 -1.81 0.19 0.55

max 0.58 0.3 0.23 225 -0.05 225 1.72
homo

n path 5 3 1 26/26 0 18 8

% path 2 7 3 100 0 100 100
hetero

n path 7 1 0 27/43 27 0 0

% path 2 2 0 63 63 0 0

The hemi-index of the two control samples, glaucoma and neuropathies, was slightly, but
not significantly, higher than the one for the normal population (Table 1).

The hemi-index labelled 151 of 156 fields with typical hemianopic alterations due to lesions
of the central pathway as abnormal (sensitivity 97%). All five missed fields only had mild
changes from chiasmal lesions, four of them disclosed an abnormal quadrant index. There was
no apparent difference between the three subgroups of central lesions. The area under ROC
curve? was 0.938 for the hemi-index, 0.944 for MD.

The values of the quadrant index were moderately elevated in neuropathies with clinically
obvious defects, even more so in glaucomatous eyes. Of the 156 fields of typical central lesions
only six (sensitivity 97%) were labelled as normal with this index, all of which belonging to
mild chiasmal defects. The three groups of central lesions did not differ for the quadrant index.
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The values for the index of congruence are closely grouped around zero in all 321 available
pairs of normal eyes. The two control samples, glaucoma and neuropathies, presented with
values in the same order. The normal range of 2 SD was exceeded in only three glaucomatous
subjects, in one with a neuropathy in the homonymous direction, and in one glaucoma patient
in the heteronymous direction.

All pairs of fields of chiasmal lesions had negative values, and were therefore lying in the
heteronymous direction. Sixteen of these (40%) were still situated within 2 SD of normal
values. Eight of these 16 were unilaterally affected. In two others, the vertical meridian was
already crossed by the defect in one eye. In the remaining eyes, the defects were asymmetrical
with mild alterations at least in one eye.

All pairs of fields from lesions of the optic tract and of the suprageniculate pathway deviated
in the homonymous direction exceeding 2 SD, with a wide range of values. A separation of
these two subgroups with the index of congruence is limited, due to the small sample and to
the different extent of defects. This differentiation is possible in individual cases, however (Fig.
1c and d).

Comments

Programs for the interpretation of visual fields!0 require a classification of defects. Conven-
tional automated systems for the interpretation of visual fields using global indices!:!! neglect
patterns of localized alterations. Calculation of mean deviation of sensitivity in parts of the
field!2 and cluster analysis!3-15 are the first steps towards a regional analysis. Analysis of alti-
tudinal symmetry, as provided in STATPAC 2 of the Humphrey perimeter!$, applies specifically
to glaucoma. Expert systems with neural nets only exist in experimental versions!”-1%. Analysis
of congruence between fellow eyes8 was not possible.

The perimetric analysis system PERIDATA provides a series of regional indices’? and an

index of congruence8. Our findings for a different program, G1 of the Octopus compared to

program 20-2 and 30 S of the Humphrey computer perimeter, in a different normal population?,
roughly confirm the specificity of the hemi-index at 94% compared to that previously estab-
lished at 90%20. A modification of the cut-off value between normal and affected was necessary
for the quadrant index to keep specificity in the same magnitude of 94% for both indices.

We could also confirm the sensitivity of the hemi-index20. This index and MD were equally
able to separate affected from normal fields. Two control samples gave additional proof of the
differential diagnostic power of this index for lesions of the peripheral and central visual path-
way. The quadrant index was, as expected, sensitive to both hemianopic defects of central
lesions and nasal nerve fiber defects of peripheral lesions of the optic nerve.

The index of congruence allowed, as already established®, a perfect separation of homony-
mous and heteronymous alterations. Bitemporal defects are often asymmetrically arranged,
giving rise to weaker deviations of this index (40% within 2 SD of the normal range in our
material). A tendency towards heteronymous binasal values in glaucoma® was not apparent in
our sample, however. Abnormal values for this index may be underestimated in comparison to
abnormal values of the regional indices of conformity due to the logarithmical calculation of
this combined index (Fig. 1b, ¢ and d).

A number of further indices are available in the PERIDATA system?.? (Fig. le). The adequate
interpretation of these values requires experience, however. The perspective for a real expert
system is a combined interpretation of those indices, optimized in larger samples, and released
by the system in cleartext!s including the probabilities. Such an expert system will never re-
place the ophthalmologist with his clinical responsibility, who is able to summarize all clinical
data to an entity and to keep the individuality of the patient and possible artifacts in mind.
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Foveal sensitivity: correlation with central visual acuity

Steven A. Newman and Brian R. Wnorowski

University of Virginia Health Sciences Center, Charlottesville, Virginia, USA

Introduction

Central foveal sensitivity can be obtained on most automated static perimeters. This requires
eccentric fixation provided on most machines with a small diamond of target lights. While this
has been available as an option, only recently has this been default set on the Humphrey Field
Analyzer. There has been very little written or studied about foveal sensitivity in patients with
disease. Recently, we presented data on the reproducibility of foveal sensitivity in patients with
normal acuity. We attempted a retrospective study of foveal sensitivity in patients with various
optic neuropathies and retinal pathology undergoing automated static perimetry. We were par-
ticularly interested in the correlation of foveal sensitivity and visual acuity, and whether there
was relatively better correlation with various forms of optic neuropathy or retinal disease. In
addition, we investigated whether there was a relative trend of sensitivity impairment with
regard to similar visual acuities dependent on pathology.

Material and methods

In a pilot study, all automated visual fields done on the retina, cornea and neuro-ophthal-
mology services at the University of Virginia over the past 12 months were reviewed. This total
of over 800 fields was screened for acceptable reliability coefficients (less than 1/3 false posi-
tives or false negatives), visual acuity of less than 20/50 or foveal sensitivity of less than 30
dB and an ability to exclude all but a single diagnosis as the etiology of the patients’ reduced
acuity. A total of 22 visual fields was analyzed in the optic neuropathy group and 19 visual
fields were analyzed in the retina anterior segment pathology group.

Analysis

Visual field data with accompanying acuities were grouped by diagnosis and analyzed for
average foveal sensitivity and visual acuity. In addition each group was studied by regression
analysis obtaining an R value as well as a slope and intercept of a linear regression model. In
addition, SAS analysis was done with regard to contributions of correlations within and across
the various diagnostic groups.

Results

The individual fields were separated into those due to optic neuropathies and those related
to retinal and media pathology. We did look at specific etiologies within the optic neuropathy
group. It was interesting that, overall, the groups were fairly similar in terms of acuity across
the various optic neuropathies. The average visual acuity within the optic neuropathy group as
a whole was 20/60 with a corresponding foveal sensitivity of 21.6. The anterior segment/retinal
group had an average acuity of 20/100 but a foveal sensitivity of 25.6. Thus, the optic neu-
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Fig. 1. Optic neuropathies.

ropathy group had a lower average foveal sensitivity despite having a better Snellen acuity.
Patients with cataract had the highest foveal sensitivities for a similar reduction in acuity.
Corresponding foveal sensitivity was closely matched in the toxic, ischemic, inflammatory and
compressive groups but was substantially higher in the hereditary group. The R squared value
for the optic neuropathy group was 0.482. Similarly, the R squared of the retina group was
0.364. This contrasts with an R value of .76 previously demonstrated in patients without optic
neuropathy and relatively good central acuity. With later additional optic neuropathy patients
there was a wide range of correlation coefficients. When analyzed individually, the R squared
values ranged from 0.029 for the toxic group to 0.768 for the compressive group. We plotted
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Fig. 2. Retina/media opacities.
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the foveal sensitivity against the log of the visual acuity fraction.

As can be seen in Fig. 1, while there is a tendency towards correlation, there is a wide range
of values in those patients with optic nerve compromise. When the foveal sensitivity was
plotted against visual acuity for those patients with retina or media opacities there was a similar
loose correlation (Fig. 2). As can be seen by comparing the two graphs the overall sensitivities
in the anterior segment/retina group are higher than those in the optic neuropathy group.

Discussion

Foveal sensitivity has a high reproducibility rate in normal patients. It would seem to match
the reproducibility obtained at the four points closest to fixation as demonstrated on the test-
retest strategy which formed the basis of STATPAC. As acuity is reduced foveal sensitivity
also tends to drop. The lack of complete correlation, however, raises several interesting ques-
tions. It is not surprising that foveal sensitivity tends to be higher for patients with retina and
media disease (cataracts) for similar levels of acuity when compared to optic neuropathies.
Presumably this relates to the disorganization of receptor channels without loss of the receptor
and ganglion cell function. This must be particularly true in the case of cataracts with light
scattering as well as patients with epiretinal membranes and those with cystoid macular edema.
Those retinal pathologic processes that tend to completely eliminate foveal receptors were
associated with substantial decrease in sensitivity (macular scars, subretinal neovascular mem-
brane and laser burns). Macular holes were variable as foveal sensitivity could be substantially
reduced. On the other hand, small changes of fixation could lead to paracentral viewing with
a substantial improvement in foveal sensitivity in spite of reduced central acuity.

In those patients with optic neuropathies, there was substantial variation in the correlation
between foveal sensitivity and acuity. In those patients with compressive optic neuropathies,
the correlation was the highest. This is not surprising in view of the usual presence of a relative
central scotoma. Frisén’s model of optic neuropathies as a percentage loss of afferent channels
probably best applies to these patients who seem to have a profound relative loss of central
function as the optic neuropathy progresses. It is interesting to speculate that those slowly
developing compressive optic neuropathies with relative preservation of central function in-
cluding foveal sensitivity may actually have their pathophysiology on a secondary vascular
compromise basis. One can speculate that the much poorer correlation of patients with ischemic
optic neuropathy revolves around the tendency to horizontally split fixation. This may lead to
variability on the basis of problems with fixation and thus potentially poor correlation. Inflam-
matory disease seems to be intermediate, possibly related to the higher incidence of central
dysfunction similar to those patients with compressive optic neuropathies. The increased fluc-
tuation may be related to the variable involvement and the changing functional status of the
optic nerve fibers best illustrated by the variable natural history. The hereditary fields seem to
have no correlation at all with good foveal sensitivity over a wide range of acuities. The mech-
anism of visual reduction in these patients remains unclear. Similarly the toxic optic neu-
ropathies demonstrated much lower foveal sensitivity but a wide scatter across acuity levels.

The most intriguing finding in several of the patients studied was that in those patients where
foveal sensitivity seemed to be out of expected alignment with visual acuity, often the acuity
changed on follow-up. Whether this in fact is predictive of visual acuity changes or simply
represents scotomatous encroachment towards fixation with relative splitting of macular func-
tion and thereby variable response remains moot. It does raise the issue as to whether there
may be some additional information conveyed by assessment of foveal sensitivity. Clearly this
is not an independent variable but may offer substantial increase information when obtained
in conjunction with sensitivity at extra foveal points. Thus, the subset of patients where acuity
does not seem to match foveal sensitivity may be associated with a higher frequency of retinal
or media pathology. Lack of correlation may also occur in those patients with paracentral field
defects and thus variable fixation. It may well be that these are the patients who have a higher
incidence of visual acuity fluctuation with time. Whether in fact this turns out to be predictive
remains to be analyzed in a prospective fashion. It would probably be worth while to specifi-
cally look at those fields with foveal sensitivity out of the range expected for the patient’s
acuity.



242 S.A. Newman and B.R. Wnorowski

Conclusions

1. Foveal sensitivity does tend to correlate with visual acuity, although far less well than in
patients with normal optic nerve function.

2. Correlation coefficient is best for compressive optic neuropathies.

3. Retinal disease, ischemic optic neuropathy and especially toxic pathology have a poor cor-
relation between foveal sensitivity and acuity. Inflammatory optic neuropathies have an in-
termediate correlation.

4. Levels of foveal sensitivity are higher with retinal disease and media opacity (cataracts) than
with optic neuropathies.

5. Changes in foveal sensitivity may antedate and, thus, predict changes in visual acuity in
patients with changing optic neuropathies.

6. Foveal sensitivity provides additional data with regard to optic nerve function and should
be routinely obtained as part of automated static perimetry.



Detection of homonymous visual field defects with flickering random dot
pattern
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Abstract

This study was carried out on 80 patients (37 male, 43 female) suffering from a homonymous hemi-
anopia of various origin. The scotomata were detected by conventional perimetry - automated grid peri-
metry with the Tiibingen Automatic Perimeter (TAP) or in some cases kinetic perimetry with the Tiibingen
Manual Perimeter (TMP) or by the white-noise field of the Tiibingen Electronic Campimeter (TEC),
respectively Evaluating the examinations of each eye separately, 39 cases showed pathological results in
conventional perimetry while white-noise field campimetry was normal. The opposite constellation oc-
curred very rarely (only in two of a total of 158 examinations) In 117 cases, both methods concordantly
showed pathological results. Thus, about 75% of all hemianopic visual field defects, detected with con-
ventional perimetry, were perceived in white-noise field campimetry. In ten of a total of 80 patients the
lesion of the visual pathway had occurred two years or more before examination, leading to a homonymous
hemianopia, clearly detectable with conventional perimetry Even then, with white-noise field cam-
pimetry, eight of these patients perceived their homonymous defects as well.

Introduction

Patients with circumscribed visual field defects caused by lesions of the third neuron (retinal
nerve fiber layer, optic nerve, chiasm, optic tract) are able to perceive their scotomata imme-
diately while looking at randomly distributed black and white squares (12’ x 12’) flickering
with high frequency (= 30 Hz) resulting in a field of apparently moving stimuli comparable to
the white-noise field on a TV screen. Transforming negative scotomata into positive defects,
white-noise field campimetry is able to demonstrate them to the patient so that he can directly
perceive his functional loss. This makes white-noise field campimetry a very fast screening
method for detection of visual field defects. However, this method was thought to be much less
sensitive in detecting isolated supra-geniculate lesions (fourth neuron), especially if these had
occurred more than two years previouslyl. It was an aim of this study to look into this assump-
tion in a sufficient number of patients.

Methods

For conventional examination of the visual fields, in most patients (n=67), the Tiibingen
Automatic Perimeter (TAP 2000, Oculus, Dutenhofen) was used. Its threshold-related, slightly
supra-threshold strategy with subsequent exploration of the defect area, guarantees a compara-
tively time-saving examination. The method is independent of the examiner and has a high
density of stimuli (191 test points in the central 30° area). Thereby the location and dimension
of the detected scotoma can be exactly determined and precisely compared with the findings
of noise-field campimetry.

The remaining 13 patients were examined with kinetic perimetry (Tiibingen Manual Perime-
ter). With this method, examination time for conventional perimetry could be cut down in
patients with problems of general well-being.
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infarction of right occipital lobe
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Fig. Ia. Infarction of right occipital lobe Top: axial CT scan. Results of conventional perimetry (Tiibingen
Automatic Perimeter; left side) and white-noise field campimetry (right side). In the follow-up period
there is a slight regression of homonymous hemianopia in automated grid perimetry but an almost
complete regression of the scotomata in white-noise field campimetry.
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infarction of left occipital pole
(01-01-89)
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Fig. 1b. Infarction of left occipital pole with respect for the calcarine fissure. Top: coronal and sagittal
NMR scans. During the follow-up period (about 2.5 years) scotomata remained nearly constant with
conventional perimetry and white-noise field campimetry.
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For white-noise field campimetry, we used the Tiibingen Electronic Campimeter (TEC,
Oculus, Dutenhofen), technical data of which are described elsewhere in detaill-4: with this
campimeter an area of 35° (horizontal) x 24° (vertical) of the central visual field can be ex-
amined, at a distance of 30 cm between the eye and the surface of the screen. A high resolution
black and white TV screen is used to present the patient an equal number of randomly dis-
tributed black and white square dots with a flicker frequency of 30 Hz. Each dot has a visual
angle of about 12’ x 12’. The luminance of the light dots is 200 cdm-2 and that of the dark dots
0.8 cdm2, respectively. A black target in the center of the screen is used to stabilize fixation.
The head of the patient is positioned in a head-rest. If necessary, adequate near-cotrection
{glasses with small frame) is provided. The fellow eye is covered with an opaque patch. Direct
inspection and video monitoring of the examined eye is used to control fixation.

As described elsewhere5, the examiner asks the patient in a standardized way about the
perception of the noise-field. Most of the circumscribed disturbances (scotomata) in the noise-
field are described as “clouds”. These can be differentiated from the surrounding normal noise-
field by the following qualities:

- change in brightness perception (possible states are: darker, equal, brighter);
- change in noise perception, i.e., “apparent” movement of dots (possible states are: increased,
unchanged, reduced, deficient).

Patients

The investigations were carried out in 80 (= 100%) patients (43 female, 37 male) who were
examined at the University Eye Hospital, Tiibingen (Department of Pathophysiology of Vision
and Neuro-Ophthalmology) because of an homonymous hemianopia. The patients were aged
between 15.2 and 83.2 years (mean, 45.0 years; median, 42.1 years; SD = 18.0 years). White-
noise field examinations were conducied by one examiner (U.S.) only.

In most cases (51 of 80) (63.8%), homonymous hemianopia was caused by vascular or hemo-
rheological disorder. Eighteen cases (22.5 %) suffered from space occupying lesions, and four
patients (5%) from an inflammatory or from a traumatic process, respectively. In three patients
the reason for the homonymous visual field defect could not be definitely detected at the time
of ophthalmological examination.

In only 42 cases, the exact onset of the visual field defect could be established: the duration
of homonymous hemianopia at the time of ophthalmological examination ranged from several
hours to 16.6 years. About 75% of all homonymous visual field defects had a duration of less
than one year (median, 0.16 year).

In 40 patients CT or NMR scans were performed at the Department of Neuroradiology,
Tiibingen. Twenty-six of these patients (65.0%) suffered from a morphological defect in the
supra-geniculate region (optic radiation or visual cortex) exclusively. In one patient (2.5%),
the lesion was located in the lateral geniculate body exclusively. Two persons (3.3%) showed
a lesion of the third neuron (posterior chiasm or optic tract). In six patients (15.0%), the ho-
monymous hemianopia was caused by a combination of geniculate and supra-geniculate lesion.
In two persons (3.3%), there was a combination of infra- and suprageniculate lesion. In three
patients (7.5%), neuroradiological examinations did not show a clear pathological process with
regard to the visual pathway.

In conventional perimetry the homonymous scotomata showed a complete congruence be-
tween both eyes in 48 patients (60.0%), a reduced congruence between both eyes in 27 cases
(33.8%), and no congruence between both eyes in four persons (5.0%).

Results
Initial examinations only

In contrast to the above-mentioned data, it is useful to evaluate the results of each eye sep-
arately. There may be the possibility that, despite the post-chiasmal lesion which normally
causes a homonymous visual field defect, one method fails to detect any scotoma or shows a
visual field defect in one eye only. Additionally, localization, extent of visual field defect and
quality of noise perception may differ between right and left eyes. In this way, with conven-
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Fig. 2. Scheme for depicting of white-noise field findings. Perception of brightness (symbolized by differ-
ent gray patterns) as well as perception of noise (motion) (represented by arrows or symbols) is shown
In all cells of the contingency table, the expected frequency value is listed in brackets next to the real
frequency value. The expected frequency value is computed as follows: row-L * column-} / total-¥.

tional perimetry we obtained results in a total of 158 eyes. One person suffered from a short-
term migrainous homonymous hemianopia; in this case only white-noise field campimetry
could be conducted.

With regard to conventional perimetry, 54 results showed a complete homonymous hemi-
anopia. There were 16 defects of the upper and ten defects of the lower quadrant of the visual
field. Forty-four homonymous defects were larger, 30 smaller than one quadrant. The rest had
different types of scotomata.

In 79 conventional perimetric results, there was a defect in the left, in 66 results there was
a scotoma in the right half of the visual field, and nine cases showed a bilateral defect of the
visual field. The remainder lacked a clear-cut respect for the vertical meridian or did not detect
any scotoma at all.

In 90 conventional perimetric findings, there was a macular sparing, 47 cases showed in-
complete and 12 cases complete macular splitting. The remainder did not allow an exact eval-
uation of this (peri-) central region.

The patients’ descriptions concerning brightness and movement sensation perceived in the
defect area of white-noise field are depicted in Fig. 2: Scotomata in white-noise fields are
usually characterized by changes in both, perception of brightness and perception of noise.

The contingency table (Fig. 3, left side) shows that 39 cases had pathological results in
conventional perimetry while white-noise field perimetry was normal. The opposite constella-
tion occurred very rarely (only in two of a total of 158 examinations). In 117 cases, both
methods concordantly showed pathological results. Thus, about 75% of all hemianopic visual
field defects, detected with conventional perimetry, were perceived with white-noise field cam-
pimetry.

Exceeding the rate of detection, the agreement (concordance) between white-noise field cam-
pimetry and conventional perimetry is also of interest. Four ranks of the scale allow an adequate
evaluation:

- good concordance: scotomata detected with white-noise field campimetry are congruent to

a very high degree compared to those detected with conventional perimetry — 43 cases

(27.2%);
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Fig. 3. Comparison of normal or pathological results found with the Tiibingen Automatic Perimeter (TAP)
or white-noise field campimeter (TEC). These findings are shown for initial examinations only (left side)
and duration of lesions > 2 years (right side).

- sufficient concordance: scotomata detected with white-noise field campimetry are only par-
tially congruent compared to those detected with conventional perimetry — 51 cases
(32.3%);

- poor concordance: scotomata were detected with both methods, but show only minor or no
congruence between each method — 23 cases (14.6%);

- insufficient concordance: scotomata were detected with one method only — 41 cases
(25.9%).

Follow-up examinations

Considering the follow-up examinations of this study exclusively, ten patients suffered from
a homonymous visual field defect for at least two years. In six patients CT or NMR scans were
carried out at the Department of Neuroradiology: four of these patients showed isolated supra-
geniculate defects, one patient suffered from a geniculate and supra-geniculate lesion.

In this group, four cases (each eye was evaluated separately) showed pathological results in
conventional perimetry, while white-noise field perimetry was normal. In the other 16 exami-
nations, both methods concordantly showed pathological results (Fig. 3, right side). Concor-
dance was good in nine cases (45%), sufficient in four cases (20%), poor in three cases (15%)
and insufficient in four cases (20%).

Two typical controversial results in the follow-up of supra-geniculate lesions are depicted
in Fig. 1a and b.

Discussion

The capabilities of white-noise field campimetry in detection of circumscribed visual field
defects caused by lesions of the third neuron (retinal nerve fiber layer, optic nerve, chiasm,
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optic tract) have been discussed and appreciated by several authors!-19. This method is able to
transform negative scotomata into positive ones which are directly perceivable by the patient.
In glaucomatous visual field defects Gramer et al.8 attributed a “sensitivity” between 63.3%
and 95% to this new method, depending on the stage of glaucoma. Shirato and co-workers!®
found a “sensitivity” of 91% in this group of patients with a slightly modified technique. In
both studies, the results of conventional perimetry were taken as a baseline for comparison
with this new method. More recently, Schiefer and co-workers’ found insufficient correspon-
dence between conventional perimetry and white-noise field campimetry in 25.4% of patients
with ocular hypertension or different types of glaucoma. In another study®, this new method
was attributed a sensitivity of 91.8% for detection of lesions of the third neuron.

However, white-noise field campimetry fails to detect congenital scotomata (e.g., blind spot)
or visual field defects acquired in early childhood!-4:11.12,

White-noise field campimetry was also thought to be much less sensitive!# in detecting
isolated supra-geniculate lesions (fourth neuron). Particularly if these defects had occurred
several years previously, this method was assumed to be unable to detect these scotomata at
alll. This is of major importance since a considerable number of patients with homenymous
hemianopia could be missed if white-noise field campimetry were to be used as a general
screening for visual field defects.

According to the findings of K6lmel!3, the vast majority of homonymous visual field defects
in this study was caused by supra-geniculate lesions, as well.

The study presented here shows that white-noise field campimetry has only a moderately
reduced sensitivity (75.3%) in the detection of homonymous visual field defects compared to
its sensitivity detecting lesions of the third neuron. This study cannot support the results of
former investigations attesting white-noise field campimetry the absolute inability to detect
homonymous visual field defects existing for more than two years. However, 20% of all
patients suffering from a homonymous hemianopia lasting for more than two years were not
able to perceive their scotomata in the white-noise field. There are several reasons for this
difference:

In contrast to conventional automated grid perimetry, which measures sensitivity conceming
luminance differences, white-noise field campimetry additionally tests perception of motion.
Recent investigations were able to show that the visual pathway in humans is divided into at
least two systems which differ morphologically and functionally!3-22: the parvo-cellular system
being responsible for the transmission of information with high spatial frequency as well as
data with color or stereoscopic relevance, and on the other hand the magno-cellular system
which conducts information with high temporal frequency. Both systems seem to be re-
sponsible for transmission of brightness information.

As Riddoch?? stated at the beginning of this century, in occipital (i.e., supra-geniculate)
lesions there are mechanisms producing a so-called "stato-kinetic dissociation”: test points
presented in a static manner (i.e., luminance differences as the only distinguishing feature of
the stimulus against the background) were not perceived at all, whereas moving these targets
made them perceivable for this group of patients. “Blindsight”19.24 could be partially explained
by this mechanism. It is probably caused by a "recruitment” of accessory (presumably "ar-
chaic”) parts of the visual pathway that bypass the actual lesion#.13,14,19.20.2526_ As in some cases
the scotomata completely fade in white-noise field campimetry and on the other hand remain
constant in conventional perimetry, it can be concluded that these accessory pathways are only
an incomplete substitute, especially concerning perception of motion?®. As this fading process
sometimes takes several weeks to months, it can be presumed that the “recruitment” of acces-
sory visual pathways is done only after a latency period. Perhaps, for example the specific
neuronal pathways responsible for perception of motion or structure differ in resistance to
lesions and re-establish function with marked differences in time and degree of recovery*16.

To gain more information about the exact localization and “repair mechanisms” of this sys-
tem, two methods could be followed:

- PET (positron emission tomography) during white-noise field stimulation, similar to other
stimulation experiments27-31.

- Exact topographical reconstruction3? of site and extent of any lesions leading to homony-
mous hemianopias. Using this method, the question may be answered as to whether there is

a spatial accumulation of all those lesions leading to a pathological hemianopic visual field

defect in conventional perimetry with white-noise field campimetry being normal.
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A comparison of the visual fields in children with psychosomatic disorders
versus psychogenic visual disorders

Kayoko Harasawa!, Hiroko Suzuki!, Masahiro Osako! and Akinori Hoshika?

Departments of Ophthalmology! and Pediatrics?, Tokyo Medical College, Tokyo, Japan

Abstract

It is well known that patients with psychogenic visual disorders (PVD) exhibit characteristic visual
fields. However, the visual fields of patients with psychosomatic disorders (PSD) without PVD have not
been well investigated. Twenty-one children with PVD, i.e., who complained of decreased vision but were
shown to have a visual acuity of 1.0 or better, and 21 children diagnosed with PSD by a pediatrician, were
included in this study. Kinetic and static perimetry were performed on these two groups and the results
were compared. Upon initial Goldmann kinetic perimetry, 21% of the 42 eyes in the PVD group showed
severe constriction, 10% crossed isopters, 7% irregular isopters, 7% mild constriction, and 5% spiral
isopters. The remaining 50% of eyes in the PVD group had normal fields. In contrast, 5% of the 42 eyes
in the PSD group showed irregular isopters while the remaining 95% had normal fields. Humphrey Field
Analyzer program 30-2 or 24-2 was also performed on the patients with normal Goldmann fields (includ-
ing those whose Goldmann fields normalized during follow-up). Of 17 eyes with PVD (nine patients), ten
showed diffuse depression, four showed localized depression, and three were normal. Of 32 eyes with
PSD (16 patients), 16 showed diffuse depression, one showed localized depression, and 15 were normal.
All eight eyes with PVD whose Goldmann fields normalized during follow-up showed abnormal Hum-
phrey static fields. The percentage of visual fields indicating high fixation losses, false negative errors,
or short-term fluctuation, was greater in the PVD group than in the PSD group. Although 95% of eyes in
the PSD group showed normal Goldmann kinetic fields, 53% revealed abnormal Humphrey static fields.
In the PVD group, even when Goldmann fields norinalized during follow-up, functional visual field loss
in the Humphrey static fields was common, and response characteristics were unusual

Introduction

Emotional disorders can sometimes manifest themselves in various physical conditions.
Visual dysfunction without organic cause has been called by various names, such as psycho-
genic visual disorder (PVD), hysterical amblyopia, hysterical blindness, and ocular conversion
reaction. Regardless of this, the predominant symptom of PVD is decreased vision, although
thorough ophthalmological examination is unrevealing. Characteristic visual field defects are
common, such as generalized constriction and spiral visual field. Psychosomatic disorders
(PSD), on the other hand, also occur without organic cause and exhibit physical dysfunction.
However, predominant symptoms are various, such as headache, abdominal pain, and refusal
to attend school. Some patients with PSD also complain of visual symptoms, such as blurred
vision, amaurosis, and micropsia. As in PVD patients, upon ophthalmological examination, no
organic cause for the visual complaints in these PSD patients is found. However, the visual
fields in PSD have not previously been well investigated. Therefore, we performed kinetic and
static perimetry on patients with PVD and patients with PSD, in order to analyze and compare
the influence of psychogenic factors on their performance in visual field testing.

Subjects and methods

Twenty-one children with PVD (mean age: 10.5 + 2.1 years; six boys, 15 girls), and 21
children with PSD (mean age: 11.9 + 2.8 years; 11 boys, ten girls) were included in this study.
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All patients with PVD had been detected as having decreased visual acuity in school screening
programs and had been subsequently referred to the Department of Ophthalmology. Normal
ophthalmological examination and lack of objective refractive error in these patients led to the
diagnosis of functional visual loss, which was confirmed by demonstration of a visual acuity
of 1.0 or better by the use of plano or trick lenses, or by persuasion. Equivalent plus and minus
diopter lenses were used together in the trick lens method such that the overall power was
plano. PVD patients in whom a visual acuity of at least 1.0 could not be demonstrated were
excluded from our study because of the possibility of an organic lesion. Patients with PSD had
been diagnosed by pediatricians on the basis of recurrent physical symptoms, such as headache,
abdominal pain, and refusal to attend school, in the absence of organic disease following ex-
tensive work-up. All these patients had normal ophthalmological examinations, with best cor-
rected visual acuities of 1.0 or better (refractive errors, if present, were within 5 diopters of
spherical power).

Upon the initial visit, Goldmann kinetic perimetry (GP) was performed on each patient and
the result was classified by type of visual field defect. Static perimetry using the Humphrey
Field Analyzer (HFA) was performed only on those patients who showed normal kinetic visual
fields upon initial testing and on those patients whose kinetic visual fields were normalized
during follow-up. The Humphrey Field Analyzer program 30-2 or 24-2 (target size: III) was
used in the static visual field test. Abnormal static visual fields were classified as having lo-
calized field loss or diffuse field loss. Patients whose Humphrey fields showed a total deviation
of more than ten scattered points and a mean deviation (MD) worse than the lower 5% prob-
ability level for normals in the STATPAC, were classified as having diffuse visual field loss.
The Humphrey field was considered unreliable in the presence of a short-term fluctuation (SF)
greater than 2.5, a false positive error (FPE) or false negative error (FNE) of 33% or greater,
or fixation losses (FL) of greater than 20%.

Results

The age distribution of the two groups is shown in Fig. 1. There was no statistically signif-
icant difference in the mean ages. Seventy-one percent of the patients in the PVD group were
female compared to 48% in the PSD group.

Of the 21 patients with PVD (42 eyes), 21 eyes in 11 patients exhibited abnormal kinetic
visual fields. Their initial Goldmann visual fields were classified as having severe constriction
in nine eyes (21% of total), crossed isopters in four eyes (10%), irregular isopters in three eyes
(7%), mild constriction in 3 eyes (7%), spiral isopters in 2 eyes (5%), and normal field in 21
eyes (50%). Of the 21 patients with PSD (42 eyes), only one patient (both eyes) showed ab-
normal kinetic fields (irregular isopters), while the remaining 20 patients (40 eyes) had normal

10
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Fig. 1. Age distribution in the PVYD and PSD groups.
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Fig. 2. Average mean deviation (MD) of the static visual fields. The difference in average MD between
PVD and PSD groups was statistically significant (p<0.001, Scheffe F test).

fields. In summary, 50% of the patients in the PVD group exhibited some kind of kinetic field
abnormality, whereas only 5% of the patients in the PSD group showed this.

In the PVD group, static Humphrey perimetry was performed on nine patients (17 eyes) in
whom the initial Goldmann kinetic field was normal (nine eyes) and in whom the kinetic fields
normalized during the follow-up period (eight eyes). Ten eyes showed diffuse field loss, four
eyes showed localized field loss (two peripheral rim defects, one inferior arcuate defect, and
one dot-like loss), and three eyes had normal fields. All eight eyes with PVD, whose kinetic
fields normalized during follow-up, showed abnormal static fields. Static perimetry was also
performed on 16 patients (32 eyes) with PSD whose initial kinetic fields were normal. Sixteen
eyes showed diffuse field loss, one eye showed localized field loss, and 15 eyes had normal
fields. In summary, abnormal static visual fields were seen in 82% of patients in the PVD group,
and also in 53% of patients in the PSD group even if the kinetic fields were normal. The average
mean deviation (MD) of all static fields in the PVD and PSD groups was -6.5 - 3.6 and -3.4 +
1.8, respectively (Fig. 2). The difference in the average MD between the PVD and the PSD
groups was statistically significant (p<0.001, Scheffe F test). In the PVD group, the average

(%)
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Fig. 3. Averages of reliability indices. The left ordinate represents the mean percentages of FL, FPE, and
FNE. The right ordinate represents the mean SF. Averages of FNE and SF were significantly higher in the
PVD group than in the PSD group (p<0.01, Scheffe F test).
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Fig. 4. Percentage of visual fields showing abnormal reliability indices. Percentages of abnormal FNE
and SF in the PVD group were much higher than in the PSD group.

MD in those patients who exhibited normal kinetic fields, and in those patients whose fields
normalized during follow-up, was -6.3 *+ 4.4 and -6.8 + 2.6, respectively. The difference in
average MD here was not statistically significant however.

Mean percentages for various reliability indices on static perimetry in the PVD group were
19.5+15.3% for FL, 5.5 + 6.8% for FPE, 22.1 £ 19.2% for FNE. These percentages in the PSD
group were 13.2 + 12.4% for FL, 3.9 + 5.9% for FPE, 8.5 + 11.9% for FNE. The mean SF is
in PVD and PSD groups were 2.6 + 1.4 and 1.8+ 0.7, respectively (Fig. 3). The differences in
mean FNE and SF were statistically significant between the two groups (»<0.01, Scheffe F
test). In the PVD group, the percentages of the static visual fields showing abnormal reliability
indices for FL, FPE, FNE, and SF, were 41% (7/17), 0%, 29% (5/17), and 47% (8/17), respec-
tively. In the PSD group, these percentages were 27% (8/32), 0%, 7% (2/32), and 7% (2/32),
respectively. Abnormal FPE was not seen in either group. The percentage of the visual fields
showing abnormal FL, FNE, or SF, was higher, in each case, in the PVD group than in the PSD
group (Fig. 4).

Discussion

The predominance of females in psychogenic visual disorders has been reported by many
authors!-4, ranging from 72% to 79% of patients. In our series, females constituted 71% of
patients with PVD, in agreement with those reports. This tendency was not seen in the PSD
group.

Slettenberg et al.! reported that isolated visual acuity loss was the most common finding in
PVD (43%), followed by combined visual acuity loss and visual field constriction (37%).
Yasuna3 reported that all 26 children in his study had constricted visual fields on tangent screen
testing, mostly of a tubular nature with characteristic constant and steep borders. In contrast,
in our series, only 50% of patients with PVD showed abnormal kinetic fields. Seventeen percent
of patients had either crossed or irregular isopters, which may also be characteristic of PVD
fields. These abnormal visual fields may represent either exhaustion, lack of concentration, or
response variability. Despite the same baseline psychological disturbance, only one patient
with PSD showed abnormal kinetic fields.

Chronicity of abnormal visual functions in PVD has been reported in several follow-up
studies:5. Overall, adult patients tended to continue to have visual dysfunction because of
long-standing insoluble emotional conflicts, while children had a better chance of visual re-
covery because their emotional problems were more amenable to resolution. In our study,
although we did not observe patients for long periods, all patients whose kinetic fields normal-
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ized during follow-up showed abnormal static fields. This may suggest that their visual dys-
function continued for a longer period than expected.

Kuroiwa® reported that, using the Octopus automated static perimeter (program 21), irregular
peripheral limits and focal depressions forming a peculiar “flower petal-like” pattern, were
seen in all patients who showed constricted or spiral visual fields on Goldmann kinetic per-
imetry. Yamada and Kono? also noted that “polka dot-like” defects displayed on the Humphrey
screening program most likely corresponded to spiral kinetic defects. Of 17 static fields in the
PVD group in our study, 14 (82%) showed abnormal fields (ten diffuse loss, four localized
loss) in the presence of normal kinetic fields. Furthermore, the depression of the fields in the
PVD group was in general much more profound than that in the PSD group. Fifty-three percent
of static fields in the PSD group were abnormal, indicating that either abnormal visual function
in asymptomatic PSD patients is not uncommon, or that the normal values for threshold in the
STATPAC are lower than appropriate for our patient population leading to a higher incidence
of abnormal findings. We would need to test control subjects for a comparison to resolve this
issue.

Regarding response properties in PVD patients, Kuroiwa¢ also reported that sensitivities in
the static fields are quite variable with respect to spatial and temporal aspects, and that FNE
responses were particularly common, although FPE responses were not. In our study, even
when the kinetic fields were normal, the response properties in the static fields showed the
same tendency as shown in the cases with abnormal kinetic fields. Compared with the PSD
group, a high FNE rate and abnormal SF were more likely to occur in the PVD group, perhaps
characteristic of the performance of these patients. In both groups, a high FP rate was not noted
despite a high FL rate. This may also represent a paradoxical phenomenon seen in these groups.
In conclusion, although PVD and PSD patients possess a similar underlying psychological
dysfunction, their performance in visual field testing were quite different.
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Perimetry in psychogenic visual disturbances
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Abstract

In perimetry performed on children with psychogenic visual disturbances, it has been reported that
spiralling fields, concentric contraction and tubular fields are seen. In the present study, normal visual
fields were obtained in all cases by Goldmann kinetic perimetry starting from the smallest targets in 11
patients with psychogenic visual disturbances who had shown visual field abnormalities in other hospitals.
However, when Humphrey static perimetry was performed on the same day, contradictory results with
sporadic scotomas within the range which was clearly seen with kinetic perimetry were obtained. These
results differed from the conventional concept, and appear to be one of the characteristics of psychogenic
visual disturbances.

Introduction

Psychogenic visual disturbances occur in the form of visual impairment as a physical symp-
tom of the effects of a highly stressful environment in children. Recently, these disturbances
have tended to increase!.

Children with psychogenic visual disturbances are known to show abnormalities in various
ophthalmological examinations. In visual acuity examinations, normal visual acuity has been
reported with the suggestive therapeutics method and lens neutralization method, and there
have also been reports of spiralling fields and concentric contraction in kinetic perimetry and

tubular fields in campimetry2.

In the present study, normal visual fields were obtained in all cases when measurements were
made by the smallest target which could be confirmed in kinetic perimetry in patients with
psychogenic visual disturbances who had shown visual field abnormalities at other hospitals3.

However, when the same patients were examined using a Humphrey Field Analyzer, contra-
dictory results with sporadic scotomas within the same area clearly seen with kinetic perimetry
wete obtained. These examination results were completely different from what was expected,
and they are considered to be one of the characteristics of the psychogenic visual disturbances
reported here.

Subjects and methods

Among 127 cases of suspected psychogenic visual disturbances (33 males and 94 females)
seen at the Department of Ophthalmology, Kobe University, during a period of seven years and
seven months from June 1984 to January 1992, 53 cases (15 males and 38 females) in whom
perimetry could be performed were used as subjects.

Perimetry was performed using a Goldmann perimeter, but the measurements were not made
from the usual V-4 target. The measurements were made using gradually larger targets starting
from the smallest target (I-1, if possible) which could be confirmed visually. In some of the
subjects, examinations using a Humphrey Field Analyzer perimeter were also performed.
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Results
Age
As shown in Table 1, the age range was from six to 22 years.

Table 1. Patients with psychogenic visual disturbances capable of perimetry

Age Male Female Total
6 1 1 2
7 2 8 10
8 4 4 8
9 2 4 6

10 1 5 6

11 0 3 3

12 1 1 2

13 1 3 4

14 1 2 3

15 1 2 3

16 0 1 1

17 0 1 1

18 1 1 2

19- 0 2 2

Total 15 38 53

Initial visual acuity

Discrepancies from hand movement to 1.0 were seen, but the visual acuity improved to 1.0
as measured by suggestive therapeutics or the plano-lens method in 34 cases (64 %) on the same
day.

Visual field

Normal visual fields were detected in all 53 subjects by Goldmann perimetry. Abnormal
visual fields were found in 11 of 12 cases who had undergone perimetry at other hospitals, but
these cases all showed normal visual fields when they were re-examined at the authors’ depart-
ment. However, sporadic scotomas were found with Humphrey automated perimetry even in
cases showing normal results with Goldmann perimetry.

s B i
T IR T 2 8 !

Fig. 1. Perimetry of case 1 performed at another hospital.
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Fig. 2. Goldmann perimetry of case 1 performed at our department.
Case reports
The following are reports of two typical cases:

Case 1: KN, a ten-year-old female

- Chief complaint: visual disturbances.

- Current history: visual disturbances were noted in an examination at school. In an examina-
tion by a local doctor, RV = 0.5 (n.c.), LV = 0.5 (n.c.), NRV = 0.1 (n.c.) and NLV = 0.1 (n.c.).
ERG was normal. In static and kinetic perimetry, concentric contraction was found (Fig. 1).
She was referred to our department for a detailed examination.

- Past and family histories: nothing of note. Among the background factors, the mother worked
outside the home and sometimes returned home late at night.

- Visual acuity on initial examination: RV = 0.6 (0.7: £ 3.0 D), NRV = 0.4 (n.c.); LV = 0.7
(0.8: +3.0D), NLV = 0.4 (0.5: + 1.0 D).

- Anterior segment of the eyes, ocular media and ocular fundus: Nothing of note.

- CFF: Right 33-45 Hz and left 35-45 Hz were observed.
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Fig. 3. Humphrey perimetry of case 1.
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Fig. 4. Goldmann perimetry of case 2 performed at our department.

- Color vision examination: since an abnormality in panel D-15 had been pointed out at another
hospital, the Ishihara type color vision examination was performed at our department but the
results were normal.

- Goldmann perimetry: the visual field was normal (Fig. 2). When the visual acuity was re-
examined after perimetry, RV = 1.0, LV = 1.0, NRV = 1.0 and NLV = 1.0. and both far and
near vision were easily improved without suggestive therapy.

- Course: she was examined several times thereafter, but good visual acuity with RV = 1.0 and
LV = 1.0 was retained.

Case 2: YT, a ten-year-old female

- Chief complaint: visual disturbances

- Current history: visual disturbances were seen during a visual examination at school. She
consulted a doctor, but there was no improvement. RV = 0.1 (0.4: -1.0 D), LV = 0.1 (0.3:
-1.5x +cyl. 0.5 D A180°). She was referred to our department.

- Past and family histories: nothing of note. Among her background factors, her family had
moved away from near her grandmother’s house. Her grandmother was very fond of her.
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Fig. 6. Second examination of the right eye with Humphrey perimetry (case 2)

- Visual acuity: RV = 0.3 (1.0: -1.5D), LV =0.3 (1.0: -2.0 D).

- Visual field: with Goldmann kinetic perimetry, a normal visual field was obtained (Fig. 4).
However, with Humphrey perimetry, scotomas were seen at many sites in the right eye and
at two sites in the left eye within the range which was clearly seen with Goldmann perimetry
(Figs. 5 and 6).

Discussion

When perimetry is performed in cases of psychogenic visual disturbances, characteristic
spiralling fields, concentric contraction and tubular fields have been found. However, since
these visual fields are also seen in mental and organic diseases, it is necessary to perform
diagnosis by exclusion for cases which are not psychogenic.

Psychogenic visual disturbances are diagnosed on the basis of frequent contradictions since
the results of each visual examination are apt to change; the lack of any objective findings
matching the examination results; and the fact that the cause of the disturbance is found in the
patient’s family or environment.

It has long been considered that the mechanism of onset of psychogenic visual disturbances
involves the appearance of concentric contraction and spiralling fields based on a complex
mixture of factors such as problems related to the intensity of the test light, time and the spatial
arrangement in kinetic perimetry, as well as psychological factors including anticipation, in-
tention and fatigues.

The results of our examinations in the present study showed normal kinetic visual fields in
all 11 cases where abnormal fields had been detected at other hospitals. Therefore, the factors
which affect the results of perimetry include not only the patients’ problems, but also various
problems related to the examiners. Consideration must be given to the elimination of psycho-
genic factors, and it is important to form a better rapport with the patients. It is also important
to devise a suitable method of examination. When evaluation was difficult in these patients
using a perimetry method starting with the usual large targets, perimetry was performed starting
from the smallest target which the patient could confirm visually and gradually making the
targets easier to see. With this method, it is important to have a rapport with the patients and
to perform the measurements diligently.

In some cases, Humphrey automatic perimetry was performed, but sporadic scotomas were



264 M. Yamamoto et al.

observed with Humphrey perimetry even in cases where normal results were obtained with
Goldmann perimetry performed on the same day. These contradictory results are considered to
be characteristic of psychogenic disorders. With Goldmann perimetry, the examination is per-
formed on a 1:1 basis between the patient and the examiner, communication being maintained
with the patient throughout the examination, but in automatic perimetry, good results are not
obtained because the relation is limited to that between the patient and a machine. Kuroiwa*
reported that wreath-shaped fields appeared with Octopus perimetry in cases of psychogenic
visual disturbances, and Yamade and Kono found abnormalities with sporadic scotomas in 12
of 16 cases of static perimetry5. These results were similar to those obtained in the present
study.
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Perimetric and fluorescein angiographic findings in carotid artery
obstructive disease

D. Ghiglione, L. Borgia, E. Zinicola, P. Capris, P. Allegri, G. Cardillo Piccolino and
E. Gandolfo

University Eye Clinic, Genova, Italy

Abstract

Thirty-four patients with carotid stenosis, recruited from a vascular surgery ward, were studied by
fluorescein angiography and visual field examination. Arm-retina time and artero-venous passage time
are stressed. Two particular unreported fluorescein signs were noted. Light sensitivity reduction was the
main visual field defect observed.

Introduction

Ocular signs and/or symptoms in obstructive disease of the carotid circle are referred to in
the literature as having a frequency of between 40% and 88 %1.2.

Although a carotid stenosis larger than 50% is already considered to be hemodynamically
significant, appreciable ocular complications nearly always occur in much larger stenoses (80-
90%)3. -

Anpart from the deoree of stenosis. the ocular nicture is influenced by embolization of
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atheromatic plaque and formation of a more or less effective compensatory circle*.

The ocular patterns relating to an obstructive pathology of the carotid artery may be acute:
amaurosis fugax, occlusion of the central artery of the retina or of one of its branches; or
chronic: chronic ischemic retinopathy (CIR) and ocular ischemic syndrome (OIS)357,

This study aims at assessing the changes of the chorioretinal circle in the obstructive
pathology of the carotid artery on the basis of fluorescein angiography and visual field exami-
nations.

s

he

Material and methods

We studied 34 consecutive patients (23 males and 11 females aged from 56 to 78 years, mean
69.5 years) hospitalized at the Vascular Surgery Clinic of the University of Genoa between
December 1989 and February 1992. Patients were considered for inclusion in the study if a
lesion of the wall at echo-doppler ultrasonography examination of the supraoptic vessels (SAV)
was documented (Fig. 1). The severity of carotid stenosis was defined to be significant when
it was 280%.

At the Retina Service of the Eye Clinic of the University of Genoa, each patient underwent
a routine ophthalmological examination, dilated fundus biomicroscopy, fluorescein angiogra-
phy and visual field examination in both eyes. Patients presenting with media opacities, glau-
coma and historically important cerebrovascular diseases were excluded from the study.

Fluorescein angiography: in view of the age and the cardio-circulatory characteristics of the
patients, we considered arm-retina times greater than 20 seconds as being significant. For
choroidal and retinal arteriovenous filling times we considered >10 and >15 seconds, respec-
tively, as being pathologic. We did not carry out evaluations of retinal arteriovenous passage
times in the two patients who presented with an occlusion of the central artery of the retina.
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Fig. la. Common carotid artery. Fibrocalcific plaque on the posterior wall (cone of shadow), slightly
stenosing, with a smooth surface. b. Carotid bifurcation. Two small fibrocalcific plaques on the posterior
wall of the internal carotid artery. c. Internal carotid artery. Marked stenosis for the presence of fibrocal-
cific, non-homogenous plaques with irregular surface.

When an occlusion of an arterial branch was present, the assessment was carried out on those
parts of the retinal circle which were not occluded; in the same way, we did not consider the
corresponding part of the visual field in the perimetric evaluation.

The visual field was examined either by computerized perimetry using the Perikon PCL90
perimeter with the DS/K program, which explores the peripheral visual field by the kinetic
method and the central area by the threshold static method, with a pattern analogous to that of
the central 30-2 Humphrey program; or by manual kinetic Goldmann perimetry. The perimetrist
was unaware of the diagnosis.

In all patients data of fluorescein angiography and perimetry changes referred to the eye
ipsilateral to the carotid stenosis of greater severity, even though they were not hemodynami-
cally significant. The data of the contralateral eye were only recorded but not evaluated.

Statistical analysis was carried out using Fisher’s exact test.

Results

Tables 1 and 2 analytically show the overall observations found in the patients studied, as
well as the incidence of the various ocular signs in relationship to the presence of a significant
or not significant carotid stenosis. In 22 (64.7%) of the 34 patients studied, the stenosis was
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hemodynamically significant, and in 12 (35.3%) it was not significant. Considering our cases
as a whole, chorioretinal circulatory changes were present in 76.4%. If we consider only the
hemodynamically significant obstructions, these changes were present in 90.9 % of the patients.
For each of the ocular signs considered, we then calculated the significance level with respect
to the two grades of stenosis. In this way, only the increase in arm-retina time and especially
the increase of arteriovenous passage time were found to be significantly correlated to the
carotid stenosis. Table 3 shows the data of the visual field examination.

Table 1.
Signs and symptoms Carotid stenosis >80% Carotid stenosis <80%
considered (22 cases) (12 cases)
Amaurosis fugax 54.5% 50%
Arm-retina time increase 54 5% -
Arteriovenous passage time

increase 63.6% -
Choroidal filling delay 63.6% 33.3%
Retinal arterial occlusion 27.2% 33.3%
Ocular ischemic syndrome 9.1% -
Papillary staining 27.2% -
Choriocapillaris atrophy 18.2% 16.6%
Perimetric defects 100% 33.3%
Table 2.
Signs and symptoms Carotid stenosis >80% Carotid stenosis <80% p*
considered (22 cases) (12 cases)
Amaurosis fugax 12 6 0.569
Arm-retina time increase 12 0 0.01409266
Arteriovenous passage time

increase 14 0 0.0078709
Choroidal filling delay 14 4 0.2589724
Chronic ischemic retinopathy 0 0 09999999
Retinal arterial occlusion 6 4 0.5326285
Ocular ischemic syndrome 2 0 0 4380951
Papillary staining 6 0 0.09815078
Choriocapillaris atrophy 4 2 0 6543385
Perimetric defects 22 4 007428395
*Fisher’s exact test
Table 3.
Perimetric defects Carotid stenosis >80% Carotid stenosis <80% pP*

(22 cases) (12 cases)

Light sensitivity

reduction 18 (81.8%) 2 (16.6%) 0.03825105
Nerve fiber bundle

defect 9 (40.9%) 2 (16 6%) 0.2502483
Quadrantanopia 1 (45%) 0 0.6571428
Homonymous hemianopia 2 (9.1%) 2 (16.6%) 0.4721669

*Fisher’s exact test

Discussion

In other studies the conditions of the chorioretinal circle were assessed above all in patients
with severe stenosis of the carotid artery3.8. However, we also considered cases in which the
carotid hemodynamic defect was moderate. In spite of this, the percentage of changes of the
chorioretinal circle observed by us was similar to that found in preceding studies3..

The degree of chorioretinal changes seen in our study was found to be, on the whole, less
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Fig. 2. Sixteen seconds after arterial filling, venous filling still has to be completed.

severe than that reported in other studies; this is probably due to the different manner of re-
cruitment of patients, which, in our case, took place in a vascular surgery clinic and not in an
eye clinic.

In accordance with data from the literature, the fluorescein angiographic finding we observed
most frequently was the increase in retinal arteriovenous passage time (10”) (Fig. 2). We believe
it to be noteworthy that this sign was present, and in a fairly high percentage (63.6%), only in
the hemodynamically significant carotid stenoses.

As far as the increase in arm-retina time is concerned, we agree with those authors who
consider this difficult to assess, since it is much influenced by factors of the general circulation.
However, we found it in half the cases (54.5%) with significant stenosis.

Delayed choroidal filling was observed in both groups of significant and not significant
obstruction (63.6% and 33.3%, respectively), with a greater percentage with regard to that
reported in the literature.

The incidence of retinal arterial occlusions is too low to be able to correlate it with the
severity of carotid stenosis; one can, rather, consider this retinal occlusion to be in relation to
the tendency that an atheromatous plaque of the carotid artery has to ulcerate and produce
embolill, Of great interest are today’s possibilities of diagnosis with echo-doppler ultrasono-
graphy for assessing the embolic potential of the carotid atheroma!2.13,

The optic disc staining, which we and other authors observed in only a few cases of signif-
icant carotid stenosis (27.2%), is a fluorescein angiographic finding not easily inter-
pretable3.14.15, In six of the cases we studied, the consequences of occlusion of the central artery
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of the retina were present with a subatrophic optic disc; in these cases, optic disc impregnation
may be related to a diffusion of the staining from the ciliary circle of the optic disc. Instead,
in four other cases, there were focal areas of diffusion from the superficial capillaries of the
optic disc.

The presence of areas of atrophy of the choriocapillaris and of the pigment epithelium is a
finding which has not previously been reported and which we observed in six cases. It could
be the result of a prolonged ischemic process of the choroid: the final stage of those perfusion
defects of the choroid was seen as a slowing of choriocapillary filling.

The most frequent perimetric change (58.8%) observed by us was a reduction of light sen-
sitivity which also involves the areas spared by the localized defects. This finding, however, was
not correlated either to the presence of carotid stenosis or to the severity of the stenosis >80%.

The frequency of light sensitivity reduction is at least in part related to the fluorescein an-
giography observation of a significant increase in retinal arteriovenous passage time and sug-
gests the possibility of functional suffering of the retina on an ischemic basis, but also of the
optic tracts and of the cerebral cortex.

The presence of nerve fiber bundle defects, always related to a reduction of light sensitivity,
occurred less frequently in our study group; in these cases, with fluorescein angiography, we
were not able to show changes of the chorioretinal circle corresponding topographically to the
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contraction in a case with no fluorescein angiography signs of optic disc ischemia.
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visual field defect. According to most authors, perimetric fiber damage may be the result of
microemboli in the retinal circle or disseminated along the optic tracts!é. It is, however, possible
that micro-occlusions of the ciliary arteries at the level of the optic disc may be involved in
visual field defects rather than prolonged or chronic ischemial’. In our series, visual field
defects of homonymous hemianopic type were, in all cases, related to concentric contraction
of the peripheral isopters of the surviving hemifield, showing the presence of unsuspected
chronic ischemic damage, in the absence of a history of acute cerebrovascular pathology!8 (Fig.
3). On fluorescein angiography we observed, together with the hemianopia, slowing of
choroidal or retinal circle filling times. The areas of the visual field corresponding to those of
the retina which had acute ischemic phenomena, and characterized by absolute scotomas of
different morphology, were not considered in our evaluation.

Conclusions

Our study confirms the frequency of the consequences of carotid circulatory insufficiency
on the chorioretinal circle, in which hemodynamic changes were not necessarily related to
severe carotid obstructions. Therefore, just as the finding of typical ocular patterns indicates
an obstructive pathology of the carotid artery and necessitates further diagnostic procedures,
in all cases of hemodynamic changes of the carotid, even if moderate, it may be useful to carry
out an ophthalmological evaluation. Our observations show that fluorescein angiography is
particularly sensitive in finding initial chorioretinal hemodynamic changes, and also irre-
versible lesions, which are hardly visible with simple ophthalmoscopy. Furthermore, the
greater incidence of visual field defects, which was represented especially by an overall reduc-
tion of light sensitivity in patients who had a carotid stenosis of >80% also confirms the in-
fluence of this chronic vascular pathology on retinal light sensitivity measured by perimetry.
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Primary empty sella syndrome with visual field defect
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Introduction

There are several reports!-4 that patients with primary empty sella syndrome (PESS) some-
times show many patterns of visual field defects (VFD) including bitemporal hemianopsia,
irregular defect, and glaucoma-like VFD. But the complete explanation of VFD in patients with
PESS is not defined. In this study, we evaluated visual fields and optic disc appearances in 16
eyes of eight cases with PESS and also MRI of optic chiasma and optic nerve was performed.

Methods

The subjects were eight cases with PESS. Sex ratio was 3:5 (male:female). Their ages ranged
from 44 to 75 years. Intraocular pressure, visual field, and optic disc appearance were examined
ophthalmologically. The diagnosis of PESS was made by MRI findings.

Radiological characteristics of empty sella in MRI are as follows: (1) massive intrasellar
CSF; (2) pituitary gland lying on the floor of the sella; (3) decrease in thickness of the pituitary
gland; (4) straight and stretched pituitary stalk in the sella; and (5) enlarged sella turcica.

Fig. 1. Magnetic resonance imaging (MRI).
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Fig. 2. Goldmann perimetry.
Results

Case report: A 60-year-old man complained of headache and visual blurring of a few years’
duration. On admission he was noted to have optic disc atrophy in the right eye without other
neurological signs. The anterior segments of both eyes were normal on slit-lamp examination
except for incipient cataract. MRI study (Fig. 1) showed an empty sella. Goldmann perimetry
(Fig. 2) showed glaucoma-like VFD. Diurnal IOP did not exceed 21 mmHg. A follow-up MRI
showed no change in sella size or shape. The summary of eight cases with PESS is listed in
Table 1. Fifty percent of cases showed VFD including glaucoma-like VFD, irregular VFD, and
bitemporal hemianopsia. The distribution of patterns of VFD is shown in Fig. 3. No abnormali-
ties and deviations were observed with the optic nerve and chiasma in four patients. In the other
patients we could not detect the details.

defect

Bitemporal hemianopsia

12.5%

Fig. 3. Distribution of patterns of VFD.
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Table 1. Results

Case Age Sex Visual Field MRI of the optic
nerve and chiasma

1* 60 M glaucoma-like no abnormality
2% 73 F glaucoma-like no abnormality
3 67 F irregular defect detail unknown
4 58 M bitemporal hemianopsia  detail unknown
5 68 M normal detail unknown
6 44 F normal no abnormality
7 75 F normal no abnormality
8 74 F normal detail unknown

* Diurnal IOP did not exceed 21 mmHg

Discussion

Possible mechanisms for VFD in patients with PESS are thought to be as follows: (1) me-
chanical damage; (2) blood supply deficiency; and (3) arachnoiditis. There are two hypothetical
mechanisms for glaucoma-like VFD in patients with PESS.

1. Axoplasmic flow may be disturbed under various conditions like compression, blood supply
deficiency, and inflammation of the optic nerve induced by empty sella, and it may produce
an optic disc appearance consistent with glaucomatous optic disc changes.

2. The deviation of the optic nerve and chiasma and the attrition of the nervous axonal tissue
may cause a negative pressure in the optic nerve sheath, which may have the same stretching
results as a rise of intraocular pressureS.

Since the anatomical abnormality of the optic nerve and chiasm were not observed in our
two cases with glaucoma-like VFD, the results did not support the mechanical damage theory
of the optic nerve in PESS. Although the co-existence of an intracranial lesion and a glaucoma-
like optic disc appearance may not be by chance, the complete explanation for this co-existence
is yet to be found. We are inclined to think that the mechanism of glaucoma-like optic disc
appearance in our two cases is the same one as in glaucoma. The structural instability of the
lamina cribrosa is thought to be one of the most important factors in optic disc change in
glaucoma. On the other hand, arachnoidal abnormality or weakness is one of the postulated
causes of PESS. The same structural weakness of collagen tissue may explain the co-existence
of the two conditions.
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Temporal wedge-shaped visual field defects associated with optic nerve
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Introduction

Temporal wedge-shaped visual field defects associated with sectorial optic nerve hypoplasia
is a relatively rare condition!. Patients are usually unaware of any defects before examina-
tion!2. However, one of the two patients with wedge defects described here noticed a sudden
temporal field loss in her left eye. The other case was found to have a temporal defect while
being examined for floaters. Temporal wedge defects were unilateral in these two patients. In
the contralateral eyes, automated static perimetry revealed sensitivity loss possibly due to sub-
tle hypoplasia of the optic nerve.

Case reports
Case 1

A 20-year-old woman suddenly noticed temporal blurring in her left eye without headache
or ocular pain. Her ophthalmologist found a temporal visual field defect in her left eye despite
normal visual acuity and normal fundi in both eyes. A computed tomographic scan was normal.

On referral, her visual acuity was RE: 1.2 and LE: 1.2. Refraction was RE: -3.00 D sphere
and LE: -3.5 D -0.5 D x90. Pupillary light reaction and slit-lamp examination were normal in
both eyes. Intraocular pressure was RE: 18 mmHg and LE: 16 mmHg. Goldmann perimetry
revealed a wedge-shaped visual field defect which broke out temporally from the blind spot in
her left eye. Slight depression of the inferior part of the inner isopters was detected in the right
eye (Fig. 1). Automated static perimetry revealed a sensitivity loss in the central visual field
in addition to the defect in the temporal field in the left eye. In the right eye, diffusely reduced
sensitivity in the central visual field was recognized (Fig. 2). Funduscopy of the right eye
showed a small and hyperemic optic disc with a blurred margin. The left optic disc was also
small with the upper and lower margins blurred. No hemorrhages or exudates were recognized
in the fundi. Disc-macula distance to disc diameter ratio (DM/DD) was RE: 3.3 and LE: 3.5.
Red-free fundus photographs revealed a nerve fiber layer defect (NFLD) in the nasal portion
of the left optic disc. An NFLD was also detected in the upper part of the right optic disc (Fig.
3). Echography of the optic nerve showed no abnormality. MR imaging was normal. Follow-up
Goldmann perimetry and automated static perimetry six months after the initial examination
showed identical results. Systemic examination showed no abnormal data.

Case 2

A 24-year-old woman consulted her ophthalmologist because of flying flies in the right eye.
Fundus examination revealed a slightly elevated, small disc in the right eye. On refetral, her
corrected visual acuity was RE: 1.5 (-2.25 D sphere), LE: 2.0 (emmetropia). Pupillary light
reaction and intraocular pressure were normal in both eyes. Goldmann perimetry revealed a
narrow wedge-shaped visual field defect that broke out temporally from the blind spot in her
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Fig. 1. Unilateral temporal wedge-shaped visual field defect (left eye) Mild depression of the inner
isopters of the inferior visual field (right eye).
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Fig. 2. Octopus program No. 31. Many scattered points are also involved in the right eye.

left eye (Fig. 4). Automated static perimetry revealed sensitivity loss in the central visual field
in addition to the defect in the temporal field in the right eye. In the left eye, a loss of sensitivity
was also detected (Fig. 5). The right optic disc was small with a white ring. The left optic disc
was also small with a blurred margin. DM/DD was RE 4.1 and LE 3.6. Red-free fundus pho-
tographs showed NFLD in the nasal sector of the right optic disc (Fig. 6). Echography of the
optic nerve was normal. Follow-up visual field examination 15 months later showed identical
results.

Discussion

Temporal wedge field defects in these two patients were attributed to nasal hypoplasia of the
optic nerve for the following reasons:
1. no progress on repeated perimetry;
2. anomalous morphology of the optic disc;
3. no systemic disorders related to the optic nerve lesion;
4. normal intraocular pressure.

The contralateral eyes in these two patients repeatedly demonstrated loss of sensitivity which
was presumably due to subtle hypoplasia of the optic nerve. Automated static perimetry may
be useful in detecting subclinical visual field loss in cases with subtle hypoplasia of the optic
nerve.

Temporal wedge-shaped visual field defects associated with sectorial optic nerve hypoplasia
may be noticed suddenly. Close fundus examination and follow-up perimetry can eliminate
unnecessary studies.
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Fig. 3. Red-free fundus photographs showing absence of nerve fiber striations in the nasal peripapillary
retina (left eye) Slit-like defect at 11 o’clock (right eye).
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Fig. 5. Two points involved in the “normal” left eye. Fixation was good with no errors.
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Fig. 6. Obscuring of nerve fiber striations in the nasal peripapillary retina (right eye). Left optic disc is
also small with blurred margin.



Visual field defects in migraine patients
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Abstract

Visual field defects, together with diplopia and blurred vision are often reported by patients during
attacks of migraine. Previous studies reported the influence of age and disease duration on the outcome
of this symptom without studying the type of migraine, and whether its frequency plays a role in this
visual function loss. Thirty-eight patients affected by migraine, diagnosed by a neurologist, including
forms with and without “aura” were studied. An Octopus 2000R, program G1, was used to examine the
visual field. In this study, patient’s age and duration of disease did not show a significant correlation with
the visual field loss, while migraine attack frequency showed a significant correlation. The mean defect
of the VF was indeed greater in those patients with a higher frequency of migraine attacks Migraine
involves vascular disregulation as an important pathogenetic factor. VF loss described in this disease may
be considered to be very close to that described in certain vascular conditions of the eye.

Introduction

According to the International Headache Society (IHS) classification!, migraine includes
two main forms: migraine “with aura” and migraine “without aura”. From a clinical point of
view, migraine “with aura” is characterized by focal neurological signs which precede, accom-
pany or follow the headache. In this type of migraine, the most frequent signs are: diplopia,
blurred vision, and visual field (VF) loss. Migraine “without aura” is commonly considered
when the headache is the main symptom of the disease.

Regarding the pathogenetic basis of migraine, great importance has been attributed to a
vascular mechanism and, more recently, to serotoninergic system disregulation. It has been
theorized that visual function disturbance, occurring during migraine attacks, might have some
similarity to visual function disturbance observed in certain ocular pathologies.

A previous study reported a correlation between migraine duration and VF loss including an
age influence in the VF loss outcome?. We think special attention should be directed towards
the type of migraine: with or without aura.

It is our intention to study whether VF loss occurs more easily in one of these two types of
migraine and whether the frequency of the attacks plays a role in VF loss.

Material and methods

Thirty-eight patients, nine men and 29 women, with a mean age of 38 years, ranging from
17 to 56 years, were studied. All of these patients were referred by a neurologist with a diagnosis
of migraine. Eleven of them had migraine “with aura”, 27 of them “without aura”. An accurate
medical history of each patient was recorded with special attention being given to the duration
and frequency of migraine attacks. No patient presented with an ocular pathology after a
complete clinical examination.

The mean visual acuity was 0.9, with a range of from 0.8 to 1.2. No patient presented with
an IOP level higher than 19 mmHg, measured with a Goldmann tonometer.
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The visual field of both eyes in each patient was explored with the G1 program of the Octopus
2000R computerized perimeter. The mean of the mean defect observed in both eyes was corre-
lated with age, duration and frequency of migraine. A statistical analysis was carried out using
Student’s ¢ test to verify whether there was a significant correlation among these variables.

Results

Seventeen patients (42%) showed the presence of visual field defects. Ten patients had a
unilateral VF defect, seven patients a bilateral VF defect. Nine patients were affected by mi-
graine with aura and eight by migraine without aura. No relationship was therefore found
between VF loss and type of migraine. No relationship was found between the patient’s age
and the visual field defect.

The mean duration of the disease in the selected patients was 15 years, with a range from
two to 30. This variable did not correlate statistically with the visual field defect outcome.

The frequency of migraine attacks in the selected patients was variable, ranging from a
minimum of one attack to a maximum of eight attacks per month. VF loss was greater in those
patients with a higher frequency of attacks (p<0.001).

Discussion

Ocular symptoms are often described in patients affected by migraine even in the absence
of any ocular pathology. A previous paper reported visual field loss in 21 migraine patients of
over 60 years of age (35%)2, but did not consider which type of migraine was affecting them.

In our study with a restricted group of 38 patients, we found visual field defects in 17 patients
(42%). We did not find a correlation between age of patient, disease duration or visual field
loss. We did find a significant correlation between frequency of migraine crisis and visual field
loss. We did not observe a higher percentage of visual field loss in either of the two types of
migraine considered. A larger study group would lead to more precise percentages and statis-
tical power.

Surely VF loss is more frequent in migraine patients than commonly believed.

Some of these VF defects present certain analogies with other vascular conditions of the eye.
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Evaluation of the blind spot in automated perimetry using a spatially adaptive
strategy: optimization of the procedure by means of computerized simulation
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Abstract

A strategy for relatively fast and precise measurement of the blind spot has been proposed. It delineates
the blind spot by detecting its borders in four to six different locations. This study was undertaken to
investigate the possibility of further reducing the duration of the procedure, keeping within the basic
principles of this strategy. For optimizing the strategy, the authors developed a method using computerized
simulation to generate a blind spot and to test a number of measurement algorithms in various clinical
conditions. A comparative study of various algorithms for threshold determination was conducted, in terms
of number of questions required at each step of the procedure, keeping in mind the necessity of preserving
a sufficient precision for the procedure. Attempts were also made to replace various stages of the procedure
by an extrapolative calculation. Robustness of the system was assessed by simulating answers from poorly
collaborative subjects. It was found that the optimization obtained in this study using both a combination
of different algorithms according to the stages of the procedure and an extrapolative calculation reduced
the time needed to measure the blind spot, without actual reduction in the accuracy of the method.

Introduction

A procedure for relatively rapid and precise measurement of the blind spot has been proposed
by Safran et al.1-3. It is used to assess width and height of the blind spot, based on the assumption
that its shape is close to an ellipse, the main axis of which being vertically oriented. It is
performed using a 1-level strategy, and it involves six stages, which have been described in
detail elsewhere# (Fig. 1).

In the original presentation of the strategy, a simple algorithm, based on the method of limits,
was used to locate the border of the blind spot along lines of tested points. It consisted of the
successive testing of adjacent points located in rows, starting from the presumed center of the
blind spot, until light stimulus is perceived in two successive locations, suggesting that the
border had been crossed.

The present study set out to reduce the duration of the procedure further, in keeping with the
basic principles of this strategy. To optimize the strategy, we developed a computerized simu-
lation system’ which was able to generate blind spots and to test a number of measurement
algorithms, in various clinical conditions.

Blind spots were simulated based on the values of blind spot parameters obtained from
normals in a previous study, including location of the center, width, height, and width/height
ratio®. In addition, to simulate the behavior of the tested subject in the vicinity of the borders
of the blind spot, we defined a psychometric function® describing the probability of positive
response by the tested subjects, according to the locations of the stimulus and the blind spot.

We set out to optimize the strategy according to three main principles:

The first principle consisted of a comparative study of various algorithms for threshold de-
termination, in terms of the number of required questions at each step of the procedure, keeping
in mind the need to maintain sufficient precision. In classical procedures of automated peri-
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Fig. 1. Spatially adaptive strategy developed for the evaluation of the blind spot, before optimization.
Numbers indicate succession in measurement stages. The procedure is conducted as follows. First, from
the presumed center of the blind spot (as determined in previous studies), successive locations are tested
along a horizontal line at 0.5° intervals, until the stimulus is perceived at two adjacent points, indicating
the edge of the blind spot (stage 1) The procedure is then repeated, testing in the opposite direction until,
again, the stimulus is perceived at two adjacent points (stage 2). The center of the segment thus defined
is then calculated, and the vertical axis of the blind spot is drawn from this point (stages 3 and 4). The
apparatus then calculates the center of the vertical segment. If its position does not correspond to the point
initially taken as the theoretical center, the two halves of a new horizontal line, passing through the
mid-point of the vertical segment, are then tested using points situated just above the points along the first
horizontal line (stages 5 and 6).

metry using a vertical approach to the island of vision, the bracketing algorithm using steps of
four and then of two units of light intensity is usually considered optimal for determining light
sensitivity thresholdss. However, measuring the surface of the blind spot involves specific
conditions, related to the horizontal nature of the approach to the island of vision, and the
two-dimensional nature of the evaluated parameter. In addition, the selected algorithm takes
into account both blind spot dimensions and spatial resolution capabilities of the perimeter.

The second optimization principle resulted from our previous observations of locations in
the visual field in the vicinity of the presumed center of the blind spot, which were insensitive
to light stimuli in 30 normal tested subjects®. This implies that there are questions which often
provide little, if any, useful information for the measurement procedure. The optimization
procedure should therefore exclude the automatic testing of such locations. Thus, instead of
starting the procedure at the presumed center of the blind spot, rows of testing spots should
start in the vicinity of the presumed locations of the borders of the blind spot, which have been
determined in previous studies.

Thirdly, the optimization approach should include attempts to replace when possible the
systematic use of the recentering stages of the procedure (stages 5 and 6) by an extrapolative
calculation.

Methods
Evaluated algorithms

We compared eight algorithms, each capable of localizing the border of a scotoma in a row
of tested points. Some of them are similar in type to the classical algorithms used in Octopus
perimetry, except that the latter measure sensitivity values (dB), whereas those we tested eval-
uate distance values, in multiples of 0.5° units, i.e., the maximal spatial resolution of the Oc-
topus 2000R perimeter. The tested algorithms belonged to three main categories.

The first category is that of bracketing algorithms. Tested procedures were the following:
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Fig. 2. Algorithms compared in the simulation procedure

a. 4-unit step in the direction of the threshold, then 2-unit step backwards, then 1-unit step
forwards again (algorithm 4-2-1);

b. 4-unit, then 2-unit, then 2-unit steps (algorithm 4-2-2);

. 4-unit, then 3-unit, then 1-unit steps (algorithm 4-3-1);

d. 3-unit, then 2-unit, then 1-unit steps (algorithm 3-2-1);

e. 3-unit and 1-unit steps (algorithm 3-1); and

f. 2- and 1-unit steps (algorithm 2- 1).

The first four algorithms perform three threshold crossings whereas the latter two perform
only two threshold crossings (Fig. 2).

Algorithms of the second category are based on the method of limits’. These are series of
contiguous locations which are successively tested until the border of the blind spot is crossed.
We evaluated two variants of these algorithms: (a) stopping the procedure as soon as a change
in answers occurs, suggesting the border has been crossed (limits 1); (b) investigating the
transitional area further, until two adjacent locations are found showing consistent answers, on
each side of the presumed border (limits 2).

Algorithms of the third category are dichotomic in nature. They define successive, gradually
decreasing intervals which include the border of the blind spot. The intervals are designed to
include irregularities in the transition area between the inside and outside of the blind spot,
due either to subject errors or to intrinsic variations in sensitivity. Initial steps of 4 units were
used in this procedure.

Starting locations

A procedure was designed to locate the starting location in each row of points tested in the
vicinity of the presumed border of the blind spot. This determination is based initially on values
of blind spot parameters found in normal subjects?. In the subsequent stages of the procedure,
it was based on the results obtained in earlier stages of the measurement procedure in the test
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subject.

Thus, in the first stage (Fig. 1) the presumed border of the blind spot was situated on the
temporal side of the presumed center, at a distance equal to the normal horizontal radius. In
stage 2, it was located symmetrically on the other side of the presumed center. In stage 3, it
was situated above the mid-point of the horizontal segment which had been measured, its
distance from the center being calculated from the width/height ratio determined in normal
subjects*. In stage 4, the lower border of the blind spot was situated below the mid-point of
the horizontal segment, at a distance equal to that of the upper border. The approach to stages
5 and 6 was similar to that of stages 1 and 2, except that the presumed center is replaced by
the center of the segment measured in stage 4.

For those algorithms which proceed initially by steps of 4 units (of 0.5° each), the rows of
tested points start at a location 2 units outside the presumed border of the blind spot. For those
algorithms which proceed in 2-unit and 3-unit steps, they start one unit outside the presumed
border. For strategies based on the method of limits, they start right at the presumed border.

Extrapolative calculation

Stages 5 and 6 of the strategy were replaced by an extrapolative calculation, under specific
conditions. The extrapolation was based both on values obtained in stages 1 to 4, and on the
mathematical equation describing an ellipse, which enables its width to be determined when
its vertical axis plus one additional location on its border are known. Width values were ex-
trapolated when both of the following conditions were met: (a) the distance between the true
center and the horizontal segment measured in stages 1 and 2 was less than one-half the height
of the blind spot divided by the square root of two, i.e., it was highly unlikely that measuring
the width again would greatly affect the overall assessment of the blind spot; and (b) an ex-
trapolated value of the width was less than the measured height, a situation which did not
suggest, at first sight, that an error had arisen during measurement.

Simulation procedure

We simulated both normal and pathologically enlarged blind spots in subjects who col-
laborated well and in others who collaborated poorly. Special software was designed for the
purpose.

Normal blind spots were randomly generated according to a gaussian distribution of the
following blind spot parameters, based on values which we had previously determined in nor-
mal subjects*: center coordinates, width, height, and height/width ratio. Abnormally enlarged
blind spots were generated based on randomly computed values of center coordinates, accord-
ing to a gaussian distribution previously determined in a series of affected patients (personal,
unpublished data). In addition, width and height values were randomly selected using a uniform
distribution, ranging between upper normal values (mean normal values +2 SD) and 12 or 25
degrees, for width and height values, respectively. Simulating subjects who collaborated well
was performed using a false answer probability of 0.057, and those who collaborated poorly
using a false answer probability of 0.3.

We evaluated each algorithm for each stage separately. The algorithm we evaluated was used
to carry out the stage being considered, while a method of limits, free of subject errors and
border fluctuations, was used for the other stages, for obtaining reference values.

For each tested algorithm, two series of 5000 blind spots were randomly generated. The first
series was used for simulating normal blind spots, and the second for simulating enlarged ones.
The number of questions asked and the accuracy of the methods were estimated.

Tested algorithms were ranked according to the median number of questions asked and the
degree of accuracy. After excluding those algorithms which had a particularly large margin of
error, we made a statistical comparison of the two which ranked best with regard to the number
of questions. For this purpose, we made a new simulation of 5000 cases and tested the two
strategies for each simulated blind spot. The significance of differences in performance was
evaluated by a paired ¢ test. The choice of algorithm was made under four conditions for each
stage: with normal and enlarged blind spots, and with subjects who were collaborative or poorly
collaborative.

The entire procedure for examining the blind spot was simulated, using for each stage the
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algorithm which had been selected for that stage and making extrapolations where these were
applicable. This was done separately under the four test conditions indicated above. A second
simulation was then performed without extrapolation. Finally, all these results were compared
with a simulation using the method of limits, discussed earlier.

Because of the possibility that the tested subjects give false answers, we had to consider the
possibility of false positive answers occurring in succession, precluding the localization of the
blind spot and resulting in an examination failure. In the simulation series, these failures were
detected, counted and excluded from the quantified analysis of the procedure evaluation.

Results

Table 1 indicates the algorithm which was found to be the best for each test condition and
for each stage. As a result, the algorithm 2-1 was finally chosen for stages 1 and 3, and the
algorithm 3-1 was selected for stages 2 and 4; the methods of limits 1 algorithm was selected
for stages 5 and 6.

Table 1. Algorithms selected at each stage of the simulated examination procedure, according to the size
of the blind spot and the degree of subject collaboration

Normal blind spots  Enlarged blind spots Normal blind spots  Enlarged blind spots

collaborative collaborative non-collaborative  non-collaborative
subjects subjects subjects subjects

Stage 1 2-1* 3-1 2-1* 3-1

Stage 2 3-1 3-1% 3-1 3-1*

Stage 3 2-1* 2-1 2-1% 2-1

Stage 4 2-1 3-1% 2-1 3-1%

Stage 5 limits 1* limits 1* limits 1* limits 1*

Stage 6 limits 1* limits 1* limits 1* limits 1*

*indicates that, in the considered condition, the selected algorithm was significantly better than any other
tested algorithm (p<0.05 with the Student’s ¢ test)

The results of simulating the entire measurement procedure using the selected algorithms,
are shown in Fig. 3, with regard to the number of questions asked and the measurement error
in evaluating the mean diameter, in relation to the degree of collaboration of the tested subjects.
The algorithms chosen for collaborative subjects were also the best for poorly collaborative
subjects. Using the chosen algorithms, accuracy was relatively good, in the clinical sense, with
either collaborative or poorly collaborative subjects.

Extrapolation to replace stages 5 and 6 gave the following results:

a. with normal blind spots, in either collaborative or poorly collaborative subjects, a gain of
more than seven questions at the 50th percentile without any real loss of accuracy in meas-
uring the mean diameter of the blind spot (reaching only 0.01° and 0.04°, respectively, in
collaborative and poorly collaborative subjects);

b. with enlarged blind spots, in either collaborative or poorly collaborative subjects, a gain of
more than 15 questions at the 50th percentile, with a minimal loss of accuracy in measuring
the mean diameter of the blind spot (0.02° and 0.04°, respectively, in collaborative and poorly
collaborative subjects showing enlarged blind spots).

Failed examinations occurred in 1.7% of collaborative subjects with normal blind spot, and
in 0.7% of collaborative subjects exhibiting an enlarged blind spot. Two percent and 0.7% of
poorly collaborative subjects showing normal and enlarged blind spots, respectively, showed
examination failures.

Discussion

Using the optimized strategy for measuring the blind spot, an average of only 26 questions
was found sufficient to conduct the examination in normal subjects, without actually reducing
the accuracy of the procedure. This compares favorably with either the 88 locations needed to
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Fig. 3. Results of the simulated procedure, with regard to (A) the number of questions asked, (B) the error
in evaluation of the mean diameter, using at each stage the algorithm previously determined as optimal.
Four conditions were considered, according to the degree of collaboration of the simulated tested subject,
and the normality in the dimension of the generated blind spots. Five, 25, 50, 75 and 95 percentiles are
presented. Empty boxes show the results obtained using the evaluation procedure with a mathematical
extrapolation of stages 5 and 6, whereas streaked boxes show the data obtained using the complete meas-
urement procedure.

measure a normal blind spot using a regular grid of points at one-degree intervals over a limited
range of eight by ten degrees, or the approximately 95 points required when using the spatially
adaptive Octopus 15 program®. Improvement is also substantial in comparison with the adap-
tive strategy which we originally developed, necessitating a mean of 47 locations when eval-
vating a normal blind spot* (Fig. 4).

An essential concern in using adaptive strategies is the robustness of the system when ex-
amining poorly collaborative subjects, who frequently give false answers. When we evaluated
the relative effect of poor collaboration on the various algorithms tested, we found that algo-
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A B C

Fig. 4. Evaluation of the blind spot in the same eye, using successively (A) conventional adaptive strategy
(Octopus program 15), (B) the original spatially adaptive strategy which we developed, and (C) the op-
timized version of our strategy. Highest spatial resolution is 1° with program 15, and 0.5° with the re-
maining strategies. Locations with unperceived stimuli are shown by full boxes, and those with perceived
stimuli are indicated by dots Reduction in the number of required questions using the optimized strategy
is evident.

rithms which had been chosen on the basis of their performance with collaborative subjects,
whether normal or pathological, were also the most robust when used with poorly collaborative
subjects. This reinforced our choice.

The results obtained in simulations of abnormally large blind spots should be interpreted
with caution. Indeed, it is difficult to simulate the sensitivity gradient at the borders of such
blind spots, as it differs from that of the normal blind spot® and may also vary considerably
from one subject to another. It should also be noted that subjects presenting with alterations in
visual function occasionally show increased fixation instability as a result of difficulty in per-
ceiving the fixation light stimulus. In our procedure, this condition was approximated by using
a high rate of false answers in so-called non-collaborative subjects.

Interestingly, the bracketing algorithm 4-2-2, which was found to be optimal for the deter-
mination of the differential light threshold using the regular approaches by automated per-
imetry?, proved rather poor for spatial examination under the specific conditions used for meas-
uring the blind spot.

A dichotomic algorithm could have been useful, by virtue of its speed of convergence and
the theoretical robustness of the means of attenuating errors caused by the subject. Simulations
showed this approach to be not as good as the other algorithms tested, probably because of the
relatively low ratio between the spatial resolution of the measuring equipment and the size of
the blind spot.

This study clearly illustrates the interest of simulation in developing optimal examination
strategies. Its conclusions should, of course, be tested clinically. It would also be useful to
develop an additional procedure for limiting the number of “examination failures” resulting
from the occurrence of repeated false positive answers, which invalidate the procedure and
which occur using the present strategy in 1.7% of collaborative subjects showing normal blind
spots.
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A computer method for simulating the examination of the blind spot

Christophe Mermoud!, Avinoam B. Safran!, Thomas M. Liebling? and Jurek Estreicher?

1Unité de Neuro-ophtalmologie, Hopital Cantonal Universitaire, Geneva; 2Ecole
Polytechnique Fédérale, Lausanne; 3Centre d’Informatique Hospitaliére, Hopital Cantonal
Universitaire, Geneva, Switzerland

Abstract

The authors have developed a new strategy for measuring the blind spot with automated perimetry. In
order to optimize this procedure, computer sitnulation tests must be performed to compare various algo-
rithms. They developed a simulation method which takes into account (a) the problems involved in gener-
ating blind spots which are comparable to those in the test subjects, and (b) the development of a psycho-
metric function adapted to spatial investigation of the blind spot. Blind spots were generated in a random
manner, according to the normal distribution based on previous observations in 30 normal subjects. Anew
psychometric function was developed, based on the principles laid down by other authors. The authors
had to redefine it, as those other authors had used it for determining one-dimensional values, whereas in
the present procedure the psychometric function had to take into account the probability of the subject
perceiving a stimulus of constant intensity moving in a two-dimensional space, that is, on a surface. The
authors evaluated parameters involved in this new psychometric function by analyzing the observations
made on a series of normal subjects, regarding the fluctuations in measurement vatues of the blind spot,
respectively, at the superior, inferior, nasal and temporal borders

Introduction

In automated perimetry, the development and comparative evaluation of new measurement
strategies are impeded by the difficulty of finding enough test subjects, and by the overall
duration of the examination. A system of simulation, which takes into account as accurately as
possible the various factors involved, largely overcomes this problem.

We have developed a new strategy for measuring the blind spot!-3. In order to optimize this
procedure, comparative tests must be made of various algorithms. Thus, it should be possible
to ascertain which are most rapid, as well as sufficiently accurate and robust, for the specific
purpose of measuring the blind spot. This is best done by simulated tests using a computer.

For this purpose, three problems should be considered:

a. the generation of blind spots comparable to those of the subjects to be tested;

b. a psychometric function adapted to measurement of the blind spot; and

c. the parameters of this psychometric function within the framework of variations in sensitiv-
ity at the edges of the blind spot, and the degree of collaboration of the test subjects.

Blind spots were randomly generated on the basis of prior observations made in 30 normal
subjectst. The psychometric function was based on principles developed by Spahr3, and by
Bebié et al.b, in their simulation work for threshold determination in automated static perimetry.
This function, however, had to be redefined, as it was used in previous work for testing algo-
rithms for measuring a sensitivity threshold in a one-dimensional condition, whereas in our
own procedure the psychometric function had to take into account the probability of the subject
perceiving a stimulus of constant intensity moving in a two-dimensional space, i.e., on a sur-
face. We adjusted the parameters of this new psychometric function by analyzing the observa-
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tions made on a series of normal subjects, regarding the fluctuations in measurement values of
the blind spot.

Design of the model
Generation of blind spots

The shape of the blind spot was assumed to be close to an ellipse, which is defined by the
coordinates of its center and its vertical and horizontal axes. Mean values and standard devia-
tions of these parameters were measured in a series of 30 normal subjects*. We assumed that
these values follow a normal distribution curve. In this study, reference values were obtained
using stimuli 10 dB in intensity below the mean sensitivity at the border of the blind spot2, in
order to allow satisfactory discrimination between normal and abnormally enlarged blind spots.

Blind spots were generated using a quasi-normally distributed random number generator for
their various parameters, according to the reference values obtained in normal subjects.

Adaptation of the psychometric function to a two-dimensional examination

Bebié et al. introduced a psychometric function expressing the probability of a positive
response by a subject as a function of the intensity of a stimulus S, the mean sensitivity. At this
point, the standard deviation R of this sensitivity, and the probability a of the subject giving a
false answer are other variables. They assumed that immediate sensitivity follows a normal
distribution curve3.6. Those authors presented the following approximation for calculating this
function:

P(S) = a + (1-2*a)/(1 + exp ((S-S,) * 1.8/R)

We have adapted this psychometric function to the two-dimensional nature of the evaluated
parameter. For simplicity, we assumed that the values of successive measurements of the dis-

th + A hard £ tha hlind t Fallaw, 1 digtriharts
tance between the center and border of the blind SpPOU I0110W a Ni0Tmai Gistrioution Curve.

Let p be the distance between the center of the blind spot and the point being tested, d be
the mean distance between the center and the border of the blind spot along a line joining the
center to the point being tested, and ¢ the angle which the axis under consideration forms with
the horizontal axis of the blind spot, expressed in radians (Fig. 1). We introduced a value R’,
analogous to R, to represent fluctuations in this distance. In equation (1), after substitution of
p and the mean value 3, the probability of perception is:

P (p) = o + (1-2*a)/(1 + exp (p-3) * 1.8/R'(9))

where R'(¢) expresses fluctuations in the distance around 8, which is then evaluated. Taking
into account the respective R values of the horizontal (h) and vertical (v) radii closest to the
tested location, calculation of R (¢) is performed as follows:

R'(¢) = R’y + sin?($) (R'y - R'y)

For any point T whose coordinates are found to be (x,y), p and d are calculated as follows:
P = sqrt ((x - cx)2 + (y-cy)?)

where cx and cy are the coordinates of the center of the blind spot.

5 =a*b/sqrt ((b* cos(¢$)?) + (a * sin(9)?)

where a and b, respectively, are the horizontal and vertical radii of the blind spot. ¢ is the
angle which the axis under consideration forms with the horizontal axis of the blind spot,
expressed in radians. It is calculated as follows:

b=n/2 if x =cx
¢ = arctg ((y - ¢y) / (x - cx)) otherwise
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Fig. 1. Blind spot parameters considered in the psychometric function. R’ represents fluctuation in the
location of the blind spot border

The contribution of fixation instability to fluctuations in measurements

Let the theoretical coordinates of the tested point be x and y, the actual coordinates of the
tested point be x’ and y’, and, with the simplifying assumption that changes in gaze direction
during fixation are distributed normally, let o, and oy, respectively, be the standard deviations
of fixation instability according to the x and y axes. The probability of seeing according to
fixation instability is Ps (x', y'). Ps (x', y') is chosen such that its level lines are closed curves
composed of four elliptic sectors, as follows:

x')2 y’ 2
— | + — = ¢2
aj bj

where i and j equal 1 or 2 according to whether x', y' are positive or negative, respectively.
This way of modelling permits a more precise rendering of asymmetries in the blind spot.

Considering that the measured dimensions of the blind spot show short-term fluctuations,
which are due to (a) the steepness of the sensitivity slope at the border of the blind spot, (b)
false replies given by the subject being tested, and (c) instability of fixation, the probability of
seeing might be expressed as follows:

-4 X-x )2y (Yy)?
1 2 Oy oy
P(xy) = P’ (x,y") o7y e dy | dx
T

250, 250y

250x  -2350y

This approach differs from the one described in the preceding section, and has not been used
for our simulation procedure so far.

Experimental evaluation of fluctuations in the blind spot measurements

Using the spatially adaptive strategy which we recently developed!3, the blind spot was
evaluated in one eye of 15 normal subjects, 25 to 48 years of age. The procedure was performed
ten times in succession in each tested eye. Nasal, temporal, superior and inferior radii were
separately measured with respect to a constant location in the visual field, and respective fluc-
tuation was computed. For each considered radius, the standard deviation of the measured
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values was determined, then the standard deviations obtained from all individuals were aver-
aged.

Mean computed standard deviations were the following: for the nasal radius, 0.47 + 0.32;
for the temporal radius, 0.56 + 0.19; for the superior radius, 0.89  0.42; for the inferior radius,
0.86 £ 0.29.

Comments

Measurements of the blind spot in normal subjects*, which we used as reference, were them-
selves subject to some imprecision due to short-term fluctuation in the measured values, and
also to subject errors. We nevertheless considered that such changes were compensated from
one subject to another, and therefore could be ignored.

When delineating the blind spot, fluctuations in measurements results from a number of
factors, including the slope in sensitivity at the borders of the blind spot (determining the R’
value), the magnitude of fixation instability (as expressed by o) and the false answers given
by the subject (o).

For estimating these parameters, the optimal approach is experimental. However, when per-
forming an examination by conventional automated perimetry, differentiating the factors con-
tributing to the measured fluctuations is impossible. The false answers component can be ex-
cluded using well trained, collaborative subjects showing a negligible rate of false answers, as
determined with the catch trials. In contrast, distinguishing the respective roles of the R’ and
o parameters is not realizable using regular computerized perimetry.

It is conceivable that, eventually, static fundus perimetry” and high resolution eye movement

recording will prove invaluable for the definition of these parameters. It should be emphasized,
however, that both slope in sensitivitv at the borders of the blind spot and fixation mqtah!htv
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vary greatly between normal sub_]ects, and even more between normal and visually affected
individuals®. Therefore, precise definition of these parameters is probably not essential in the
development of a simulation system for the evaluation of the blind spot.

As a result, in the computer simulation system which we eventually used for testing various
algorithms to optimize the measurement procedure®, we applied the psychometric function
defined here above (P (p)). Considering this function as a global representation of the measured
fluctuations which occur when delineating the blind spot, as a result of both slope in sensitivity
and fixation instability, we used the fluctuation standard deviations measured in our experi-
mental procedure as R’ values, taking into account the estimations made respectively at the
nasal, temporal, superior and inferior borders of the blind spot.
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A multi-fixation campimeter for the detection of glaucoma

Bertil E. Damato, Erkan Mutlukan and Jeffrey L. Jay
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Abstract

A hand-held multi-fixation campimeter has been developed for the detection of glaucoma in situations
where other forms of perimetry are impossible The chart consists of a white screen with a central black
test stimulus and a series of numbers, which are read by the patient so that the stimulus passes through
known points in the central 15-degree field. This paper summarizes the results of an evaluation which
shows that when a 1.5/400 black stimulus is used this test is positive in a high proportion of glaucomatous
eyes with absolute visual field loss, but with a false positive rate of approximately 10% in patients over
the age of 60 years. A new modification of the chart is described, which examines 60 points in the central
25-degree field with a range of three stimulus sizes

Introduction

The multi-fixation campimeter is a tangent screen having a series of numbered fixation tar-
gets distributed eccentrically in relation to a central test stimulus so that when the numbers are
read by the patient from the correct distance the stimulus is automatically positioned at known
points in the visual field; any numbers associated with disappearance of the stimulus are
crossed out on a miniature version of the campimeter on a record sheet so that the results are
comparable with those obtained conventionally!.

Multi-fixation campimetry is a-type of oculo-kinetic perimetry (OKP) in that the eye is
encouraged to move during the examination. The advantages of multi-fixation campimetry over
conventional “oculo-static’ “methods are that, first, the stimulus does not need to be moved
around the screen by a perimetrist or machine, and, second, the need for monitoring the patient’s
direction of gaze is reduced, and in many patients eliminated, because the eye needs to be held
still only for a second at a time. These simplifications allow visual field examination to be
administered by relatively unskilled perimetrists and also enable selected patients to perform
self-examination without constant supervision. The low cost and simplicity of multi-fixation
campimetry create a potential for making visual field examination a routine procedure in the
community, to facilitate the detection and monitoring of glaucoma and other diseases when
other methods are not possible.

When the multi-fixation campimeter was first developed, a chart testing 100 points in the
central 25-degree visual field was shown to correlate reasonably well with conventional per-
imetry, both in a hospital glaucoma clinic? and in neuro-ophthalmology?. However, this chart
was found to be unsuitable for the screening of glaucoma by non-ophthalmologists because
the examination of 100 points was too time-consuming (i.e., four to seven minutes per eye),
and because non-specialists were incapable of selecting the most relevant parts of the field to
examine or of assessing the results (Sheldon and Damato, unpublished data). Accordingly, a
study was initiated to develop a rapid screening test for intermediate and severe glaucomatous
visual field loss, which was simple, convenient, and inexpensive. First, the points on the 100-
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number chart which were most useful were identified, and found to be located 12.5 degrees
from fixation superiorly and 15 degrees nasally and infero-nasally*. Next, a hand-held multi-
fixation campimeter was prepared, which had 23 numbered fixation targets. This test took
approximately one minute per eye to perform and one or more points were missed in about
90% of eyes with unequivocal glaucomatous visual field loss and approximately 10% of age-
matched non-glaucomatous eyess. Problems arose, however, because the patients tended to
read the numbers too quickly and to hold the chart too close to the eye. A 26-number chart was
therefore developed, which tested additional points in the high-risk areas of the field, and which
had a rigid side-arm connecting the eye-occluder to the chart.

The aim of the present study is to evaluate the 26-number glaucoma screening chart and to
identify ways in which the campimeter can be improved so to enable gross visual field loss to
be identified in situations which preclude other methods.

Material and methods
The 26-N glaucoma screening test

The glaucoma screening chart is a hand-held card, with a single test grid on each side for
testing each eye, respectively (Fig. 1). An eye occluder is attached to the lateral edge of the
card by a rigid side-arm so that the chart is held at 40 cm from the eye and so that the test
cannot be performed if the wrong eye is occluded. The test grid has a 1.5 mm diameter black
stimulus on a white background and 26 numbers, which are light-blue in color so as not to be
confused by the patient with the stimulus. The numbers are arranged in a spiral to examine the
field at 12.5 degrees from fixation superiorly and 15 degrees nasally and infero-nasally, with
additional points being examined empirically so as to detect rare para-central defects. The
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Fig. 1. The hand-held multi-fixation campimeter, which has a test grid on both sides of the card, for each
eye, respectively, and an eye-occluder attached to the lateral edge of the card by a rigid side-arm.
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Fig. 2. The test card for the left eye showing the test grid, with 26 numbered fixation targets and the letter
“L"” for the blind-spot, and a set of instructions.

letters "L” or “R” correspond to the left and right blind spot, respectively, and are used to help
the patient understand the principles of the examination. The test is accompanied by instruc-
tions, which are printed on the chart itself and separately (Fig. 2). These advise the patient to
look at each number for about one second (to avoid the Troxler phenomenon) and to identify
any numbers associated with disappearance of the stimulus, using a special record sheet. The
examiner is advised to sit in front of the patient, so as to be able to monitor the patient’s direction
of gaze, and to confirm any results by covering and uncovering the stimulus with a white card
while the patient looks at a number and indicates when the stimulus appears and disappears.
The result is abnormal if any number is consistently associated with disappearance of the
stimulus when the test is repeated.

Methods

The patients were selected from a hospital glaucoma clinic unless they appeared very frail
or if the visual acuity was worse than 6/12. The controls consisted of hospital workers, persons
accompanying patients to hospital, and patients attending a refraction clinic, who had a vision
of 6/9 or better and no evidence of concurrent or previous eye disease.

The multi-fixation campimetry was performed twice for each eye but for the purposes of this
study the stimulus was not covered and uncovered in order to avoid bias by the examiner. The
conventional perimetry was performed with the Dicon 3000 autoperimeter, or the Tiibinger,
Friedmann, or Henson visual field analyzers.

The severity of glaucomatous visual field loss was categorized independently by four ex-
aminers, according to Aulhomn and Karmeyer’s classification®, and an average score for each
field was obtained.

The study was conducted in two stages. First, a 1.5 mm stimulus was used. Later, when the
results achieved with this stimulus were known, further patients and controls over the age of
60 years were examined with a 3.0 mm stimulus.
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Results
1.5 mm stimulus

A total of 222 eyes of 126 individuals were examined (mean age 66.4 years, range 16-91).
All patients completed the multi-fixation campimetry, which was positive in 45% of 58 eyes
with only relative visual field loss (Grade 1), 81% of 32 eyes with absolute scotomas separate
from the blind spot (Grade 2), 100% of 28 eyes with defects extending to the blind spot (Grade
3), and all four eyes with altitudinal defects (Grade 4). The glaucoma screening test was also
positive in 25% of 95 eyes without definite visual field loss detected conventionally on the
same day in patients attending the glaucoma clinic for reasons such as high intraocular pressure,
optic disc changes, and definite glaucoma in the fellow eye. False negative results occurred in
four eyes having relative scotomas with a depth of less than 0.5 log units, 19 eyes with relative
loss deeper than 0.5 log units, two eyes with small absolute scotomas within 15 degrees, and
six eyes with more peripheral loss.

In 186 right eyes of healthy controls, the false positive rate was 1% in patients below the age
of 60 years, 9% between the age of 60 and 70 years and 13% in individuals over the age of 70
years.

3.0 mm stimulus

A total of 144 glaucomatous eyes of 88 patients aged 60 or more (mean age 70 years, range
60-85) were examined with a 3.0 mm stimulus. The glaucoma screening test was positive in
33% of 43 eyes with relative loss (Grade 1), 56% of 45 eyes with absolute scotomas separate
from the blind spot (Grade 2), 80% of 20 eyes with scotomas extending to the blind spot (Grade
3), and 100% of 23 eyes with altitudinal defects (Grade 4). None of the 31 controls over the
age of 60 years gave a false positive result.

Discussion

Automated threshold perimetry is useful when a glaucoma suspect is being assessed in a
special clinic, but is not suitable for the screening of glaucoma in the community on a large
scale, in many situations, because it would be too time consuming and difficult for many
patients and also because of the logistical problems that would be created by the large number
of patients having subtle visual field abnormalities due to age-related changes. At present, a
high proportion of glaucoma sufferers are detected only after they have developed extensive
absolute defects in the central field. If visual field examination can be performed routinely in
the community, then individuals with such advanced disease might be detected sooner, when
there is a better opportunity to preserve useful vision.

In the present study, about 90% of eyes with absolute scotomas were detected witha 1.5 mm
stimulus, but with a false positive rate of about 10% in patients over the age of 60 years. In a
population with a prevalence of glaucoma of 1%, there would be about ten false positive cases
for each true case of unequivocal glaucoma detected with the 26-N glaucoma screening chart,
whereas if the prevalence of glaucoma is 2% then the ratio would be about 1:6. These rates are
far from ideal, but may compare favorably with the results of tonometry and ophthalmoscopy
(provided that the non-ophthalmologists in the community have the resources and skills to
perform these examinations). Such false positive results are not necessarily a problem if more
detailed examination can be performed immediately, without undue inconvenience or cost to
the patient. The false positive results in elderly patients are eliminated when a 3.0 mm stimulus
is used, but at the cost of missing more patients with relative defects and small absolute sco-
tomas. It would be useful to know the proportion of untreated glaucoma sufferers over the age
of 70 years having only relative visual field defects in both eyes and how such defects would
progress without treatment.

The results of the present study suggest that the sensitivity and specificity of the glaucoma
screening chart would improve if the examination is modified according to the age and visual
acuity of the patient. Patients under the age of 60 years with normal visual acuity should be
examined with a smaller stimulus to 20 or 25 degrees, whereas older patients and those with
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reduced visual acuity should be tested with a larger stimulus. For these reasons, there have
been a number of changes in the design of the multi-fixation campimeter. Firstly, the new
prototype has 60 numbered fixation targets which spiral outwards to an eccentricity of 25
degrees from fixation. This is so that more peripheral defects can be detected and so that the
pattern of any defect can be investigated, thereby allowing differential diagnosis. In addition,
the campimeter should also be useful in conditions other than glaucoma. Secondly, the blind
spot is surreptitiously examined three times during the test (by numbers 10, 20-21, and 32) so
that the perimetrist can assess the reliability of the patient. Thirdly, the sensitivity of the ex-
amination can be varied by means of three interchangeabie black stimuli (1/330, 2/330 and
3/330). The criteria for abnormality would need to be revised, pending the results of a clinical
evaluation, as a single missed point would no longer be appropriate. The format of the hand-
held chart with the eye-occluder being attached to the chart by a rigid side-arm is being retained
as it has proved more acceptable than wall charts and desk-top charts for occasional use by
non-ophthalmologists. The new prototype still has printed stimuli, to minimize cost, and these
are black on a white background so as to reduce the need for standardization of ambient lighting
conditions’. Other stimuli, such as flickering light diodes, blue light stimuli, grey stimuli, and
motion-detection stimuli are all feasible with multi-fixation campimetry, probably at a lower
cost than with the conventional “oculo-static” examination technique, and these merit inves-
tigation.

In conclusion, there is a need for a simple and inexpensive method of visual field examination
for routine use in the community (i.e., “popular perimetry”). The sensitivity of such a test must
be varied not only according to the age and visual acuity of the patient, but also according to
the capabilities of the examiner. The hand-held multi-fixation campimeter provides a means
for the detection of gross visual loss by inexpert perimetrists but is intended only for situations
where conventional methods are impractical.
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Assessment of usefulness of hand-held oculo-kinetic perimetry
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Abstracts

Oculo-kinetic perimetry (OKP), developed by Damato, is a new and simple method of visual field
examination in which the patient’s eyes instead of the target move during the examination The authors
evaluated OKP in patients with known glaucomatous scotoma and compared OKP results with those
obtained by conventional kinetic Goldmann perimetry to assess its usefulness in detecting visual field
defects. No visual field defect was detected at Aulhorn stages 0-1 or 1 using OKP Of three eyes at stage
2, two were found to be positive using OKP. Glaucomatous visual field defects were successfully detected
using OKP in all 14 eyes at stages 3 or 4. In stage 0-1 to stage 4 eyes, the sensitivity of OKP was 80%
and the specificity was 100% The detection threshold of OKP is presumably comparable to the I-4 or I-3
stimulus of the Goldmann perimeter. OKP may be a useful tool for the screening of glaucoma

Introduction

A recent nation-wide mass screening study of the incidence of glaucoma revealed it to occur
in 3.8% of the total population of Japan!. Although visual field testing is essential for glaucoma
screening, conventional methods of visual field testing, such as Goldmann perimetry, require
skilled technicians and are time-consuming. Although some automated visual field analyzers
do not require an experienced operator, they are so expensive that their usefulness in mass
screening is limited. Oculo-kinetic perimetry (OKP) developed by Damato, is an inexpensive
and easy-to-use method. However, there are few reports regarding the usefulness of OKP in
glaucoma screening. We evaluated OKP in patients with known glaucomatous scotoma and
compared OKP results with those obtained by conventional kinetic Goldmann perimetry to
assess its usefulness in detecting visual field defects.

Material and methods
Patients

Fifty-one eyes of 30 patients (21 males and nine females) with a mean age of 56.3 years (age
range: 16-73 years) were studied. The patients were selected from among those who visited
the Glaucoma Clinic of Miyazaki Medical College. Patients with ocular diseases other than
glaucoma were excluded from the study. Studied eyes included 20 eyes with primary open
angle glaucoma, six with chronic angle closure glaucoma, six with normal tension glaucoma,
nine with secondary glaucoma, two with congenital glaucoma and eight with ocular hyperten-
sion. The results of Goldmann perimetry were classified according to Aulhorn’s classification
modified by Greve et al..

Oculo-kinetic visual field test

The procedure was essentially the same as that reported by Damato et al.3. The patient was
seated at a desk with one eye occluded, wearing appropriate glasses or contact lenses. We
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Fig. 1 Visual field test results in a 14-year-old girl with primary open angle glaucoma. OKP results are
inverted to facilitate comparison with Goldmann perimetry results. The blind spot revealed by OKP is the
same as that revealed by Goldmann perimetry.

ensured that the room lighting was adequate and that there was no on-coming bright light which
might cause glare. The examiner, seated in front of the patient to observe both eyes, always
the right eye first, so that any fatigue effect in the second eye examined could easily be iden-
tified. A patch was placed in the patient’s left hand and the right edge of the chart in the right.
The patient was asked to cover the left eye by holding the patch, folded inwards, against the
closed eyelid or against the spectacle lens. It was then confirmed that both the patient’s head
and the chart were not tilted. The position of the chart was adjusted so that it faced the patient
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patient was then asked to look at the letter “R” and to state whether the central 1.5 mm black
stimulus was visible. When the spot in the blind spot had disappeared the test was started. The
patient was asked to look at each number in turn, from 1 to 26, reading the number aloud and
saying “yes” when the spot was seen, and "no” when it was not. The chart was then flipped
over and used for the left eye with the same method. Any numbers associated with disappear-
ance of the stimulus were recorded on a miniature version of the chart on a record sheet. The
test was positive if any point was consistently missed. Fig. 1 shows an example of the relation-
ship between Goldmann perimetry and OKP results.

Results

The minimal visual acuity that could be examined with OKP was 0.09. All patients who
started the OKP and Goldmann perimetry examinations were able to complete them.

Comparison of Goldmann perimetry and OKP results

Fig. 2 shows the rate at which visual field defects were successfully detected using OKP in
eyes grouped according to Aulhom’s classification. No visual field defect was detected in
Aulhorn stages 0-1 or 1 using OKP. Of three eyes at stage 2, two were found to be positive
using OKP. Glaucomatous visual field defects were successfully detected using OKP in all 14
eyes at stages 3 or 4. In two stage 5 eyes, the center stimulus was not recognized in one, and
visual field defects were detected in the other. OKP could not be performed in eight eyes at
stage 6 as the center stimulus could not be recognized.

Specificity and sensitivity

In 17 eyes at stages 0-1 to 4, the sensitivity of OKP was 80% and the specificity was 100%.
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Fig. 2. OKP positive rate in Aulhorn’s classification.
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Fig. 3. Inboth these patients a scotoma was revealed by Goldmann perimetry; however, OKP results were
only positive in patient 1 (above). Note that the isopter consistent with the scotoma of patient 1 is I-4
while that of patient 2 (below) is I-3.
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Detection threshold of OKP

Fig. 3 shows the OKP results for two patients with scotoma in the Bjerrum area. OKPrevealed
visual field defects in patient 1 but not in patient 2. The visual acuity of both patients was 1.2.
OKP revealed a scotoma consisting of isopter I-4 in patient 1, while it did not reveal one
consisting of isopter I-3 in patient 2. OKP also revealed a scotoma consisting of isopter I-4 in
another patient. These results suggest that the detection threshold of OKP is presumably com-
parable to the I-4 or I-1 stimulus of the Goldmann perimeter.

Discussion

In 1985, Damato developed a simple, inexpensive, easy-to-use new method of perimetry45.
It was referred to as “oculo-kinetic perimetry” because it was the subject’s eye rather than the
test target that moved. It initially consisted of a black tangent screen on which the numbers 1
to 100 were arranged around a central white stimulus. Alverez et al. examined 67 eyes of 37
patients and investigated the usefulness of OKP by the method of comparing the results with
those of Dicon 3000 static perimetry and Tiibingen kinetic perimetry®. The results were iden-
tical in 88% of eyes tested and approximately comparable in another 6%. They later suggested
that OKP was a useful tool for the measurement of visual field defects in neuro-ophthalmic
practice and that its wide potential application should be recognized’. Thereafter, Damato et
al. identified a small subset of points on this chart which were not detected specifically by the
glaucomatous eye?®, and developed a more simplified OKP?. We investigated the usefulness of
this simplified hand-held OKP. Damato et al. reported that the hand-held OKP test was positive
in 93% of 27 eyes with a glaucomatous defect8. Suyama et al.9 evaluated the central visual
field within 15 degrees from the point of fixation in 25 eyes with glaucomatous visual field
defect using OKP combined with conventional kinetic Goldmann perimetry and static Hum-
phrey automated perimetry. They reported that the findings obtained with OKP were identical
to those with conventional visual field tests in all eyes.

We compared the detection rate of glaucomatous visual field detect with OKP with that with
Goldmann perimetry. OKP was negative in all eyes which showed no visual field defect with
Goldmann perimetry. OKP was also negative in all eyes at Aulhorn stages 0-1 or 1. These
results suggest that OKP is not a more sensitive test than Goldmann perimetry. Although Da-
mato reported that in some cases OKP results were positive in eyes in which Goldmann per-
imetry results were negative$, we did not observe this. OKP had a sensitivity of 67% in the
detection of scotoma in eyes at Aulhorn stage 2, and of 100% in eyes at Aulhorn stage 3 or
higher. In our patients with early or intermediate-stage glaucoma (Aulhorn stages 0-1 to 4), the
sensitivity of OKP was 80% and the specificity 100%. These results suggests that OKP is
sufficiently sensitive and specific for glaucoma screening and that it is accurate despite its
simple design. However, it should be kept in mind that the sensitivity of OKP is limited and
that glaucoma in eyes at Aulhorn stages 0-1 to 2 may not be detected with OKP. Our experience
suggests that OKP is an easy-to-use test, the total examination time is only three minutes and
that the directions are easily understood by patients. However, the device itself requires im-
provement, since it is easily damaged by frequent use.
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Clinical evaluation of the oculo-kinetic perimetry glaucoma screener
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Abstract

The ability of the oculo-kinetic perimetry (OKP) glaucoma screener to detect glaucomatous visual field
loss was evaluated. OKP was used to examine 60 normal subjects, and 60 glaucoma patients with a
glaucomatous visual field loss demonstrated with the central 30-2 program of the Humphrey Field Ana-
lyzer (HFA). The HFA was also used to measure thresholds at the same test locations used by OKP, in
order to estimate the depth of field loss which could be detected by OKP No defects were found in any
of the normal eyes with either OKP or HFA 30-2, thus giving a specificity of 100% for both instruments
in our sample of normal subjects. On average, the sensitivity of OKP was 78.4% in our sample of glaucoma
patients. While OKP detected defects in all glaucomatous eyes with moderate or advanced defects, it failed
to detect abnormalities in more than half the eyes identified by HFA as having early defects. The 50th and
95th percentiles of sensitivity loss demonstrable with OKP were 24 dB and 34 dB, respectively. The
authors conclude that the ability of OKP to detect early glaucomatous visual field loss is rather limited.

Introduction

Oculo-kinetic perimetry is a simple perimetric screening method developed by Damato in
which the patient fixates a number of locations in turn, and reports whether a single fixed
stimulus can be seen!. The technique lends itself to implementation in the simplest of formats,
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Fig. 1. The chart of the OKP glaucoma screener.
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e.g., a white card on which the fixation points and the single stimulus points are printed in blue
ink, and thus might be useful in population studies (Fig. 1).

In this study, we examined normal subjects and glaucoma patients with the OKP glaucoma
screener in which examination points are restricted to 26 locations where glaucomatous visual
field defects frequently occur, and compared the results with those obtained with Humphrey
threshold perimetry.

Subjects and methods

The subjects of this study were 60 eyes of 60 glaucoma patients and 60 eyes of 60 normal
subjects. The glaucoma patients consisted of 27 eyes of 27 primary open angle glaucoma
(POAG), and 33 eyes of 33 normal tension glaucoma (NTG). They had been followed up at
the Glaucoma Service of the Department of Ophthalmology, Gifu University Hospital and
Tajimi Municipal Hospital. The diagnostic criteria for NTG were as follows: maximum in-
traocular pressure equal to or below 21 mmHg, normal open angle, visual field defects corre-
sponding to glaucomatous optic disc atrophy, and no other systemic or ocular diseases which
might cause field defects. The normal subjects were determined according to the following
criteria: refractive error of less than +3 diopters in spherical equivalent, corrected visual acuity
equal to or better than 0.7, no ocular abnormality found by routine examination, and no history
of systemic disease which might bring about field defects. The mean age of the glaucoma
patients and the normal subjects was 58.6 + 12.3 years and 40.0 + 13.2 years, respectively
(Table 1). All subjects were examined with the OKP glaucoma screener and the threshold
program central 30-2 of the Humphrey Field Analyzer (HFA 30-2) on the same day. The results
of the HFA 30-2 were classified according to the Aulhorn-Greve classification. Furthermore,
we examined the subjects using the newly developed program of HFA, which enables us to
measure the thresholds of the 26 points located as the OKP test points. We provisionally named
this program OKP-HFA.

In order to compare OKP and HFA 30-2 results, we divided the field into four quadrants.
When visual field defects detected with HFA were found with OKP in the same quadrants, we
called this “agreed”. If OKP demonstrated only a part of the defects in, at least, one identical
quadrant, we called this “partly agreed”. If no field defects were detected by OKP, or when the

Table 1. Clinical background

Male/Female Age (years) Corrected visual acuity
Glaucoma patients 31/29 58.6+12 3* 20.7
Normal subjects 31/29 40.0+13.2* 20.7

*mean +SD

Table 2. The ratio of location agreement

0-1 1 7 mr w vV Total
Agreed 0 1 4 9 6 8 26
(14 3) (36.9) (64.3) (54.5) (66.7) (46.7)
Partly
agreed 1 1 3 5 5 4 19
(20) (14.3) (27.2) 35.7) (45.5) (33.3) (317
Disagreed 4 5 4 0 0 0 13
(80) (71.4) (36.9) (21.6)
Total 5 7 11 14 11 12 60
(100) (100) (100) (100) (100) (100)
Eyes; ():%

Table 3. Sensitivity loss demonstrable with OKP (dB)

5th percentile 50th percentile 95th percentile
7 24 34
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defects were located in different quadrants, we called this “disagreed”. With HFA 30-2, the
stimulus points with a probability symbol of less than 2% were defined as abnormal. Then, we
determined the degree of sensitivity loss demonstrable with OKP by means of the program
OKP-HFA.

Results

No defects were detected in any of the normal eyes at any examination. Hence, the specificity
of OKP was 100%. The ratio of location agreement between OKP and HFA 30-2, which was
estimated by combining “agreed” and “partly agreed”, was 20% in stage 0-I, 28.6% in stage I,
63.6% in stage II and 100% in stage III or worse. When HFA 30-2 results were taken as the
gold standard, and the rates of "agreed” and “partly agreed” were combined, the sensitivity of
OKP was 78.4% (Table 2). The 50th and 95th percentile of sensitivity losses demonstrable with
OKP were 24 dB and 34 dB, respectively (Table 3).

Discussion

In this study, we found that the specificity of the OKP glaucoma screener was 100%, and its
sensitivity was 78.4%. Further, we found that the 95th percentile value of sensitivity loss de-
monstrable with OKP was estimated to be 34 dB. The OKP glaucoma screener seems to be an
effective means of detecting moderately advanced glaucomatous field changes, but seems to
be of little help in detecting early field changes accurately. Therefore, the ability of the OKP
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glaucoma screener to detect glaucomatous visual defects in general is rather limited.
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Abstract

Computer-assisted moving eye campimetry (CAMEC) uses a moving fixation target and grey stimuli
on a white background to enable the visual field to be examined by means of a standard desk-top computer.
The test procedure is designed for patients who cannot cope with conventional oculo-static perimetry. The
initial results show that CAMEC is both user-friendly and sensitive. CAMEC may allow automated per-
imetry to become more widely available than is currently possible with implications for the detection and
monitoring of diseases such as glaucoma.

Introduction

The use of a standard computer screen for visual field examination is limited by the small
screen size and the lack of an effective method of monitoring the patient’s direction of gaze,
particularly in children. We have therefore developed a computerized visual field analyzer
which overcomes both these obstacles by means of a moving fixation target, which must be
successfully maintained within a circle, the circle being moved by the patient using a mouse
or joystick!l. The visual field analyzer, which is called computer-assisted moving eye cam-
pimetry (CAMEQ), is intended for children as well as adults and therefore includes features
designed to maintain interest and cooperation. CAMEC also includes special modules that
teach the patient how to perform the examination so that the program may be used in situations
where experienced perimetrists are not available.

The aim of this article is to describe CAMEC and to demonstrate its potential by presenting
an illustrative result.

Material and methods

CAMEC operates on a standard IBM-compatible computer with an VGA graphics screen and
fitted with a head-rest, a joystick, and an audio card for computer speech. In addition, a Mi-
crosoft Works spreadsheet is used for designing test strategies and other variables.

When CAMEQC is not in use, the computer screen shows a picture of an eye with a printed
message to press the button on the joystick to start the examination. When this is done, the
computer, by means of pictures, auditory commands and printed phrases, instructs the patient
to place the forehead against the head-rest and to cover one eye. Once the patient signals
readiness to commence the examination, the computer displays a spot and a circle in different
parts of the screen and instructs the patient to move the circle over the spot using the joystick.
When this is achieved, the spot starts to meander around the screen and the patient is advised
to keep the circle over the spot; this allows the computer to adjust the speed of the spot accord-
ing to the patient’s ability. Once the patient has learned how to track the moving fixation target,
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successive stimuli appear and the patient is instructed to signai awareness of their presence by
pressing the button on the joystick. Successful completion of this program indicates that the
patient is sufficiently cooperative for CAMEC and the examination begins; otherwise the pro-
cedure is aborted and the patient is advised to seek assistance.

A variety of test strategies has been developed. A general purpose examination commences
with a screening test, in which 26 points in the central 30 degree field are examined. If any
points are consistently missed on retesting, then additional points are tested between seen and
missed points. Another program measures the depth of any defect by means of an ascending
staircase technique with stimuli of increasing negative contrast (Mutlukan, in press).

By independently adjusting the intensity of the red, green and blue colots of the computer
screen through 64 levels for each color, it is possible to have a wide variety of colors and
contrast levels; however, we prefer grey stimuli of varying contrast on a white background. A
special module allows stimulus color and background to be viewed and calibrated.

When examination of the first eye is completed, the patient is instructed to cover the second
eye and to press the joystick button to resume the examination. At the end of the test, the results
are displayed on screen, saved on disc for subsequent display or analysis, and printed on paper.
A special module allows symbols for up to 16 different stimuli to be designed.

A number of safeguards have been developed to cope with loss of cooperation. If the patient
looks away from the fixation target, then the spot escapes from the circle and CAMEC “says”
to the patient “please keep the circle over the spot” while the presentation of further stimuli is
delayed until cooperation is regained. If the patient attempts to cheat by pressing the joystick
button prematurely, then CAMEC “says” “please do not guess” and stimulus presentations are
postponed. False positive and negative results are recorded as well as the duration of the ex-
amination.

Example

Fig. 1 shows a homonymous quadrantanopia in a six-year-old boy with a head injury, which
had been successfully demonstrated with CAMEC at the first attempt. After an initial screening
test, additional points were automatically examined between normal and abnormal areas. Gold-
mann perimetry, performed by an experienced examiner, was unsuccessful. CAMEC allows
the use of grey stimuli on a white background, of varying contrast. The software allows the
user to define a wide range of stimuli and corresponding symbols.
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Fig. 1. Homonymous quadrantanopia detected with CAMEC in a six-year-old boy with a head injury, who
could not be examined with Goldmann perimetry.
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Discussion

The example in this article show that CAMEC produces satisfactory results, despite the use
of a standard computer screen and a moving fixation target.

The moving fixation target does not reduce the resolution of the visual field test significantly
and enables successful results to be obtained in patients who cannot cooperate with conven-
tional “oculo-static” perimetry. The speed of the fixation target must be well adjusted according
to the patient’s abilities; otherwise, problems with cheating and fatigue will occur.

The ability to perform accurate automated perimetry on standard desk-top, lap-top, and note-
book computers could be useful in two situations in particular. Firstly, CAMEC may provide
a practical method of screening for glaucoma and other diseases in places such as family general
practice clinics in the community and hospital waiting rooms. For situations where there is
insufficient skill for the interpretation of the results, we are working to provide CAMEC with
diagnostic capability by using a neural network system. Secondly, CAMEC may enable
selected patients with known visual field loss to perform regular automated perimetry, at
monthly intervals for example, either in their own home or at the ophthalmic clinic on a non-
appointment basis. Such a strategy may allow more rapid detection of visual field loss than is
currently possible with restricted clinic visits, especially if suitable statistical methods are used.

In conclusion, by using a moving fixation target and grey stimuli, CAMEC allows sensitive
visual field examination to be performed using inexpensive equipment, not only in highly
skilled patients, but also in many individuals who cannot be examined conventionally.
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Subjective detection of glaucomatous visual field defects using a home TV set

Misato Adachi and Shiroaki Shirato

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

Abstract

The usefulness of the noise-field test (NFT), which utilizes the noise-field spontaneously generated on
a home television screen for subjective perception of visual field defects, was evaluated in 400 eyes of
patients with primary open angle glaucoma or normal tension glaucoma and in 300 normal eyes. No subject
had ever perceived their field defect. In glaucoma eyes, 359 eyes (89.8%) could perceive abnormality of
the noise-field which corresponded with the visual field defects confirmed by static perimetry. In 19
normal eyes, abnormality of the noise-field was perceived. The sensitivity and specificity of the test were
90% and 94%, respectively In the subsequent comparative study between NFT and Tiibingen electric
campimetry (TEC) performed in 136 eyes with glaucoma and 114 eyes with normal visual fields, the
sensitivity of NFT, TEC (fine) and TEC (coarse) was 85.3%, 82.9% and 79.3%, respectively. The speci-
ficity was 88.6%, 78.9% and 82.5%, respectively. These results indicate that NFT using a home television
set is an excellent method for the subjective perception of visual field defects and will be very useful in

glaucoma screening.

Introduction

Glaucoma patients do not usually perceive their field defects until the advanced stages. How-
ever, recognition of their visual field defects is important in improving the medical compliance
of glaucoma patients. Since 1990, we have reported on the usefulness of the noise-field spon-
taneously generated on a home television screen for subjective perception of glaucomatous
visual field defects (VFD). We have named the test the noise-field test (NFT)1-6,

We report here the results of the use of NFT in 400 eyes of patients with glaucoma and the
results of a comparative study between NFT and Tiibingen electric campimetry (TEC), which
utilizes the noise-field generated by a computer program on a monitor screen.

Material and methods

Four hundred eyes of 241 primary open angle glaucoma or normal tension glaucoma patients
and 300 eyes of 150 ocular hypertensives or normals were examined using NFT. In the com-
parative study between NFT and TEC, 136 glaucoma eyes and 114 eyes with a normal field
were examined. With TEC, two checkered patterns, i.e., fine and coarse, were tested. No glau-
coma patients had ever perceived their visual field defects in their daily life or even under the
conditions of monocular viewing. The grade of the visual field defects were evaluated by
Aulhomn’s classification as modified by Greve et al.”. Ocular hypertensives and normals were
confirmed not to have any field defects by the Humphrey Visual Field Analyzer (program 30-2).
Age and visual acuity of the subjects are shown in Table 1.

The testing method of NFT has been reported elsewhere!-. Briefly, the noise-field spon-
taneously generated on a 21-inch television screen (Sony KV-21XBR1, or Victor kk-21, Tokyo)
through a non-transmitting channel was utilized. The test field of the screen is a rectangle 34
cm long and 30 cm high, subtending a visual field of 33.7 angle degrees in the horizontal and
26.5 angle degrees in the vertical direction from a distance of 30 cm. As a fixation point, a
white spot with a diameter of 5 mm was affixed to the center of the screen.
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Table 1. Age and visual acuity of subjects

No. of eyes Age (years) Visual acuity
POAG or NTG 400 57.8+x12.3 0.7£0.2
OH or normals 300 52.5+12.8 0.8+0.2

Mean +SD POAG: primary open angle glaucoma; NTG: normal tension glaucoma; OH: ocular hyperten-
sives

The subjects, with one eye occluded, were requested to look at the center of the screen from
a distance of 30 cm for three to five seconds, checking to see whether there was an area different
from the surround. The test was performed three times for each eye and when the subjects
successively perceived any abnormal area on the noise-field, they were asked to draw a picture
of that area on paper. The examiners (MA and medical staff) were not aware of the visual fields
of the subjects. The test method for TEC was the same as for NFT. Both tests were performed
on the same day in different rooms. NFT was performed prior to TEC. Different examiners
were used for NFT and TEC and the examiner for TEC was not aware of the results of NFT.
Judgment of the correspondence of the results of NFT with the findings using the Humphrey
perimeter program 30-2 was classified into five categories as follows:
1. “good correspondence”: the drawn area corresponds to the field defects detected by static
perimetry in size and position;
2. "acceptable correspondence”: the drawn area corresponds to all or part of the field defects
in its position;
3. "poor correspondence”: the area corresponds to all or part of the field defects in its position,
but another abnormal area is also perceived in the noise-field;
4. "no correspondence”: the area is detected incorrectly;
g

i " hi d i h 13 i h i fiald
. 1iant dneg not narnaive anv ahnarmality 1in tha nniga_fia
. no detection”: the subject does not perceive any abnormality in the noise-field.

Judgment was performed by the authors and the lowest evaluation was adopted.

Results

In the 400 eyes of patients with glaucoma, 359 eyes perceived an abnormal area correspond-
ing to all or part of the field defects. In the 300 eyes with a normal visual field, 19 eyes perceived
an abnormal area on the screen (false positive). The sensitivity and specificity of NFT were
calculated as 89.8% and 93.7%, respectively. According to the visual field classification, false
negative responses in glaucoma patients were found in 44% and 29% of the eyes with field
defects of grades 0 and I, respectively. With grade II, the false negative response was only
7.9%. With grades III, IV and V, all patients could perceive the abnormality in the noise-field
corresponding to part of or all their field defects (Table 2).

In the comparative study between NFT and TEC, the detection rate of the field defects was

Table 2. Results of noise-field test in glaucoma and normal or ocular hypertensive (OH) subjects (no. of
eyes)

Classi- Correspondence Total
fication*
good acceptable  poor none not detected

0 13 0 2 2 10 27
1 38 3 9 4 16 70
I 89 8 8 3 6 114
11 58 4 4 0 0 66
v 50 6 4 0 0 60
v 40 19 4 0 0 63
Total 288 40 31 9 32 400
OH or

normals 0 0 0 19 281 300

See text for definition of different grades of correspondence; * Aulhorn’s visual field classification mod-
ified by Greve et al.”
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always higher with NFT except for grade I visual field defects. With grade I, the sensitivity of
NFT was equal to that of TEC (fine). With TEC, the fine checkered pattern had detection rates
equal to or higher than the coarse pattern except for grade IV field defects. False positive
responses in eyes with a normal visual field on NFT, TEC (fine) and TEC (coarse) were 11.4%,
21.1% and 17.5%, respectively (Tables 3 and 4).

Table 3. Results of noise-field test in 250 eyes: comparative study with Tiibingen electric campimetry (no.
of eyes)

Classi- Correspondence Total
fication*
good acceptable  poor none not detected

0 4 0 0 0 3 7
1 5 0 3 0 10 18
I1 36 1 5 0 7 49
111 21 2 1 0 0 24
v 12 1 1 0 0 14
v 18 4 2 0 0 24
Total 9% 8 12 0 20 136
OH** or

normals 0 0 0 13 101 114

See text for definition of different grades of correspondence; * Aulhorn’s visual field classification mod-
ified by Greve et al.”; **ocular hypertension

Table 4. Results of Tiibingen electric campimetry in 250 eyes: comparative study with noise-field test (no
of eyes)

Classi- Correspondence
fication*
good acceptable poor none not detected
F* C* F C F C F C F C

0 2 2 0 0 0 0 2 0 3 5
I 6 4 1 2 1 1 3 3 7 8
I 18 17 9 11 6 4 7 4 9 13
I 10 7 10 12 2 0 2 0 0 5
v 9 6 0 3 4 5 1 0 0 0
v 10 8 12 13 2 2 0 0 0 1
Total 55 44 32 41 15 12 15 7 19 32
OH** or

normals 0 0 0 0 0 0 24 20 90 94

See text for definition of different grades of correspondence; * Aulhorn’s visual field classification mod-
ified by Greve et al.”; **ocular hypertension; *fine (F) or coarse (C) checkered pattern in TEC

Discussion

The present study shows the usefulness of NFT in the subjective perception of visual field
defects in glaucoma. In 1989, Aulhorn et al. reported that all 214 visual field defects caused
by infrageniculate lesion were perceived, except for the blind spot and congenital defects, by
using the noise-field generated by a computer program on a computer monitor screenf. Our
study confirms their results that pathological field defects can be perceived on a field of flick-
ering small black-and-white random dots. However, in our study not all glaucoma patients
could perceive their field defects. Even though all patients with field defects higher than grade
III could perceive an abnormal area on the noise-field corresponding to all or part of their fieid
defects, false negative responses were found in 44%, 29% and 7.9% of eyes with field defects
of grades 0, I and II, respectively. Even in other glaucoma studies using TEC, developed by
Aulhorn, the false negative responses were found to be 8.2% or 45% in the fine checkered
pattern and 6.5% or 41.7% in the coarse checkered patterns.10. Although some of these differ-
ences in false negative responses could have been caused by the difference in the number of
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eyes included in each grade of visual field defects, it is clear that not all glaucoma patients
could perceive their field defects in a noise-field generated spontaneously or by a computer
program.

To our knowledge, this is the first report in which the reliability of TEC and NFT is compared
in the same patients. In this study, the detection rate of glaucomatous visual field defects by
NFT was always higher than by TEC in every grade of VFD, except for the grade I field defects
in which the sensitivity of TEC (fine) was equal to that of NFT. On the contrary, the specificity
of NFT was then lower. The causes for these differences in the assessment of the two test
methods are not clear. In the present study, NFT was performed prior to TEC. Since the patients
had never perceived their VFD until NFT, and TEC was performed on the patients after they
had perceived their VFD by NFT, the order of the examinations was considered to be favorable
for TEC.

The differences in the flickering pattern or frequency of the noise between a home television
set and a computer monitor might also have influenced the results. In TEC, even though the
flickering frequency of luminous intensity of each part of the checkered pattern is random, the
size of the checkered pattern is fixed. On the other hand, with NFT, black-and-white dots, which
are random in size and flickering frequency, appear on the screen through electric thermal noise.

In conclusion, the results of our study show that the Noise-Field Test using a home TV set
has high sensitivity and specificity as a method for subjective perception of the visual field
defects in glaucoma.

These results indicate that the noise-field test is a good self-screening method for glaucoma
which can be easily performed at home. It is a good method to enable glaucoma patients to
realize visual field defects which are difficult to recognize in daily life, even after explanation
by an ophthalmologist.
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Abstract

Following a successful study using laptop computer perimetry with a motion sensitivity screening test
(MSST) to detect early glaucoma in the UK, MSST was tried out on rural Nigerian people (largely illit-
erate) in a randomized controlled trial of annual ivermectin for onchocerciasis, during 1991 and 1992.
The aim of this study was to assess the acceptability and reproducibility of MSST as a screening test to
detect optic nerve disease and other causes of visual impairment. Three MSSTs each controlled by a Sharp
notebook computer with 10” liquid crystal display were used by trained village helpers Twelve hundred
and seventy-four subjects were examined, and 123 (202 eyes) were retested. Results show that there was
close inter-observer agreement (78%) and excellent intra-observer agreement (98%). The results show
that onchocercal communities had reduced motion sensitivity. The findings on repeating MSST on a
sample of only 88 people over one year, show significant improvement from ivermectin: a result which
paralle's the findings in the whole trial which required three years following 3522 people to prove benefit
from ivermectin. The authors conclude that laptop perimetry with MSST has an important value in mass
visual functjon screening from onchocerciases, glaucoma and other causes.

Introduction

Motion sensitivity testing using personal computers has been shown to be useful in measur-
ing glaucomatous visual field loss!. Wu et al.2 developed a motion sensitivity screening test
(MSST) for mass visual field screening and found that MSST has a high sensitivity and speci-
ficity for glaucoma case finding in a hospital based study. More recently, Quigley ez al.? have
reported that motion sensitivity test with a laptop computer has a high acceptability in field
work. The aim of the present paper is to measure MSST reproducibility as a screening test in
rural communities with onchocerciasis in Nigeria. An attempt was also made to find out
whether MSST could be used to prove visual benefit from annual ivermectin for controlling
onchocerciasis3.

Methodology

The MSST tests the paracentral field. In onchocercal optic nerve disease the pathogenic
process has not been defined, so it could not be assumed that MSST alone would measure
central acuity and also peripheral field defects. We therefore combined a computerized visual
acuity test (CVAT), a peripheral flash and flicker screening test (PFFST) and MSST into one
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Fig. 1. MSST reference lines on screen arranged around fixation point for right eye. The six tested loca-
tions appear as double lines.

system: the Wu-Jones Visual Function Testing System. This has been applied to a substantial
sample of individuals in the randomized trial, in parallel with the standard visual function tests
and ophthalmic screening examinations®. Standard tests were carried out before treatment and
after two and three years. MSSTs were performed at the second and third examination. CVATs
and PFFSTs were performed at the third examination. This paper gives a preliminary report
based on the MSST data. Other data will be published elsewhere.

The MSST is produced on each of three notebook computers with a 10” liquid crystal display
(LCD) under control of a 12 mHz Sharp PC6220, using software developed by one of the
authors (JW). Contrasts on the three LCDs were calibrated. The display is “paperwhite” triple
supertwist technology with backlighting, 16 shades of grey, 640 - 480 pixel resolution, VGA
emulation. It weighs only 4.4 pounds and measures 1.4 by 11 by 8.5 inches. With a rechargeable
battery package, it can run for three to four hours, making it suitably portable for field work.

The MSST program tested six locations among 48 white reference vertical lines around a
fixation circle, corresponding to the central 6 x 8 grid of the HFA 34-2 program (Fig. 1). The
size of the vertical lines increases as a function of eccentricity from three pixels to 12 pixels.
In a dark room, the maximum illuminance for the reference lines was 413 lux and the
illuminance of the background was 200 lux. The contrast was 62% (contrast = (Lmax-Lmin)/
(Lmax+Lmin)). The stimulus was presented for a duration of 0.2 seconds. A single amplitude
of displacement (four pixels) was tested, which was assumed to be an optimal amplitude for
this screening testS. The observer was asked to press a button when there was any movement
on the screen. If the subject responded within the allowed waiting time, the next presentation
was initiated. Each of the test locations were tested seven times. The presentation order for
each location was randomized. The initial waiting time for response was 1.75 seconds but it
was dynamically modified according to patients’ responding time. The limit of waiting time
was 2.2 seconds. The time to complete a test in one eye varied from 0.9 to 2.2 minutes for each
eye according to response time. The viewing distance from the notebook computer screen was
standardized at 40 cm by a chin rest. At the end of each test, the operator was asked to record
the test reliability. If the test was unreliable, for instance if the subject stopped responding
during the testing, the operator was required to comment.

The results are displayed on the laptop screen and automatically entered onto the hard disc
for subsequent transfer to the main computers at base for processing.
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Procedure

Testing was sometimes carried out in a school room, but usually MSST was carried out in a
village hut. A red light was provided to give dim red light “dark room” conditions to facilitate
observation of the patients, movement of other people and recording. Local helpers performed
the MSST supervised by a trained worker who was computer literate. They were in charge of
data entry, training subjects and pressing the command key to perform MSST. In addition, the
helpers were required to monitor subjects’ eye movement during the test. MSST provided a
checking system to detect data entry error. Home visits with MSST were performed by local
helpers under supervision. After introduction of PFFST, the order of the tests changed so that
MSST was performed following CVAT and PFFST. With repeats, the testing times were sub-
stantially extended to over 20 minutes per eye, so that MSST testing was carried out in condi-
tions of some fatigue.

Intra-observer agreement on MSST was measured by repeating MSST immediately on the
same setting. Inter-observer agreement for each subject on MSST was separately measured on
two different MSST settings including different computers and different operators but in the
same testing room after a five-minute break.

MSSTs were carried out on consenting subjects aged 15 years and over in the Kaduna ran-
domized controlled trial of ivermectin for onchocerciasis, under which all subjects had been
taking either ivermectin or placebo annually for three years. MSSTs were performed after
standard visual function tests had been carried out by six ophthalmic nurses. It was not possible
to perform MSSTs on all those who underwent the nurses’ tests, so priority was given to those
who failed one or more of the nurses’ tests and to a predetermined random sample of the whole
trial. This tended to generate a pathology-enriched sample but those subjects who were too

blind to test were excluded from the study.
In addition, a population which was not endemic for onchocerciasis (Fatika) with similar
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ethnic, cultural educat10na1 geographic and economic backgrounds to the endemic population
was examined as a control population. All subjects from the control population had either inter-
or intra-observer agreement measured. Approximately 10% of the endemic population were
recruited for reproducibility measurement.

Data analysis

Descriptive data analysis was carried out by SPSS6. Agreement within and between observers
was analyzed using the limits of agreement” and intraclass correction coefficientd. The choice
of the limit of agreement was a matter of correct interpretation of assessing observer variabil-
ity%:10. A plot of the intra-observer agreement against the mean of two observers was produced
to illuminate the range of disagreement in the MSST by the retest (Fig. 2). A similar analysis
was done for the inter-observer agreement.

The intraclass correlation coefficient is the proportion of the total variability accounted for
by the intra- and inter-observer variability. This is useful because the intraclass correlation
coefficient is based on comparative results from unstable observers during a psychophysical
retest in which the learning effect or fatigue effect could seriously affect the retest results. Thus,
a high intraclass correlation coefficient, of say 90%, means that little if any of the variability
is due to observer disagreement.

Results

The results given below are preliminary analyses of a total of 1275 individuals (1201 from
the endemic population and 74 from the non-endemic population) who were screened by MSST.

For each MSST result, the percent of responses to 36 presentations, from six locations for
six retests, was determined. The percentage of motion seen over all six locations for six trials
can be varied between 0% (0/36) to 100% (36/36). However, the method of estimating motion
sensitivity based on each individual testing point, previously reported!, will not be given in
this paper, because this method is strongly influenced by the fixation status which is question-
able in this field study.

One hundred and twelve eyes (71 individuals) were examined twice by three operators each
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for intra-observer variation. There were 40 from the control population and 72 from endemic
populations. These results are presented in Fig 2. The limits of agreement were from -0.25 to
0.27 in intra-observer agreement (Fig. 2A). The inter-observer agreement, in repeat MSST of
92 eyes of 52 individuals, also showed very good agreement (Fig. 2B). The limits of agreement
were from -0.198 to 0.18. The mean differences (test-retest), namely intra- and inter-observa-
tion were 0.01 SD 0.13 and -0.02 SD 0.11 as shown in Table 1. For the purpose of British
Standard of the test!2, there were six (5.3%) differences of more than 2 SD in intra-observer
agreement and three (3.3%) differences of more than 2 SD in the inter-observer agreement.
Neither the intra-observer nor inter-observer differences were related to the mean of retest
(correlation coefficient r = -0.026, p>0.05 and r = -0.181 p>0.05, respectively). The differences
were uniform across the whole range of motion sensitivity and were not related to mean. The
intraclass correlation coefficients are shown in Table 1.

Table 1. Limits of agreements (LOA) and intraclass correlation coefficients (ICC) of MSST

Control Endemic Total
n mean (SD) Icc n mean (SD) Icc n mean (SD) icc
LoA % LOA % LOA %
Intra-
40 0.01 (0.16) 40 72 0.01 (0.12) 90 112 001 (0.13) 78.9
(-0.039, 0.059) (-0.017, 0 0377) (-0.014, 0 034)
Inter-
37 -0.02 (0.07) 98 53 -0.02 (0.13) 60 90 -0 02 (0.10) 95.5
(-0.064, 0.0241) (-0.054, 0.014) (-0.04, 0)

ICC: (82(X) + S2(Y)-S3(D))/(SAX) + S2(Y) + d2-(S2(D)/n))

n: number of subjects; S2(X) and S2(Y) are the variances of measures for observers X and Y, respectively.
d and S2(D) are the mean differences and mean variance of differences between measures of both ob-
servers, respectively’
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Fig. 3. Cumulative frequency of MSST results in three putatively normal groups and one meso-endemic
onchocercal group. English Normal: 91 staff, student and 121 glaucoma patients’ spouse volunteers, In-
stitute of Ophthalmology, London. U.S.A. Normal: 74 volunteers for MSST at ARVO Meeting 1991,
Sarasota. Nigeria Normal: 74 persons from Fatika (non-endemic for autochthonous onchocerciasis. Sim-
ilar in ethnic, cultural, geographic, and economic background to the onchocercal communities.) Nigeria
Oncho.: 1201 persons from meso-onchocerciasis communities in whom visual failure was due mainly to
optic nerve or retinal disease.
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Fig. 4. Proportionate change in MSST after one year compared with initial MSST (91) for left eyes of 44
persons receiving annual ivermectin and 44 persons receiving placebo (MSST1992-MSST1991)/
(MSSTI1).

A total of 1275 individuals underwent the MSST (74 control and 1201 onchocerciasis en-
demic subjects) Average age in the controls and in the onchocercal populations was 31.2 SE
0.24 and 31.9 SE 0.57 years, respectively. In the control group, the correlation coefficient
between MSST and age was -0.50 (p<0.001). However, after excluding all cataract cases (five
individuals), no significant correlation was found (r = -0.24, p>0.05). For the meso-endemic
onchocerciasis population in Nigeria, the overall correlation coefficient between age and MSST
was -0.21 (p<0.01).

The MSST results were plotted as a function of percent of response by each of four popula-
tions (Fig 3). If the cut-off criterion of normal motion was set at 50%, 15% of the onchocerciasis
endemic population in Nigeria had reduced motion sensitivity, while only 5% was found in the
non-endemic Nigerian population. The prevalence of motion sensitivity loss in the sample of
the endemic population was three times the rate in this non-endemic population. If the cut-off
was selected at 70%, which has been used in clinic!, 25% of the onchocerciasis endemic popu-
lation had abnormal MSST.

There were 343 people who had MSST in 1991 in the annual mass ivermectin trial. Of them,
102 individuals were retested in 1992. Because the MSST results from the right eye in 1991
were regarded as “"training”, the comparison analysis was based only on the 88 individuals
whose left eyes had repeats after one year. The result in 88 left eyes examined in 1991 and
again in 1992 shows that the placebo-treated group had developed an unmatched “tail” wors-
ening in 1992 and the ivermectin-treated group had developed an unmatched “tail” of improve-
ment (Fig. 4). This improvement from ivermectin is significant (¢ = 2.54, p=0.02).

Discussion

Because MSST has been fully automated by computer, the operator influence can be min-
imized. In addition three MSST drivers had the same computer with similar contrast on the
LCDs. Therefore, it is not surprising that both intra-observer variability and inter-observer
variability were low. However, we expected to see a fatigue effect from the intra-observation
group because subjects carried out the MSST test twice without a break. In this case, the motion
sensitivity measurements from retest could have been reduced if there was a fatigue effect in
optic nerve diseasel?. Also, we expected to see a learning effect if the motion sensitivity is
improved in the retest, especially in the inter-observer tests because subjects had experience
after the first test and had a break before retesting. Interestingly, our findings did not show any
strong evidence of learning effect and fatigue effect in MSST.
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Furthermore, the finding that the difference measurements of more than two standard devia-
tions of limit of agreement was less than 5% suggested that MSST has the reproducibility
required for a standard test as recommended by British Standards Institution!2.

In our study, it is clear that reduced motion sensitivity in the endemic population cannot be
due to low education because the control group with similar education background had almost the
same motion sensitivity as more highly educated populations in England and the USA (Fig. 3).

The precise pathology responsible for reduction in MSST will be addressed in subsequent
papers but it is of interest that the changes over one year observed in 44 subjects receiving
annual ivermectin and 44 receiving placebo show a statistically significant improvement with
ivermectin and worsening with placebo (Fig. 3). This is parallel with the results of the whole
randomized trial which took three years of following 3522 subjects by standard methods to
reach statistical significance: annual ivermectin prevents 80% of optic nerve diseases?. The
MSST may be reflecting more than the optic nerve pathology and there are methodological and
sampling differences in this comparison; but it is clear that MSST has very good potential for
cost and time reduction in monitoring and comparing control measures for onchocerciasis.

From the perimetry point of view, this paper shows that the laptop or notebook computer
provides great potential to carry out visual field testing by using a software-based visual func-
tion test with a low cost computer. The important advantage is that they allow implementation
of a whole test in only minutes without knowledge of computers or programming languages!3.
More recently, the new electronic displays, such as liquid crystal display (LCD) in laptop
computers or notebook computers, have been shown to have many advantages, in terms of portable
flat screen monitor, even contrast, absolutely flicker-free and no radiation!4. There is, as yet,
no report about the application of notebook computers in visual psychophysical tests. In the
present study, we demonstrate the preliminary application of this technology to provide an
alternative way of developing a portable automated perimeter as a visual field screening test.
This is especially important in mass screening or epidemiological study of diseases which com-
monly produce field loss with preserved macular function, such as onchocerciasis and glaucoma.
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A new screening program with the Kowa automated perimeter AP 3000: a
peripheral isoptometry and central three-zone program

Hirotaka Suzumura, Nariyoshi Endo, Kayoko Harasawa, Hiroko Suzuki and Tazuru Murao

Department of Ophthalmology, Tokyo Medical College Hospital, Tokyo, Japan

Introduction

With the development of automated perimeters, emphasis has been placed on the central
visual field in perimetry. In routine evaluation, static perimetry with an automated perimeter
is commonly used for central testing, while kinetic perimetry with the Goldmann perimeter is
used for peripheral testing. However, for screening, only central static perimetry with an auto-
mated perimeter is usually performed. When it is difficult to judge disease severity by the
results of this central perimetry alone, an accurate assessment can be made through a combi-
nation of both static and kinetic perimetry. When combined with central static testing, periph-
eral isopters generated by kinetic testing may give important information in understanding
changes in the central visual field, as well as the relationship between the central and peripheral
visual fields.

The Kowa automated perimeter AP 340, developed in 19861, has a program which examines
the peripheral visual field by isoptometry. We have developed a new screening program which
incorporates isoptometry with central three zone testing in the newer Kowa automated perime-
ter, the AP 3000, and have investigated its clinical usefulness.

Fig. 1. The Kowa automated perimeter AP 3000. Cupola distance: 300 mm; stimulus size: I-V (same as
the Goldmann perimeter); stimulus intensity: 0.1 - 10000 asb (50 - 0 dB); presentation time of stimulus:
0 2 seconds; background luminance: 31.5 asb; fixation target: red LED.
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Subjects and methods
Subjects

Thirty eyes of 24 patients with glaucoma, 20 eyes of 13 patients with neurological disease,
and 15 eyes of 12 patients with retinal disease were examined. All patients had visual field
changes assessed by the Goldmann perimeter and/or the Humphrey Field Analyzer. In addition,
35 eyes of 20 normal controls were also evaluated.

Methods

Perimetry was performed on all subjects using the new screening program of the Kowa AP
3000 (Fig. 1). With this program, peripheral isoptometry was performed first, followed by
central visual field testing. During isoptometry, measurements were performed without a cor-
rective lens, even within the 30° central zone. In addition, testing using the Goldmann perimeter
and the Humphrey Field Analyzer programs 30-2 or 24-2 was also performed on each subject.

Averaged isopters and specificity for normal subjects were determined, and the sensitivity
and coincidence ratio for patients were calculated. The ability of the screening program to
detect visual field changes assessed by the Goldmann perimeter and/or the Humphrey Field
Analyzer was used to calculate the sensitivity.

Isopters were compared between the Goldmann perimeter and the AP 3000, and coincidence
ratios were calculated at the measured meridians on the AP 3000 (deviation of less than 10°
was considered a coincidence) and was expressed as:

(Number of meridians coinciding) / ( total number of measured meridians) x 100

The results of central visual field testing with the AP 3000 were compared with those with
the Humphrey Field Analyzer. Because a direct comparison could not be made, coincidence
ratios were determined by examining the difference in patterns of defects between the two.

Lastly, the examination time of our screening program on normal subjects, and on patients
with visual field defects, was also monitored.

Strategy
Isoptometry

A stimulus with a presentation time of 0.2 seconds was intermittently shown centripetally at
a rate of 5°/sec. Measurements were made for each meridian, that is both sides of the vertical
(85°, 95°, 265°, 275°) and the horizontal (5°, 175°, 185°, 355°) meridians and at 45°, 135°,
225° and 315°. If not seen, the stimulus was not advanced beyond the fixation point towards
the contralateral meridian. The same V/4 and I/3 stimuli as used in the Goldmann perimeter
were used for isoptometry.

Central three zone test

The central 25° visual field was tested using the three-zone strategy performed with stimuli
both at suprathreshold (5 dB brighter than the corresponding age-related normal threshold),
and at maximum intensity (0 dB). The stimulus size was the same as size III on the Goldmann
perimeter. The 82 test points were radially arranged.

Results
Normal isopters on the AP 3000

Normal subjects were divided into three groups: those younger than 40 years, 40 to 59 years
old, and those over 60 years. There were almost no differences between the age groups for the

V/4 isopter. For the I/3 isopter, general contraction was found for subjects over 60 years of age,
although there was no substantial difference between the two groups younger than 60 (Fig. 2).
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Fig. 2. Normal isopters on AP 3000. The shaded areas indicate twice the standard deviation.
Table 1. Sensitivity of defects and coincidence ratio
Diseases Sensitivity Coincidence ratio
V/4 3 three-zone
Glaucoma (n=30) 100% 93.9+ 9.4% 80.3x19 5% 93.3%
stage I-11 (n= 9) 100% 100% 79.6213.7% 100%
stage III-IV  (n=11) 100% 92.4+12.0% 78 0£25.2% 90 9%
stage V (n= 6) 100% 90.3+ 5.7% 81.9+18.3% 100%
stage VI (n= 4) 100% 87.5+ 7.2% 85.4112.3% 75.0%
Hemianopsia (n=14) 100% 952+ 7.5% 83.3£15.7% 100%
Optic neuritis (n= 6) 100% 95.8 6.4% 90 3£10.2% 83.3%
Retinal diseases (n=15) 100% 87.2220.2% 85 0+24.6% 97.5%
RP (n=9) 100% 81.5£23.8% 84.3230.5% 100%
ROP (o= 2) 100% 87.5+ 42% 87.5+ 4.2% 50.0%
others (n= 4) 100% 100% 85.0112.3% 80.0%

(): number of eyes. Stages of glaucoma: Aulhorn’s classification modified by Greve. RP: retinitis pig-
mentosa; ROP: retinopathy of prematurity; others: post-surgical retinal tear, central retinal artery occlu-

sion, triangle syndrome, macular hemorrhage
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For the V/4 isopter, there were no abnormalities and the specificity was 100%. For the I/3
isopter, there were abnormal isopters present in four eyes of three subjects with a specificity
of 88.6%. In the central visual field, there were no defects and the specificity was 100%.

Sensitivity of defects and coincidence ratio

The sensitivity of defects in all patients was 100% by the screening program since all visual
field defects picked up by the Goldmann perimeter and/or the Humphrey Field Analyzer were
also found by our screening technique.

The coincidence ratio was 93.9% for the V/4 isopter, 80.3% for the I/3 isopter, and 93.3%
for the central three-zone test in glaucoma patients. The same was 93.8% for the V/4 isopter,
85.4% for the I/3 isopter, and 95.0% for the central three-zone test in the neurological disease
patients. Finally. in the retinal disease patients, the coincidence ratio was 87.2% for the V/4
isopter, 85.0% for the I/3 isopter, and 87.5% for the central three-zone test (Table 1).

Examples of patients with glaucoma, hemianopsia and flecked retina syndrome are shown
in Figs. 3, 4 and 5.

Fig. 3. Visual fields of a patient with glaucoma. Top: AP 3000 the new screening program; center: Hum-
phrey Field Analyzer 30-2; bottom: Goldmann kinetic perimetry. The new screening program detected the
superior arcuate and nasal defects found with the Humphrey Field Analyzer and the Goldmann perimeter.
The defects were highly coincidental.
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Fig. 4. Visual fields of a patient with a cerebral tumor. Top: AP 3000 the new screening program; center:
Humphrey Field Analyzer 24-2; bottom: Goldmann kinetic perimetry. The new screening program de-
tected the hemianopsia with the macular sparing found with the Humphrey Field Analyzer and the Gold-
mann perimeter. The defects were highly coincidental.

Table 2. Average total examination time

Subjects Examination time (min.)
Normal (n=20) 6.79£0.55
Glaucoma (n=30) 11.80+3.14
stage I-II (n= 9) 9.35+3.71
stage III-IV (n=11) 11.29£2.52
stage V (n= 6) 13.13+2.76
stage VI (n= 4) 16.93+1.69
Neurological diseases (n=20) 10.70+2.49
hemianopsia (n=14) 11.08+2.07
optic neuritis (n= 6) 9.08+2.89
Retinal diseases (n=15) 12.58+3.64
RP (n= 8) 14.93+2.22
ROP (n= 2) 11.22+2.45
others (n= 5) 10.03+2.94

( ): number of eyes
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Fig. 5. Visual fields of a patient with a flecked retina syndrome. Top: AP 3000 the new screening program;
center: Humphrey Field Analyzer 30-2; bottom: Goldmann kinetic perimetry. The result of the new screen-
ing program was highly coincidental with both the results of the Humphrey Field Analyzer and the Gold-
mann perimeter.

Examination time

The average total examination time for the new screening program was 6.79+0.55 minutes
in normal subjects. The examination time gradually increased for glaucoma patients with pro-
gression of their visual field changes, and their average time was 11.80+3.14 minutes. This
was 10.70+2.49 minutes for patients with neurological diseases, and 12.58+3.64 minutes for
patients with retinal diseases (Table 2).

The time required to measure two isopters alone accounted for 54% of the total examination
time in normal subjects, 50% in glaucoma patients, and 60% in both neurological and retinal
disease patients.

Discussion

Techniques for kinetic perimetry have been recently developed for some automated perime-
ters27. These have adopted the same method of continuous presentation of a stimulus as that
used in Goldmann perimetry. Our new screening program utilized intermittent static presenta-
tion of a stimulus for isoptometry, combined with a central three-zone test. Our goal was
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quickly and reliably to identify changes in the whole visual field.

Normal V/4 isopters using our program were almost identical to those obtained with the
Goldmann perimeter, except for being narrower at one infero-temporal and two temporal mer-
idians. This is attributed to the fact that the stimulus appears starting only from 70° at the
infero-temporal meridian and from 80° at the two temporal meridians, due to instrument limitations.

The size of the I/3 isopter was also the same with our program as with the Goldmann per-
imeter, however, it had a wider variation when compared to the V/4 isopter. This is probably
because the scatter of the isopter in the midperiphery was larger than in the central and the
peripheral visual fields3%, and because the small If3 stimulus appears after the larger V/4
stimulus is shown, causing variation in patient response.

With regard to the sensitivity of the screening program, visual field changes were detected
100% of the time by at least one of the isopters or by the central visual field in all cases
examined. However, when coincidence ratios were calculated between our program and Gold-
mann or Humphrey perimetry, the ratio for the I3 isopter in glaucoma patients was slightly
low at 80%, while closer to 100% for the central visual field in patients with glaucoma, neu-
rological diseases and retinal diseases. This may be attributed to the fact that fine changes could
not be detected with the I/3 stimulus. On the other hand, larger changes such as a spike or a
spurious isopter could be detected when the stimulus was moved along the 12 meridians, be-
cause patients tended to move their eyes towards the expected appearance point of the I/3
stimulus after testing by the V/4 stimulus. For this reason, the III/1 stimulus may be preferred
to the I/3 stimulus immediately after V/4 presentation in automated isoptometry.

The time required to test eyes with visual field changes ranged from approximately nine to
18 minutes for the total examination, and from five to 11 minutes for isoptometry only. This
may be due to the fact that the stimulus for isoptometry was always presented starting from
the periphery. Since this program is designed for the purpose of screening, if an abnormality
is found by isoptometry, it is better to proceed directly to central threshold testing rather than
to continue with the central three-zone test, and to evaluate the combined results of isoptometry
with central threshold testing.

Conclusions

1. For the purposes of screening the whole visual field, a new program has been developed
using isoptometry by two stimuli, in combination with three zone testing for the central visual
field.

2. Using this program, it is possible to evaluate the relationship between peripheral and central
visual field changes, and easy to assess the whole visual field.

3. The sensitivity and specificity of this program are satisfactory for the purposes of screening,
and therefore it is considered that the program is appropriate for clinical use.

4. The examination time exceeded ten minutes for each eye when a severe visual field defect
was present. Therefore, when a visual field change is detected by isoptometry, we recom-
mend halting the central three-zone test and proceeding directly to the central threshold
testing, in order to save time.
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Automated scotopic perimetry in glaucoma
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Abstract

In this study the authors investigated whether automated perimetry under scotopic conditions is useful
in the early detection of glaucoma. Twenty-one control eyes, 27 glaucoma suspects, and 23 POAG eyes
were examined with (a) standard automatic perimetry (Humphrey 30-2), (b) blue-on-yellow perimetry,
and (c) automated perimetry under dark-adapted conditions Adaptation curves were also measured. Com-
parison of scotopic visual fields with the results of standard automatic perimetry showed large inter-in-
dividual differences. Scotopic perimetry showed a 1.4 times larger inter-individual variation in the control
group. After correction for this, the mean defect in scotopic perimetry was larger than in standard per-
imetry in 65% of the POAG eyes and 67% of the suspects. The greater part of this, however, seems due
to diffuse loss rather than localized damage. Therefore, it does not seem very useful to assess visual fields
under scotopic conditions. Finally, dark adaptation was no slower in the pathological groups than in our
control group.

Introduction

It is suggested that mechanisms other than those tested in conventional perimetry are affected
earlier or more strongly in glaucoma; see for example the results of blue-on-yellow perimetry!.
In view of possible similarities between the short wavelength sensitive cone system and the
rod system, we investigated in the present study whether scotopic perimetric thresholds are
affected in early glaucoma. And, if so, whether the scotopic visual fields are similar to those
obtained with blue-on-yellow perimetry. Moreover, it would be interesting to have the three
types of visual fields together which are determined by rod thresholds, SWS-cone thresholds,
and MWS/LWS cone thresholds (i.e., visual fields from scotopic, blue-on-yellow, and conven-
tional perimetry, respectively).

It has already been shown by other authors that scotopic sensitivity can be reduced in glau-
coma?:3, It should be noted, however, that in these studies only a diffuse loss was found. In the
study of Drum et al.2, a limited number of visual field locations was examined, and no addi-
tional localized defects were found under dark-adapted conditions, compared to standard pho-
topic conditions. Quigley et al.3 used whole-field stimulation and therefore no information was
obtained on possible localized damage.

A second reason for the division of defects into “localized” and “diffuse” defects is that other
factors, such as pupil diameter, have influence on global sensitivity, but not on the size of the
localized defects.

We examined glaucomatous eyes and normal eyes with blue-on-yellow perimetry, scotopic
perimetry, and conventional automated perimetry. In all three conditions, the central 30 degree
visual field was examined. We intended to compare the scotopic results to the blue-on-yellow
data, and also to data from conventional perimetry. However, the correlation between scotopic
and blue-on-yellow results appeared to be rather poor. Therefore, we will restrict ourselves in
this paper to the comparison of results from scotopic perimetry with those from “standard”
automated perimetry.
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Subjects and methods

Seventy-one eyes were examined in this study: 21 controls (aged 52.4 + 14.4 years, mean
+SD), 27 glaucoma suspects (aged 53.8 + 10.7 years), and 23 eyes with primary open angle
glaucoma (POAG) (aged 59.9 + 13.6 years). Glaucoma suspects had either increased intraocu-
lar pressure (IOP >21 mmHg), or a suspected retinal nerve fiber layer, or both, but no visual
field defects (standard Humphrey 30-2). POAG patients had relative visual field defects.

Visual fields were assessed in all eyes with two types of perimetry with: a. standard automatic
perimetry, and b. automated scotopic perimetry. In both types the central 30-2 threshold pro-
gram was used on a Humphrey Field Analyzer. The instrument was equipped with software
which allowed the background illumination to be switched off.

With standard automatic perimetry, standard conditions were used: 10 cdm2 bowl illumina-
tion, Goldmann size III stimulus.

Scotopic perimetry was performed in a dark room after 30 minutes of dark adaptation. Bowl
illumination was switched off, and stimulus intensity was reduced by 4 log units, in order to
obtain threshold values (in dB) well within the range of the Humphrey program. Both stimulus
sizes Il and V were used.

To obtain adaptation curves, threshold was measured every two minutes during the first 20
minutes of dark adaptation. This was done at two locations at 14 degrees of eccentricity, with
a user-defined two-point test grid. In patients with visual field defects, one point was located
in a healthy area, and the other point in a relative defect.

None of our subjects used miotics.

Results
Visual fields

Some examples are shown in Fig. 1. In the left column, the standard visual field is printed,
in the middle column the scotopic visual field with stimulus size III, and in the right column
the scotopic visual field with stimulus size V. Data from one subject are shown on each row.
Note that inter-individual differences are large when comparing scotopic visual fields with
standard perimetric results.

To make it easier to compare both sets of data with each other, they are plotted as deviations
from the average of the control group (Fig. 2).

As we were especially interested in the localized defect in scotopic perimetry (as opposed
to global defect), the individual diffuse or global reduction in sensitivity was subtracted from
each value for each eye. The third highest value in the visual field was used as a measure for
“global sensitivity”. The corrected visual field was averaged to obtain a “mean defect”.

To obtain an overview of the results, the percentages of cases, in which scotopic perimetry
yields “better results”, i.e., larger mean defects compared to the standard (photopic) mean

Table 1. Numbers of cases with larger mean defects with scotopic perimetry than with standard perimetry:
size V (III)

Total MD (No.) Corrected for global sensitivity (No.)
POAG 65 (76) 29 (53)
Suspects 67 (67) 50 (54)
Controls 50 (50) 46 (53)
Table 2. Dark adaptation
Time constant Final threshold
(minutes) (+SD) (dB) (+£SD)
Controls 5.80+2.36 41.21+2.45
Suspects 6.91+3.30 38.77+4.35
POAG healthy 5.46x2.13 35.43+3.79

defect 6.99+3.98 34.09+4.76




Fig. 1. Visual field print-outs for four subjects. From left to right: results from standard perimetry, scotopic
perimetry with stimulus size III, and scotopic perimetry with stimulus size V. FR is a control, RY a normal
pressure glaucoma patient, LE a high pressure glaucoma patient, and ST a glaucoma suspect.

defect, are set out in Table 1. It can be noted that the figures for the control group should be
approximately equal to 50%. From Table 1 it becomes clear that, although scotopic defects are
somewhat larger, this “gain” disappears after correction for global sensitivity (See Table 1,
right column).

Dark adaptation
An exponential function was fitted individually to the adaptation data of each eye. The re-

sulting time constants and final threshold levels are averaged among subject groups, and com-
piled in Table 2. The POAG data were divided into “healthy” and “relatively defect” areas.
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Fig. 2. Deviations from the average of the normal population, for the same subjects as in Fig. 1.

Analysis of variance pointed out that, although time constants in the pathological groups are
somewhat larger than in controls, these differences are not statistically significant. The final
threshold level is elevated in suspects (p=0.039) and POAG (p<0.002). This elevation corre-
lates well with the measures for “global sensitivity” mentioned in the visual fields section (r2
= 0.88).

Discussion

Although scotopic visual fields are damaged in early glaucoma, the gain with respect to
standard perimetry is mostly due to diffuse or global loss. It can be concluded, therefore, that
assessment of the visual field in early glaucoma is not very useful. It is not necessary to perform
an entire visual field examination to assess this global reduction. The practical usefulness
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becomes even more doubtful when it is pointed out that in our subjects inter-individual fluc-
tuations were larger in scotopic perimetry than in standard perimetry. This makes scotopic
defect values in terms of standard deviations of the normal population smaller in comparison
to their photopic counterparts.

Finally, dark adaptation was not slower in the pathological groups than in our control group.
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Visibility threshold for dark perimetric stimulus
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Abstract

Dark-on-bright perimetric stimulus is not conventional but may have advantages over luminous stimuli
in certain situations Twenty-five glaucomatous eyes with 6/6 vision were examined with the Humphrey
Visual Field Analyzer thresholding program 30-2 and computer assisted moving eye campimeter
(CAMEC), using static dark stimuli at four different Weber contrast levels of -10, -22, -37 and -76 % cdm-2
on a cathode ray tube with 10 cdm2 background luminance. The retinal sensitivity levels in terms of
Humphrey decibel values required for the awareness of dark stimulus were determined across the central
visual field. Ten eyes were also tested with dark stimuli of identical size and contrast on a background of
100 cdm-2, Lower stimulus contrasts and higher background luminance level required higher retinal sen-
sitivity for the detection of dark stimuli. A 66% decrease in dark stimulus contrast required an average of
3.14 Humphrey decibels higher retinal sensitivity for detection. One log-unit increase in the background
luminance raised the detection threshold of a low contrast dark stimulus by an average of 0.9 decibel
without any effect on the detection threshold of high contrast stimulus. The preliminary results with dark
stimuli in this study should allow the development of more sophisticated tests for the detection and fol-
low-up of glaucoma and other visual disorders.

Introduction

The retina has differential sensitivity to both increments and decrements in luminance and
these two functions seem to be subserved by parallel “on” and “off” pathways, respectively!.
These pathways are known to display several asymmetries? and it is possible that testing them
separately with bright and dark stimuli may facilitate the diagnosis and follow-up of visual
loss3-5.

We investigated the visibility of different contrasts of static dark perimetric stimuli on a
cathode ray tube in the central 30 degree visual field in eyes with glaucomatous loss. In this
article, we describe the detection thresholds in terms of decibel values for different contrasts
of dark stimulus.

Material and methods

Twenty-five glaucomatous eyes (17 right and eight left) of 25 perimetrically experienced
patients, 13 male and 12 female, aged between 35 and 82 years (mean 68 years) were included
in the study. All tested eyes had 6/6, N5 visual acuity with correction (<+7.00 diopters sph),
normal pupil sizes, no media opacities or co-existing abnormalities. The tests were performed
with a full aperture near correction.

Conventional perimetry was performed using the Humphrey Visual Field Analyzer program
30-2 with standard parameters. This program tests 76 points in the central visual field. The
patients were also examined with computer assisted moving eye campimetry (CAMEC), which
is capable of presenting either dark or bright single static stimulus in relation to a moving
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fixation target in the central visual field%’. In summary, the CAMEC technique operates with
a desk-top computer (IBM PS/2 30-286) and a 14-inch high resolution cathode ray tube (CRT,
IBM 8512). During the test, the patient has to keep a randomly moving fixation spot in a circle
using a mouse or joystick. This maneuver forces the patient to look at the fixation target con-
tinuously. As long as the fixation spot is kept inside the circle, the stimuli are presented auto-
matically in a seemingly random fashion at predetermined locations in the central visual field,
and the patient signals the awareness of the stimulus by pressing the joystick button. Missed
presentations are retested, and repeatable misses are recorded as abnormal points. Patient re-
sponses are processed, analyzed, printed and saved at the end of the test. For calibration, the
luminance of the test stimuli and background are measured at 30 locations using a photometer
(Minolta nt-1), and an average luminance (Weber ’s) contrast is calculated®. Although cathode
ray tubes usually present topographical luminance non-homogenities which, in our case, was
approximately +20% fluctuation from the mean luminance across the screen, the ratio of the
stimulus luminance to the background luminance (contrast) remained constant at different lo-
cations and, therefore, Weber’s law and stimulus visibility were protected?. Four stimulus con-
trasts of -76, -37, -22 and -10% on 10 cdm2, and, also two stimulus contrasts of -76 and -22%
on 100 cdm-2 were selected for single intensity testing with 0.2 seconds stimulus duration. The
CAMEC test grid was identical to the test grid of Humphrey thresholding program 30-2. The
CAMEC stimulus size was eccentricity compensated with a rectangular surface area of 1.8
mm? up to 10 degrees, 3.1 mm? between 10 and 20 degrees and 4.9 mm? beyond 20 degrees
from the fixation. The number of the eyes tested with each contrast and background is given
in Table 1. Each test was performed once. The fatigue was prevented by rest periods of ten
minutes after each 20-minute examination session. All tests for each individual were completed
on the same day.

The Humphrey numeric decibel threshold values, STATPAC total deviation probability (%
P) values as well as the dark stimulus detection status (“seen” or “missed”) for each stimulus
contrast at the corresponding points on CAMEC results were processed using a statistical soft-
ware package (Minitab).

Table 1. The number of glaucomatous eyes tested with each dark stimulus contrast on two different back-
ground luminances

Stimulus contrast CAMEC CAMEC
(on 10 cdm-?) (on 100 cdm2)
-10% 9 -
-22% 25 10
-37% 14 -
-76% 25 10
Results

Humphrey STATPAC evaluation of the decibel threshold values in the 25 glaucoma eyes
revealed relative scotomas in 11 eyes (Aulhorn-Karmeyer Classification, Stage 1), small iso-
lated absolute scotomas in ten eyes (Stage 2) and absolute scotomas connected to the blind
spot in four eyes (Stage 3)10. The global visual field indices and the frequency distribution of
the abnormal points identified by STATPAC are summarized in Fig. 1.

The tetinal sensitivity levels in terms of Humphrey decibels have been determined in various
eccentricities for all contrasts and sizes of dark stimuli as the detection thresholds above which
70% of the “seen” and below which 70% of the reproducible “missed” responses were recorded
by CAMEC. The full results from 10 cdm-2 and 100 cdm-2 are set out in Tables 2 and 3. The
retinal sensitivity levels required for the detection of all four contrasts of dark stimuli in the
selected sizes were lower than the normal retinal sensitivity values for the mean age group of
the study group!! and, therefore, designed stimuli were supra-threshold (Fig. 2a). Lower con-
trasts of dark stimuli required higher retinal sensitivity for their detection. Decreasing the
stimulus contrast to -10% from -76% on 10 cdm-2 background caused an increase in the dark
stimulus detection threshold of 2.6-3.5 Humphrey decibels (dB) (at 6 and 28 degree eccentric-
ity, respectively). Increasing the background luminance to 100 cdm2 caused a significant eleva-
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tion in the detection threshold for -22% dark stimuli in all eccentricities (mean difference of
+0.82 +0.36 dB, p=0.0068; paired ¢ test) without any effect on the threshold for -76% stimuli
(mean difference of 0.0610.4 dB, p=0.76) (Fig. 2b).

Table 2. The retinal sensitivity levels in terms of Humphrey decibel units above and below which approxi-
mately 70% of the “seen” and “missed” CAMEC responses were given for each dark stimulus contrast

and size at different eccentricities in 25 glaucomatous central visual fields

Eccentricity and Stimulus contrast ~ Above which Below which Average
stimulus area (Weber’s) 70% of "seen” 70% of "missed”
6 degrees -10% 28 7dB (n= 18) 29.5 dB (n= 14) 29.1dB (n= 32)
(2 sq mm) -22% 27 8 dB (n= 74) 26.7 dB (n= 26) 27.3 dB (n=100)
-37% 27 5 dB (n= 46) 26.3dB (n= 6) 26.9 dB (n= 52)
-76% 27.0 dB (n= 89) 26.0 dB (n= 11) 26.5 dB (n=100)
12 degrees -10% 27.3 dB (n= 34) 27.7 dB (n= 38) 27.5dB (n= 72)
(3 sq mm) -22% 26.4 dB (n=114) 26.6 dB (n= 86) 26.5 dB (n=200)
-37% 26.0 dB (n= 88) 24.5 dB (n= 24) 25.3 dB (n=112)
-76% 24 8 dB (n=161) 24.0 dB (n= 39) 24 4 dB (n=200)
18 degrees -10% 25.8 dB (n= 60) 26 7 dB (n=110) 26.3 dB (n=170)
(3 sq mm) -22% 24.5 dB (n=255) 24.2 dB (n=216) 24.4 dB (n=471)
-37% 23.9 dB (n=185) 23.7 dB (n= 80) 23.8 dB (n=265)
-76% 23.2 dB (n=325) 23 3 dB (n=130) 23.3 dB (n=455)
24 degrees -10% 237 dB (n= 50) 25.5 dB (n=130) 24.6 dB (n=180)
(5 sq mm) -22% 22.8 dB (n=237) 23.8 dB (n=263) 23.3 dB (n=500)
-37% 22 5 dB (n=192) 23.2 dB (n= 88) 22.8 dB (n=280)
-76% 21.6 dB (n=355) 20 5 dB (n=125) 21.1 dB (n=480)
30 degrees -10% 23.5dB (n= 27) 24 5 dB (n=117) 24 0 dB (n=144)
(5 sq mm) -22% 22.0 dB (n=133) 22.5 dB (n=251) 22.3 dB (n=384)
-37% 21 0dB (n=143) 22.0dB (n= 97) 215 dB (n=240)
-76% 20.4 dB (n=223) 20.5 dB (n=145) 20.5 dB (n=368)
Global Visual Field indices
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Fig. 1. The global visual field indices and the frequency distribution of abnormal points in the central
visual fields of 25 glaucomatous eyes according to Humphrey auto-perimeter thresholding program 30-2
and STATPAC total deviation values (p<5%).
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Fig. 2a. Equivalent retinal light sensitivity for dark stimulus detection (n=4805).
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Fig. 2b Equivalent retinal light sensitivity for dark stimulus detection (n=1308).

Fig. 2. The clinical retinal sensitivity levels in terms of Humphrey decibel units above which dark stimuli
of different contrasts and sizes become detectable in glaucomatous visual fields of a. 25 eyes tested against
10 cdm? and b. ten eyes tested against 100 cdm-2 background luminance

Table 3. The retinal sensitivity levels (Humphrey dB) above and below which 70% of the “seen” and
“missed” responses were recorded for low (-22%) and high (-76%) contrast dark stimuli in ten glaucoma-
tous visual fields (background luminance: 100 cdm2

Eccentricity and
stimulus area

Stimulus contrast
(Webers)

Above which
70% of "seen”

Below which
70% of "missed”

Average

6 degrees

(2 sq mm)
12 degrees
(3 sq mm)
18 degrees
(3 sq mm)
24 degrees
(5 sq mm)
30 degrees
(5 sq mm)

-22%
-76%
-22%
-76%
22%
-76%
-22%
-76%
-22%
-76%

27 6 dB (n= 21)

28.5 dB (n= 19)

28.1 dB (n= 40)

26.1dB (n= 38) 26.1dB(= 2) 26.1dB(a= 40)
27.6dB (n= 30) 27.1dB(n= 50) 27.4dB(n= 80)
25.6dB (n= 62) 24.0dB(n= 18) 24.3 dB (n= 80)

25.0dB (n= 75)
22.8 dB (n=151)
25.1dB (n= 80)
19 2 dB (n=161)
21.9dB (n= 52)
20.5 dB (n=100)

25.3 dB (n=115)
23.6 dB (n= 39)
24.1 dB (n=120)
23.2 dB (n= 39)
232dB (n= 92)
19.5 dB (n= 44)

25.2 dB (n=190)
23.2 dB (n=190)
24.6 dB (n=200)
21.4 dB (n=200)
22.6 dB (n=144)
22.3 dB (n=144)
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Fig. 3. The frequency of dark stimulus non-visibility at abnormal and normal parts of the glaucomatous
visual field defects (true and false positive result rates, respectively) according to stimulus contrast
(n=4805).

T

The sensitivity and the specificity of the CAMEC stimulus parameters in the detection of
abnormal and normal points in the visual field was studied further. For that purpose, point-by-
point comparisons were made between the Humphrey STATPAC total deviation p values and
CAMEC results. All test locations showing significant depression on total deviation plots
(P<5%, 2%, 1% and 0.5%) were admitted to represent glaucomatous loss and the remaining
locations (inside 95% confidence interval) were considered healthy parts of the visual field.
High (-76%) contrast dark stimuli detected the normal and abnormal points in the visual field
with 87% (true negatives) and 48% (true positives) accuracy respectively (Fig. 3). The true
positive detection rate increased with decreasing dark stimulus contrast, and reached 93 %at
-10% stimulus contrast. However, the true negative result rate decreased to a minimum of 43%
simultaneously.

Discussion

In this study, we demonstrate that the visibility of dark perimetric stimulus, like that of
conventional luminous stimulus, is dependent on stimulus parameters such as size, contrast
and level of background luminance.

Selecting progressively larger stimuli towards the periphery of the visual field (eccentricity
compensation) caused the detection thresholds for dark stimuli to follow the slope of normal
hill of vision at all contrast levels.

Lower contrasts of dark perimetric stimulus functioned as weaker stimuli and required higher
retinal sensitivity for their detection in the visual field. Therefore, it seems possible that the
visual field may be evaluated by presenting successive dark stimuli with increasing or decreas-
ing contrast. An average of 3.14 Humphrey dB change in the dark stimulus detection threshold
in response to varying the stimulus contrast from -76% to -10% represents the small dynamic
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range of the stimulus sizes used in this study. However, the dynamic range may be varied by
altering the stimulus area.

Employing a high background luminance with dark stimulus may provide several advantages
over luminous stimuli on a dim background. First of all, the field can be tested under ordinary
ambient illumination conditions without needing adaptation periods. Secondly, the inadvertent
reflections and glare on the glass surface of CRT, as well as the after-image following brief
stimulus presentations, become less of a problem. Thirdly, the opposite contrast polarity (nega-
tive; dark-on-bright) may facilitate the diagnosis of visual sensitivity loss undetected by con-
ventional techniques. However, increasing the background luminance seem to necessitate
higher retinal sensitivity for the detection of low contrast dark stimuli.

Several alternative explanations may be suggested for that observation. Although the
stimulus contrasts were calibrated separately for different backgrounds, it was not possible,
because of technical limitations, to measure the luminance of a spot smaller than approximately
1.5 cm in diameter. It is likely that the actual contrast and perceived size of the stimuli were
reduced due to increased light scatter into the small stimulus area especially when the back-
ground is brighter. Intraocular light scatter and glare may also interfere with the visibility of
lower contrasts. An alternative explanation might be the decrease in the ratio of the retinal
receptive field excitatory center area to the inhibitory surround area under higher luminance,
and the consequent lower contrast gain and stimulus visibility!2. Therefore, the effect of back-
ground onto the visibility of dark stimulus should be taken into consideration in the design and
application of tests for different clinical situations.

The lower true positive detection rates with higher contrast (darker gray) stimuli provide
further evidence that the dark stimulus becomes more suprathreshold with increasing contrast.
However, lower contrasts of suprathreshold dark stimuli have been missed more frequently in
the apparently normal parts of the glaucomatous visual fields, causing higher “false positive”
rates. The ROC curve (Fig. 3) suggests that the optimum sensitivity and specificity for the
stimuliis sizes used in this study would have been provided by 30% contrast stimuli with 70%
true and 30% false positive rates. The high incidence of false positive results with low contrast
stimuli also suggests more extensive visual field involvement to dark stimuli in glaucoma, and
may represent false negative (defect remained undetected) results from conventional luminous
stimuli. The concepts of differential involvement of “on” and “off” pathways in glaucoma and
other neuro-ophthalmic problems, and any diagnostic advantage of employing dark stimuli
require further study.
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Conversion of normal visual field data between the Humphrey Field
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Abstract

One hundred and twenty eyes of 120 normal subjects aged from nine to 86 years (mean 43.7 + 18.9
years, median 44 5 years) were tested with three automated light-sense perimeters: the Humphrey Field
Analyzer 640 (HFA), the Rodenstock Peristat 433 (PRT) and the Octopus 1-2-3 (OCT). For the Humphrey
Field Analyzer program 30-2 was used, for the Peristat 433 program GL1 and for the Octopus 1-2-3 the
standard program G1X. The tests were performed in random order. Subjects were excluded if they had:
corrected visual acuity < 0.8, refractive error > 5 dpt sph or 2 dpt cyl, intraocular pressure > 21 mmHg,
media opacities, abnormalities of the fundus, severe ocular trauma or any ocular surgeries in their history,
family history of glaucoma or any inheritable ocular diseases, history of poorly controlled hypertension,
diabetes mellitus, multiple sclerosis, cerebrovascular attacks, epilepsy or ingestion of any psychophar-
maca 24 hours prior to field testing. The pairwise correlation of Mean Sensitivity (MS) of the central
visual field for each instrument was highly statistically significant: MS(HFA)/MS(OCT): r = 0.7076,
p<0.0001; MS(PRT)/MS(HFA): r = 0.7461, p<0.0001; MS(PRT)/MS(OCT): r = 0.6500, p<0.0001. The
results of the present study provide the possibility of converting normal visual field data between the three
instruments.

Introduction

Clinical routine perimetry relies on the availability of well-documented normal data acquired
according to strict statistical criteria. During the last years, such normal data have been pub-
lished for some of the instruments which are currently in use: the Humphrey Field Analyzer!-2,
the Octopus3# and the Rodenstock PeristatS. These studies were performed on different normal
populations and thus do not provide the possibility of comparing normal visual field data
between instruments. Thus, aim of the present study was to provide the statistical basis for
converting normal data of one perimeter to another and transforming the dB scales which are
in use for each instrument. A large number of normal individuals was tested with three auto-
mated perimeters which are currently used for routine perimetry: the Humphrey Field Analyzer
640 (program 30-2), the Rodenstock Peristat 433 (program GL1), and the Octopus 1-2-3 (pro-
gram G1X).

Material and methods

One hundred and twenty eyes of 120 normal subjects aged from nine to 86 years (mean 43.7
+ 18.9 years, median 44.4 years) were included in the present study. Subjects were excluded
if they had: corrected visual acuity < 0.8, refractive error > *5 dpt sph or 2 dpt cyl, intraocular
pressure > 21 mmHg, media opacities, abnormalities of the fundus, severe ocular trauma or
any ocular surgeries in their history, family history of glaucoma or any inheritable ocular dis-
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eases, history of poorly controlled hypertension, diabetes mellitus, multiple sclerosis, cere-
brovascular attacks, epilepsy or ingestion of any psychopharmaca 24 hours prior to field testing.

All subjects were tested with the Humphrey Field Analyzer 640 (HFA; program 30-2), the
Rodenstock Peristat 433 (PRT; program GL1) and the Octopus 1-2-3 (OCT; G1X). In order to
rule out a possible learning effect in each subject, all tests were performed in random order. In
addition, a short introductory learning program was used prior to the standard program for HFA
and PRT. No learning program was petformed for OCT because for the prototype used in the
present study only the standard program G1X and no custom-made short tests were available.

Humphrey Field Analyzer 640

The Humphrey Field Analyzer 640 is an automated projection perimeter with a surround
luminance of 10 cdm-2. Program 30-2 which was used for the present study examines 77 points
up to 30° including the fovea over a 6° orthogonal grid (Fig. 1, left). Program 30-2 (stimulus
size Goldmann III) uses a full-threshold strategy (4/2 dB). The short introductory custom-made
learning program tests 13 points up to 25°.

Rodenstock Peristat 433

The Rodenstock Peristat 433 automated perimeter uses yellow-green light emitting diodes
(560 nm) which are mounted invisibly behind a diffusing screen (luminance of surround = 10
cdm2, stimulus diameter 30). Program GL1 which was used for the present study examines
81 points up to 30° (Fig. 1, middle). Prior to the standard program a short introductory learning
program testing 28 points up to 25° was used.

Octopus 1-2-3

The Octopus 1-2-3 perimeter uses a yellow LED-array (592 nm) for stimulus generation.
The stimuli are imaged directly into the subject’s eye according to the optical principle of an
optometer. Luminance of the surround is 10 ¢dm-2, stimulus size is Goldmann III. The standard
program G1X which was available in the prototype instrument of the first generation used in
the present study corresponds to the central part of program G1 as described by Flammer and
co-workers$: 59 points up to 26°, full threshold bracketing procedure, all points are tested
twice. The grid of program G1X is shown in Fig. 1, right. For the present study, a prototype
instrument of the first generation was available which unfortunately had a calibration error of
the stop controlling the surround luminance. Thus, the normal data recorded with this instru-
ment were slightly lower than the normal reference values stored in the machine and were lower
than normal data acquired with a correctly calibrated instrument of the second generation. In
order to quantify this systematic error another normal value study was performed testing 50
eyes of 50 normal subjects on both the instrument of the first generation and on a correctly
calibrated instrument of the second generati